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Abstract

 Background—A deficit in the ability to inhibit fear has been proposed as a biomarker of post-

traumatic stress disorder (PTSD). Previous research indicates that individuals with PTSD show 

reduced inhibition-related activation in rostral anterior cingulate cortex (rACC). The goal of the 

current study was to investigate differential influences of an early environmental risk factor for 

PTSD – childhood maltreatment – on inhibition-related brain function in individuals with PTSD 

versus trauma-exposed controls.

 Methods—Individuals with PTSD (n=37) and trauma-exposed controls (n=53) were recruited 

from the primary care waiting rooms of an urban public hospital in Atlanta, GA. Participants 

completed an inhibition task during fMRI, and reported childhood and adult traumatic 

experiences. The groups were matched for adult and child trauma load.

 Results—We observed an interaction between childhood maltreatment severity and PTSD 

status in the rACC (p<.05, corrected), such that maltreatment was negatively associated with 

inhibition-related rACC activation in the PTSD group, but did not influence rACC activation in the 

TC group. Rostral ACC activation was associated with inhibition-related task performance in the 

TC group but not the PTSD group, suggesting a possible contribution to stress resilience.
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 Conclusions—Findings highlight individual differences in neural function following 

childhood trauma, and point to inhibition-related activation in rostral ACC as a risk factor for 

PTSD.

Keywords

Stress; development; fMRI; neuroimaging; prefrontal cortex

Post-traumatic stress disorder (PTSD) is a pervasive disorder that affects some people after a 

traumatic experience. Difficulties with fear inhibition appear to be central to many PTSD 

symptoms, and the inhibition deficit may serve as a specific biomarker that distinguishes 

PTSD from mood disorders [1]. Research on the brain systems involved in PTSD support 

this theory, showing changes in the function of a broad network of regions involved in fear 

inhibition. These include greater reactivity in threat-processing regions such as the 

amygdala, dorsal anterior cingulate cortex (dACC), and insula [2, 3], and decreased 

engagement of regions involved in inhibition such as the rostral ACC (rACC), ventromedial 

prefrontal cortex (vmPFC), and hippocampus [3–7].

One critical outstanding question is whether impaired prefrontal inhibition can account for 

the effects of early risk factors for PTSD such as early life stress and genetic risk. This 

question is highly relevant to identifying individuals at risk for PTSD and physiological 

targets for treatment. Prefrontal function appears causal to both fear inhibition and fear 

extinction deficits in PTSD [8, 9] and PTSD-related deficits in prefrontal inhibition-related 

activity have been observed not only in the context of fear, but also in tasks probing 

cognitive and response inhibition [5, 10–13]. It has been proposed that the prefrontal inhibition 

deficit represents a “core process” that maintains traumatic stress [14], contributing to 

multiple PTSD symptom categories and other negative sequelae of trauma including 

executive and social functioning deficits. Here, we investigated links between early life 

stress—specifically childhood maltreatment—prefrontal inhibition, and adult PTSD.

Childhood maltreatment is one of the primary risk factors for PTSD and a number of other 

psychiatric and medical issues [15]. It has been linked to changes in function of the 

hypothalamic-pituitary-adrenal (HPA) axis [16, 17] as well as physiological reactivity [18], 

and mediates genetic risk for PTSD [17, 19]. Its effects on brain development are long lasting, 

and result in widespread changes to the function and structure of fear-processing networks 

of the brain [20–30]. Maltreatment has been shown to impact prefrontal activation in cognitive 

inhibition tasks in children and youth [31–33]. Little research has addressed whether these 

changes persist into adulthood, although initial evidence suggests that inhibition 

performance [34] and prefrontal inhibition-related activity [35] are impaired in adults with a 

history of maltreatment. Here we investigated associations between childhood trauma 

severity and prefrontal function in adults, and potential contributions to PTSD. Although 

childhood maltreatment is a strong predictor of PTSD following adult trauma, it is notable 

that a proportion of childhood trauma survivors do not develop PTSD [36, 37]. The 

neurobiological features that differentiate these individuals from those who do develop 

PTSD remain unclear.
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We compared the effects of childhood maltreatment in adults with PTSD and in a resilient 

control group matched for childhood and adult trauma levels, but with significantly fewer 

PTSD and depression symptoms. Participants were selected from a high-risk urban primary 

care population experiencing trauma and PTSD comparable to those of post-deployment 

veteran samples [38, 39]. Using functional magnetic resonance imaging (fMRI), we 

investigated brain activation during a response inhibition task shown to engage multiple 

aspects of the prefrontal cortex [40], in which we previously observed a PTSD-related deficit 

in rACC activation [5]. We tested the hypothesis that the effects of childhood trauma on 

inhibition-related brain activation might differ among those with current PTSD, relative to 

trauma-exposed controls. We predicted that maltreatment would be negatively associated 

with rACC activation in the PTSD group, but not the traumatized control (TC) group.

 Methods

 Participants

One hundred and thirty-three African-American women ages 18 to 62 were recruited from a 

larger study of risk factors for PTSD. Participants were approached in the general medical 

clinics of Grady Memorial Hospital, a large publicly-funded hospital in inner-city Atlanta, 

Georgia. This study focused on women, because of their greater burden of PTSD relative to 

men [41]. For data homogeneity, we included only African-American individuals. 

Participants experienced at least one criterion A trauma according to the Diagnostic and 

Statistical Manual of Mental Disorders[42], as reported on the Traumatic Events Inventory 

(TEI), and had normal or corrected-to-normal vision. Exclusion criteria included a history of 

bipolar disorder or schizophrenia or current psychotic symptoms, current psychotropic 

medication, and contraindications for MRI scanning including neurological disorder or other 

known brain abnormality, head injury with loss of consciousness, implanted metal objects. 

Urine tests for pregnancy and drug use (cocaine, marijuana, opiates, amphetamines, 

methamphetamines) were conducted 24 to 48 hours before the MRI scan, and individuals 

with positive results were excluded.

Testing took place at Grady Memorial Hospital and the Biomedical Imaging Technology 

Center of Emory University. All participants provided written informed consent. The 

Institutional Review Boards of Emory University and Grady Memorial Hospital approved 

the study procedures. FMRI data from a subset of these participants (20 PTSD, 21 TC) have 

been reported elsewhere [5].

 Psychological assessment

Adult trauma was assessed using the Traumatic Events Inventory (TEI), which has been 

validated in this population [38]. Childhood maltreatment was assessed using the Childhood 

Trauma Questionnaire [CTQ, 43, 44].

The Modified PTSD Symptom Scale [PSS, 45] is a 17-item self-report measure that was used 

to assess PTSD symptoms. DSM-IV-TR criteria were used to classify participants into 

PTSD and TC groups, including endorsement of at least 1 re-experiencing symptom, 3 

avoidance symptoms, and 2 hyper-arousal symptoms. The measure was administered by 
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asking participants to consider all of their traumas, with the goal of capturing current 

symptom severity in a sample in which multiple lifetime traumas are common.

Depressive symptoms were assessed using the Beck Depression Inventory [BDI, 46]. Alcohol 

and drug abuse were assessed using the Alcohol Use Disorders Identification 

Test [AUDIT, 47] and 10-item version of the Drug Abuse Screening Test [DAST, 48], 

respectively. Trait-level resilience was assessed using the Connor-Davidson Resilience 

scale [CD-RISC, 49]. These measures have been used in our previous studies with this 

population [5, 38].

 FMRI Task

The task followed previous work by Leibenluft et al. [40], and a detailed description can be 

found elsewhere [5]. Trials consisted of either an X or an O displayed for 1000ms, and 

participants responded with a 1 for X and 2 for O. On “No Go” trials, a red rectangle 

appeared behind the X or O, and participants were asked to withhold all responses. The 

stimulus event was followed by a jittered inter-trial interval ranging from 1250 to 2500ms, 

and 500ms fixation cross. There were 4 runs of 26 Go trials, 13 No-Go trials, and 14 blank 

trials (black background rather than X or O), randomly ordered.

 Brain imaging acquisition and analysis

Brain imaging data were acquired on a 3.0-Tesla MRI scanner (Siemens Magnetom Trio 

TIM, Malvern, PA) using a 12-channel head coil. Statistical parametric mapping software 

was used to preprocess and analyze fMRI data [SPM5, Wellcome Trust Centre for 

Neuroimaging, 50]. See Supplemental Methods for additional information on MRI 

acquisition parameters, preprocessing, and first-level models.

Inhibition-related activation was modeled using subject-level statistical maps for No-Go 

relative to Go trials. These were entered into group-level regression analyses conducted for 

an a priori rACC ROI, based on previous findings showing an inhibition deficit in 

PTSD[3, 5]. An exploratory analysis was also conducted voxel-wise across the whole brain. 

The rACC ROI was constructed using a mask of Brodmann’s Areas 24, 25, and 32. To limit 

these regions to the rostral and subgenual aspects of the ACC, the ROI included only voxels 

ventral to z=0. To test for regions showing different effects of child maltreatment in the 

PTSD versus control groups, group-level models included an interaction term for CTQ total 

score x PTSD, main effects of CTQ score and PTSD status, and an age covariate. Secondary 

analyses controlling for adult trauma load and depression symptom severity were conducted 

using this interaction model, adding number of adult traumas (TEI total) and BDI total as 

covariates. To investigate whether findings were accounted for by particular type of abuse, 

the same interaction model was used to examine the abuse subscales (physical, sexual, and 

emotional abuse) separately. The models were implemented in SPSS 22.0 for the ROI 

analyses, and in SPM5 for whole-brain analyses.

For whole-brain analyses, within-groups analyses of task-related activation were corrected 

for multiple comparisons using a combined height-extent threshold implemented using 

3dclustsim within AFNI, version 16.0.6, for all voxels within the group mask, with 10,000 

iterations. A cluster-forming threshold of p < 0.001 was used and when combined with a 
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cluster size of k = 31 resulted in a corrected probability of p < 0.05. For the primary 

moderation analyses of childhood trauma and PTSD diagnosis, no clusters survived this 

threshold. In order to determine whether brain regions outside the ROI might show similar 

effect sizes, and to facilitate direct comparison with previous studies, exploratory whole-

brain analyses were thresholded with an uncorrected p<.001, and k=5 cluster extent.

 Results

 Group characteristics

Of the 133 participants recruited, 11 were excluded for anatomical abnormalities such as 

falx calcification, 6 for technical problems with the scanner or stimulus presentation, 16 for 

head motion greater than 3 mm over the entire task, and 10 for low performance on the Go 

No-Go task (more than 80% of trials incorrect in the No-Go condition; commission errors). 

The excluded participants had lower CTQ total scores (included: M(SD)=43.1(18.2), 

excluded: M(SD)=36.3(11.0), p=.01), and greater lifetime drug use endorsed on the DAST 

(included: M(SD)=1.8(1.8), excluded: M(SD)=3.3(2.6), p=.006), but did not differ from the 

included participants on any of the other clinical or demographic measures. Demographic 

and clinical characteristics of the final sample of 90 participants are shown in Table 1. PTSD 

and TC groups did not differ in task performance, or adult or childhood trauma severity. 

Participants in the PTSD group were younger than in the control group; all neuroimaging 

analyses included age as a covariate. PTSD and depression severity were greater in the 

PTSD group than in the TC group. Given the high comorbidity of PTSD and depression, the 

primary neuroimaging analyses did not include depression severity as a covariate, and 

secondary analyses were conducted to control for depression. The TC group also showed 

greater trait-level resilience. Both groups reported very low levels of alcohol and drug abuse, 

particularly relative to other traumatized samples [51, 52].

 Brain activation in the inhibition task

Brain regions engaged by the task, for all participants irrespective of PTSD diagnosis, are 

shown in Figure 1, and Table S1. Activation for No-Go relative to Go trials was consistent 

with previous studies [53]. Participants showed increased activation of regions associated 

with visual attention and top-down inhibition including bilateral dorsolateral prefrontal 

cortex (dlPFC), and occipital cortex. Participants showed decreased activation of regions 

associated with environmental and internal salience [54, 55] including dACC, bilateral insula, 

striatum, and inferior parietal cortex.

 Influence of childhood maltreatment on inhibition in individuals with and without PTSD

The interaction of CTQ score and PTSD diagnosis significantly influenced inhibition-related 

activity in the rACC ROI, above and beyond the main effects of age, CTQ total, and PTSD 

diagnosis, R2Δ = .09, p<.005 (Table 2A, Figure 2A). There was no main effect of CTQ score 

on rACC activation, but there was a significant main effect of PTSD diagnosis. The removal 

of a potential outlier in the PTSD group, highlighted red in Figure 2A, reduced the effect 

size of the interaction, although the effect remained significant, R2Δ = .05, p=.03. The 

interaction effect also remained significant after controlling for adult trauma load and 

depression symptom severity, R2Δ = .08, p<.01 (Table 2B), as well as inhibition-related 
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performance on the Go No-Go task, R2Δ = .08, p<.01 (proportion hits-false alarms; Table 

2C). Follow-up analyses separately examining the PTSD and TC groups showed that CTQ 

score was negatively correlated with rACC activation in the PTSD group (r(34) = −.36, p = .

03), but not in the TC group (r(50) = .22, p = .13).

In exploratory whole brain analysis conducted at an uncorrected threshold, only a single 

cluster showed an interaction between CTQ score and PTSD diagnosis, overlapping right 

orbitofrontal cortex, rACC, and subgenual ACC (Table 3, Figure 2B). In the PTSD group, 

but not the TC group, CTQ score was negatively correlated with activation in the same 

rACC cluster from the interaction analysis. In both the PTSD and TC groups, CTQ score 

correlated positively with activation in the precentral gyrus.

 Relationship between rostral ACC activation and inhibition performance and symptoms

To test for relationships between rACC activation and inhibition and/or symptoms in each 

group, we extracted the mean contrast value for No-Go > Go from voxels within the cluster 

from the interaction analysis, and examined correlations with task performance and 

symptom severity. Inhibition performance on the Go No-Go task was quantified by 

subtracting the proportion of false alarms to No-Go trials from the proportion of hits to Go 

trials, PTSD symptom severity using MPSS total score, depression symptom severity using 

BDI total score, and trait-level resilience using CD-RISC total score. Inhibition performance 

was not significantly associated with rACC activation in the PTSD group [r(37)=−.09, p=.

59], but was positively associated with rACC activation in the TC group [r(53)=.31, p=.03]. 

In the PTSD group, rACC activation was negatively associated with depression symptom 

severity [r(37)=−.34, p=.04] but was not correlated with PTSD symptom severity [r(37)=−.

10, p=.57] or resilience [r(37)=.32, p=.08]. In the TC group, rACC activation was not related 

to depression symptoms, PTSD symptoms, or resilience, ps>.30.

 Discussion

In the current study we investigated the effects of childhood maltreatment on inhibition-

related brain activity in individuals with and without current PTSD. The findings supported 

the hypothesis that childhood maltreatment would be associated with a deficit in inhibition-

related activity in the rACC among individuals with current PTSD, but not among trauma-

exposed individuals without PTSD. Reduced activation in this region has previously been 

associated with PTSD and other anxiety disorders [3, 4, 6] and fear inhibition deficits [5]. 

Examination of different types of child abuse showed that only physical abuse was 

negatively associated with rACC activation in the PTSD but not TC group. However, this 

finding was observed only in whole-brain analyses with a low threshold, and must be 

interpreted carefully.

Studies examining the neural correlates of childhood maltreatment have focused primarily 

on negative emotion reactivity and regulation, observing that maltreatment predicted 

increased activation of the amygdala and other limbic areas [20–23, 56–58]. These studies 

suggest that childhood maltreatment may influence inhibitory brain activity: maltreatment 

predicts changes in functional connectivity between the amygdala and prefrontal regions that 

are typically involved in inhibiting amygdala activation [24, 25, 59]. Furthermore, recent 
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evidence indicates that maltreatment impacts prefrontal activation during inhibition, showing 

decreased activation of middle frontal gyrus [31], and increased activation of dorsomedial 

regions including dACC and dmPFC [31–33]. The current findings indicate a long lasting 

reduction in inhibitory prefrontal activation associated with early maltreatment, in 

individuals who develop PTSD in adulthood. A deficit in inhibition has been proposed as a 

biomarker for PTSD [1]; in combination with previous research, the findings suggest that an 

inhibition deficit may also be a risk factor that pre-dates adult index trauma and a neural 

mechanism by which early adverse experiences confer such risk. Interestingly, decreased 

rACC activation in the PTSD group was associated with more severe symptoms of 

depression, but not PTSD, suggesting that reduced rACC activation may moderate the 

effects of early life stress on risk for the depressive aspects of adult post-traumatic stress. 

Further research is needed to address this hypothesis.

In contrast, maltreatment did not predict reduced prefrontal activation among traumatized 

individuals without PTSD. Despite comparable levels of childhood and adult trauma 

between the PTSD and TC groups, the TC group showed no significant association between 

maltreatment and inhibition-related activity in the rACC. This raised the intriguing 

possibility that preserved inhibition-related activation in the rACC may protect against 

PTSD after childhood maltreatment. Alternatively, plasticity in the inhibitory activity of the 

rACC may be a substrate for recovery in individuals who experienced high levels of early 

life stress. This interpretation is consistent with previous studies showing increased 

activation in this region associated with spontaneous recovery from PTSD [60] and treatment 

response [61–64]. In addition, a twin study showed rACC gray-matter loss in combat-exposed 

twins with current PTSD, relative to their combat unexposed co-twins, as well as combat-

exposed individuals without PTSD [65], suggesting that plasticity in this region may reflect 

the PTSD state. The structure and function of this region may thus reflect the combined 

environmental influences of childhood and adult trauma. Further research will be needed in 

order to distinguish a plasticity-related hypothesis from the possibility that rACC activity 

reflects a stable individual difference predicting whether childhood trauma will lead to 

PTSD or resilience.

The interaction of total childhood maltreatment and PTSD was highly region-specific, 

restricted to the rACC (and overlapping nearby mPFC and OFC) in an analysis of the whole 

brain. Activation in this region may index a direct contribution to response inhibition, as this 

region has previously been associated with top-down regulation of emotional 

responses [66–68], and fear inhibition [69, 70]. A second alternative is that the rACC may only 

be engaged in some individuals as a prefrontal “helper,” which facilitates inhibition in the 

face of early life stress among controls but not in individuals with PTSD. The findings were 

consistent with this interpretation: behavioral performance on the task was positively 

correlated with rACC activation in the TC group but not the PTSD group. A third possibility, 

given that the rACC has been associated with emotion regulation and the regulation and 

monitoring of autonomic physiology [54, 68], is that activation of this region may not be 

directly related to inhibition but may instead reflect efforts to down-regulate distracting 

afferent signals from baseline autonomic activity or default-mode central activity, in order to 

complete the inhibition task.
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Response inhibition tasks in healthy individuals more commonly involve other prefrontal 

regions such as the dorsal ACC and dlPFC [53]. We observed dlPFC activation in the analysis 

of task-related activity, but it did not correlate with child maltreatment. In contrast, dACC 

was less activated for No Go than Go trials. This may be related to population differences. 

The current study investigated a different population than most previous studies of the 

effects of trauma and PTSD on inhibition. We recruited trauma-exposed, adult female 

participants, who were sampled from a high-risk epidemiological sample rather than 

psychiatric sample. Only one other study of inhibition has examined adults exposed to 

childhood maltreatment [35], and this study did not report regional activation for No Go > 

Go, but instead focused on functional connectivity analyses. Other studies of inhibition in 

trauma-exposed adults focused on male veteran samples [10–12, 71]. In addition, dACC has 

been linked with conflict processing and error detection [33, 72], whereas the task used in the 

current study was very simple and resulted in few errors. A previous study of PTSD with a 

similar, simple Go No-Go task showed no dACC activation in trauma-exposed 

participants [13]. The current task may recruit neural correlates of response inhibition but not 

error-related processing. An analysis controlling for task performance supported this idea, as 

the covariate reflecting the number of errors did not impact the results.

The current study is limited in its use of retrospective reports of childhood trauma to 

examine long-standing effects on brain function. The CTQ shows high convergence with 

other measures of childhood maltreatment [44], and longitudinal studies of early life stress 

across development would provide a complementary perspective, possibly revealing 

additional factors that determine why rACC function decreases with childhood maltreatment 

in some individuals but not others. Furthermore, the current study did not include non-

trauma-exposed controls, but rather examined the effects of childhood maltreatment along a 

spectrum of low to high exposure. Further study is needed to compare prefrontal inhibition 

in exposed versus unexposed individuals. In addition, further research is needed in order to 

determine whether the findings generalize to men.

 Conclusions

Childhood maltreatment is an early factor that contributes to PTSD risk. The current 

findings suggest that activation of the anterior cingulate cortex moderates the effect of early 

maltreatment experiences on PTSD. Further research is needed in order to determine 

whether inhibition-related activity in this region may be an individual difference that 

promotes resilience to PTSD in the face of risk factors such as childhood maltreatment.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Brain regions significantly activated in the inhibition task, for all participants irrespective of 

PTSD status (p<.05, corrected). Results are displayed in neurological orientation on a 

representative single-subject template brain in MNI space.
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Figure 2. 
Influence of childhood maltreatment on inhibition in the PTSD and TC groups. A: Within 

the rACC ROI, there was a significant interaction between childhood maltreatment and 

PTSD status. Scatterplot shows the association between individuals’ CTQ total scores and 

the mean contrast estimate for No-Go > Go across voxels in the anatomically-defined ROI, 

which is illustrated in red on a coronal slice from a representative template brain in MNI 

space. The regression line for the PTSD group is shown in solid black, and for the TC group 

in dotted black. The potential outlier from the PTSD group is highlighted in red. B: Whole-

brain analysis conducted at a low threshold of p<.001, k = 5, confirmed that the largest child 

maltreatment * PTSD interaction was observed in the rostral ACC, and was not observed in 

other regions.
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Table 2

Results of moderated regression analyses for the rostral anterior cingulate

Predictor R2 change Beta t

A. Initial model

Step 1 Age .002 .04 0.37

Step 2 CTQ total .01 −.11 −1.02

PTSD diagnosis .80 2.95**

Step 3 CTQ* PTSD .09** −.77 −2.86**

B. Covarying for adult trauma and depression symptoms

Step 1 Age .01 .03 0.30

TEI total # traumas .12 1.08

BDI total −.11 −0.77

Step 2 CTQ total .03 −.12 −1.01

PTSD diagnosis .86 3.11**

Step 3 CTQ* PTSD .08* −.78 −2.75*

C. Covarying for task performance

Step 1 Age .02 .05 0.54

Go No-Go: hits-false alarms .13 1.20

Step 2 CTQ total .01 −.12 −1.13

PTSD diagnosis .78 2.85**

Step 3 CTQ* PTSD .08* −.76 −2.81*

*
p<.01;

**
p<.005
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