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Abstract

Child maltreatment is associated with a variety of risk behaviors in young adulthood; however, the 

underlying cognitive and neural mechanisms of this relation are not well understood. The primary 

aim of the present study was to examine the direct and indirect effects between maltreatment in 

childhood and downstream impulsivity via neural activity during a cognitive task. In a sample of 

emerging adult women from the rural southeastern United States, childhood abuse and neglect 

were assessed using the childhood trauma questionnaire. Outcome measures of neural activity 

during a functional magnetic resonance imaging N-back verbal working memory (WM) task and 

trait impulsivity on the Impulsive Behavior Scale were assessed approximately 1 year later. 

Results indicate that adults with higher levels of reported childhood maltreatment demonstrate 

worse behavioral performance and lower neural response during a difficult verbal WM task. 

Furthermore, neural activity significantly mediated the relation between abuse and neglect in 

childhood and trait impulsivity. These new findings demonstrate an association between 

neurocognitive functioning and reported childhood abuse and neglect, and indicate that such 

changes may underlie the relation between maltreatment and trait-level impulsivity.
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Neural development is the result of complex interactions including the influence of 

environmental experiences. Childhood maltreatment (CM), defined as physical, emotional, 

or sexual abuse or neglect prior to the age of 18, can have a profound impact on neural 

plasticity such as experience-dependent modification of structure and function through the 

strengthening of synaptic connections and pruning (Twardosz & Lutzker, 2010). Ultimately, 

these changes in neurodevelopment result in a cascade of effects on cognitive and behavioral 
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functioning (e.g., self-regulation deficits, trait impulsivity) that are associated with poorer 

adolescent and young adult outcomes (Brems, Johnson, Neal, & Freemon, 2004; Gilbert et 

al., 2009; Heim, Shugart, Craighead, & Nemeroff, 2010; Oshri, Rogoach, & Cicchetti, 2013; 

Shin, Edwards, & Heeren, 2009). Higher level cognitive and executive processes that 

develop throughout adolescence and early adulthood appear to be uniquely vulnerable to the 

impact of CM given the longer duration of neural development in underlying brain regions 

(Blakemore & Choudhury, 2006; Glaser, 2000). Deficits in these domains secondary to 

altered neural functioning may account for some of the established relationship between CM 

and impulsivity (Romer, 2010); however, this indirect path has not been tested. To expand 

existing understanding of the complex relationship between cognitive and behavioral 

associates of CM, the present study aims to determine the extent to which neural activity 

during an executive task statistically mediates the relationship between CM and impulsivity.

Existing evidence demonstrates that environmental factors such as CM impact brain 

structure and function (De Bellis, 2005; Heim & Nemeroff, 2001; Teicher, Samson, 

Anderson, & Ohashi, 2016). Structurally, CM has been associated with reduced 

hippocampal, corpus callosal, orbitofrontal, and prefrontal volumes as well as reduced 

neuronal density in the anterior cingulate and altered cortical symmetry in the superior 

temporal gyrus and frontal lobes (Cohen et al., 2006; De Bellis et al., 2002; De Bellis et al., 

2015; De Brito et al., 2013; Teicher et al., 2003; Teicher et al., 2004; Vythilingam et al., 

2002). Demonstrated functional consequences of CM include altered pituitary–adrenal and 

autonomic stress responses (i.e., hypothalamic–pituitary–adrenal axis; Heim, Newport, 

Mletko, Miller, & Nemeroff, 2008; Heim et al., 2010). CM has further been associated with 

aberrant amygdalar and anterior cingulate cortex reactivity and frontal lobe dysfunction 

(Clark et al., 2017; Dannlowski et al., 2012; Hart & Rubia, 2012; McCrory, De Brito, & 

Viding, 2010). While there has been a recent emergence in the literature, relatively few 

studies have examined the direct and indirect effects of CM on neural activity and associated 

cognitive functions and behavior using functional magnetic resonance imaging (fMRI).

Cognition is closely tied to neural function and appears to be susceptible to the effects of 

CM. This is particularly true of executive functions (EFs), a group of top-down cognitive 

processes that are instrumental in reasoning, problem-solving, and planning (Diamond, 

2013), which continue to develop in tandem with neuroanatomical correlates well into 

adolescence and emerging adulthood (Bos, Fox, Zeanah, & Nelson, 2009; Chugani et al., 

2001; Pechtel & Pizzagalli, 2011; Pollak et al., 2010). One such EF, working memory 

(WM), the ability to mentally hold and manipulate modality-specific information, is a 

critical cognitive process that allows one to keep representations of the world active to 

support goal-oriented behavior (Baddeley & Hitch, 1974; Finn, 2002). WM facilitates other 

cognitive operations including decision-making, self-control and regulation, inhibition of 

impulsive behavior, and engagement in socially adaptive behavior (Barkley, 2001; Bechara, 

Damasio, & Damasio, 2000; Bickel, Yi, Landes, Hill, & Baxter, 2011). This cognitive 

construct is divided into verbal and nonverbal WM, each with distinct yet overlapping 

neuroanatomical correlates (Brahmbhatt, McAuley, & Barch, 2008). Neuroimaging studies 

find that both verbal and nonverbal WMs are associated with neural reactivity in the bilateral 

dorsolateral prefrontal cortices (DLPFCs, surrounding the rostral middle frontal gyri), the 

posterior parietal cortices (PPCs, superior and inferior parietal lobules), and the 
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supplementary motor areas (SMAs, the caudal medial frontal gyri) during verbal WM tasks 

(Aloia et al., 2009; Brahmbatt et al., 2008; Smith & Jonides, 1997; Sweet et al., 2008). As 

several of these regions continue to develop across childhood and adolescence, it is likely 

that exposure to CM would affect both behavioral performance and neural response during 

WM tasks (Coswell, Ciccetti, Rogosch, & Toth, 2015; DePrince, Weinzierl, & Combs, 2009; 

Hanson et al., 2010; Majer, Nater, Lin, Capuron, & Reeves, 2010).

While there has been a recent emergence in the literature, relatively few studies have 

examined the associations between CM and neural activity associated with the EFs using 

fMRI. Existing evidence suggests that CM is associated with altered neural activity during 

WM performance (Philip et al., 2013, 2016). Specifically, Philip and colleagues (2016) 

demonstrated that exposure to childhood trauma was associated with altered activation and 

behavioral performance on a complex WM task. However, this study included 

predominately Caucasian and urban-residing participants, thus limiting generalizability of 

findings to people from other backgrounds. More generally, no studies to date have 

attempted to demonstrate an association between the altered neural functioning during WM 

performance and related behavioral difficulties (e.g., impulsivity) that may account for 

poorer outcomes among those exposed to CM.

The detrimental effects of CM on WM are of particular interest, given the important role that 

WM plays in impulsivity, a multifaceted construct that includes sensation seeking, poor 

behavioral inhibition, and decision-making without premeditation (Whiteside & Lynam, 

2003). Both exposure to CM and deficits in WM have been associated with increased 

impulsivity (Hinson, Jameson, & Whitney, 2003; Lovallo et al., 2013; Thush et al., 2008). 

Additionally, it has been suggested that individuals with WM deficits may struggle to inhibit 

impulses in the pursuit of goal-driven decisions when faced with novel or exciting 

opportunities (Braquehais, Oquendo, Baca-Garcia, & Sher, 2010; Wanklyn, Day, Hart, & 

Girard, 2012). This, in combination with the known effect of CM on WM, suggests that WM 

may mediate the observed relationship between CM and impulsivity.

The Present Study

The present study aims to deepen the scientific understanding of the neurobiological impacts 

of CM that may lead to subsequent impulsivity. Specifically, we examine the direct and 

indirect effects of CM on impulsive traits via neural activity during a WM task. We sought to 

extend prior evidence that CM negatively impacts behavioral and neural WM functioning 

(Philip et al., 2013, 2016) by examining whether altered WM is associated with variation in 

trait impulsivity in a high-risk sample of low-socioeconomic status, rural, young adult 

women. This sample has been at particular risk for CM compared to their urban 

counterparts, in part, because rural youth have less access to services that are known to 

reduce rates of maltreatment such as child welfare and mental health-care facilities 

(Belanger & Stone, 2008; Smith, Kay, &Pressley, 2018). Furthermore, while exposure to 

abuse is detrimental to all individuals, women affected by CM may be disproportionately 

susceptible to its effects, as female victims of child abuse appear to be at a greater risk for 

both physical and mental health problems than their male counterparts (MacMillan et al., 

2001; Thompson, Kingree, & Desai, 2004). While recent evidence indicates that the 
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neurobiological pathways by which CM affects individuals also vary by gender (Doom, 

Cicchetti, Rogosh, & Dackis, 2013; Teicher et al., 2003), specific neural and cognitive 

consequences of CM on young women remain poorly understood.

The specific hypotheses and aims of the present study are as follows. First, we examine the 

relationships between CM and behavioral performance on a difficult WM task, neural 

correlates of WM performance, and self-reported trait impulsivity. Based on prior literature, 

we hypothesize that exposure to higher levels of CM will be significantly negatively 

associated with behavioral performance on the WM task. In addition, we predict that CM 

will be associated with altered brain activation in WM networks and significantly positively 

related to self-reported traits associated with impulsive behavior. Second, the study aims to 

identify direct and indirect linkages between CM and impulsive behaviors via neural 

reactivity in WM networks. We hypothesize a significant direct link between CM and 

impulsivity, as well as a significant indirect link between CM and impulsivity via neural 

activity, such that individuals exposed to higher levels of CM will demonstrate lower 

average neural response within WM networks, which drive associations with impulsivity.

Method

Participants

Thirty women from the rural southeastern United States, aged between 18 and 25, were 

recruited to participate in the present study. Participants were a randomly selected subsample 

of female participants currently enrolled in a larger community-based longitudinal study (N 
= 225). The study was conducted across three waves approximately 1 year apart (for 

additional information regarding recruitment of the larger sample, see Oshri, Liu, Duprey, 

MacKillop, 2018). Participants recruited for the present study (mean age at first wave = 

20.63, SD = 2.20) were racially and ethnically diverse (63.3% Caucasian, 16.7% African 

American, 13.3% Hispanic/Latino, and 6% multiethnic), native-English speakers, and 

noncollege educated. Average reported family income ranged from US $10,000 to US 

$120,000 (mean = US $43,970 and SD = US $27,883). Neuroimaging data were collected as 

a part of the second wave, approximately 1 year after initial recruitment. To participate in the 

present study, participants needed to be proficient in English, 18 years of age or older, and 

have normal or corrected vision and hearing at the time of testing. Exclusion criteria 

included medical contraindications for magnetic resonance imaging (MRI; e.g., some metal 

implants, claustrophobia), left-handedness, a history of diagnosed neurological disorder 

(e.g., traumatic brain injury, epilepsy), and current (i.e., within the last 12 months) diagnosis 

of or treatment for psychiatric illness (e.g., depression, anxiety). The present study was 

approved and monitored by the University of Georgia Institutional Review Board. All 

participants provided written informed consent prior to study participation and were 

monetarily compensated.

Childhood Trauma Questionnaire (CTQ)

The CTQ (Bernstein & Fink, 1998) is a psychometrically validated 28-item self-report 

inventory that assessed participants’ accounts of their own experiences of maltreatment in 

childhood (Scher, Stein, Asmundson, McCreary, & Forde, 2001). Participants were asked to 
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make ratings on a 5-point Likert-type scale ranging from never true (1) to very often true (5) 

regarding their childhood experiences across five domains of maltreatment (i.e., physical 

neglect, physical abuse, emotional neglect, emotional abuse, and sexual abuse). The CTQ 

was completed at the first wave of data collection. The total score from this scale was used 

in subsequent analyses as a continuous measure of CM. Internal consistency among items in 

the current investigation was high (α = .899).

Impulsive Behavior Scale (UPPS-P)

The Impulsive Behavior Scale (Lynam, Smith, Whiteside, & Cyders, 2006) is a 59-item self-

report inventory of five traits associated with impulsive behavior including negative urgency, 

positive urgency, sensation seeking, lack of perseverance, and lack of premeditation (i.e., 

UPPS-P). Ratings are made on a 4-point Likert-type scale ranging from strongly agree (1) to 

strongly disagree (4). The UPPS-P has been well validated with evidence of measurement 

invariance across sex (Cyders, 2013). The UPPS-P was completed during the second wave 

of data collection, at the same time point as the neuroimaging data. Global scores of overall 

endorsement of impulsive behaviors across domains were used for the present analyses. 

Internal consistency among items was high (α = .934).

Cognitive Task: N-back

The verbal N-back is an assessment of WM that has been linked to individual variability in 

higher cognitive and executive functions including fluid intelligence and attentional control 

(Jaeggi, Buschkuel, Perrig, & Meier, 2010). The task requires participants to monitor a 

series of verbal stimuli (i.e., consonants) and indicate whether new stimuli are the same as 

that presented n trials previously. The N-back is widely used in functional neuroimaging 

studies as it demonstrates reliable patterns of neural activation (Owen, McMillan Laird, & 

Bullmore, 2005; Sweet et al., 2008). The present study included three components: task-free 

baseline, 0-back, and 2-back. Stimulus presentation parameters were designed based upon 

the paradigms of previous functional neuroimaging studies of the N-back (Braver et al., 

1997; Smith & Jonides, 1997; Sweet et al., 2008). During the task, a series of individual 

consonants were presented visually every 3 s. Consonants were arranged in a pseudorandom 

order from a list of all consonants except “L” due to ambiguity in a lower case form. 

Subjects completed two imaging runs of the paradigm; each run included three 2-back 

blocks (15 stimuli) and three 0-back blocks (9 stimuli), with a 27-s rest periods following 

each 2-back/0-back cycle (i.e., 2 per imaging run). Responses were made and recorded using 

the first two fingers on their right hand on a MR compatible two-button response box. 

Response accuracy was used for subsequent analysis of behavioral performance on the N-

back task.

0-Back control task.—The 0-back (“Letter H Task”) condition required participants to 

respond “yes” each time a target stimulus (“H” or “h”) was presented and “no” when any 

other consonants appeared. Consonants were presented for 500 ms with an interstimulus 

interval (ISI) of 2,500 ms (33% targets).

2-Back task.—The 2-back condition asked participants to respond “yes” if a consonant 

was the same as the consonant presented two earlier (e.g., f, H, F, r, x, R, responses 
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warranting a yes response are underlined) and “no” if it was not. Consonants were presented 

for 500 ms with an ISI of 2,500 ms (33% targets).

MRI Acquisition

MRI data were collected during the second wave of data collection using a GE 16-channel 

Signa HDx 3.0 Tesla scanner at the University of Georgia Bio-Imaging Research Center. 

Whole-brain high-resolution T1-weighted fast-spoiled gradient echo scans were acquired for 

anatomical reference (TR = 7.8 s; TE = 3.1 ms; flip angle, 20°; FOV = 256 × 256 mm; 

matrix = 256 × 256; 160 contiguous 1-mm axial slices; voxel size = 1 mm3). Whole-brain 

functional images were acquired using T2* echo-planar imaging with a single-shot gradient 

echo pulse sequence (TR = 2,000 ms; TE = 25 ms; flip angle, 90°; FOV = 225 × 225 mm; 

matrix = 64 × 64; 40 contiguous 3.5-mm axial slices; voxel size = 3.5 mm3). The N-back 

paradigm consisted of two 4-min and 48-s imaging runs of 144 brain volumes each.

Apparatus

The N-back task was presented using E-Prime 2.0 software (Psychology Software Tools, 

Pittsburgh, PA). Computer video signal was projected through MR-compatible goggles that 

were placed in a stationary position on the participants face within the coil, and responses 

were collected using a two-button response box.

Image Processing and N-back Analyses

FMRI data processing and analysis were conducted using Analysis of Functional 

Neuroimages software (AFNI; Cox, 1996). Functional data sets were aligned to T1 data sets 

and volume registered. The first four volumes of each run were removed to allow the scanner 

to reach steady state. Volumes exhibiting intervolume movement greater than 0.3 mm along 

any axis were censored. Two participants were excluded due to greater than 25% of volumes 

censored. Additionally, three participants were removed due to chance-level performance 

accuracy on the N-back test (50% accuracy or below). Following motion correction (i.e., 

censoring of TRs with excessive motion in accordance with the AFNI standard 

preprocessing pipeline), data sets were transformed into standard stereotaxic space 

(Talairach & Tournoux, 1988) and individual volumes from each run were registered to a 

base volume. Data were spatially smoothed using a 6-mm full width half maximum 

Gaussian filter. Raw blood oxygenation-level-dependent (BOLD) signal was scaled to 

percent signal change from mean signal intensity.

A voxelwise, general linear model (GLM) procedure was conducted to quantify the 

relationship between observed brain activity and the time course of the 2-back paradigm. For 

each voxel of each individual, a GLM of the temporal pattern of 2-back presentation 

(including hemodynamic transitions modeled as a gamma function), 0-back control task, and 

covariates (observed movement and linear drift) was performed using the BOLD signal over 

time as the dependent variable. Resulting individual maps of β coefficients for each voxel 

represent the 2-back effects versus 0-back effects. Individual activation maps were used to 

create group summary maps of 2-back effects, which were then compared to a hypothetical 

mean of zero for each voxel using pooled-variance one-sample Student’s t tests. A two-tailed 

threshold of p < .05 with false discovery rate protection was used to reduce Type I error 
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(Benjamini & Hochberg, 1995). Thus, this group summary activation map represented the 

voxels in which there was statistically significant average neural activity when completing 

the 2-back WM task above and beyond the 0-back control task across the sample (see Table 

1 and Figure 1). Six regions of interest (ROIs) were defined using a family-wise error rate of 

q = .05 with a minimum cluster size of 10 adjacent voxels. The functionally defined ROI 

approach was chosen to yield valid task-related ROIs and avoid Type 2 error risk inherent in 

a priori ROI approaches. For each participant, a single value that represented the average 

activity during the 2-back task above and beyond the 0-back task within each identified ROI 

was calculated. Subsequently, an average of 2-back-associated neural activity across all 

regions, weighted by the number of voxels within each ROI, was calculated for each 

participant for use in subsequent analyses.

Statistical Analyses Plan

Data were analyzed using the Statistical Package for Social Sciences (SPSS; Version 22) and 

Mplus Version 7.4 (Muthén & Muthén, 2010). Missing data were tested and determined to 

be missing at random (MAR; Little & Rubin, 2002). Estimation of missing data was 

conducted using full information maximum likelihood (FIML). FIML utilizes all available 

data to estimate parameters and has been shown to produce unbiased estimates with MAR 

data (Enders & Bandalos, 2001). Pearson’s correlations were used to examine associations 

between CTQ, UPPS-P, neural activity, and cognitive performance. Path analyses were 

performed using the robust maximum likelihood (MLR) estimator to account for data non-

normality identified in the health risk behavior indicators. Competing indirect associations 

were evaluated using the distribution of the product approach using bias-corrected bootstrap 

(5,000 replications) confidence intervals (Preacher & Hayes, 2008).

Results

Descriptive analyses were conducted to verify normality of distributions; skewness and 

kurtosis were examined for all variable distributions. All variables met normality criteria. 

Successful performance of the 2-back task was associated with significantly increased 

bilateral brain activity in expected WM network regions relative to recruitment during the 0-

back active control task. Clusters of recruitment centered on the bilateral posterior parietal 

lobules, bilateral caudal middle frontal gyri, and bilateral rostral middle frontal gyri (see 

Figure 1).

Pearson’s correlation coefficients indicated that CM was negatively associated with both 

WM task performance, r(23) = −.401, p < .05, and overall neural response during the N-back 

task, r(23) = −.498, p < .05 (see Table 2; correlations with individual ROIs are presented in 

Table 1). In addition, higher rates of CM were significantly positively associated with self-

reported impulsive traits, r(23) = .421, p < .05. Finally, WM neural activity and impulsive 

traits were significantly negatively correlated, r(23) = −.498, p < .05.

To investigate the indirect effect between CM and impulsive traits via neural activity during 

the N-back task, a path model was tested (see Table 3). Results indicated that CM 

significantly negatively predicted 2-back activity, B = −.666, SE = .180, β = −.533, p < .001, 

and 2-back response significantly negatively predicted impulsivity, B =−6.060, SE = 2.966, 
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β = −.491, p < .05, after controlling the variance associated with CM. The product 

coefficient method to test the indirect effect was employed using a maximum likelihood 

estimator revealing a significant indirect effect, B = 4.038, 95% CI [0.183, 7.893], p < .05. 

These findings support the hypothesized mediational model from CM to impulsive traits via 

neural activity through WM networks.

Discussion

The present study examined the role of verbal WM-associated brain activity in the 

association between CM and self-reported tendencies toward impulsive behavior. Overall, 

our results revealed significant associations between CM, neurocognitive functioning, and 

impulsivity. Findings from the present sample are consistent with those of previous studies 

that show a link between CM and impulsivity among young adults, such that those with 

greater exposure to CM report more impulsive traits and behaviors (Oshri et al., 2018). 

Similarly, behavioral performance on the WM task indicated that those with higher levels of 

endorsed CM demonstrated poorer performance accuracy on a difficult WM task. This 

finding is corroborated by prior studies reporting poorer WM and other executive skills 

among individuals who have been exposed to CM (Clark, Arce Rentería, Hegde, & 

Morgello, 2018; Cowell, Cicchetti, Rogosch, & Toth, 2015; Pechtel & Pizzagalli, 2011; 

Philip et al., 2016). Consistent with the pattern of poorer performance accuracy, individuals 

who reported greater levels of maltreatment during childhood had reduced neural activity in 

a network of task-related brain regions including the bilateral posterior parietal lobule, 

bilateral caudal middle frontal gyrus, and bilateral rostral middle frontal gyrus. Finally, 

results indicated that the relation of CM to impulsivity was statistically mediated by neural 

response to the WM task. These findings highlight the importance of considering 

neurocognitive mechanisms that may underlie the relation between maltreatment and trait 

impulsivity.

CM and Neural Response

Neural activity across several regions regularly identified as a part of a verbal WM network 

was significantly related to CM, such that those exposed to more CM demonstrated less 

neural activity when successfully completing this difficult task. When examined by region 

(Table 1), it appears that this relationship was primarily driven by reduced neural activity in 

the left caudal middle frontal gyrus (MFG) and bilateral posterior parietal regions. The left 

caudal MFG is a premotor region traditionally related to coordinated motor sequencing and 

language function. Thus, differential activity in this area may be indicative of variability in 

subvocal articulatory rehearsal demands inherent in the verbal N-back (Smith & Jonides, 

1997). The posterior parietal lobe is a central hub of the frontoparietal attention network and 

thought to mediate short-term memory buffering during WM (Smith & Jonides, 1997). It is 

also important for integration of sensory information across modalities, which is consistent 

with conversion of consonant stimuli to phonemes available for subvocal articulatory 

rehearsal during the verbal N-back (Sweet et al., 2008). While it is widely recognized that 

the frontal cortex is the last to myelinate and that cognitive functions associated with it are 

the last to develop, larger networks including the posterior parietal cortex also demonstrate 

later developmental maturation and thus may also be vulnerable to the impacts of CM 
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(Barber, Caffo, Pekar, & Mostofsky, 2013). These results complement a previous between-

group study that demonstrated that exposure to higher levels of CM was associated with 

recruitment of additional brain regions during an identical WM task (Philip et al., 2016), 

indicating a possible neural inefficiency. Taken together, these results suggest that CM may 

attenuate the effectiveness of the frontoparietal networks, which may be the most vulnerable 

to CM because they are among the last to develop.

In the context of the present study, it appears that frontal and parietal portions of the brain 

that continued to develop during childhood may have been susceptible to the influence of 

CM. Several theories may explain these alterations, including the substantial evidence that 

suggests that neuroendocrine and neurobiological regulator systems are changed by 

exposure to CM and subsequently impact the development of brain regions (Lupien, 

McEwen, Gunnar, & Heim, 2009; Gunnar & Quevedo, 2007; Teitcher et al., 2003; Teitcher 

2005). A second theory that may explain the present changes in neural functioning 

implicates extrinsic or environmental factors in brain development via neural plasticity: 

one’s experiences shape the pruning, strengthening, or formation of synaptic connections 

(Grassi-Oliveira, Ashy & Stein, 2008; Singer, 1995). Components of development that are 

experience-expectant, or those that develop in the presence of a particular experience during 

a critical period, may be limited for individuals raised in abusive or neglectful environments 

(Rutter, O’Connor, & English and Romanian Adoptees Study Tea, 2004). As a result of a 

dearth of experiential learning cues (e.g., parents reading to their children during early 

childhood) or presentation of new stimuli across the child’s development in a “safe, 

predictable, nurturing” environment (Perry & Pollard, 1998), neural development may be 

disrupted, resulting in abnormal neural activation in later life (Perry, Pollard, Blaicley, 

Baker, & Vigilante, 1995).

CM, WM, and Impulsivity

Support of our final hypothesis, the indirect path from CM to impulsive traits via neural 

activity during a WM task, is consistent with the notion that the environment impacts neural 

development, cognition, and subsequent attributes. Specifically, given the lack of stability 

and enrichment that may have been present in the environments of the children who were 

raised with CM, it is possible that there were fewer opportunities for these individuals to 

develop their executive and specifically WM skills, thus resulting in attenuated network 

development, poorer performance, and reduced activity in network nodes during completion 

of the task. When these limited WM resources are overextended, the dynamic process of 

decision-making is negatively affected, which may result in difficulty weighing one’s 

choices and considering consequences, thus leading to a tendency toward impulsive 

behaviors (Finn, 2002). While these results must be further confirmed by longitudinal 

investigations, the present findings support the notion that the neurobiological consequences 

of CM may bring about changes in neural and cognitive function that ultimately place 

individuals at a disadvantage when it comes to impulse control and engaging in behavior that 

is consistent with long-term goals.

These findings may also allude to a possible cognitive adaptation to adverse and dangerous 

environments. Accordingly, maltreated youth who are exposed to scarce, adverse, and 
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unreliable environments may have adapted to be more resourceful by acting with more 

immediacy and planning less for the future, which may appear more uncertain and 

unrealizable for them. This idea is supported by findings that show that exposure to scarcity 

and child maltreatment affects how youth and young adults think about the future (Shah, 

Shafir, & Mullainathan, 2015; Oshri, Duprey, Carlson, Kogan, & Liu, 2018, in press). Thus, 

impulsive decision-making may make survival sense for individuals who grew up in 

enduring scarcity (Pepper & Nettle, 2017); however, during emerging adulthood as 

individuals strive to be self-sufficient, a tendency toward impulsivity might be less adaptive, 

placing these youths at an increased risk of engaging in harmful behaviors (e.g., risky 

driving and financial investing) or developing psychiatric difficulties (Mahalik et al., 2013; 

Willoughby, Good, Adachi, Hamza, & Tavernier, 2013).

Limitations and implications.—The present study has important limitations. Results 

must be interpreted within the context of the sample size, which, although common within 

the field of neuroimaging (Carrion, Haas, Garrett, Song, & Reiss, 2009; Philip et al., 2016), 

nevertheless, limits the chance of detecting a true effect. Secondly, data used in this study are 

cross sectional in nature, with reliance on retrospective self-report measures of the historical 

early CM variable. Thus, inferences on causal pathways are limited. While the CTQ is a 

commonly used instrument within the child maltreatment literature, it is important to 

consider that responses on self-report may be susceptible to recall bias. Thus, the present 

findings highlight the need for longitudinal studies to investigate the development of WM 

and its role in the mechanisms that mediate the link between diverse types of CM and 

impulsive traits among young adults. Finally, the present study examined two variables, CM 

and trait impulsivity, as total-score global estimates in order to address study hypotheses. As 

the CTQ and UPPS-P both contain subdomain classifications, future studies may wish to 

examine whether there may be differential impacts of CM as a function of the domains of 

reported maltreatment or impulsivity.

It was the intention of the present study to fill a gap within the existing literature that has 

examined the impact of CM on the neural mechanism of WM and impulsivity by extending 

it to a previously unstudied and historically underrepresented sample. To do so, the study 

sample comprised young women from diverse racial and ethnic backgrounds living in the 

rural southeastern United States. In fulfilling this goal; however, it is important to note that 

generalizability of the results may be limited. Specific additional predisposing factors unique 

to this rural and low-income population (e.g., less access to consistent medical care, 

financial instability, and fewer occupational opportunities) may contribute to the present 

findings (Hartley, 2004; Vernon-Feagans & Cox, 2013) in a manner that should be 

considered. Future studies may wish to replicate these findings in other environments.

Despite these limitations, the implications of the present study are notable. While prior 

research has demonstrated associations between CM, WM, and impulsivity, the current 

study offers unique insight into the potential direct and indirect relations among these 

variables. Specifically, less efficient neural processing of WM demands may serve as a 

neurocognitive mechanism underlying the existing relationship between maltreatment and 

impulsive behavior. As efficiency in WM processing serves as a foundation for other higher 

order cognitive abilities such as decision-making and problem-solving, these deficits may 
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become more impactful in real-world settings when EF demands are greater (Finn, 2002; 

Hinson et al., 2003). As greater impulsivity is associated with higher rates of risk-taking 

behaviors (e.g., substance abuse; Romer, 2010), this possible neural underpinning may 

represent an area for prevention and intervention. WM training interventions have 

demonstrated improvements in not only WM behaviorally, but in neural efficiency of a 

frontoparietal neural network across numerous fMRI studies (for more information, see 

review by Klingberg, 2010). This is notable as efficiency of the frontoparietal network has 

been linked to improved performance of not only WM tasks but also tasks of attention, 

cognitive control, and impulsivity (Corbetta & Shulman, 2002; Li et al., 2013; Somerville & 

Casey, 2010). While cognitive interventions that target the frontoparietal network as a whole 

appear promising, it is important to note findings for transfer of effects have been mixed, 

and further research is needed to support the efficacy of interventions in other settings and 

participant samples (Karbach & Verhaeghen, 2014).

Conclusions.—The current findings support existing literature that suggests that exposure 

to maltreatment during childhood is associated with altered patterns of performance 

accuracy and task-associated activation during a 2-back WM task. Furthermore, both CM 

and WM neural activities were significantly related to self-reported impulsivity, with the 

latter partially mediating the relation between CM and proclivity toward impulsive 

behaviors. These findings are important as they suggest that neurocognitive consequences of 

CM extend to impulse control, which may result in deficits of decisionmaking and 

subsequently engagement in risky behavior. Given the present findings, it appears that 

prevention and intervention strategies aimed to minimize the neurocognitive effects of CM 

in young adults may ameliorate CM-related elevations in impulsivity and subsequent 

problematic outcomes.
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Figure 1. 
Group-level N-back activation: 2-back versus the 0-back control task. Functionally defined 

regions of interest (ROIs) used in the present analyses. Axial slices show three-dimensional 

brain regions that exhibited significant activity during the 2-back task above and beyond the 

activity exhibited during the 0-back control task. Talairach Z-plane coordinates = +80 to 25 

in 5-mm slices; q = .05.
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Table 2.

Correlations Testing Study Hypotheses.

Study Variables 1 2 3 4

1. Proportion 2-back Accuracy —

2. Childhood Trauma Questionnaire −.401* —

3. N-back Activity .196 −.498* —

4. Impulsive Behavior Scale (UPPS-P) −.171 .421* −.498* —

Mean .740 60 .280 10.741

SD .089 20.86 .167 2.226

Range .60 to .89 36 to 112 −.04 to 16.45 7.52 to 16.35

Note. Childhood trauma questionnaire = total score on 28-item CTQ; N-back Activity = weighted average of neural activity across six clusters 
when completing the 2-back task above and beyond the 0-back control task; Impulsive Behavior Scale = total score on the UPPS-P.

*
p < .05.
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Table 3.

Path Analyses Parameters of the Associations Between CM, Impulsivity, and N-back Activity.

Paths B (SE) β 95% CI of B

Direct effects

 CM → UPPS-P 1.730 (3.270) .112 [−4.679, 8.139]

 CM → N-back Activity −.666 (.180) −.533 [−1.019, −.313]***

 N-back Activity → UPPS-P −6.060 (2.966) −.491 [−11.873, −.247]*

Indirect effect

 CM → UPPS-P 4.038 (1.967) [.183, 7.893]*

Note. N = 30. The model is just identified. SE = standard error; comparative fit index (CI) = confidence interval; CM = CTQ total score; UPPS-P = 
measure total score; N-back Activity = average neural activity during N-back task. CFI = 1.0, Standardized Root Mean Residual (SRMR) = .000.

*
p < .05.

**
p < .01.

***
p < .001.
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