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Abstract

Background—Individuals with a history of maltreatment show altered amygdala reactivity to 

emotional stimuli, atypical frontal regulatory control, and differences in frontolimbic connectivity 

compared to non-maltreated controls. However, despite early trauma, many individuals who 

experience maltreatment show resilience, or adaptive functioning in adulthood including positive 

social, educational, and occupational outcomes.

Methods—The present study employed a psychophysiological interaction (PPI) model to 

examine the effect of adult adaptive functioning on group differences between maltreated and non-

maltreated adults in task-based amygdala functional connectivity. The task employed was a facial 

emotion-matching paradigm. fMRI scans were collected from 41 adults with a history of 

substantiated childhood maltreatment and 39 non-maltreated adults who were well matched on 

demographic variables, all of whom had been studied since childhood. Adaptive functioning was 

measured with a composite score of success on stage-salient developmental tasks.

Results—Consistent with prior research, we found differences in task-related amygdala 

functional connectivity between the maltreated and non-maltreated groups. Effects were seen in 

the left hippocampus, right dorsolateral prefrontal cortex, dorsomedial prefrontal cortex, and right 

thalamus. However, when adult functioning was included in the model, maltreatment-related 

differences in amygdala connectivity were observed only in the hippocampus. Adult adaptive 

functioning independently predicted task-related amygdala connectivity in frontal and parietal 

regions across the entire sample.
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Conclusions—These results suggest that frontolimbic functional connectivity is predicted by 

positive developmental adaptation in this high-risk population, regardless of maltreatment history, 

whereas intra-limbic connectivity (amygdala and hippocampus) is more specifically associated 

with maltreatment history.
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Childhood maltreatment (CM) poses significant risks of biological and psychological 

maladaptation, and increases the likelihood of psychopathology across the lifespan (1). 

Emotional reactivity and emotion processing are often affected in individuals with a history 

of CM (2). For instance, deficits in emotion recognition, response biases to angry facial 

expressions, and delayed disengagement from such stimuli have been noted in this 

population during childhood and adulthood (4–10). This persistent vigilance for negative 

facial expressions may help maltreated individuals detect and thereby avoid angry 

confrontations with their abusive caregivers; however, such hypersensitivity has been linked 

to maladaptive behavior outside of the context of CM, when there is no longer an imminent 

threat of abuse (11).

Extensive evidence has established a heightened response of the amygdala to threat-related 

cues in individuals with posttraumatic stress disorder (PTSD) as well as in adults with 

histories of childhood emotional abuse or neglect, independent of psychiatric status (12, 13). 

The prefrontal cortex (PFC), a region known to be involved in cognitive and behavioral 

control processes, has also been identified as functionally aberrant following early adversity 

and CM (14, 15). Of course, these regions (amygdala and PFC) are known to be structurally 

and functionally connected (16). Connectivity within frontolimbic circuits has been related 

to efficient emotion regulation, fear conditioning and fear extinction (17, 18). The strength 

of functional connectivity (FC), or the degree to which regions within the emotion 

processing network co-activate, has recently been shown to be altered in individuals who 

experienced CM, both when measured at rest (19) and also when performing face emotion-

processing tasks (20, 21). Such work, including our own (21), has shown that adults with a 

history of CM show greater emotion-related frontolimbic connectivity in comparison to 

those without CM, which may indicate an inefficient regulatory system.

However, studies of maltreated samples generally do not consider individual differences that 

may affect long-term outcomes following early adversity. Furthermore, group comparisons 

can mask individual differences in the capacity for resilience, or dynamic and positive 

adaptation in the face of significant adversity (22). Early work has shown that even in the 

face of chronic and severe adversity, most children have the capacity for resilient outcomes 

in one or more domains (23, 24). However, there have been few studies on the 

neurobiological correlates of resilience. One study assessed effortful modification of 

emotional responses to negative pictures, and another measured resting-state functional 

connectivity. These two small studies have found that, compared to both vulnerable trauma-

exposed and non-trauma-exposed individuals, resilient trauma-exposed individuals show 
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differential frontal brain activity (25, 26). Yet, it remains unknown whether or not resilience, 

the process of, capacity for, or outcomes of adaptive functioning despite threat, may 

moderate differences in task-related frontolimbic FC that have been attributed to CM (27).

To fill this gap in the literature and build upon our previous work on frontolimbic 

connectivity following CM (21), we evaluated the effects of CM history and adult adaptive 

functioning on amygdala connectivity in adults performing a face emotion-processing task. 

Adults with a verified CM history and a matched comparison group were rated on an 

adaptive functioning scale to approximate resilient processes and completed an emotional 

faces task known to elicit limbic activation during functional magnetic resonance imaging 

(fMRI) (28). Psychophysiological interaction (PPI) connectivity analyses were performed to 

investigate differential amygdala connectivity to emotional and neutral stimuli in those with 

and without a history of CM. In light of the aforementioned findings of 1) greater 

frontolimbic FC in CM adults (20, 21), and 2) differences in neural processing between 

resilient trauma-exposed individuals and patients with trauma-related psychopathology (25, 

26, 29), we predicted that both maltreatment status and adult adaptive functioning would 

correlate with emotion-related amygdala connectivity. Specifically, we expected that 

individuals at highest risk (prior CM and low adaptive functioning scores) would show 

increased emotion-related frontolimbic connectivity compared to lower risk individuals 

(SES-matched non-maltreated or CM with high adaptive functioning scores).

Methods and Materials

Participants

Participants included 80 adults who were part of a longitudinal sample, first recruited 

through a research summer camp for low-income, high-risk children when they were 6 –12 

years of age, and subsequently assessed once or twice during adolescence prior to the 

current adult assessment (30). All children were from low-income families, with 93% 

reporting a history of receiving public assistance. Forty-one participants had a history of CM 

as documented by Department of Human Services (DHS) records, and 39 other participants 

were classified as non-CM via lack of DHS records through age 17 years. The Maternal 

Maltreatment Classification Interview was used to further verify CM history, or the lack 

thereof. Comprehensive DHS records were coded using the Maltreatment Classification 

system to classify the type and developmental timing of each report of substantiated 

maltreatment (31). The majority (70%) the CM group experienced more than one type of 

maltreatment. Depressive or general internalizing symptoms (as measured by the Adult Self 

Report measure and BDI-II; 32, 33) did not differ by group. Demographic information for 

the final sample is provided in Table 1. All participants provided informed consent in 

compliance with the University of Rochester’s Institutional Review Board and were 

compensated for their time. A subset of these data was reported previously by our group 

(21).

Data collected from an additional 23 individuals were excluded from the final sample due to: 

task accuracy more than 2 SD below the overall mean on control trials (<75% correct; 5 CM, 

1 comparison); serious mental illness identified by history of hospitalization (2 CM: 1 

schizophrenia, 1 bipolar disorder); structural brain anomalies (2 CM, 3 comparison); or 
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excessive head motion (6 CM, 4 comparison). An additional 53 longitudinal participants 

were contacted and screened, but were unable to participate due to incarceration, death, 

scheduling conflicts, MRI contraindications, or decline to participate (see Supplement 1 for 

details).

Measure of Adult Adaptive Functioning

Contemporary conceptions of resilience align with a developmental psychopathology 

perspective that focuses on both negative and positive adaptation in response to stress. These 

adaptations can be measured along dimensions within various domains and at multiple levels 

of analysis (34, 35). Therefore, we measured success on stage-salient developmental tasks to 

approximate resilient outcomes. A developmental task is a task typical to a certain period of 

life for which successful achievement leads to competence and later successes, while failure 

leads to incompetence in the individual, disapproval by society, and difficulty with later 

tasks (36). Developmental tasks in early adulthood have been shown to predict competence 

in adults over a 10-year period (36, 37).

We used a composite (range 0 to 14) of rank scores based on participants’ progress in seven 

domains of development: education, work, financial autonomy, romantic involvement, peer 

involvement, family involvement, and substance abuse. This approach was based on work by 

Schulenberg and colleagues (37). Information from each domain was drawn from the Adult 

Self Report measure (32) and a demographics questionnaire. Participants were ranked in one 

of three categories for each domain based on their success on the developmental task relative 

to other participants in the study. Therefore, successful development was defined in relation 

to others from similar economic and social backgrounds. For each domain, rankings were 

based on cut-offs that approximately divided the participants into thirds (lowest, middle, and 

highest third). Details can found in Supplement 1.

Behavioral fMRI Paradigm

In the scanner, participants were asked to perform a matching task of trials containing either 

emotionally expressive faces or simple geometric shapes. On each trial, they were required 

to indicate which of two stimuli (faces or shapes) presented at the bottom of the screen 

matched the stimulus at the top of the screen. The face stimuli were black-and-white 

photographs of angry and fearful expressions selected from a standardized set of emotional 

faces (38). For face trials, participants matched based on emotional expression, as each face 

trial included expressions posed by three different actors of the same sex. Shape stimuli were 

solid black shapes (circles, or horizontal or vertical ellipses) presented on a white 

background. The task consisted of a total of nine blocks, each containing six trials, with 

alternating blocks of shape and emotion matching (five and four blocks, respectively). 

Stimuli were presented for 4500 ms, with a 500 ms interstimulus interval.

MRI Acquisition

Details concerning data acquisition are presented in Supplement 1.
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fMRI Data Analysis

Preprocessing—MRI data were analyzed using FSL (FMRIB Software Library, v. 5.0.8; 

39). Preprocessing involved motion correction with MCFLIRT (Motion Correction FMRIB’s 

Linear Image Registration Tool), skull stripping using the Brain Extraction Tool, slice timing 

correction, geometric unwarping based on a fieldmap volume, spatial smoothing using a 6-

mm FWHM Gaussian kernel, and high-pass temporal filtering with a filter cutoff of 60 s 

based on task design. Motion displacement was quantified using the root mean square across 

the six motion correction parameters. Volumes were assessed for censoring based on the 

following parameters: (a) absolute motion exceeding one voxel of overall displacement from 

the first volume in the series and (b) relative motion exceeding one-half voxel from one 

volume to the next. Volumes immediately preceding and following those that met the 

relative criterion were also excluded. Participants were excluded if the number of TRs 

censored exceeded 25% of the scan, meaning that all participants had at least 107 TRs, or 3 

min 35 sec of usable data. Finally, each participant’s functional images were registered to 

the corresponding high-resolution anatomical image (using 6 df), which was in turn 

ryegistered to MNI standard space (Montreal Neurological Institute’s MNI 152 T1 2-mm 

template; using 12 df).

Task Analysis—Individual data were entered into a general linear model (GLM) using a 

gamma-convolved predictor for emotion-matching blocks, with shape matching as the 

unmarked baseline. Additional predictors of non-interest included 1 predictor for buffer 

trials (short fixation periods at the beginning and end of the task), 6 predictors for motion (3 

rotation and 3 linear translation), and motion displacement (censoring) predictors for each 

affected TR.

Group Analyses—A whole-brain regression analysis was run to find group differences 

between the maltreated and comparison group, with age, sex, and accuracy on emotion-

matching trials as nuisance variables.

Psychophysiological Interaction (PPI) Analysis

PPI analyses were conducted to examine effects of CM and adaptive functioning on task-

based amygdala FC during emotion processing (40, 41). Whole-brain analyses were run 

using the bilateral amygdala as the seed region. This analysis identified regions where 

activation was temporally correlated with activation in the bilateral amygdala during the 

emotion-matching component of the task relative to the shape-matching baseline. We 

created our bilateral amygdala mask based on the Harvard–Oxford subcortical anatomical 

atlas included with FSL (HarvardOxford-sub-maxprob-thr0–2mm.nii.gz), and dilated the 

mask by 3 mm to ensure adequate coverage across individual variations in anatomy. We 

obtained the bilateral amygdala signal for each participant by back-projecting this mask into 

each participant’s original functional data space and extracting the mean physiological time 

series from within the mask. An interaction predictor was created to identify regions that 

covaried in a task-dependent manner with amygdala activity. Specifically, this PPI regressor 

was obtained by multiplying the gamma-convolved emotion predictor (zero-centered) by the 

demeaned time-series of the bilateral amygdala ROI. Single subject GLM models included: 

the physiological time series from the bilateral amygdala, the gamma-convolved emotion 

Demers et al. Page 5

Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and buffer predictors, and the PPI predictor (amygdala signal x emotion predictor), as well 

as six head motion predictors (3 rotation and 3 linear translation), and predictors for each 

censored time point.

Group Analyses—Three higher level (group) analyses were conducted to evaluate 

whether amygdala networks were modulated by CM and adaptive functioning (mean 

centered). First, a whole-brain regression analysis was run to find group differences between 

the maltreated and comparison group without controlling for the influence of adaptive 

functioning. Next, a whole-brain regression analysis was run with group and adaptive 

functioning score as predictors. This allowed us to examine group differences while 

controlling for the effect of adaptive functioning, and vice versa. Finally, a third whole-brain 

regression analysis was run that mimicked the second, but with the addition of the 

interaction term. All analyses included age, sex, and accuracy for the emotion-matching 

condition (all mean-centered) as nuisance variables. In all fMRI analyses, significance was 

assessed using FSL’s cluster correction procedure with a voxelwise threshold of p <.005 and 

a cluster threshold of p < .05.

Results

Behavioral Results

As expected, performance was poorer (lower accuracy and longer response time) for the 

emotion-matching compared to the shape-matching condition in the whole sample. Between 

groups, accuracy was lower for the emotion-matching condition in the CM group relative to 

the non-CM group. The two groups did not differ in performance on the shape trials, nor did 

they differ in response time for emotion-matching or shape-matching conditions.

Adult adaptive functioning, as measured by developmental task scores, did not differ 

between groups (CM and non-CM). It also did not relate to the number of developmental 

periods maltreatment was sustained. Adaptive functioning also did not relate to accuracy or 

response time on either the shape-matching or emotion-matching trials. Adaptive 

functioning was positively associated with age, and differed by sex, with females showing 

higher developmental task scores than males. Accordingly, all PPI analyses included age, 

sex, and accuracy for the emotion-matching condition as demeaned covariates. Detailed 

behavioral results can be found in Behavioral Results of Supplement 1.

Task Reactivity

An analysis of reactivity to the task in the whole sample revealed significant activation 

(emotion matching > shape matching) in multiple brain regions, including bilateral 

amygdala, medial frontal gyrus, middle frontal gyrus, thalamus, basal ganglia, and occipital 

lobe. These regions are consistent with those reported in previous studies using this task (28, 

42). There were no group differences in reactivity to the task effect after cluster correction. 

Effects of adaptive functioning are noted in Supplement 1.
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PPI Effects: Task-based Amygdala Connectivity

As a first step in PPI analyses, we examined general patterns of emotion-related amygdala 

connectivity across all subjects. Significant emotion-related FC with the amygdala was 

observed in the medial prefrontal gyrus, anterior cingulate cortex, middle frontal gyrus, 

caudate, insula, posterior cingulate, thalamus, hippocampus and parahippocampal gyrus.

PPI Effects: Group Differences (CM vs. non-CM)

Next, to parallel prior studies of maltreatment including our own with a subset of this sample 

(21), we evaluated patterns of amygdala connectivity that differed by group. Three regions 

showed a main effect of group with greater PPI values for the CM group than the non-CM 

group (Figure 1). These regions included the left hippocampus and parahippocampal gyrus, 

right dorsolateral prefrontal cortex, and dorsomedial prefrontal cortex. There were no 

regions that showed lower PPI values in the CM group than in the non-CM group.

PPI Effects: Group Differences (CM vs. non-CM, Controlling for Adaptive Functioning)

We followed the initial group analysis with a parallel analysis including adaptive functioning 

in the model. Analysis of amygdala-based emotion-related PPI connectivity revealed that the 

left hippocampus and parahippocampal gyrus showed greater connectivity in the CM group 

than in the non-CM group while controlling for adaptive functioning (Figure 2; Table 2). 

Other regions previously identified as showing group differences in connectivity were no 

longer significant when adaptive functioning was included in the statistical model.

PPI Effects: Effect of Adaptive Functioning, Controlling for Group

Developmental task score was a significant predictor of FC (stronger amygdala connectivity 

during emotion matching than shape matching) in several regions while controlling for 

maltreatment status (Figure 3, Table 2). PPI signal in the cingulate gyrus, dorsomedial PFC 

and in the bilateral parietal cortex including portions of the lateral occipital, angular gyrus, 

and supramarginal gyri was negatively associated with adaptive functioning. No regions 

showed a positive correlation with resilience.

PPI Effects: Maltreatment x Adaptive Functioning Interactions

The interaction of maltreatment with adaptive functioning did not predict amygdala- based 

FC in any brain region after cluster correction.

Discussion

This study examined the role of adaptive functioning in modulating emotion-related 

frontolimbic FC in adults with and without a history of CM. As such, it makes several 

important contributions to the existing maltreatment literature. First, unlike many adult 

studies of maltreatment, this sample includes a comparison group matched on 

socioeconomic and risk status. Furthermore, given that adaptive functioning did not differ 

between groups in adulthood, we were better able to isolate specific effects of maltreatment 

without confounding group differences in poverty, general risk, or adult functioning (43). 

This is particularly important given the widespread and pervasive effects of poverty on 
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development (44–46), brain structure (47), and amygdala and frontal lobe activity in 

response to emotion laden stimuli (48, 49). Second, the sample was assessed prospectively 

and therefore typical measurement error issues of retrospective report were avoided (50). 

Third, this study considered adult adaptive functioning in the context of development in a 

high-risk environment using a multidimensional composite measure. This allowed for 

greater understanding of the interactions between CM and resilient functioning in adulthood 

than dichotomous measures, such as the presence of psychiatric diagnosis, which fails to 

account for subthreshold or transient symptomatology and other functional disturbances 

(51). Finally, the current study is unique in its focus on altered brain networks involved in 

emotion processing. By comparing FC during the emotion-laden and comparison conditions 

using PPI, we were able to determine the specific effects of CM and adaptive functioning on 

connectivity in the context of emotion.

The PPI results were consistent with convergent findings of increased emotion-based 

frontolimbic connectivity in both adult PTSD (52–54) and CM samples (20, 21, 55). 

Specifically, the current study found greater amygdala-based connectivity in the CM group 

than in the non-CM group within the dorsomedial- and right dorsolateral PFC. Further, we 

expected childhood maltreatment status to interact with adult functioning to predict emotion-

related amygdala connectivity, such that adaptive functioning would have the strongest effect 

in the maltreated group. However, no such interaction effects were found. Instead, results 

emphasize the importance of positive adaptation following early adversity in this high-risk 

sample, regardless of maltreatment history. Specifically, the dorsomedial PFC region that 

showed a difference in emotion-related amygdala connectivity by group was no longer 

significant when variance due to adaptive functioning was also included in the model. 

Additional regions including more anterior regions of the dorsomedial PFC, the cingulate, 

and bilateral parietal regions also showed emotion-related connectivity with the amygdala 

that was related to adaptive functioning. Therefore, our findings suggest that CM does not 

relate to frontolimbic PPI connectivity directly when adaptive functioning is considered. 

This discrepancy emphasizes the importance of considering multiple levels of functioning 

when comparing groups.

Nevertheless, adaptive functioning does not account for all of the variance in amygdala-

based connectivity between CM and non-CM groups. We found differences in emotion-

related hippocampus-amygdala connectivity between the groups. Interactions between these 

structures are central to forming representations of emotional significance (56). Further, 

converging evidence suggests that the hippocampus and the amygdala may be especially 

vulnerable to chronic stress (57). We speculate that the differentially greater recruitment of 

the hippocampus-amygdala circuitry when processing emotional stimuli may reflect 

compensation for an inefficient network in the maltreated individuals. The group difference 

in PPI was observed even when controlling for adaptive functioning. Given that the 

comparison group in this study was well-matched on SES and demographic factors in 

childhood and thus also experienced chronic stressors associated with poverty, it seems 

likely that the observed group differences are specific to maltreatment history.

Taken together, these results suggest that neural processing of emotion differs between 

adults with and without histories of CM and also varies based on current functioning. Adult 
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adaptive functioning, but not CM, exerted a unique effect on emotion-based frontolimbic 

connectivity even in groups matched on SES variables. Specifically, we found a relationship 

between adaptive functioning and task-related amygdala connectivity in the prefrontal region 

of the brain, including the medial PFC and cingulate gyrus. The results suggest that lower 

adaptive functioning is related to a greater difference in frontolimbic processing of 

emotional and non-emotional stimuli, regardless of maltreatment history. It is possible that 

frontolimbic circuitry in low-functioning individuals is inefficient and therefore must be 

strongly engaged when processing emotional stimuli. These prefrontal regions are thought to 

integrate multiple components of cognition and emotion, including motivational, evaluative, 

cognitive and emotional inputs (58). Converging research suggests that engagement of 

frontolimbic circuitry is necessary for cognitive regulation of emotion (59–63). The ability 

to process and respond appropriately to emotional stimuli, and to regulate one’s own 

emotional responses is likely critical to success in the everyday contexts represented in the 

adaptive functioning measure. Another potential factor of interest, adult internalizing 

symptoms, had negligible effects on the results (Supplement 1), and were not included in the 

primary analyses due to overlap with the adaptive functioning measure.

As previously noted, measures of adaptive functioning were also associated with emotion-

related amygdala connectivity in more posterior parts of the brain, including areas in the 

parietal cortex that are implicated in attention processes (64). Interestingly, FC with the 

bilateral amygdala across the entire sample did not reveal connectivity differences between 

the emotion-matching and shape-matching conditions in these parietal regions. That is, the 

amygdala and parietal lobe did not show emotion-related amygdala connectivity on average 

in all participants, but PPI values in this region were significantly higher in individuals with 

higher adaptive functioning scores. It is possible that the emotion-based FC in the parietal 

lobe reflects compensatory mechanisms that individuals with high adaptive functioning 

employ while performing the face-matching task, such as enhanced attention.

Despite important contributions to the extant literature, this study had several limitations. 

While participants were followed longitudinally since childhood, MRI assessment was only 

conducted at the most recent time-point in adulthood. Therefore, we cannot determine the 

directionality of the relationships between maltreatment, adaptive functioning, and brain 

circuitry. Additionally, it is probable that current life stressors and factors related to adaptive 

functioning influenced which participants were able to continue in the study. For instance, 

some participants had employment conflicts prohibiting research participation, while others 

were unable to participate due to incarceration or health-related MRI contraindications (e.g., 

obesity or metal in body). Consequently, our sample represents a restricted range of 

developmental outcomes seen in high-risk, low-SES populations. While adaptive functioning 

is observed, sample characteristics (Table 1) indicate that this sample is not exceptionally 

resilient. It is possible that an even more robust effect of adaptive functioning on 

frontolimbic connectivity would be observed if the full range of developmental outcomes 

was included. We also do not know if the relationship between success on developmental 

tasks and amygdala connectivity would be the same in individuals from low-risk 

backgrounds. Further work with a low-risk comparison group is needed to determine if 

effects on frontolimbic connectivity are specific to adaptation following early adversity or if 

they can be generalized to adaptive functioning and competence, regardless of early 
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environment. Replication with a larger sample is also warranted. Additionally, while adult 

adaptive functioning may indicate the capacity for resilience, further study of resilient 

processes throughout development is needed. Finally, a recent methods paper suggests use of 

more stringent clustering thresholds (65) and adoption of this conservative approach renders 

some of the reported regions non-significant (see Supplement 1).

In conclusion, we found that, when both maltreatment history and success on developmental 

tasks in adulthood were considered, only the latter was a significant predictor of 

frontolimbic connectivity during an emotion-matching task. This finding suggests that in 

high-risk populations, the ability to thrive despite setbacks is more related to frontolimbic 

efficiency during emotion processing than it is to maltreatment history. In contrast, 

hippocampus-amygdala connectivity during an emotion-matching task seems to be specific 

to maltreatment history, and not impacted by adaptive functioning. Maltreatment may have a 

significant impact on associative emotional processes, including memory, whereas adaptive 

functioning may be more strongly related to top-down cognitive control of emotion. 

Together, these findings suggest both that it is imperative to consider individual differences, 

such as adult adaptive functioning, when assessing group differences in maltreated samples, 

but also that maltreatment history has unique effects on neural circuitry within the limbic 

system above and beyond childhood poverty and current adaptive functioning. These results 

highlight the capacity for resilience despite CM and thereby support the utilization of 

intervention programs that promote positive adaptation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Regions in which bilateral amygdala-based psychophysiological interaction (PPI) (emotion-

matching > shape-matching) was greater for the childhood maltreatment group than the 

comparison group, p < .05 cluster corrected.
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Figure 2. 
A region of the left hippocampus shows task-related (emotion-matching > shape-matching) 

functional connectivity with the bilateral amygdala (psychophysiological interaction; PPI) 

(emotion-matching > shape-matching) that is significantly greater for the childhood 

maltreatment group than the comparison group, when controlling for adult adaptive 

functioning, p < .05 cluster corrected.
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Figure 3. 
Regions in which task-related (emotion-matching > shape-matching) functional connectivity 

with the bilateral amygdala (psychophysiological interaction; PPI) correlated with adult 

adaptive functioning, controlling for maltreatment status, p < .05 cluster corrected.
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Table 1

Demographics and sample characteristics for the maltreated and comparison groups

Sample Characteristics Maltreated Group (N = 41) Comparison Group (N = 39) p-value (2-tailed)

Age (years), M (SD) 30.85 (3.28) 29.33 (3.53) .049

Male, n (%) 18 (43.9) 23 (59.0) .182

Race, n (%) .257

 Black 24 (58.5%) 29 (74.4%)

 White 12 (29.3%) 5 (12.8%)

 Other/multiracial 5 (12.2%) 5 (12.8%)

Total annual family income, $30.60k ($22.31k) $32.56k ($25.22k) .713

M (SD)

 Range $2.3k – $103.0k $5.2k – $120.0k

Marital status, n (%) .688

 Not married 35 (85.4) 32 (82.1)

 Married 6 (14.6) 7 (17.9)

Current work status, n (%)

 Working full time 19 (46.3) 20 (51.3) .845

 Working part time 8 (19.5) 8 (20.5)

 Not working 14 (34.1) 11 (28.2)

Education, n (%) .203

 Some high school 8 (19.5) 4 (10.3)

 High school diploma or GED 15 (36.6) 17 (43.6)

 Tech degree, associates degree, or some college 13 (31.7) 17 (43.6)

 Bachelor’s or master’s degree 5 (12.2) 1 (2.6)

Adult adaptive functioning, M (SD) 6.61 (3.06) 7.38 (2.75) .240

Beck Depression Inventory- II total score, M (SD) 10.15 (9.56) 10.13 (8.16) .993

Adult Self Report 50.83 (10.77) 51.67 (12.32) .747

Internalizing t-score, M (SD)

Maltreatment type, n (%)

 Emotional maltreatment 23 (59.0) -

 Physical neglect 31 (79.5) -

 Physical abuse 21 (53.8) -

 Sexual abuse 7 (17.9) -

Maltreatment onset, n (%)

Infancy 19 (48.7) -

Toddlerhood 7 (17.9) -

Preschool 6 (15.4) -

Early school 1 (2.6) -

Later school 4 (10.3) -

Note: Statistical effects were tested by ANOVA or t-test as appropriate for the number of levels. For two participants with a history of child 
maltreatment, there was insufficiently detailed data to classify subtype and onset.
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