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Introduction: Emerging literature suggests that childhood trauma may influence facial emotion perception (FEP), with the potential to negatively bias both emotion perception and reactions to emotion-related inputs. Negative emotion perception biases are associated with a range of psychiatric and behavioral problems, potentially due or as a result of difficult social interactions. Unfortunately, there is a poor understanding of whether observed negative biases are related to childhood trauma history, depression history, or processes common to (and potentially causative of) both experiences.

Methods: The present cross-sectional study examines the relation between FEP and neural activation during FEP with retrospectively reported childhood trauma in young adult participants with remitted major depressive disorder (rMDD, n = 41) and without psychiatric histories (healthy controls [HC], n = 34). Accuracy of emotion categorization and negative bias errors during FEP and brain activation were each measured during exposure to fearful, angry, happy, sad, and neutral faces. We examined participant behavioral and neural responses in relation to total reported severity of childhood abuse and neglect (assessed with the Childhood Trauma Questionnaire, CTQ).

Results: Results corrected for multiple comparisons indicate that higher trauma scores were associated with greater likelihood of miscategorizing happy faces as angry. Activation in the right middle frontal gyrus (MFG) positively correlated with trauma scores when participants viewed faces that they correctly categorized as angry, fearful, sad, and happy.

Discussion: Identifying the neural mechanisms by which childhood trauma and MDD may change facial emotion perception could inform targeted prevention efforts for MDD or related interpersonal difficulties.
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Introduction

Depression and childhood trauma are each related to difficulties in emotion perception, biases, as well as differences in functional activation and morphometric measurements of distributed brain regions including corticostriatal and corticolimbic circuits. In addition, childhood trauma is associated with increased risk of and specific trajectories for affective disorders [(e.g., 1, 2)]. While such pathways of increased risk are well replicated in the literature, it is not yet clear what cognitive performance and brain developmental changes might drive such increased risk. We and others have proposed that changes in cognitive control might underlie such risk (3), but there are other (and many) possible risk factors. For example, commonalities in functional activation patterns are frequently reported in prefrontal and limbic regions (e.g., hippocampus, amygdala, dorsolateral prefrontal cortex [DLPFC], and anterior cingulate) and occasionally striatal regions [e.g., nucleus accumbens; (4)] during tasks that involve working memory and emotional conflict (5–11) It is possible that these observed activation differences in depression and childhood trauma relate to dysfunctional emotion processing (12, 13). For example, elevations in childhood trauma are correlated with altered performance on facial emotion perception (FEP) tasks, such that there is increased sensitivity to negative emotions, including a bias toward misperceiving negative emotions (12, 14–16). Notably, commonly reported elevated bilateral amygdala reactivity to sad faces in individuals exposed to childhood adversity [(e.g., 17, 18)] is not associated with behavioral differences in accurately categorizing emotions (19), hinting that increased amygdala reactivity in these individuals is unrelated to FEP. Moreover, commonalities across depression and child trauma may be due to different experiences leading to similar outcomes (e.g., equifinality); for instance, both childhood trauma and parental warmth and support (even in the context of healthy development) impact amygdalar activation to negative faces in youth (20).

FEP difficulties are also, often observed among persons in both active and remitted states of major depressive disorder [MDD; (21)], and among groups at elevated risk for developing MDD (22–24), potentially through a stress sensitization process (25). Moreover, a consistent gaze bias to attend to sad faces is observed among individuals with MDD, irrespective of phase of illness (26, 27). Individuals with active MDD exhibit enhanced memory for previously displayed negative facial expressions, allocate more visual attention to sad faces than neutral faces (although sometimes only display less attention to happy faces (28), and are more likely to interpret emotionally neutral faces as sad compared with healthy controls [HCs; (12, 29, 30)]. Notably, individuals with remitted MDD (rMDD), who are at 4–6 times higher risk for experiencing another depressive episode, display an array of FEP biases, including greater facial fear recognition (31). Indeed, bias toward negative faces has predicted MDD relapse (32). Atypical patterns of responding to emotional inputs are also observed among youth at elevated risk of MDD. For example, children and adolescents of depressed mothers demonstrated greater attentional avoidance (gaze) of sad faces (33), and are more likely to categorize neutral stimuli as negative emotions (34, 35). Taken together, extant research suggests that individuals with active MDD, rMDD, and those at high risk of MDD each experience disruptions in FEP and related processes.

Even though emotion processing difficulties are associated with both childhood trauma and MDD, integrated efforts to understand these relationships and any dissociations between them are just beginning to be elucidated. Despite well-established links with trauma preceding negative affective biases and MDD, it still remains unclear whether negative affective biases or poor FEP accuracy are driven by trauma history, depression history, or processes common to both experiences. It is also unclear whether individuals’ histories are associated with unique neural patterns of responding during exposure to positive, negative, and neutral facial expressions. Of note, active symptoms of depression may obscure trait-based measurements of these cognitive processes [(e.g., 36)]. For example, a bias to positive emotions (e.g., happy) could be present in remission, whereas a bias to negative emotions may be present during active high-symptom states. As the goal is to understand the effects of trauma rather than fluctuating symptom- related processes, this study recruited individuals in the remitted mood state. In fact, little is known about within-subject shifts in symptoms as they pertain to emotion processing biases.

The present study assesses FEP and negative biases via a forced-choice categorization paradigm of facial expressions among young adults with and without a history of MDD and varying levels of childhood trauma. It is designed to probe the effects of trauma history dimensionally among these two groups: individuals with and without MDD. In those with MDD, the potential confounding effects of active mood symptoms are reduced by examining individuals in the remitted phase. We hypothesized that (a) individuals with histories of more severe (retrospectively reported) childhood trauma would display a bias to categorize more faces incorrectly as fearful and angry, thus demonstrating a potentially adaptive response (a bias, but with lower accuracy overall) that may have been overgeneralized beyond the context of traumatic situations, and that (b) increased childhood trauma would have the greatest impact on the processing of fearful and angry faces in regions implicated in emotional reactivity and regulation (e.g., heightened amygdala activation and/or blunted DLPFC activation), which may be more pronounced among participants with rMDD.



Methods


Participants

Participants (ages 18 to 23) were young adults recruited with either no history of mental illness (healthy control, HC; n = 34), or with a history of MDD, currently remitted (rMDD; n = 41), as determined by qualified clinicians via clinical interview using diagnostic criteria from the DSM (Diagnostic Interview for Genetic Studies, or DIGS; (37). A parent or guardian completed a phone interview modified Family Interview for Genetic Studies) or medical records were obtained to confirm participant diagnoses and eligibility. Participants were recruited as part of a larger IRB approved study investigating neurobiological intermediate phenotypes in MDD. Procedures took place at two study sites: the University of Michigan (UM, 2011–2013) and then the University of Illinois at Chicago (UIC, 2013–2016).

Participants demographics are presented in Table 1. There were no exclusions based upon childhood trauma history. Exclusions were for active substance misuse; substance dependence (including alcohol and nicotine) within the past year; developmental disability (with the exception of attention-deficit/hyperactivity disorder); current active suicidal plan or intent; suicide attempt in the past six months; use of psychoactive medications within the past 30 days; symptoms of schizophrenia or psychosis; family history of schizophrenia or psychosis; and incompatibilities with MRI. Those classified in the HC group reported no prior psychiatric problems including a history of depressive episodes. Individuals with rMDD had relatively few prior depressive episodes (mode = 1 prior depressive episode), and had been in remission on average 3 years.



TABLE 1 Participant demographics.
[image: Table1]



Measures


Childhood trauma questionnaire

The CTQ is a 28-item valid and reliable retrospective assessment that asks respondents to report on five subscales of abuse and neglect as experienced in their childhood. The CTQ demonstrates (38) strong psychometric properties in diverse clinical and community samples (39), and has shown high inter-rater kappa reliability in validation studies (40). The current study used the total score, which can range from 25 to 125, with a total clinical cut-off score of 49 (41). In the current sample, the total score ranged from 25 to 63 and reliability was good, α = 0.84.



Facial emotion perception test

This task measures participants’ accuracy in categorizing facial expressions (21, 22, 42–44), and can be used to detect biases in facial emotion perception. The task includes 5 runs of the FEPT while in the MRI, with each run lasting 260 s and including 154 trials (see Figure 1). The FEPT has been described in detail elsewhere (21, 22) continues to use animals as a contrast, and uses the MacBrain Foundation Stimuli (45, 46).

[image: Figure 1]

FIGURE 1
 Visual depiction of sequence of stimuli displayed for a given trial in the Facial Emotion Perception Task (FEPT). Trials require participants either to categorize facial emotion depictions or broad animal types. Face reprinted with permission from The NimStim Set of Facial Expressions by Kapoor, A., Ewanation, L., Emamzadeh-Hashemi, E. A., Popov, M., Rashtbari, A., and Thölke, P., licensed under CC BY-4.0, retrieved from https://osf.io/y86rw/.




Recent distress symptoms

A recent distress factor score was calculated (as a covariate of no interest) by performing a principal factor analysis (with regression factor) using the scores of the Beck Anxiety Inventory [BAI, (47) and the Beck Depression Inventory (BDI-II), (48, 49)]. These scales assess anxiety or depression symptoms in the past two weeks. These were combined because of a restriction of range due to selection criteria (i.e., in remission). Means for recent distress did not significantly differ between groups, as reported in Table 1.




Procedures

In their first visit, participants completed informed consent in accordance with the Declaration of Helsinki, as well as diagnostic interviews and questionnaires. MRI procedures were completed during a separate second visit. On the second visit, participants were given full instructions and completed a practice run of the task that uses the Ekman and Friesen face stimuli (50). While in the scanner, participants completed five runs of this task each lasting 4 min and 20 s, for a total of 21 min and 20 s. As described in detail elsewhere (22), the FEPT task requires participants to choose between five categorical choices regarding a facial emotion expression or animal groups. The current study focuses entirely on the facial emotion perception component. Briefly, participants are shown a cross for 500 ms before a face appears for 300 ms displaying one of five emotions (happy, sad, angry, fearful, or neutral), quickly followed by a resampled grayscale mask for 100 ms. Participants are then given 2,600 ms to report which emotion was displayed, and are shown a screen indicating which finger corresponds to which emotion. The same button consistently represents the same emotion across all trials for each participant, but buttons are counterbalanced across participants. Participants are not given feedback post-response. The primary variables of interest for this study were the proportion of correctly identified emotional expressions for each emotion category. All participants received monetary compensation for their participation.



Neuroimaging

Neuroimaging data were collected in a 3 Tesla scanner (Signa at UM or Discover at UIC, General Electric, Milwaukee, WI). For each run of the FEPT, blood-oxygen level dependent (BOLD) images were collected at UM in 29 interleaved 4 mm slices with a TR of 2 s, resulting in a total of 126 volumes collected per run, and at UIC in 44 interleaved 3 mm slices with a TR of 2 s. The task was presented using E-Prime 2.0 displayed on a monitor outside the scanner, and participants responded to the task using a five-button response ‘claw’ (51). Please see Appendix for additional details.


Processing of neuroimaging data

MRI data were preprocessed using SPM8 (https://www.fil.ion.ucl.ac.uk/spm/doc/) and AFNI (52). fMRI data were slice-time corrected and realigned to the 10th volume in FSL (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/) using MCFLIRT (53). Next, FSL’s Brain Extraction Tool was used to extract anatomical images, then SPM8 was used to co-register to functional images and normalize to Montreal Neurological Institute (MNI152) space. Smoothing was completed with a full width at half maximum kernal of 5 mm. First-level event-related models for each condition (fearful, angry, sad, happy, neutral correct responses) included deviations in translation and rotations along with first temporal derivative and square of parameters to estimate hemodynamic changes for each accurately categorized emotion aggregated over the multiple exposures (24–30 events for each emotion, only for correct responses).

Second-level brain activation models were created in SPM8 using a multiple regression model for each facial emotion category, with total CTQ score as the predictor of interest. To control for the potential effects of diagnosis and concurrent symptoms on both neurobiology and trauma recall, diagnosis, recent distress, and the number of days between clinical symptom measurement and MRI were included as covariates of no interest. In addition, sex, site, and average x, y, and z movement deviation in the scanner were added to the second-level model as covariates of no interest. A restricted space was also applied to the model using a dilated gray matter mask, so that only gray matter structures would be considered. Results are displayed on the average brain from the first 55 participants enrolled in the study. Whole brain analyses indicated a significant effect of activation for the relation of CTQ and all five facial emotions in right middle frontal gyrus (MFG).



Post-hoc ROI analyses

To follow-up this effect in right MFG, we examined associations with all emotions and during rest, using one 8 mm radius spherical ROI center (MNI coordinates x, y, z = +40, +41, +32) in the right middle frontal gyrus (MFG), extracted with MarsBaR. A partial correlation to compare the associations was then performed on the extracted values for rMFG and each emotion and resting blocks.




Statistical analyses

Behavioral performance, demographic, and clinical data were analyzed using SPSS v26. There were two CTQ scores greater than three standard deviations from the mean, and these were truncated to three standard deviations from the mean (54). All FEPT variables demonstrated normality for skewness (±2) and kurtosis (±7), and all normality assumptions held. Pearson correlations were computed between accuracy of specific emotions and CTQ total score.

We also performed a partial correlation between CTQ total and the number of emotional face stimuli categorized in a certain way (e.g., number of neutral faces categorized as angry) while controlling for diagnosis (rMDD vs. HC), sex, site, and recent distress scores. Correlations were also run separately by diagnosis (HC and rMDD) to investigate specific effects of biases and childhood trauma within subgroups that might be distorted by known differences in emotion perception accuracy. Correlations that would survive false discovery rate (FDR) adjustment (55) for multiple comparisons (q = 0.25) are so noted.




Results


Performance and trauma results

The HC group demonstrated a significant inverse relation between CTQ scores and accurate identification of happy facial expressions (r = −0.54, p = 0.003), in addition to a positive relation between CTQ and no response to happy faces (r = 0.38, p = 0.04, Table 2). This effect was not present in the rMDD group. CTQ scores were not significantly related to FEP accuracy across groups for any of the other four emotion categories. In regards to errors, across the whole sample there was a positive association between CTQ total scores and a negative affective bias for categorizing happy faces as angry (whole sample: r = 0.40, p = 0.001; HC: r = 0.50, p = 0.006; rMDD: r = 0.32, p = 0.06). Among the HC group only, heightened CTQ scores were associated with miscategorizing happy faces as fearful (r = 0.40, p = 0.03) and miscategorizing neutral faces as angry (r = 0.39, p = 0.04), though these effects did not persist after FDR corrections.



TABLE 2 Peak MNI coordinates of brain regions with increased activation associated§ with greater CTQ, independent of other factors.
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Neuroimaging results


Emotion-specific brain activation positively correlated with CTQ

In the whole sample at the whole brain level, we observed higher CTQ total scores significantly associated with greater activation in the inferior parietal cortex (happy), posterior cingulate (angry) the cingulate gyrus (fearful), and the lingual (fearful) gyrus for distinct parts of emotional expression contrasts (see Table 2). No contrasts had activation that was inversely correlated with CTQ scores. The right middle frontal gyrus had a positive correlation of CTQ scores with activation for angry, fearful, sad, and happy, neutral face contrasts, in slightly different but largely overlapping areas (see Figure 2).

[image: Figure 2]

FIGURE 2
 Neural activation during accurate categorization for angry, fearful, happy, sad and neutral emotions positively correlated with childhood trauma. Figure highlights right middle frontal gyrus activation at X = 38. Happy also demonstrates inferior parietal and other significant frontal clusters. Illustration only at k = 40 for angry, fearful, and happy. *For sad and neutral correlations, the voxel threshold was dropped to k = 10, p = 0.005 to display for comparison.





MarsBaR ROI analysis for rMFG

Right MFG cluster activity in all emotion conditions other than neutral was significantly correlated with CTQ scores, as displayed in Figure 2, with peak activation near X = 38 (see Table 3). Activation was positively correlated with CTQ scores for angry (r = 0.37, p < 0.01), fearful (r = 0.40, p < 0.01), happy (r = 0.30, p < 0.05), and sad (r = 0.29, p < 0.05) facial expressions. Figure 3 shows relations with other conditions (e.g., rest and neutral), which were not equivalent between HC and rMDD groups.



TABLE 3 Partial Correlations between accuracy and emotion biases on the FEPT with Total Childhood Trauma (CTQ).
[image: Table3]

[image: Figure 3]

FIGURE 3
 Right middle frontal gyrus activation partial correlations with childhood trauma (CTQ). Findings of the ROI analysis in an 8 mm cluster. Significant cluster activation differences occurred in relation to CTQ when correctly identifying angry, fearful, happy, and sad faces. For neutral and rest block conditions, CTQ was not significantly correlated with extracted activation within the cluster. *Indicates significant correlation between childhood trauma and activation for the specified condition. * p ≤ 0.05. ** p ≤ 0.01.





Discussion

The present study assessed FEP and negative affective bias via a forced-choice categorization paradigm of facial expressions among young adult participants with and without a history of MDD and varying levels of childhood trauma. We evaluated behavioral and neural response patterns for different facial emotions in relation to participants’ extent of past childhood trauma across HC and rMDD groups. This study expands upon previous emotion processing research by investigating the relations between childhood trauma and functional activation responses to social–emotional cues, independent of past depression history.

We found that individuals who reported higher levels of childhood trauma (regardless of diagnosis) demonstrated greater right MFG activity (part of DLPFC) during valenced (as opposed to neutral) emotional faces. We also observed across all participants that higher exposure to childhood trauma was related to miscategorization of happy faces as angry. Follow-up tests determined that HC participants with elevated childhood trauma tended to miscategorize neutral faces as angry more often than HC who reported less childhood trauma. Surprisingly, our whole-brain analyses did not reveal a relation between past childhood trauma and activation in the sgACC or the amygdala during exposure to emotional stimuli, but rather within right middle frontal gyrus (8, 9, 11).

Our finding of dimensional relations between trauma and FEP across diagnostic categories are consistent with our prior work examining inhibitory control and trauma in healthy individuals and those with bipolar disorder (56). Additional research is needed to extrapolate potential long-term influences that different types of trauma may have on emotion processing in adulthood, and how these processes may vary across persons with different mental health diagnoses. For example, only longitudinal studies like the ABCD can infer the sequential relations of trauma to brain changes in key processes that may be the foundation for risk for psychopathology.

Our hypothesis, that individuals with more severe childhood trauma would more frequently miscategorize faces as fearful and angry, was partially supported. We found that higher childhood trauma severity was associated with misperceiving happy faces as angry, regardless of diagnostic history. It is possible that abuse and neglect may lead persons to conflate others’ happiness and anger, because both emotions are associated with approach-related social behavior [(e.g., 57)]. Prior research indicates that patterns of approach-avoidance behavior are associated with emotional valence evoked by environmental stimuli. Approach behaviors are typically linked to positive affect and can be associated with attack behaviors in the context of anger [(e.g., 58)]. A further possibility is that a person engaging in abuse may appear happy while executing an angry response, which may cause the victim of abuse to link angry and happy emotions ⎯ particularly after repeated exposures (e.g., in cases where the person engaging in abuse is also a caregiver or loved one). The human brain is also primed to recognize fear-relevant or threat-inducing stimuli like anger more readily than other cues (59), and such a predisposition could be triggered by trauma experiences. In fact, one study found that humans detect angry faces more readily than happy faces among a crowd of people (60).

We hypothesized that childhood trauma would be most strongly associated with anger and fear processing as manifested by heightened amygdala and blunted DLPFC activation, and we did not observe either of these patterns. Amygdala activation appears to have prominent state-dependent (including with active depression) and individual differences effects that can be ascribed to processes other than excessive childhood trauma exposure or trait-based effects of MDD (61–65). Another surprising finding was that results yielded a positive rather than negative relation between activation within the MFG and childhood trauma. This opposite pattern may be due to the current sample’s lack of active mood symptoms, such that both blunted DLPFC activation and increased amygdala activation during FEP occurs only during an episode, with associated cognitive burden or loss of functioning. On the other hand, positive relations between activation in MFG and childhood trauma during accurate facial expression perception may demonstrate adaptive compensation or suppression of amygdala activation to emotionally salient stimuli. Indeed, Briceño et al. (66) found that those females with active MDD who shifted away from left DLPFC activation toward greater right DLPFC activation had greater emotion detection accuracy. We found that MFG activation was related to all emotionally valanced facial expressions as CTQ scores increased, rather than only fearful and angry faces. The presence of the same pattern, in both active and remitted MDD, could reflect a stable characteristic of trauma associated with brains. That is, activation within rMFG may be linked to how trauma history and emotionally salient stimuli are bound more generally, perhaps requiring more higher-order cognitive processing. While heightened MFG activation for emotional stimuli has been reported in those with active MDD (67–70), there is a paucity of studies of childhood trauma within the context of remitted MDD, Such studies are needed to dissociate whether activation patterns are related to trauma versus symptoms. It is possible that both childhood adversity and active depressive episodes result in elevated DLPFC activation and increased higher-order cognitive processing of emotional expressions, thereby a common pathway (67–70).

While neural results demonstrate group differences in brain activation and trauma histories on trials when participants correctly categorized the emotion of a facial expression, it is possible that interesting activation patterns related to childhood trauma may also present in the instances where participants incorrectly categorized a face. There was a surprising and interesting relationship where happy faces were more likely to be incorrectly labeled as angry in individuals with higher CTQ scores. Future studies could pursue this with longer versions of the test so that there would be enough errors to reliably model the BOLD signal for errors of different emotions.

A final consideration from this study is that neutral facial expression categorization and rest block conditions may not serve as adequate control condition(s) for FEP studies. Researchers often assume that neutral and rest block conditions capture “normative” activity that would be unrelated to trauma or disease. Many scientists use such designs to establish a baseline against which emotion evocation or FEP conditions can be compared to cancel out unrelated neural activation noise. Our results demonstrated that patterns of neural activation varied systematically with CTQ scores in both neutral facial expression trials and at rest (Figure 3). As such, using either neutral or rest block scans as a control condition (e.g., as part of a contrast between an emotion and neutral or rest) would have distorted and potentially hidden our current results with salient emotions. Moreover, our results suggest rest and neutral do not demonstrate activation equivalent relationships with childhood trauma that can be used interchangeably for creation of contrasts of interest. While a byproduct result of the current analyses, these results coalesce with others demonstrating significant differences in connectivity patterns at rest for individuals with childhood trauma [(e.g., 71)]. Future studies would be best served by continuing to ensure equivalency in their control conditions across groups within their samples prior to examining contrast conditions.

Although this study design has several strengths, including investigation of childhood trauma in young adults while early in the course of recurrent MDD processes, limitations should be considered. First, we used a retrospective measure of childhood trauma, which may be influenced by environmental factors, symptoms, and poor recall, and therefore potentially limited in their validity (72, 73), although more recent studies suggest that these scores are stable over time in adulthood (74). We controlled for current symptoms through inclusion criteria (remission from depression) and inclusion of covariates diagnosis and recent distress in analyses, yet were unable to examine differential relations with adult trauma exposure. Prospective longitudinal studies, including adjustment for age of first trauma exposure, and measurement of adult traumas would more accurately probe relations between childhood trauma and emotion processing. Sample size and power to detect effects are long-standing difficulties in the field of neuroimaging; while the sample here was adequate to detect a main fixed effect of childhood trauma, the sample size was underpowered to detect emotion-related processing differences across diagnosis or trauma subscales. Analysis of specific types of abuse and neglect independently may reveal differential FEP and neurobiology, as each type is related to different outcomes [(e.g., 75)]. A third limitation is that recent life traumas and stressors were not assessed. Future studies focused specifically on the developmental effects of childhood trauma should include a questionnaire to account for the potential influence of recent life stress and trauma occurring post-childhood. In future studies, scientists should recruit a larger sample of participants who have a wider range of childhood trauma severity.



Conclusion

Childhood trauma is a multifaceted developmental experience. Researchers should continue to study distal effects of trauma on social emotional processing in order to hone prevention efforts and better elucidate risk for interpersonal difficulties and adverse health outcomes, including risk for MDD. The present study provides evidence that childhood trauma is related to emotion processing, categorization, and biased recognition accuracy as well as differing patterns of neural activation while engaged in emotion processing and categorization. Furthermore, some of these effects differed by individuals’ experiences of prior episodes of depression. Additional research is needed to extrapolate potential long-term influences that different types of trauma may have on emotion processing in adulthood, and how these processes may vary across persons with different mental health diagnoses.
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Appendix


Exclusions from current analysis

133 participants were enrolled in the study, yet two were excluded from data collection due to symptoms of schizophrenia or schizotypal disorder. In addition following the collection of data, 60 participants who had participated in the study were excluded from the current analysis for the following reasons: not scanned or fMRI data was unusable (61), excessive head movement during FEPT (31), incomplete or missing questionnaires – study dropout (52), Hamilton Depression Rating (HDRS) score above 7 indicating active depression (40), and conversion to active depressed or bipolar during study timeline (47) software for analysis and visualization of functional magnetic).



Scanner acquisition details

The UM scanner was a 3T Signa (release VH3, General Electric, USA) and used a reverse spiral sequence to acquire 36 slices 3.5 mm thick. The image matrix was 64 x 64 over a 22 cm field of view (FOV) for a 3.44 x 3.44 voxel. TR = 2000 ms, TE = 30 ms. Additionally, 116 high-resolution T1 spoiled gradient echo (SPGR) slices were collected for co-registration purposes, with slice thickness = 1.2 mm, field of view = 26cm, matrix size = 256 x 256.

The UIC scanner was a 3T GE Discovery and acquired images with a gradient-echo axial echo-planar imaging sequence. The image matrix was 64 x 64 over a 22 cm FOV with 3mm slice thickness (0 gap) for a 3.44 x 3.44 voxel. TR = 2000ms, TE = minFul (22.2ms), 90° flip, 44 slices (ascending, interleaved). The 4 initial scans were discarded, resulting in 126 volumes for each of five runs, each lasting 4 minutes 20 seconds. The anatomical scan was a T1SPGR echo, with a 22 cm FOV, 256 x 256 matrix size, 1 mm slice thickness, for a 0.86 x 0.86 voxel size, including 182 slices during a scan time of around 4 minutes.
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Emotional neglect 5,55 (1.03) 5,83 (1.50)
640 (253) 7.92(4.29)

CTQ, Childhood Trauma Questionnaire; HC, Healthy Controls; HDRS, Hamilton
Depression Rating Score; 1Q, Intelligence Quotient; MDE, Major Depressive Episodes;
MDD, remitted Major Depressive Disorder,

Exclusionary criteria for HCs.

“Truncated 2 outlies.

*Group differences significant at p < 0.05.
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