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Abstract  

Background: Early life stressful events, such as childhood maltreatment, significantly 

increase risk for the development of psychopathology and are associated with impairments in 

socio-cognitive skills including theory-of-mind (ToM). However, to date, no study has 

examined the resting-state activity of the ToM network in adults with maltreatment history. 

Methods: Thirty-five women with a history of childhood maltreatment and 31 unaffected 

women completed a resting-state scan and a ToM localizer task. The peak coordinates from 

the localizer were used as the seed regions for the resting-state functional connectivity 

(RSFC) analyses (temporoparietal junction, dorsomedial prefrontal cortex, middle temporal 

gyrus and precuneus). Results: Child abuse was associated with increased RSFC between 

various ToM regions including the precuneus and the brainstem suggesting altered 

hierarchical processing in ToM regions. In addition, RSFC was also changed between the 

dorsomedial prefrontal cortex and the cerebellum. Limitations. A small and heterogeneous 

sample. Conclusions: The data indicate a lasting influence of early life stress on neural 

networks involved in social processing and may underlie the social difficulties reported by 

maltreated individuals. 

 

Keywords: childhood abuse; functional connectivity; maltreatment; resting state; social 

cognition; theory of mind (ToM) 
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Introduction 

Childhood maltreatment is a major public health issue. According to official estimates, 

around 35% of adult women in the European Union have experienced physical, 

psychological, or sexual violence before the age of 15 (1). Early life stressful (ELS) 

experiences such as sexual, physical, and emotional abuse can lead to the development of 

behavior problems and affect neural structure and plasticity. These then result in a 

predisposition towards the development of mental disorders in adulthood, including mood and 

anxiety disorders, post-traumatic stress disorder (PTSD), substance abuse and personality 

disorders (2, 3). One important and widely accepted consequence of any type of childhood 

maltreatment is an impairment in socio-emotional development, leading to poorer 

performance in critical functions such as emotion recognition and understanding, and theory-

of-mind abilities (4).  

Because of the inherent violation of personal integrity and autonomy, maltreated children 

may have a different perception of interpersonal interactions and exhibit changes in social 

abilities, emotions and other mental states associated with such interactions, than children 

without maltreatment experience (4). Social understanding then is the ability to interpret the 

thoughts and feelings of other people, the so-called “theory of mind” (ToM). Specifically, 

ToM is the core human socio-cognitive ability to explain and predict the behavior of others by 

attributing to them independent mental states, such as beliefs, emotions, intentions, hopes and 

desires that may be different from our own (5).  

Such complex functions recruit a diverse array of brain areas that (presumably) 

synchronize with one another to integrate different pieces of information to represent ToM at 

the neural level (e.g., areas involved in self-other distinction, self-referential processing, 

episodic memory, attention, language)(6). According to recent reviews and meta-analyses (6, 

7) neural nodes belonging to this ToM network consist of: 1) the temporo-parietal junction 
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(TPJ) (Brodmann Area 39), 2) the precuneus (mesial extent of Brodmann’s Area 7), 3) the 

dorsomedial prefrontal cortex (dmPFC), and 4) the middle temporal gyrus (MTG, BA 21). 

However, given that ELS may alter specific aspects of ToM (4), one would hypothesize a 

perturbation of the basic neural oscillatory network involved in ToM after such experiences. 

Characterization of resting-state brain networks in persons with mental illness or at-risk 

may help to identify perturbations of underlying neural oscillations and changed brain 

dynamics. Within trauma research, only a few studies to date have examined intrinsic 

functional connectivity (FC) but with much heterogeneity in findings (8-12). Decreased FC 

between the amygdala and other brain areas such as the putamen, insula, or subgenual anterior 

cingulate cortex have been documented in maltreated adults (10) and children (8). Directly 

contrasting these findings, a task-based study reported increased (rather than decreased) FC 

for traumatized participants relative to comparisons specifically between midbrain structures 

(superior colliculus (SC) and locus coeruleus (LC)) and subcortical brain areas including the 

amygdala, the anterior cingulate, the thalamus, and the striatum (12). In their (12) study, 

participants viewed animated video sequences of faces with varying emotional expressions 

and direct or averted gaze. The authors argued that this increased FC may reflect preferential 

recruitment of a fast subcortical processing route indicative of an innate threat system that is 

quickly (and probably standardly) active in traumatized persons. Indeed, a hallmark symptom 

of PTSD is a constant level of alert (hypervigilance), an issue that clinicians aim to moderate 

before commencing other therapy (13). However, the findings by Steuwe et al. (12) have to be 

considered tentative as they were 1) task-based and consisted of a re-analysis of a prior fMRI 

study (14), and 2) were comprised of a relatively small sample (N=16 per group).  

Given these discrepancies and the interesting hypothesis that an innate state of fear after 

ELS may influence social processing, this study assessed the critical question to what extent 

individuals with and without ELS show altered resting-state functional connectivity (RSFC) 
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in a ToM network including structures relevant to processing of social signals. To this end, 

well-known ToM regions were identified in the present sample by virtue of an independent 

localizer task. If Steuwe et al. are correct and low level fast processing interferes with higher 

order socio-affective function, then we would also expect to see increased FC between these 

ToM regions (and possibly the midbrain). Such evidence would then demonstrate long-term 

neural oscillatory changes after ELS in a social processing network. Importantly, such 

identification would aid in the continued quest for neuroimaging biomarkers of stress-related 

disorders (15). 

 

Methods 

Participants 

Thirty-five women with a history of childhood sexual, physical, or emotional abuse (CA) 

and 31 comparison women without such history or history of other, non-childhood abuse 

related traumas in either childhood or adulthood (UC) participated (Table 1). Participants did 

not differ in age, education, or medication usage but CA participants, relative to UC, had 

significantly higher levels of depression (t(49.48) = 5.03, p < 0.001), dissociative experiences 

(t(45.043) = 3.535, p = 0.001), current psychopathology (χ2(1) = 26.615, p < 0.001), trait 

anxiety (t(63) = 5.63, p < 0.001) and state anxiety (t(64) = 4.55, p < 0.001). However, UC had 

higher resilience than CA (t(64) = -3.092, p = 0.003). In addition, CA participants also had 

significantly higher levels of self-reported empathy (t(64) = 3.05, p = 0.003).  

Participants were recruited via self-help groups (CA only), flyers, and social media. 

Participants were matched for age, sex, handedness, and level of education. The study was 

approved by the ethical committee of Ghent University Hospital and all participants provided 

written informed consent prior to the study and received 30 EUR compensation.   
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************************ Table 1 about here please******************** 

 

 

ToM localizer 

A Dutch translation of a previously validated ToM localizer (~10 mins) was used (16) to 

identify brain regions involved in ToM, which were then used for seed-based functional 

connectivity (FC) analysis. Participants read 20 short stories presented in fixed order 

pertaining either to: characters and their false beliefs about the world (“false belief” 

condition), or to inanimate objects such as maps or photographs, which displayed false 

information (“false photograph” condition). Half of the stories (10) belonged to the “false 

belief” condition whereas the other half (10) belonged to the “false photograph” condition. 

Each story was presented for 10,000 ms. Participants then read a statement, presented for 

10,000 ms, on that story and responded using an MRI compatible response box 

(Cedrus)(index finger = true statement, middle finger = false statement). The story and 

statement phases were conflated and analyzed together. First-level models contained separate 

regressors for each condition (“false belief” and “false photograph”) as well as subject 

movement parameters. To identify regions involved in ToM, a one-sample t-test using the 

whole group was performed on the false belief > false photograph contrast at the whole brain 

level, with age, depression scores and trait anxiety scores as regressors of no interest. The 

coordinates of peak activation (corrected for multiple comparisons (family-wise error, FWE) 

and thresholded at p < .05 and cluster size k > 10) were then used in the seed-based resting-

state FC analyses. There were no significant group differences in the localizer. 

 

Questionnaires 
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SLESQ. The Stressful Life Events Screening Questionnaire (SLESQ (17)) was used to 

assess previous traumatic exposure. Participants in the present study were classified as CA if 

they positively answered items 5 (rape), 6 (sexual assault), which together were considered as 

sexual abuse, 7 (childhood physical abuse), and/or 9 (emotional abuse), and if their age at 

onset of the abuse was below 17 years. The cut-off of 17 years was chosen to keep similarity 

with other questionnaires assessing childhood abuse, such as the Childhood Trauma 

Questionnaire (18). Cronbach’s alpha present sample was 0.828. 

IRI. The 28-item Interpersonal Reactivity Index (IRI (19, 20)) measures empathic 

responsiveness (present α = 0.792) on 4 scales: two cognitive (perspective-taking, α = 0.735; 

fantasy, α = 0.797) and two affective (empathic concern, α = 0.752; personal distress, α = 

0.730).  

BDI-II. The 21-item Beck Depression Inventory-II (BDI-II (21)) measures depressive 

symptoms in adults according to DSM-IV criteria covering cognitive, affective, and somatic 

aspects of depression (present α = 0.934).  

STAI. The State-Trait Anxiety Inventory (STAI (22, 23)) was used to measure state (20 

items) and trait anxiety (20 items) (present α state: 0.869; trait: 0.604). 

DES. The 28-item Dissociative Experiences Scale (DES (24, 25)) measures the extent to 

which respondents experience dissociative symptoms such as depersonalisation, derealisation, 

and disturbances in memory and identity in their daily life (present α = 0.897). 

RS. The Resilience Scale (RS (26)) measures mental resilience using 26 statements about 

the self that are judged from “strongly disagree” to “strongly agree” on a 7-point Likert scale 

(present α = 0.850). 

MINI + BPD screening. The Mini International Neuropsychiatric Interview (MINI (27, 

28)) was administered by trained clinical psychology masters students. The MINI is a 

structured interview, assessing current and lifetime histories of Axis I disorders plus one Axis 
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II disorder, antisocial personality disorder, based on DSM-IV criteria. Since previous research 

underlines a link between experience of childhood abuse and borderline personality disorder 

(BPD)(3), an additional MINI-style subsection assessing BPD symptomatology was included. 

Items for this subsection were designed based on DSM-IV criteria, translated into Dutch, and 

back-translated.  

 

Imaging data acquisition 

Images were acquired as part of a larger study at Ghent University Hospital using a 3T 

Magnetom Siemens TrioTim MRI scanner. Firstly, a T1-weighted high resolution anatomical 

scan was acquired (repetition time [TR] = 2250 ms, echo time [TE] = 4.18 ms, image matrix 

= 256 × 256, field of view [FOV] = 256 mm, flip angle = 9°, slice thickness = 1 mm, voxel 

size = 1.0 × 1.0 × 1.0 mm, number of slices = 176). Then the ToM localizer scan was 

acquired using a T2*-weighted Echo Planar Images (EPI) sequence (TR = 2000 ms, TE = 28 

ms, image matrix = 384 × 384, FOV = 224 mm, flip angle = 80°, slice thickness = 3.0 mm, 

voxel size = 3.5 × 3.5 × 3.0 mm, number of slices = 34). Finally, resting-state fMRI data were 

acquired also using a T2*-weighted Echo Planar Images (EPI) sequence (TR = 2000 ms, TE = 

27 ms, image matrix = 384 × 384, FOV = 192 mm, flip angle = 90°, slice thickness = 3.0 mm, 

voxel size = 3.5 × 3.5 × 3.0 mm, number of slices = 34). The scanning time for resting-state 

data was 6:06 m. 

 

Image preprocessing 

Resting-state fMRI data were preprocessed using SPM8 

(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) on Matlab. The first 10 volumes were 

removed for each subject to account for signal saturation effects and the data images were 

preprocessed by applying slice timing, realignment to adjust for head movement during data 
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acquisition, normalization with the standard EPI template from the Montreal Neurological 

Institute (MNI) (resampling voxel size = 3 × 3 × 3 mm3) and spatial smoothing to reduce the 

effects of the bad normalization by using an 8-mm full-width at half-maximum (FWHM) 

Gaussian kernel. The images were visually inspected to verify the validity of the 

normalization step for all the data. 

The images were segmented (modulated) into non-brain and brain tissue (grey matter, GM; 

white matter, WM; cerebrospinal fluid, CSF). The functional data were then detrended and 

filtered with a standard low-pass filter (0.01–0.08 Hz), because only frequencies below 0.1 Hz 

contribute to regionally specific BOLD correlations, while faster frequencies are related to 

cardiac or respiratory factors (29). 

 Due to the fact that spontaneous activity is contaminated by artifacts such as scanner 

instability or non-neuronal physiological fluctuations, a regression of nuisance step was 

performed by regressing motion (using a brain mask), white matter (WM mask) and cerebral 

spinal fluid (CSF mask). All masks were created using SPM8 and visually inspected 

afterwards.  

The last preprocessing step took care of motion using frame-wise displacement (FWD), a 

method developed by Power and colleagues to adjust for small head movements that may add 

spurious noisy variance. Their (30, 31) method measures how much the head changes position 

from one frame to the next and is calculated as the sum of the absolute values of the 

differentiated realignment estimates at every timepoint. The analysis was conducted using 

their BRAMILA script for framewise displacement with a recommended threshold of < 0.5 

mm. Since individual subject value means were all well below 0.5, no participant was 

excluded (mean total FWD = 0.078 mm, FWD range = 0.033-0.217 mm). There were no 

significant group differences in movement parameters (FWD values).   
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Seed-based resting-state functional connectivity analysis 

After preprocessing, the data were analyzed using seed-based FC taking the following peak 

coordinates from the ToM localizer as seeds: Right TPJ (MNI coordinates xyz: 46 -58 20), 

Left TPJ (-48 -56 24), Precuneus (2 -56 34), dmPFC (-10 54 28), Left MTG (-56 -2 -18) and 

Right MTG (52 -8 -16). 

The seed-based FC analysis was conducted using REST toolbox, using a user-defined 

mask (the brain mask) and by creating a 6-mm radius sphere around the single voxel seed. 

The mean activation of every seed region was calculated and then correlated to all the voxels 

of the brain, to look at the correlations between each time-series. Correlations were 

normalized using Fisher transformation, to ensure that all subjects were in the same 

normalized space. 

Second level analysis was performed using SPM8, by entering participants’ connectivity 

maps with age of participants, mean FWD values and depression scores as covariates, to 

evaluate possible differences between CA and UC. To compare FC between CA and UC a 

two-sample t-test was performed. Given FC analyses of the seed region were examined across 

the whole brain, we used the updated AFNI’s 3dClustSim for correction for multiple 

comparisons (https://afni.nimh.nih.gov/pub/dist/doc/program_help/3dClustSim.html) with a  

voxelwise threshold at p<0.001 and the clusterwise threshold at p<0.01. Simulations resulted 

in a cluster size of at least 37 contiguous voxels. 

To control for the influence of depressive symptoms, anxiety, number and severity of 

abuse, empathy, behavioral performance during the ToM task (accuracy) or symptoms of 

dissociation on the main results, a second-level analysis or correlations of scores with ROIs 

betas was conducted separately for controls and trauma groups. Connectivity maps of the 

participants of each group and the respective scores of one group at a time as a covariate were 

entered using the same threshold as above. Additionally, to assess influence of a PTSD  
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diagnosis, analyses were rerun excluding all women (N=7) who would qualify for such a 

diagnosis. Neither depressive symptoms, anxiety, empathy, or dissociative experiences 

influenced the results and will not be discussed further. Importantly, diagnosis of PTSD did 

also not influence the results (cf. supplementary Tables, supplementary Figure 1).  

Lastly, to be confident that group differences in FC were based on paths that were existing 

in both groups, the spmT maps of the two groups were overlapped, revealing no significant 

difference (supplementary Figure 2). 

 

************************ Figure 1 about here please******************** 

 

 

Results 

 

Seed-based functional connectivity 

ELS was associated with increased FC between the left TPJ and the midbrain as well as the 

precuneus and the midbrain (Table 2, Figure 1). In addition, FC was larger in previously 

maltreated women (vs. comparison) between the dmPFC seed and the anterior/posterior lobes 

of right cerebellum, the left pons, the right fusiform gyrus and the uncus. CA participants 

showed also an increased FC between the right middle temporal gyrus seed region and the left 

pons. There was no region where FC was increased for UC relative to CA.  

Interestingly, when the types or severity of abuse were taken into consideration, the 

number of types of experienced abuse revealed a significant positive FC between the left TPJ 

FC and the midbrain (Table 3, Figure 2). In other words, the more abuse a person had 

experienced, the stronger the FC was between the lTPJ and the midbrain. By comparison, the 

analysis of FC for severity of abuse revealed both positive and negative effects (Table 3) most 
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notably a positive effect on the left MTG FC with right frontal regions (orbital gyrus and 

middle frontal gyrus) and a negative effect on the left TPJ FC with the left superior frontal 

gyrus and the left insula. 

An analysis of accuracy on the ToM localizer task revealed both, a positive effect on the 

CA group FC and a negative effect on both groups. However, these regions were different 

than those relevant to the main analysis, thus not influencing the present results (cf. 

supplementary Table 2). 

 

 

************************ Table 3 about here please******************** 

 

Discussion 

To our knowledge, this is the first study to investigate resting-state FC of the ToM 

network after ELS. Consistent with the hypothesis that an innate state of fear after abuse 

experience may influence social processing (12), CA women showed increased FC between 

most ToM seed regions and brainstem regions, whereas the dmPFC showed also connectivity 

to the cerebellum and the fusiform gyrus. Additional analyses revealed a positive influence of 

the amount of abuse experienced on the FC between the left TPJ and the midbrain. 

 Lanius and colleagues (11) hypothesize that traumatic experience alters the innate 

resting-state of the human brain, biasing it toward heightened sensitivity to threat, consistent 

with the hypervigilance (DSM-V) frequently reported by traumatized individuals. To date, 

evidence for this hypothesis has been limited as support comes from studies with small 

samples (12) or studies where FC for midbrain connections differed between a PTSD group 

without relative to those with dissociative experience but neither from controls (11). The 

present study focused on resting-state ToM seed regions derived from an independent 
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localizer task, yet the brainstem emerged consistently at the whole brain level after correction 

for multiple comparisons, but was not one of those seed regions. FC between these 

brainstem/midbrain areas including the SC and LC and several important ToM regions 

including the TPJ, the precuneus, the right MTG and the dmPFC was increased relative to 

comparisons. Our data therefore support a role of brainstem regions in biasing the resting-

state network after trauma. Increased connectivity with the midbrain would then indeed 

suggest a biasing of processing toward potential threat with the present findings extending 

this to a social network context. The fact that this positive FC increased with the number of 

abuse types experienced further cements this hypothesis. However, the precise mechanisms 

mediating this effect are presently poorly understood.  

Despite these exciting findings, several potential explanations regarding the underlying 

mechanisms and neurochemistry are currently plausible that demand further inquiry. One 

possible explanation for the strong midbrain finding is that the midbrain is the starting point 

of the dopamine and serotonin pathways, which then project to wide areas of the brain 

including innervations to the dmPFC and the TPJ (32). Whereas the ventral tegmental area 

(VTA) is the source of the mesocorticolimbic dopamine pathway, the raphe nuclei are 

clustered along the midline throughout the brainstem, constituting the source of serotoninergic 

innervation (33). According to Abu-Akel (34), the integrity of the dopaminergic and 

serotoninergic systems is the neurochemical basis that sustains ToM ability and abnormalities 

in this system can account for ToM impairments. Therefore, increased FC of many ToM 

regions with the area from which these two important neurotransmitter pathways originate 

may point to a disruption in the dopaminergic-serotoninergic system that supports ToM 

ability in women with a history of childhood maltreatment. However, a potential alternative 

explanation highlights the possible complex interactions between neurochemical systems. In a 

recent intriguing rodent study, oxytocin release in the VTA elicited social reward and was 
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able to influence dopaminergic neurons in this area (35) suggesting rudimentary social 

processes in the brainstem and an interaction between neurotransmitter systems. Yet, at this 

stage, such conjectures are purely speculative until more direct evidence becomes available.  

Non-molecular explanations can also be found on a higher, socio-cognitive level. 

Recently, a greater network centrality of the precuneus in maltreated persons has been 

documented (36). Given its role in self-referential 1) thinking and 2) mental imagery (37), 

Teicher et al. suggested that the increased precuneus centrality in maltreated individuals may 

lead to “a heightened experience of internal emotions and cravings along with a greater 

tendency to think about oneself and to engage in self-centred mental imagery (p.255)” (38). 

Consistent with this idea, in the present data CA women relative to UC women showed 

increased precuneus-brainstem coupling. This suggests that women with an abuse history 

have an alteration in the regulation of fear responses (via the brainstem)(39) related to an 

increased focus on internal emotional and fearful feelings and harmful self-centred thinking.  

As commonly the case with maltreated samples, findings have to be taken with caution 

due to a small and heterogeneous sample. To counteract this, we opted to rely on a purely 

female sample (in contrast to much other work, cf. (8, 9, 40, 41)) to exclude potential gender 

confounds. This may of course limit generalizability. A second limitation was that CM was 

measured retrospectively using a self-report questionnaire and is therefore sensitive to 

subjectivity and recall biases. Moreover, because the aim was to capture a community sample 

(rather than rely on a more restricted PTSD diagnosis) no clinician-administered PTSD scales 

(such as the CAPS) were given. However, in contrast to prior resting-state FC studies in such 

cohorts, we relied on an independent localizer task to ensure adequacy of the probed regions 

in relation to ToM function in the present sample, and also used state of the art motion 

correction to account for motion artefacts thus increasing sensitivity. 
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 In summary, this study demonstrates increased FC in a theory of mind network in a 

community sample of women with early life maltreatment experience relative to unaffected 

comparisons. Particularly, increased FC consistently connected ToM regions (TPJ, dmPFC, 

precuneus, middle temporal gyrus) with areas of the brainstem/midbrain. The data thus 

strongly support prior suggestions that higher order socio-affective function may be biased 

already at the brainstem level in resting neural oscillations. Future work could examine 

whether such resting-state normalizes after therapeutic intervention. Moreover, the 

neurochemical role of this effect remains to be determined.   
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Captions 

Figure 1. Figure shows functional connectivity of seed regions (in larger font, corrected for multiple 

comparisons) with other brain areas (smaller font) for the Child abuse > Unaffected comparisons 

contrast. There were no areas for which Unaffected comparisons > Child abuse. TPJ = temporo-

parietal junction; dmPFC = dorsomedial prefrontal cortex; MTG = middle temporal gyrus; R, right; L, 

left. 

 

Figure 2. Figure shows functional connectivity of seed regions (in larger font, corrected for multiple 

comparisons)) with other brain areas (smaller font) for the main effect of number of abuse on the CA 

group. TPJ = temporo-parietal junction; dmPFC = dorsomedial prefrontal cortex; STG = superior 

temporal gyrus; R, right; L, left. 

 

Table 1. Demographic and clinical characteristics of the child abuse (CA) and the unaffected 

comparisons (UC) 

 

Table 2. MNI coordinates and anatomical locations of the identified clusters of seed-based functional 

connectivity analysis. Child abuse > Unaffected comparisons 

 

Table 3. MNI coordinates and anatomical locations of the identified clusters of seed-based functional 

connectivity analysis for the main effect of number of abuse types and severity on the CA group 

 

Supplementary Figure 1. Figure shows functional connectivity (corrected for multiple comparisons) 

of seed regions (in larger font) with other brain areas (smaller font) for the Child abuse > Unaffected 

comparisons contrast without participants with a diagnosis of PTSD. There were no areas for which 

Unaffected comparisons > Child abuse. TPJ = temporo-parietal junction; dmPFC = dorsomedial 

prefrontal cortex; R, right; L, left. 
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Supplementary Figure 2. Figure shows functional connectivity of the dmPFC seed region with the 

rest of the brain for the CA and UC groups. Red = UC, green = CA, yellow = overlap. T threshold = 

3.46, p = 0.001. The same pattern was displayed for the other seed regions with the same T threshold. 

 
Supplementary Table 1. MNI coordinates and anatomical locations of the identified clusters of seed-

based functional connectivity analysis, excluding participants with PTSD (7). Child abuse > 

Unaffected comparisons 

 

Supplementary Table 2. MNI coordinates and anatomical locations of the identified clusters of seed-

based functional connectivity analysis for the main effect of accuracy. 
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Table 1. Demographic and clinical characteristics of the child abuse (CA) and the unaffected 

comparisons (UC) 

 Child abuse group 

(CA) 

N = 35 

Unaffected comparisons 
(UC) 

N = 31 

p 

 

Age (years), mean (SD) 

 

36.16 (12.19) 

 

36.42 (11.46) 

 

0.929a 

Highest education level (n)b 

High school 

Bachelor 

Master/PhD/Postdoc 

 

10 

16 

4 

 

6 

13 

7 

 

0.397c 

0.174c 

0.455c 

Psychiatric Medication (n) 7 2 0.109c 

Depression (BDI) score (SD) 15.68 (10.61) 5.35 (5.30) <0.001a 

State anxiety (STAI) score (SD) 39.17 (8.22) 30.45 (7.22) <0.001a 

Trait anxiety (STAI) score (SD) 47.81 (8.81) 35.19 (9.24) <0.001a 

Resilience (RS) score (SD) 126.86 (17.10) 138.61 (13.25) 0.003a 

Dissociative Experience (DES) score (SD) 20.50 (12.99) 10.12 (7.73) 0.001a 

Self-reported empathy (IRI) score (SD) 72.8 (12.43) 64.48 (9.29) 0.003a 

IRI – Perspective taking (SD) 18.89 (4.81) 18.03 (3.99) 0.439a 

IRI – Fantasy (SD) 17.89 (5.51) 16.13 (5.64) 0.206a 

IRI – Empathic concern (SD) 21.14 (4.39) 20.10 (4.22) 0.329a 

IRI – Personal distress (SD) 14.86 (4.17) 10.23 (4.46) <0.001a 

Current psychopathology (at least one) 27 6 <0.001c 

Mood Disorders (n) 13 2 0.003c 

Anxiety Disorders (n) 19 2 <0.001c 

PTSD (n) 7 0 0.008c 

Alcohol dependence and abuse (n) 0 2 0.127c 

Substance dependence and abuse (n) 0 2 0.127c 

Psychotic Disorders (n) 1 0 0.351c 

Eating Disorders (n) 2 1 0.528c 

Personality Disorders (n)d 13 0 <0.001c 

Suicidality 10 0 0.001c 

Type of abuse    
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Table 2. MNI coordinates and anatomical locations of the identified clusters of seed-based functional 

connectivity analysis. Child abuse > Unaffected comparisons 

Seed region Anatomical location Cluster size K MNI coordinates Peak t 

   x y z  

Left TPJ Left midbrain 46  -9 -30 -21 4.21 

Precuneus Left pons, midbrain 

 

94 

 

-15 

 -9 

-18 

-18 

-30 

-27 

-30 

-21 

-39 

4.13 

4.04 

3.88 

dmPFC Right cerebellum post. lobe 

                             post. lobe 

                             ant. lobe 

Left pons 

 

 

Right fusiform gyrus 

 

Right limbic lobe, uncus 

90 

 

 

71 

 

 

62 

 

 24 

 33 

 27 

-15 

-15 

-18 

 51 

 42 

 33 

-42 

-39 

-54 

-18 

-24 

-33 

 -6 

-12 

 -6 

-45 

-45 

-36 

-30 

-42 

-42 

-30 

-30 

-33 

4.61 

4.60 

4.57 

4.78 

3.60 

3.53 

4.14 

3.97 

3.59 

Right MTG Left pons 41 -15 -30 -30 4.09 
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Table 3. MNI coordinates and anatomical locations of the identified clusters of seed-based functional 

connectivity analysis for the main effect of number of abuse types and severity on the CA group 

Seed region Anatomical location Cluster size K MNI coordinates Peak t 

   x y z  

Number of abuse types       

Positive       

Right TPJ Left/Right cingulate gyrus 

 

86 

 

-18 

 18 

  6 

-36 

-30 

 36 

 36 

 33 

 27 

4.13 

3.73 

3.72 

Left TPJ Left insula 

 

Left superior temporal gyrus 

Right thalamus 

Right/Left midbrain 

 

Right cingulate gyrus (BA23) 

118 

 

 

75 

 

 

41 

-42 

-39 

-45 

 21 

  9 

 -3 

  3 

 -9 

-24 

-18 

-21 

-24 

-27 

-30 

  0 

 -9 

 -3 

 -3 

-12 

-12 

 27 

4.21 

3.74 

4.04 

4.45 

3.67 

3.58 

3.52 

Precuneus Right cerebellum post. lobe 42  24 -36 -39 4.50 

dmPFC Left cingulate gyrus 63 -24 -51  24 4.42 

Severity       

Positive       

Left MTG Right orbital gyrus (BA11) 

R middle frontal gyrus 

73 

 

  3 

  9 

 42 

30 

-24 

-15 

4.06 

3.39 

Negative       

Right TPJ Right cingulate gyrus 

Right para-hippocampal gyrus 

41 

40 

  6 

 30 

-36 

-33 

27 

 -6 

4.01 

3.41 

Left TPJ Left superior temporal gyrus 

Left insula (BA13) 

Right posterior cingulate 

285 

147 

40 

-45 

 42 

  3 

-18 

-15 

-30 

  0 

 -6 

 24 

4.35 

4.21 

3.86 

Precuneus Right hippocampus 

Right inferior frontal gyrus 

53 

38 

 42 

-51 

-18 

 12 

-15 

 15 

3.40 

4.00 

Left MTG Right insula 44  45  12   0 3.79 
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Supplementary Table 1. MNI coordinates and anatomical locations of the identified clusters 

of seed-based functional connectivity analysis, excluding participants with PTSD (7). Child 

abuse > Unaffected comparisons 

Seed region Anatomical location Cluster size K MNI coordinates Peak t 

   x y z  

Left TPJ Left cerebellum ant. lobe 

Left midbrain, pons 

 

51 

 

 

-12 

 -6 

-15 

-36 

-30 

-18 

-18 

-21 

-30 

4.19 

4.13 

3.47 

Precuneus Left cerebellum ant. lobe 

Left pons 

47 -12 

-15 

-33 

-18 

-24 

-30 

3.96 

3.88 

dmPFC Right cerebellum post. lobe 

                             ant. lobe 

                             post. lobe 

Left pons 

Left cerebellum 

Left medulla 

Right fusiform gyrus 

 

125 

 

 

76 

 

 

74 

 

 

 33 

 21 

 45 

-12 

-18 

 -6 

 51 

 42 

 48 

-39 

-57 

-66 

-21 

-30 

-33 

 -6 

-12 

-18 

-45 

-36 

-42 

-27 

-45 

-51 

-30 

-30 

-27 

4.98 

4.83 

3.86 

4.76 

3.81 

3.36 

4.10 

4.06 

3.83 
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 Supplementary Table 2. MNI coordinates and anatomical locations of the identified 

clusters of seed-based functional connectivity analysis for the main effect of accuracy 

Seed region Anatomical location Cluster size K MNI coordinates Peak t 

   x y z  

UC       

Negative       

Left MTG Left superior parietal lobule 45 -33 -45  75 4.30 

Right MTG Left middle frontal gyrus 

Left postcentral gyrus 

50 

49 

 -3 

-42 

 27 

-27 

-18 

 69 

4.55 

3.98 

CA       

Positive       

dmPFC Left cerebellum post. lobe 41 -48 -66 -30 4.15 

Negative       

Left TPJ Left gyrus rectus 45  -9  18 -15 4.43 
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