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Abstract 59 

Background: Childhood trauma (CT) is a major, yet elusive psychiatric risk factor, whose 60 

multidimensional conceptualization and heterogeneous effects on brain morphology might demand 61 

advanced mathematical modelling. Therefore, we present an unsupervised machine learning approach 62 

to characterize the clinical and neuroanatomical complexity of CT in a larger, transdiagnostic context. 63 

Methods: We used a multi-center European cohort of 1076 female and male individuals (discovery, 64 

n=649; replication, n=427) comprising young, minimally medicated patients with clinical high-risk 65 

states for psychosis, patients with recent-onset depression or psychosis, and healthy volunteers. We 66 

employed multivariate Sparse Partial Least Squares Analysis to detect parsimonious associations 67 

between combinations of items from the Childhood Trauma Questionnaire and grey matter volume 68 

(GMV) and tested their generalizability via nested cross-validation as well as external validation. We 69 

investigated the associations of these CT signatures with state (functioning, depressivity, quality of 70 

life), trait (personality) and sociodemographic levels.  71 

Results: We discovered signatures of age-dependent sexual abuse, sex-dependent physical and sexual 72 

abuse as well as emotional trauma, which projected onto GMV patterns in prefronto-cerebellar, limbic 73 

and sensory networks. These signatures were associated with predominantly impaired clinical state- 74 

and trait-level phenotypes, while pointing towards an interaction between sexual abuse, age, 75 

urbanicity and education. We validated the clinical profiles for all three CT signatures in the replication 76 

sample. 77 

Conclusions: Our results suggest distinct multi-layered associations between partially age- and sex-78 

dependent patterns of CT, distributed neuroanatomical networks and clinical profiles. Hence, our 79 

study highlights how machine learning approaches can shape future, more fine-grained CT research. 80 

  81 
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Introduction 82 

Childhood trauma (CT) is defined as any act that results in harm, potential or threat of harm to a child 83 

(1) and is generally operationalized along the dimensions of physical, sexual and emotional abuse or 84 

neglect (2). CT acts as a transdiagnostic risk factor for a variety of psychiatric disorders (3-5), reduces 85 

an individual’s quality of life (6), impairs levels of functioning (7) and is associated with dysfunctional 86 

personality development (8, 9). Furthermore, neuroimaging studies have suggested associations 87 

between CT and grey matter volume (GMV), reporting alterations in subcortical, temporal and frontal 88 

regions (10-13). Yet, these findings have been highly heterogeneous and so far neither a distinct 89 

correlate of CT (14-19) nor a link between CT-related brain changes and observable clinical phenotypes 90 

has been established (20, 21).  91 

A better neurobiological understanding of CT is important as it could mitigate the long-term adverse 92 

effects of CT through early recognition and targeted multimodal intervention programs (22, 23). Still, 93 

most studies investigating CT use voxel-wise mass-univariate strategies, which assume highly localized 94 

functional specialization and statistical independence of voxels (24). This approach does not reflect the 95 

state-of-the-art understanding of neuroanatomical variation being encoded along distributed clusters 96 

of voxels, cortical regions and brain systems (25-27), potentially leading to subtle and distributed 97 

effects of CT on brain morphology (28). The diverse effects of CT might be better understood in a larger 98 

context by investigating the more generalized, transdiagnostic effects of CT, and its important 99 

interactions with age and sex (29-32). Therefore, advanced methods are needed to capture the 100 

complexity of CT and potentially associated structural brain surrogates (33).  101 

We took an in-depth approach to better characterize the complex neuroanatomy of CT by investigating 102 

the relationship between structural brain data and CT in the multi-center, European PRONIA cohort 103 

(Personalized Prognostic Tools for Early Psychosis Management study; https://www.pronia.eu/). 104 

Following a transdiagnostic, data-driven study design, we applied the multivariate Sparse Partial Least 105 

Squares (SPLS) algorithm to identify parsimonious and interpretable phenotype-brain signatures (34). 106 
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Specifically, we used the strength of SPLS to model complex patterns of interactions between CT-107 

related phenotypic features and brain voxels, possibly yielding new and distinct CT signatures. Finally, 108 

we wanted to examine the clinical and sociodemographic implications of these novel CT dimensions 109 

by performing correlation analyses between participants’ loadings onto the CT signatures and 110 

measures of functioning, depressivity, quality of life, personality and sociodemographic information. 111 

We expected to find transdiagnostic CT signatures linked to clinical and sociodemographic 112 

characteristics, providing further insights into the multidimensional fingerprints of CT. 113 

Methods and Materials 114 

Study participants  115 

The PRONIA cohort includes healthy controls (HC), participants with recent-onset depression (ROD) or 116 

psychosis (ROP) and patients with clinical high-risk states for psychosis (CHR). The cohort is divided 117 

into a discovery sample for model generation and a replication sample for model validation 118 

(Supplementary Material and Koutsouleris et al. (35)). Data from 649 participants from the discovery 119 

sample (264 HC, 129 ROD, 132 ROP, 124 CHR, Table 1) and 427 individuals from the replication sample 120 

(135 HC, 96 ROD, 92 ROP, 104 CHR, Table S6) were obtained for the analysis. 121 

Childhood trauma, clinical and sociodemographic features assessment 122 

Childhood trauma was measured using the Childhood Trauma Questionnaire (CTQ) (36, 37). The CTQ 123 

is a 28-items self-report questionnaire, which assesses five types of maltreatment–emotional, physical, 124 

and sexual abuse as well as emotional and physical neglect–and contains an additional denial measure. 125 

A 5-point Likert scale is used to record responses ranging from “Never True” to “Very Often True”. 126 

Internal consistency scores of the CTQ subscales range from 0.66 (physical neglect) to 0.94 (sexual 127 

abuse), while the test-retest coefficient over a 3.5 month period was calculated at 0.80 (36-38).  128 

Functioning was evaluated using the Global Assessment of Functioning Symptoms and 129 

Disability/Impairment Scale (GAF:S and GAF:D/I) (39) and the Global Functioning Social and Role Scale 130 
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(GF:S and GF:R) (40), while depressive symptoms were quantified using the Beck Depression Inventory 131 

(BDI) (41). The WHO Quality of Life Short Version (WHOQOL-BREF) was applied to measure individual 132 

perception of quality of life (42). Personality domains were assessed using the NEO Five Factor 133 

Inventory (NEO-FFI), quantifying personality traits along five domains: openness, conscientiousness, 134 

extraversion, agreeableness and neuroticism (43).  135 

Sociodemographic features were assessed along the domains of participant’s ethnicity, urbanicity, 136 

religion, parental education background, family and relationship status as well as participant’s 137 

education level and employment status. 138 

MRI data acquisition and preprocessing 139 

T1-weighted structural magnetic resonance imaging (MRI) data were acquired from the study 140 

participants (Supplementary Methods). All images were examined for artifacts, gross anatomical 141 

abnormalities and signs of neurological disease by trained clinical neuroradiologists. Structural MRI 142 

data were preprocessed using the CAT12 toolbox (version 1206 available at http://www.neuro.uni-143 

jena.de/cat/), an extension of the SPM12 software (Wellcome Department of Cognitive Neurology, 144 

London, UK; http://www.fil.ion.ucl.ac.uk/spm/software/spm12/), and final grey matter volumes 145 

(GMV) were corrected for total intracranial volume (TIV). 146 

Sparse Partial Least Squares Analysis  147 

We used phenotypic and brain data as input for the SPLS algorithm. Our phenotypic dataset contained 148 

all 28 CTQ items, age and sex as well-established modulators of CT (31, 32, 44, 45), and study group. The 149 

brain dataset consisted of vectorized whole-brain GMV (resliced to 3mm) for all individuals. Given 150 

these two datasets, SPLS uses singular value decomposition to compute a latent variable (LV) capturing 151 

a specific associative effect between phenotypic and brain data. For each dataset, the LV contains a 152 

vector with feature weights (values ranging from -1 to 1) measuring the covariance between the two 153 

datasets. Therefore, the LV consists of paired multivariate profiles measuring how the phenotypic 154 

features (phenotypic pattern) relate to the brain features (brain pattern) (Supplementary Methods). 155 
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Another characteristic of SPLS is the enforcement of sparsity, whereby weights of zero are assigned to 156 

features that did not yield any relevant association. The process of weighting and selecting features 157 

according to their covariance is accomplished via 𝑙𝑙1- and 𝑙𝑙2-norm constraints, similar to elastic net 158 

regularization (46), and controlled by a pair of hyperparameters. Additionally, every participant can be 159 

assigned a pair of latent phenotypic and brain scores. These latent phenotypic and brain scores indicate 160 

how strong a participant loads on the phenotypic and brain patterns of the LV, respectively, with greater 161 

latent scores values reflecting higher individual loading and vice versa. We used these latent scores for 162 

post-hoc correlation analyses to investigate clinical and sociodemographic aspects of the LV signatures 163 

(34).  164 

Assessment of generalizability and significance 165 

We implemented a nested cross-validation (NCV) framework, which robustly prevents information 166 

leakage between participants used for training and validating the models (47, 48) (see Figure S2). We 167 

used 10 inner folds for hyperparameter optimization of the 𝑙𝑙1- and 𝑙𝑙2-norm constraints and 10 outer 168 

folds to test the optimized model against a previously held-out dataset. Before entering the SPLS 169 

analysis, Z-transformation models were generated in the training data and then applied to the test 170 

data within the NCV structure. Significance testing of each LV was done by comparing the performance 171 

of the optimized model against 5000 permutations of the dataset. If an LV proved significant, the 172 

respective covariance component was removed from the two datasets via projection deflation and the 173 

next LV was computed on the deflated datasets. This process was repeated until an LV failed to reach 174 

significance, thus generating several layers of significant, associative effects. LV are labelled according to 175 

the order of their computation (Supplementary Methods). The generalizability of the CT model was 176 

further validated by applying data from the replication sample onto the phenotypic and neuroanatomic 177 

patterns of all its LV, thus generating latent phenotypic and brain scores in the replication sample. These 178 

latent scores were correlated to our predefined set of clinical and sociodemographic parameters. 179 
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Univariate partial correlation analysis between the seven study sites and the input datasets was used 180 

within the NCV scheme to correct for site effects (49, 50).  181 

Univariate Analysis 182 

Group-level sociodemographic and clinical differences were assessed using non-parametric tests 183 

(Kruskal-Wallis-H-Test, Wilcoxon-Mann-Whitney-Test, Dunn’s post-hoc multiple comparison test, χ2-184 

test). Latent trauma and brain scores were correlated to clinical and sociodemographic features using 185 

Spearman’s correlation coefficient (ρ). Analyses were FDR-corrected for multiple testing at a 186 

significance threshold of q<0.05 (51).  187 

Results 188 

Group-level differences at baseline  189 

The clinical study populations (ROD, CHR, ROP) revealed significant differences with respect to age, 190 

sex, GAF, GF, Positive and Negative Symptom Scale (PANSS) and BDI (Table 1, Table S7, S8). 191 

Furthermore, a significant difference for the recruitment of study groups across sites was found (Table 192 

1, Table S9). The clinical study populations also displayed significant differences in antidepressant, 193 

antipsychotic and sedative treatment (Table S10, S11). Moreover, the clinical study populations of the 194 

discovery and replication sample did not reveal any significant differences with regards to CTQ total or 195 

subscale scores (Table 2, Table S12). 196 

SPLS results: association between phenotypic and brain data 197 

SPLS analysis of all 649 discovery sample subjects yielded five significant LV (LV1-LV5), representing 198 

different layers of association between phenotypic and brain patterns (Table S13 and S14 for CTQ item 199 

list and atlas readouts, Figure S20 for visualization of phenotype-brain correlations).  200 

LV1: age (P value = 1.9x10-4). Phenotypic pattern (Figure S6A): Age received the strongest positive 201 

weight, whereas further positive weights were assigned to male sex, ROP status and to the subscales 202 

of sexual abuse (5 items), physical abuse (4), emotional abuse (1) and physical neglect (1). Smaller 203 
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negative weights were distributed to emotional abuse (1), denial (1) and female sex. Brain pattern 204 

(Figure S6B): GMV was widely negatively weighted across frontal, temporal, parietal and occipital 205 

regions as well as subcortical areas. Positive GMV weights were sparsely found in the thalamus region.  206 

LV2: sexual abuse & age (P = 1.9x10-4). Phenotypic pattern (Figure 1A): Two questions from the sexual 207 

abuse subscale were positively weighted, while age was negatively weighted. Brain pattern (Figure 208 

1B): GMV was assigned negative weights bilaterally in the prefrontal cortex (PFC), particularly in the 209 

dorsolateral (DLPFC) and medial prefrontal cortex (mPFC) regions. Further negative weights were 210 

found bilaterally in the superior and middle temporal gyrus as well as unilaterally in the left angular 211 

gyrus. Positive weighting was detected bilaterally in the cerebellum, the premotor cortex, the cuneus, 212 

the lingual gyrus and the basal ganglia.  213 

LV3: sex (P = 1.9x10-4). Phenotypic pattern (Figure S7A): The strongest positive and negative weights 214 

were detected for male and female sex, respectively. Moreover, positive weights were assigned to 215 

emotional abuse (1 item), physical abuse (2), sexual abuse (3), emotional neglect (1) and physical 216 

neglect (2), while smaller negative weights were distributed to age, sexual abuse (1) and denial (1). 217 

Brain pattern (Figure S7B): GMV was positively weighted in occipital, parietal and frontal areas, 218 

particularly in the precuneus region, and negatively bilaterally in prefrontal, hippocampal and parietal 219 

areas. 220 

LV4: physical/sexual abuse & sex (P = 1.2x10-3). Phenotypic pattern (Figure 2A): Physical (3 items) and 221 

sexual abuse (4 items) received positive weights, while male and female sex were weighted inversely. 222 

Brain pattern (Figure 2B): The most profound effect was detected in bilateral positive weighting of 223 

GMV in the primary somatosensory cortex, the basal ganglia and the cuneus as well as unilaterally 224 

reduced GMV in the left fusiform gyrus and the right DLPFC. GMV was also positively weighted 225 

bilaterally in the occipital gyrus, the angular and supramarginal gyrus as well as the thalamus. Smaller 226 

clusters of negative GMV weights were discovered bilaterally in the superior and middle temporal 227 

gyrus, the cingulate gyrus, the (para-)hippocampus, the precuneus and the right PFC. 228 
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LV5: emotional abuse/neglect (P = 1.9x10-4). Phenotypic pattern (Figure 3A): Emotional abuse (3 229 

items) and neglect (3 items) were weighted positively. Brain pattern (Figure 3B): The largest effects 230 

were found in bilateral positive GMV weights in in the cuneus and the left primary somatosensory 231 

cortex as well as bilateral negative weights in the cingulate. Smaller positive weights were found in the 232 

right occipital region and the left DLPFC, whereas negative weighting was detected in the left insula, 233 

the right caudate nucleus, the left supramarginal gyrus, the right hippocampus and bilaterally in the 234 

fusiform gyrus.  235 

In summary, LV1 and LV3 represented mostly patterns of age- and sex-related brain maturation 236 

processes respectively, whereas the other three LV were more trauma-specific with LV2 reflecting an 237 

age-informed sexual abuse pattern, LV4 displaying a sex-dependent signature of physical and sexual 238 

abuse and LV5 containing an emotional trauma pattern. 239 

SPLS results: correlation between latent scores and clinical domains 240 

In the discovery sample, correlation analyses between clinical domains and latent scores yielded 241 

several significant results for all three CT-specific LV (Table 3, Table 4) and for LV1 and LV3 as well 242 

(Tables S15, S16).  243 

LV2 (sexual abuse & age). Phenotypic scores: Negative correlations were observed for GF:S, GF:R, 244 

GAF:S, GAF:D/I and WHOQOL-BREF as well as NEO-FFI extraversion, openness, agreeableness, 245 

conscientiousness (ρ-range: -0.09-(-0.30), P-range: <10-3-.04). Positive correlations were detected for 246 

NEO-FFI neuroticism and BDI scores (ρ: -0.09-(-0.30), P: <10-3-.04). Brain scores: No significant 247 

associations were detected. 248 

LV4 (sexual/physical abuse & sex). Phenotypic scores: We detected negative correlations for most 249 

GAF, GF and WHOQOL-BREF domains as well as the NEO-FFI domains of extraversion and 250 

conscientiousness (ρ: -0.09-(-0.30), P: <10-3-.04). Positive associations were found for NEO-FFI 251 

neuroticism and BDI total scores (ρ: 0.18-0.21, P: <10-3). Brain scores: Negative correlations were 252 
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detected for GF:S and GF:R as well as GAF:S, GAF:D/I and WHOQOL-BREF (ρ: -0.11-(-0.24), P: <10-3-253 

.04). We observed a positive association with NEO-FFI neuroticism (ρ=0.11, P=.05).  254 

LV5 (emotional abuse/neglect). Phenotypic scores: Negative correlations were detected for all GAF, 255 

GF and WHOQOL-BREF domains as well as NEO-FFI extraversion, agreeableness and conscientiousness 256 

(ρ: -0.22-(-0.47), P: <10-3-.04). Positive correlations were found for BDI and NEO-FFI neuroticism levels 257 

(ρ = 0.44-0.48, P<10-3). Brain scores: Negative correlations were found for GAF, GF and WHOQOL-BREF 258 

domains as well as NEO-FFI extraversion and conscientiousness (ρ: = -0.09-(-0.18), P: <10-3-0.04). 259 

Positive correlations were observed for BDI and NEO-FFI neuroticism (ρ: 0.13-0.19, P: <10-3). 260 

External clinical validation of the SPLS trauma model 261 

Fifty-nine of 84 (70%) significant clinical associations from the discovery sample were successfully 262 

validated in the replication sample, whereby 48 of 61 (79%) phenotype-level correlations and 11 of 23 263 

(48%) brain-level correlations were replicated. Two phenotypic and 18 brain-level associations were 264 

additionally detected, amounting to a total of 79 significant clinical associations (50 phenotypic, 29 265 

brain-level) in the replication sample. Moreover, none of the significant correlations changed their 266 

orientation (Table 3, Table 4).  267 

LV2 (sexual abuse & age). Phenotypic scores: 12 of 18 (67%) associations were replicated. Additional 268 

significant associations were found for GAF:S Past Month (ρ=-0.19, P<10-3) and NEO-FFI extraversion 269 

(ρ=-0.18), P<10-3). Brain scores: Additional significant, positive associations were detected for 8 GAF 270 

and GF measures (ρ: 0.13-0.20, P: <10-3-.03). 271 

LV4 (sexual/physical abuse & sex). Phenotypic scores: 13 of 20 (65%) associations were replicated, 272 

whereas additional correlations were not found. Brain scores: 3 of 3 (100%) correlations were 273 

replicated, while further correlations were found for GAF and GF, NEO-FFI extraversion and WHOQOL-274 

BREF physical (ρ: -0.11-(-0.19), P: <10-3-.04) as well as BDI (ρ=0.18, P<10-3).  275 
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LV5 (emotional abuse/neglect). Phenotypic scores: 23 of 23 (100%) associations were replicated and 276 

no additional correlations were detected. Brain scores: 8 of 20 (40%) associations were replicated and 277 

one additional correlation was detected for GAF:S Lifetime (ρ=-0.15, P=.01).  278 

Sociodemographic exploration of the SPLS trauma model 279 

Correlation analyses between individual latent scores of LV2, LV4 and LV5 and sociodemographic 280 

features yielded several significant results (Tables S17-S24).  281 

Discovery sample: LV2 (sexual abuse & age): Positive associations were found between brain scores 282 

and population size at place of living (ρ=0.28, P=.01), whereas negative correlations were detected 283 

between phenotypic scores and number of offspring, married status and years of education (ρ=-0.29-284 

(-0.32), P: <10-3-.01). LV4 (physical/sexual abuse & sex): Phenotypic scores were negatively associated 285 

with years of education (ρ=-0.29, P=.04). LV5 (emotional abuse/neglect): Brain scores were negatively 286 

correlated with population at place of living (ρ=-0.26, P=.04), while phenotypic scores were positively 287 

associated with lower education of the mother (ρ=0.27, P=.03).  288 

Replication sample: No significant correlations were detected. 289 

Discussion 290 

The goal of this study was a novel, comprehensive investigation of CT using a naturalistic and 291 

transdiagnostic machine learning approach. We performed SPLS analysis of CT-related phenotypic data 292 

and GMV in order to generate a transdiagnostic and multi-layered CT model. We explored the clinical 293 

validity and sociodemographic ramifications of this CT model and confirmed the majority of our 294 

findings in a prospectively acquired replication sample.  295 

We found five significant LV, of which three (LV2, LV4, LV5) were more specifically linked to CT, while 296 

the other two (LV1, LV3) represented predominantly age- and sex-related effects (Supplementary 297 

Results). As all three CT-specific LV did not contain any weighting for study group, they can be regarded 298 

as transdiagnostic signatures.  299 
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The highly parsimonious signature of LV2 links sexual abuse in younger individuals to GMV alterations 300 

along the prefronto-thalamo-cerebellar axis. Further GMV variation associated with CT involved the 301 

temporal and angular gyrus as well as the basal ganglia and the cuneus region. While the PFC has been 302 

among the most well-established GMV correlates of childhood trauma, the other brain regions in this 303 

signature have not yet been consistently associated with CT (20, 52, 53). Instead, the prefronto-304 

thalamo-cerebellar axis has been implicated in various aspects of (social) cognition (54, 55) and 305 

associative learning (56). Additionally, it has been proposed as a key system involved in psychiatric 306 

disorders, including affective (57, 58) and non-affective psychoses (59-61). Hence, the LV2 signature 307 

may point to disease-connected alterations in the prefronto-thalamo-cerebellar axis associated with 308 

sexual trauma experiences. 309 

In LV4, a pattern of sexual and physical abuse was associated with a dense GMV signature involving 310 

the postcentral gyrus, hippocampus and PFC (20) as well as limbic brain regions associated with 311 

emotional learning and social cognitive processes (62, 63). This signature was inversely expressed in 312 

male and female individuals. This supports previous studies, which reported contrary volumetric and 313 

connectivity changes in the PFC, the hippocampus, the amygdala and the anterior cingulate cortex for 314 

male and female individuals after exposure to CT (44). Moreover, the LV4 trauma signature aligns with 315 

a recent study reporting an interaction between childhood trauma and sex on hippocampal volume, 316 

which could be predicted by neglect in males and abuse in females (45). This evidence emphasizes that 317 

the limbic system and key CT-associated regions are inversely affected by abuse in men and women 318 

and highlights the paramount need for further gender-specific CT research and gender-tailored 319 

therapeutic approaches in traumatized individuals. 320 

The patterns observed in LV2 and LV4 further reflect previous findings concerning brain development, 321 

which showed differential developmental trajectories for female and male brains (64, 65). The brain 322 

signature of LV2 comprises specifically the medial prefrontal cortex, i.e., a cortical region that fully 323 

develops during adolescence (64), while the LV4 signature covers the temporal, prefrontal and 324 
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occipital lobes—regions in which sex has shown to have a nonlinear relationship with age (65). Thus, 325 

sex exerts a modulating influence on cortical development from childhood to adulthood. The strong 326 

covariation of the age and sex effects on childhood trauma signatures might be explained in a 327 

developmental framework in which not only men and women differently react to trauma, but their 328 

brains may also differentially develop as a result of CT. 329 

LV5 links emotional abuse and neglect to a brain pattern consisting of diverse GMV changes. First, 330 

emotional trauma is connected to brain regions responsible for sensory processing via the postcentral 331 

gyrus and the occipital lobe (66, 67). Second, associations with the DLPFC, the insula and the cingulate 332 

gyrus relate emotional trauma to key brain systems subserving emotional processing (68-70), memory 333 

formation (71, 72) and risk for psychiatric disorders (73-75). These findings support the hypothesis that 334 

trauma experience is connected to sensory and perceptive dysregulations, which could also be 335 

accessed therapeutically (76-78).  336 

All three CT-specific signatures yielded significant correlations with clinical measures, which were 337 

largely validated in the replication sample. The phenotypic scores of the age-dependent sexual abuse 338 

signature (LV2) revealed strong connections to an impaired clinical phenotype in the discovery and the 339 

replication sample. The brain scores appeared dissociated from that in both populations, yielding no 340 

significant associations in the discovery sample and positive associations with GAF and GF in the 341 

replication sample. One possible interpretation might be that the signature of LV2 had been influenced 342 

by unaccounted resilience dynamics, in which neurobiological adaptations compensate for the 343 

phenomenological trauma load, thus maintaining levels of functioning (79, 80). Additional analyses 344 

revealed a positive correlation between LV2 brain scores and population size at place of living as well as 345 

inverse associations between LV2 phenotypic scores and number of offspring, marital status and years 346 

of education in the discovery sample. These findings suggest a possible connection between resilience-347 

conferring brain adaptations and urbanicity as well as higher sexual trauma loadings and social (offspring, 348 

marriage) and educational status. Moreover, LV4 and LV5 revealed the most extensive significant 349 
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associations with functioning, depressivity, personality domains and quality of life in the discovery and 350 

the replication sample. Both trauma and brain scores of LV4 and LV5 were significantly correlated with 351 

lower levels of social and role functioning, more pronounced symptom severity, increased impairment 352 

as well as higher levels of depressivity and reduced quality of life. Additionally, we found a strong 353 

connection between individual trauma loads and higher levels of neuroticism as well as lower levels of 354 

extraversion, conscientiousness, agreeableness and openness. Finally, phenotypic loading of LV4 was 355 

associated with lower educational status, whereas LV5 loading was connected to a less urban 356 

environment (phenotypic scores) and lower maternal educational status (brain scores). These findings 357 

confirm and extend the current body of literature on the negative clinical implications and complex 358 

sociodemographic constellations of CT. It has been well established that CT has a broad negative 359 

impact on mental health, ranging from a higher vulnerability for mental disorders, the presence of 360 

maladaptive personality traits to decreased psychosocial functioning and quality of life (21). 361 

Nonetheless, beyond these general associations, very few studies have investigated more domain-362 

specific aspects of CT (81-83). Thus, our results provide more extensive evidence for a differential 363 

neurobiological, clinical and sociodemographic imprint of CT. Moreover, the connection between the 364 

CT signatures and the presence of vulnerability-conferring personality domains, provides novel 365 

neurobiological evidence for the long-standing and still controversially discussed hypothesis that 366 

adverse childhood experiences lead to the development of dysfunctional personality structures (9, 84, 367 

85).  368 

As 70% of these clinical associations were successfully validated in the replication sample and 20 369 

additional significant clinical correlations (18 on the brain-level) emerged, the multi-layered SPLS 370 

trauma model appears robustly generalizable both at the phenotypic and neuroanatomical levels. 371 

Furthermore, it emphasizes the validity and paramount clinical relevance of the multi-dimensional 372 

childhood trauma concept across a broad diagnostic spectrum in two large-scale international samples 373 

of young adults and adolescent individuals.  374 
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Potential limitations of the study need to be considered. Some of the brain variance might be attributed 375 

to psychopharmacological treatment. Yet, our transdiagnostic study design should provide a robust 376 

framework against such confounders. Moreover, some LV signatures were partly associated with MRI 377 

data quality, albeit the impact being minimal. Additional SPLS analyses further supported the main results 378 

(Supplementary Results). Furthermore, the associative nature of our results should not lead to causal 379 

assumptions. Directed network analysis and supervised machine learning could help elucidate the inner 380 

workings of CT and assess their predictive value for psychiatric disorders. 381 

To our knowledge, this is the first study that investigated CT in a transdiagnostic sample of young adults 382 

using a data-driven machine learning approach and a comprehensive, multidimensional framework for 383 

CT operationalization. Our novel approach confirms that CT is composed of distinct phenotypic-384 

neuroanatomical dimensions which may have complex ramifications into clinically relevant 385 

phenotypes. We found CT signatures of sexual, physical and emotional trauma with distinct 386 

neuroanatomic correlates in prefronto-thalamo-cerebellar, limbic and sensory networks. Furthermore, 387 

sex-dependent combined sexual and physical abuse as well as emotional trauma appeared to be 388 

specifically predictive of relevant clinical state and trait phenotypes, whereas the age-dependent sexual 389 

abuse signature may have been further influenced by neurobiological resilience pathways and interacted 390 

with modulating factors such as urbanicity, education and family status. As these results were largely 391 

validated in a large replication sample, our findings demonstrate that machine learning tools can 392 

generate new and generalizable insights into complex human phenomena such as CT and might help to 393 

develop superior treatments targeting CT and its psychiatric consequences at short- to long-term time 394 

scales. 395 

 396 

  397 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 17 

 

Acknowledgments 398 

Author Contributions: Dr Popovic and Dr Koutsouleris had full access to all the data in the study and take 399 

responsibility for the integrity of the data and the accuracy of the data analysis.  400 

Concept and design: Popovic, Koutsouleris, Kambeitz-Ilankovic, Ruhrmann, Kambeitz, Falkai, Upthegrove, 401 

Salokangas, Meisenzahl, Wood, Brambilla, Borgwardt, Pantelis.  402 

Acquisition, analysis, or interpretation of data: Popovic, Koutsouleris, Kambeitz-Ilankovic, Ruhrmann, 403 

Rosen, Ruef, Dwyer, Sanfelici, Dong, Eder, Paolini, Chisholm, Kambeitz, Haidl, Schultze-Lutter, Blasi, 404 

Bertolino, Upthegrove, Pantelis, Wood, Brambilla, Borgwardt.  405 

Drafting of the manuscript: Popovic, Ruef, Dwyer, Antonucci, Koutsouleris.  406 

Critical revision of the manuscript for important intellectual content: Popovic, Koutsouleris, Kambeitz-407 

Ilankovic, Ruhrmann, Rosen, Ruef, Dwyer, Antonucci, Sanfelici, Öztürk, Paolini, Chisholm, Kambeitz, 408 

Haidl, Schultze-Lutter, Falkai, Upthegrove, Pergola, Bertolino, Salokangas, Pantelis, Meisenzahl, Wood, 409 

Brambilla, Borgwardt.  410 

Statistical analysis: Popovic, Ruef, Koutsouleris.  411 

Obtained funding: Popovic, Koutsouleris, Kambeitz-Ilankovic, Ruhrmann, Salokangas, Pantelis, Brambilla, 412 

Borgwardt, Wood.  413 

Administrative, technical, or material support: Koutsouleris, Rosen, Ruef, Paolini, Chisholm, Haidl, 414 

Hedderich, Upthegrove, Meisenzahl, Bertolino, Brambilla, Borgwardt.  415 

Supervision: Koutsouleris, Ruhrmann, Rosen, Schultze-Lutter, Falkai, Wood, Brambilla, Bertolino, Lencer, 416 

Upthegrove, Borgwardt, Dannlowski, Pantelis. 417 

Funding: D.P. and Ö.F.Ö. were supported by the “Else-Kröner-Fresenius-Stiftung” through the Clinician 418 

Scientist Program “EKFS-Translational Psychiatry”. R.S. was supported by BMBF and the Max Planck 419 

Society. C.P. was supported by National Health and Medical Research Council Senior Principal Research 420 

Fellowship (grants 628386 and 1105825) and European Union-National Health and Medical Research 421 

Council (grant 1075379). All contributing authors were supported by PRONIA, a Collaborative Project 422 

funded by the European Union under the 7th Framework Programme (grant 602152). 423 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 18 

 

Group Information: PRONIA consortium members listed here performed the screening, recruitment, 424 

rating, examination, and follow-up of the study participants and were involved in implementing the 425 

examination protocols of the study, setting up its information technological infrastructure, and 426 

organizing the flow and quality control of the data analyzed in this article between the local study sites 427 

and the central study database. Department of Psychiatry and Psychotherapy, Ludwig-Maximilian-428 

University, Munich, Bavaria, Germany: Mark Sen Dong, MSc, Anne Erkens, Eva Gussmann, MSc, Shalaila 429 

Haas, PhD, Alkomiet Hasan, MD, Claudius Hoff, MD, Ifrah Khanyaree, BSc, Aylin Melo, MSc, Susanna 430 

Muckenhuber-Sternbauer, MD, Janis Köhler, Ömer Faruk Öztürk, MD, Nora Penzel, MSc, Adrian 431 

Rangnick, BSc, Sebastian von Saldern, MD, Rachele Sanfelici, MSc, Moritz Spangemacher, Ana Tupac, 432 

MSc, Maria Fernanda Urquijo, MSc, Johanna Weiske, MSc, Julian Wenzel, MSc, and Antonia Wosgien. 433 

University of Cologne, North Rhineland–Westphalia, Germany: Linda Betz, MSc, Karsten Blume, Mauro 434 

Seves, MSc, Nathalie Kaiser, MSc, Thorsten Lichtenstein, MD, and Christiane Woopen, MD. Psychiatric 435 

University Hospital, University of Basel, Basel, Switzerland: Christina Andreou, MD, PhD, Laura Egloff, 436 

PhD, Fabienne Harrisberger, PhD, Claudia Lenz, PhD, Letizia Leanza, MSc, Amatya Mackintosh, MSc, 437 

Renata Smieskova, PhD, Erich Studerus, PhD, Anna Walter, MD, and Sonja Widmayer, MSc. Institute for 438 

Mental Health, University of Birmingham, Birmingham, United Kingdom: Chris Day, BSc, Sian Lowri 439 

Griffiths, PhD, Mariam Iqbal, BSc, Mirabel Pelton, MSc, Pavan Mallikarjun, MBBS, DPM, MRCPsych, PhD, 440 

Alexandra Stainton, MSc, and Ashleigh Lin, PhD. Department of Psychiatry, University of Turku, Turku, 441 

Finland: Alexander Denissoff, MD, Anu Ellilä, RN, Tiina From, MSc, Markus Heinimaa, MD, PhD, Tuula 442 

Ilonen, PhD, Päivi Jalo, RN, Heikki Laurikainen, MD, Maarit Lehtinen, RN, Antti Luutonen, BA, Akseli 443 

Mäkela, BA, Janina Paju, MSc, Henri Pesonen, PhD, Reetta-Liina Armio (Säilä), MD, Elina Sormunen, MD, 444 

Anna Toivonen, MSc, and Otto Turtonen, MD. General Electric Global Research Inc, Munich, Germany: 445 

Ana Beatriz Solana, PhD, Manuela Abraham, MBA, Nicolas Hehn, PhD, and Timo Schirmer, PhD. 446 

Workgroup of Paolo Brambilla, MD, PhD, University of Milan, Milan, Italy: Department of Neuroscience 447 

and Mental Health, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, University of Milan, 448 

Milan, Italy: Carlo Altamura, MD, Marika Belleri, PsychD, Francesca Bottinelli, PsychD, Adele Ferro, 449 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 19 

 

PsychD, PhD, and Marta Re, PhD. Programma2000, Niguarda Hospital, Milan: Emiliano Monzani, MD, 450 

Mauro Percudani, MD, and Maurizio Sberna, MD. San Paolo Hospital, Milan: Armando D’Agostino, MD, 451 

and Lorenzo Del Fabro, MD. Villa San Benedetto Menni, Albese con Cassano: Giampaolo Perna, MD, 452 

Maria Nobile MD, PhD, and Alessandra Alciati, MD. Workgroup of Paolo Brambilla, MD, PhD, University 453 

of Udine, Udine, Italy: Department of Medical Area, University of Udine: Matteo Balestrieri, MD, Carolina 454 

Bonivento, PsychD, PhD, Giuseppe Cabras, PhD, and Franco Fabbro, MD, PhD. IRCCS Scientific Institute 455 

“E. Medea”, Polo FVG, Udine: Marco Garzitto, PsychD, PhD and Sara Piccin, PsychD, PhD.  456 

Role of the Funder/Sponsor: The funding organizations were not involved in the design and conduct of 457 

the study; the collection, management, analysis, and interpretation of the data; the preparation, review, 458 

or approval of the manuscript; and decision to submit the manuscript for publication.  459 

Additional Contributions: We thank the Recognition and Prevention Program at the Zucker Hillside 460 

Hospital in New York, directed by Barbara Cornblatt, PhD, MBA, for providing the Global Functioning: 461 

Social and Role scales. We thank Andrea M. Auther, PhD, Associate Director of Recognition and 462 

Prevention Program and coauthor of the Global Functioning scales for overseeing the training and 463 

implementation of the scales. They were not compensated for their contributions.  464 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 20 

 

Disclosures 465 

N.K. and R.S. received honoraria for talks presented at education meetings organized by 466 

Otsuka/Lundbeck. C.P. participated in advisory boards for Janssen-Cilag, AstraZeneca, Lundbeck, and 467 

Servier and received honoraria for talks presented at educational meetings organized by AstraZeneca, 468 

Janssen-Cilag, Eli Lilly, Pfizer, Lundbeck, and Shire. R.U. received honoraria for talks presented at 469 

educational meetings organized by Sunovion. No other disclosures were reported.  470 

  471 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 21 

 

References 472 

1. Arias I, Leeb RT, Melanson C, Paulozzi LJ, Simon TR (2008): Child maltreatment surveillance; 473 
uniform definitions for public health and recommended data elements. In: National Center for Injury 474 
P, Control, editors. Centers for Disease Control and Prevention, National Center for Injury Prevention 475 
and Control. 476 
2. Trottier K, MacDonald DE (2017): Update on Psychological Trauma, Other Severe Adverse 477 
Experiences and Eating Disorders: State of the Research and Future Research Directions. Curr 478 
Psychiatry Rep. 19:45. 479 
3. Walsh K, McLaughlin KA, Hamilton A, Keyes KM (2017): Trauma exposure, incident psychiatric 480 
disorders, and disorder transitions in a longitudinal population representative sample. J Psychiatr 481 
Res. 92:212-218. 482 
4. Isvoranu AM, van Borkulo CD, Boyette LL, Wigman JT, Vinkers CH, Borsboom D, et al. (2017): 483 
A Network Approach to Psychosis: Pathways Between Childhood Trauma and Psychotic Symptoms. 484 
Schizophr Bull. 43:187-196. 485 
5. Xie P, Wu K, Zheng Y, Guo Y, Yang Y, He J, et al. (2018): Prevalence of childhood trauma and 486 
correlations between childhood trauma, suicidal ideation, and social support in patients with 487 
depression, bipolar disorder, and schizophrenia in southern China. J Affect Disord. 228:41-48. 488 
6. Andrianarisoa M, Boyer L, Godin O, Brunel L, Bulzacka E, Aouizerate B, et al. (2017): 489 
Childhood trauma, depression and negative symptoms are independently associated with impaired 490 
quality of life in schizophrenia. Results from the national FACE-SZ cohort. Schizophr Res. 185:173-181. 491 
7. Kraan T, van Dam DS, Velthorst E, de Ruigh EL, Nieman DH, Durston S, et al. (2015): 492 
Childhood trauma and clinical outcome in patients at ultra-high risk of transition to psychosis. 493 
Schizophr Res. 169:193-198. 494 
8. Pos K, Boyette LL, Meijer CJ, Koeter M, Krabbendam L, de Haan L, et al. (2016): The effect of 495 
childhood trauma and Five-Factor Model personality traits on exposure to adult life events in 496 
patients with psychotic disorders. Cogn Neuropsychiatry. 21:462-474. 497 
9. Li X, Wang Z, Hou Y, Wang Y, Liu J, Wang C (2014): Effects of childhood trauma on personality 498 
in a sample of Chinese adolescents. Child Abuse Negl. 38:788-796. 499 
10. Ahmed-Leitao F, Spies G, van den Heuvel L, Seedat S (2016): Hippocampal and amygdala 500 
volumes in adults with posttraumatic stress disorder secondary to childhood abuse or maltreatment: 501 
A systematic review. Psychiatry Res Neuroimaging. 256:33-43. 502 
11. Carballedo A, Lisiecka D, Fagan A, Saleh K, Ferguson Y, Connolly G, et al. (2012): Early life 503 
adversity is associated with brain changes in subjects at family risk for depression. World J Biol 504 
Psychiatry. 13:569-578. 505 
12. Chaney A, Carballedo A, Amico F, Fagan A, Skokauskas N, Meaney J, et al. (2014): Effect of 506 
childhood maltreatment on brain structure in adult patients with major depressive disorder and 507 
healthy participants. J Psychiatry Neurosci. 39:50-59. 508 
13. Cancel A, Comte M, Truillet R, Boukezzi S, Rousseau PF, Zendjidjian XY, et al. (2015): 509 
Childhood neglect predicts disorganization in schizophrenia through grey matter decrease in 510 
dorsolateral prefrontal cortex. Acta Psychiatr Scand. 132:244-256. 511 
14. Andersen SL, Tomada A, Vincow ES, Valente E, Polcari A, Teicher MH (2008): Preliminary 512 
evidence for sensitive periods in the effect of childhood sexual abuse on regional brain development. 513 
J Neuropsychiatry Clin Neurosci. 20:292-301. 514 
15. Van Dam NT, Rando K, Potenza MN, Tuit K, Sinha R (2014): Childhood maltreatment, altered 515 
limbic neurobiology, and substance use relapse severity via trauma-specific reductions in limbic gray 516 
matter volume. JAMA Psychiatry. 71:917-925. 517 
16. Baker LM, Williams LM, Korgaonkar MS, Cohen RA, Heaps JM, Paul RH (2013): Impact of early 518 
vs. late childhood early life stress on brain morphometrics. Brain Imaging Behav. 7:196-203. 519 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 22 

 

17. Aas M, Navari S, Gibbs A, Mondelli V, Fisher HL, Morgan C, et al. (2012): Is there a link 520 
between childhood trauma, cognition, and amygdala and hippocampus volume in first-episode 521 
psychosis? Schizophr Res. 137:73-79. 522 
18. Kuhn M, Scharfenort R, Schumann D, Schiele MA, Munsterkotter AL, Deckert J, et al. (2016): 523 
Mismatch or allostatic load? Timing of life adversity differentially shapes gray matter volume and 524 
anxious temperament. Soc Cogn Affect Neurosci. 11:537-547. 525 
19. Baldacara L, Zugman A, Araujo C, Cogo-Moreira H, Lacerda AL, Schoedl A, et al. (2014): 526 
Reduction of anterior cingulate in adults with urban violence-related PTSD. J Affect Disord. 168:13-527 
20. 528 
20. Paquola C, Bennett MR, Lagopoulos J (2016): Understanding heterogeneity in grey matter 529 
research of adults with childhood maltreatment-A meta-analysis and review. Neurosci Biobehav Rev. 530 
69:299-312. 531 
21. Herzog JI, Schmahl C (2018): Adverse Childhood Experiences and the Consequences on 532 
Neurobiological, Psychosocial, and Somatic Conditions Across the Lifespan. Front Psychiatry. 9:420. 533 
22. Popovic D, Schmitt A, Kaurani L, Senner F, Papiol S, Malchow B, et al. (2019): Childhood 534 
Trauma in Schizophrenia: Current Findings and Research Perspectives. Front Neurosci. 13:274. 535 
23. Oral R, Ramirez M, Coohey C, Nakada S, Walz A, Kuntz A, et al. (2016): Adverse childhood 536 
experiences and trauma informed care: the future of health care. Pediatr Res. 79:227-233. 537 
24. Logothetis NK (2008): What we can do and what we cannot do with fMRI. Nature. 453:869-538 
878. 539 
25. Kamitani Y, Tong F (2005): Decoding the visual and subjective contents of the human brain. 540 
Nat Neurosci. 8:679-685. 541 
26. Kriegeskorte N, Cusack R, Bandettini P (2010): How does an fMRI voxel sample the neuronal 542 
activity pattern: compact-kernel or complex spatiotemporal filter? Neuroimage. 49:1965-1976. 543 
27. Woo CW, Chang LJ, Lindquist MA, Wager TD (2017): Building better biomarkers: brain models 544 
in translational neuroimaging. Nat Neurosci. 20:365-377. 545 
28. Davatzikos C (2004): Why voxel-based morphometric analysis should be used with great 546 
caution when characterizing group differences. Neuroimage. 23:17-20. 547 
29. Yahata N, Kasai K, Kawato M (2017): Computational neuroscience approach to biomarkers 548 
and treatments for mental disorders. Psychiatry Clin Neurosci. 71:215-237. 549 
30. Freedman R, Lewis DA, Michels R, Pine DS, Schultz SK, Tamminga CA, et al. (2013): The initial 550 
field trials of DSM-5: new blooms and old thorns. Am J Psychiatry. 170:1-5. 551 
31. Khan A, McCormack HC, Bolger EA, McGreenery CE, Vitaliano G, Polcari A, et al. (2015): 552 
Childhood Maltreatment, Depression, and Suicidal Ideation: Critical Importance of Parental and Peer 553 
Emotional Abuse during Developmental Sensitive Periods in Males and Females. Front Psychiatry. 554 
6:42. 555 
32. Whittle S, Simmons JG, Dennison M, Vijayakumar N, Schwartz O, Yap MB, et al. (2014): 556 
Positive parenting predicts the development of adolescent brain structure: a longitudinal study. Dev 557 
Cogn Neurosci. 8:7-17. 558 
33. Jollans L, Whelan R (2018): Neuromarkers for Mental Disorders: Harnessing Population 559 
Neuroscience. Front Psychiatry. 9:242. 560 
34. Monteiro JM, Rao A, Shawe-Taylor J, Mourao-Miranda J, Alzheimer's Disease I (2016): A 561 
multiple hold-out framework for Sparse Partial Least Squares. J Neurosci Methods. 271:182-194. 562 
35. Koutsouleris N, Kambeitz-Ilankovic L, Ruhrmann S, Rosen M, Ruef A, Dwyer DB, et al. (2018): 563 
Prediction Models of Functional Outcomes for Individuals in the Clinical High-Risk State for Psychosis 564 
or With Recent-Onset Depression: A Multimodal, Multisite Machine Learning Analysis. JAMA 565 
Psychiatry. 75:1156-1172. 566 
36. Bernstein DP, Ahluvalia T, Pogge D, Handelsman L (1997): Validity of the Childhood Trauma 567 
Questionnaire in an adolescent psychiatric population. J Am Acad Child Adolesc Psychiatry. 36:340-568 
348. 569 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 23 

 

37. Fink LA, Bernstein D, Handelsman L, Foote J, Lovejoy M (1995): Initial reliability and validity of 570 
the childhood trauma interview: a new multidimensional measure of childhood interpersonal 571 
trauma. Am J Psychiatry. 152:1329-1335. 572 
38. Bernstein DP, Fink L, Handelsman L, Foote J, Lovejoy M, Wenzel K, et al. (1994): Initial 573 
reliability and validity of a new retrospective measure of child abuse and neglect. Am J Psychiatry. 574 
151:1132-1136. 575 
39. American Psychiatric Association (2000): Diagnostic and statistical manual of mental 576 
disorders : DSM-IV-TR. 4th ed. Washington, DC: American Psychiatric Association. 577 
40. Cornblatt BA, Auther AM, Niendam T, Smith CW, Zinberg J, Bearden CE, et al. (2007): 578 
Preliminary findings for two new measures of social and role functioning in the prodromal phase of 579 
schizophrenia. Schizophr Bull. 33:688-702. 580 
41. Beck AT, Steer RA (1984): Internal consistencies of the original and revised Beck Depression 581 
Inventory. J Clin Psychol. 40:1365-1367. 582 
42. Skevington SM, Lotfy M, O'Connell KA, Group W (2004): The World Health Organization's 583 
WHOQOL-BREF quality of life assessment: psychometric properties and results of the international 584 
field trial. A report from the WHOQOL group. Qual Life Res. 13:299-310. 585 
43. Costa PT, McCrae RR (1992): Revised NEO Personality Inventory (NEO-PI-R) and NEO Five-586 
Factor Inventory (NEO-FFI) professional manual. Odessa, FL: Psychological Assessment Resources. 587 
44. Helpman L, Zhu X, Suarez-Jimenez B, Lazarov A, Monk C, Neria Y (2017): Sex Differences in 588 
Trauma-Related Psychopathology: a Critical Review of Neuroimaging Literature (2014-2017). Curr 589 
Psychiatry Rep. 19:104. 590 
45. Teicher MH, Anderson CM, Ohashi K, Khan A, McGreenery CE, Bolger EA, et al. (2018): 591 
Differential effects of childhood neglect and abuse during sensitive exposure periods on male and 592 
female hippocampus. Neuroimage. 169:443-452. 593 
46. Zou H, Hastie T (2005): Regularization and variable selection via the elastic net. Journal of the 594 
Royal Statistical Society: Series B (Statistical Methodology). 67:301-320. 595 
47. Ruschhaupt M, Huber W, Poustka A, Mansmann U (2004): A compendium to ensure 596 
computational reproducibility in high-dimensional classification tasks. Stat Appl Genet Mol Biol. 597 
3:Article37. 598 
48. Dwyer DB, Falkai P, Koutsouleris N (2018): Machine Learning Approaches for Clinical 599 
Psychology and Psychiatry. Annu Rev Clin Psychol. 14:91-118. 600 
49. Koutsouleris N, Meisenzahl EM, Borgwardt S, Riecher-Rossler A, Frodl T, Kambeitz J, et al. 601 
(2015): Individualized differential diagnosis of schizophrenia and mood disorders using 602 
neuroanatomical biomarkers. Brain. 138:2059-2073. 603 
50. Dukart J, Schroeter ML, Mueller K, Alzheimer's Disease Neuroimaging I (2011): Age correction 604 
in dementia--matching to a healthy brain. PLoS One. 6:e22193. 605 
51. Benjamini Y, Hochberg Y (1995): Controlling the False Discovery Rate: A Practical and 606 
Powerful Approach to Multiple Testing. Journal of the Royal Statistical Society: Series B 607 
(Methodological). 57:289-300. 608 
52. Lu S, Xu R, Cao J, Yin Y, Gao W, Wang D, et al. (2019): The left dorsolateral prefrontal cortex 609 
volume is reduced in adults reporting childhood trauma independent of depression diagnosis. J 610 
Psychiatr Res. 112:12-17. 611 
53. Heyn SA, Keding TJ, Ross MC, Cisler JM, Mumford JA, Herringa RJ (2019): Abnormal Prefrontal 612 
Development in Pediatric Posttraumatic Stress Disorder: A Longitudinal Structural and Functional 613 
Magnetic Resonance Imaging Study. Biol Psychiatry Cogn Neurosci Neuroimaging. 4:171-179. 614 
54. Diamond A (2000): Close interrelation of motor development and cognitive development and 615 
of the cerebellum and prefrontal cortex. Child Dev. 71:44-56. 616 
55. Van Overwalle F, Marien P (2016): Functional connectivity between the cerebrum and 617 
cerebellum in social cognition: A multi-study analysis. Neuroimage. 124:248-255. 618 
56. Taylor JA, Ivry RB (2014): Cerebellar and prefrontal cortex contributions to adaptation, 619 
strategies, and reinforcement learning. Prog Brain Res. 210:217-253. 620 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 24 

 

57. Samara Z, Evers EAT, Peeters F, Uylings HBM, Rajkowska G, Ramaekers JG, et al. (2018): 621 
Orbital and Medial Prefrontal Cortex Functional Connectivity of Major Depression Vulnerability and 622 
Disease. Biol Psychiatry Cogn Neurosci Neuroimaging. 3:348-357. 623 
58. Bersani FS, Minichino A, Bernabei L, Spagnoli F, Corrado A, Vergnani L, et al. (2017): 624 
Prefronto-cerebellar tDCS enhances neurocognition in euthymic bipolar patients. Findings from a 625 
placebo-controlled neuropsychological and psychophysiological investigation. J Affect Disord. 626 
209:262-269. 627 
59. Andreasen NC, Paradiso S, O'Leary DS (1998): "Cognitive dysmetria" as an integrative theory 628 
of schizophrenia: a dysfunction in cortical-subcortical-cerebellar circuitry? Schizophr Bull. 24:203-218. 629 
60. Lungu O, Barakat M, Laventure S, Debas K, Proulx S, Luck D, et al. (2013): The incidence and 630 
nature of cerebellar findings in schizophrenia: a quantitative review of fMRI literature. Schizophr Bull. 631 
39:797-806. 632 
61. Andreasen NC, Nopoulos P, Magnotta V, Pierson R, Ziebell S, Ho BC (2011): Progressive brain 633 
change in schizophrenia: a prospective longitudinal study of first-episode schizophrenia. Biol 634 
Psychiatry. 70:672-679. 635 
62. Rolls ET (2015): Limbic systems for emotion and for memory, but no single limbic system. 636 
Cortex. 62:119-157. 637 
63. Catani M, Dell'acqua F, Thiebaut de Schotten M (2013): A revised limbic system model for 638 
memory, emotion and behaviour. Neurosci Biobehav Rev. 37:1724-1737. 639 
64. Gogtay N, Thompson PM (2010): Mapping gray matter development: implications for typical 640 
development and vulnerability to psychopathology. Brain Cogn. 72:6-15. 641 
65. Gennatas ED, Avants BB, Wolf DH, Satterthwaite TD, Ruparel K, Ciric R, et al. (2017): Age-642 
Related Effects and Sex Differences in Gray Matter Density, Volume, Mass, and Cortical Thickness 643 
from Childhood to Young Adulthood. J Neurosci. 37:5065-5073. 644 
66. Nauhaus I, Nielsen KJ (2014): Building maps from maps in primary visual cortex. Curr Opin 645 
Neurobiol. 24:1-6. 646 
67. Brecht M (2017): The Body Model Theory of Somatosensory Cortex. Neuron. 94:985-992. 647 
68. Dixon ML, Thiruchselvam R, Todd R, Christoff K (2017): Emotion and the prefrontal cortex: An 648 
integrative review. Psychol Bull. 143:1033-1081. 649 
69. Gasquoine PG (2014): Contributions of the insula to cognition and emotion. Neuropsychol 650 
Rev. 24:77-87. 651 
70. Vogt BA (2014): Submodalities of emotion in the context of cingulate subregions. Cortex. 652 
59:197-202. 653 
71. Brunoni AR, Vanderhasselt MA (2014): Working memory improvement with non-invasive 654 
brain stimulation of the dorsolateral prefrontal cortex: a systematic review and meta-analysis. Brain 655 
Cogn. 86:1-9. 656 
72. Leech R, Sharp DJ (2014): The role of the posterior cingulate cortex in cognition and disease. 657 
Brain. 137:12-32. 658 
73. Zhou Y, Fan L, Qiu C, Jiang T (2015): Prefrontal cortex and the dysconnectivity hypothesis of 659 
schizophrenia. Neurosci Bull. 31:207-219. 660 
74. Namkung H, Kim SH, Sawa A (2017): The Insula: An Underestimated Brain Area in Clinical 661 
Neuroscience, Psychiatry, and Neurology. Trends Neurosci. 40:200-207. 662 
75. Downar J, Blumberger DM, Daskalakis ZJ (2016): The Neural Crossroads of Psychiatric Illness: 663 
An Emerging Target for Brain Stimulation. Trends Cogn Sci. 20:107-120. 664 
76. Price CJ, Hooven C (2018): Interoceptive Awareness Skills for Emotion Regulation: Theory and 665 
Approach of Mindful Awareness in Body-Oriented Therapy (MABT). Front Psychol. 9:798. 666 
77. Clancy KJ, Albizu A, Schmidt NB, Li W (2020): Intrinsic sensory disinhibition contributes to 667 
intrusive re-experiencing in combat veterans. Sci Rep. 10:936. 668 
78. Iyadurai L, Visser RM, Lau-Zhu A, Porcheret K, Horsch A, Holmes EA, et al. (2019): Intrusive 669 
memories of trauma: A target for research bridging cognitive science and its clinical application. Clin 670 
Psychol Rev. 69:67-82. 671 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 25 

 

79. Teicher MH, Samson JA, Anderson CM, Ohashi K (2016): The effects of childhood 672 
maltreatment on brain structure, function and connectivity. Nat Rev Neurosci. 17:652-666. 673 
80. Gupta A, Love A, Kilpatrick LA, Labus JS, Bhatt R, Chang L, et al. (2017): Morphological brain 674 
measures of cortico-limbic inhibition related to resilience. J Neurosci Res. 95:1760-1775. 675 
81. Norman RE, Byambaa M, De R, Butchart A, Scott J, Vos T (2012): The long-term health 676 
consequences of child physical abuse, emotional abuse, and neglect: a systematic review and meta-677 
analysis. PLoS Med. 9:e1001349. 678 
82. Upthegrove R, Chard C, Jones L, Gordon-Smith K, Forty L, Jones I, et al. (2015): Adverse 679 
childhood events and psychosis in bipolar affective disorder. Br J Psychiatry. 206:191-197. 680 
83. Thompson AD, Nelson B, Yuen HP, Lin A, Amminger GP, McGorry PD, et al. (2014): Sexual 681 
trauma increases the risk of developing psychosis in an ultra high-risk "prodromal" population. 682 
Schizophr Bull. 40:697-706. 683 
84. de Carvalho HW, Pereira R, Frozi J, Bisol LW, Ottoni GL, Lara DR (2015): Childhood trauma is 684 
associated with maladaptive personality traits. Child Abuse Negl. 44:18-25. 685 
85. Baryshnikov I, Joffe G, Koivisto M, Melartin T, Aaltonen K, Suominen K, et al. (2017): 686 
Relationships between self-reported childhood traumatic experiences, attachment style, neuroticism 687 
and features of borderline personality disorders in patients with mood disorders. J Affect Disord. 688 
210:82-89. 689 

 690 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 26 

 

Legends 691 
Legend Figure 1: Age-dependent sexual abuse signature of LV2 692 
A) The barplot visualizes the direction and the values of the weights included in the phenotypic pattern 693 
of LV2. 2 questions from the CTQ sexual abuse subscale (CTQ21, CTQ24) received a positive weight, 694 
while age received a negative weight. B) Depicted is the brain pattern of LV2, with positive weighting 695 
of voxels displayed in red and negative weighting displayed in blue color scale.  696 

Legend Figure 2: Sex-dependent sexual and physical abuse signature of LV4 697 
A) The barplot visualizes the direction and the values of the weights included in the phenotypic pattern 698 
of LV4. Three questions from the CTQ physical abuse subscale (CTQ09, CTQ12, CTQ15) and four 699 
questions from the sexual abuse subscale (CTQ20, CTQ23, CTQ24, CTQ27) received positive weights. 700 
Male sex received a negative and female sex a positive weight. B) Depicted is the brain pattern of LV4, 701 
with positive weighting of voxels displayed in red and negative weighting displayed in blue color scale. 702 

Legend Figure 3: Emotional trauma signature of LV5 703 
A) The barplot visualizes the direction and the values of the weights included in the phenotypic pattern 704 
of LV5. Three questions each from the CTQ subscales of emotional abuse (CTQ03, CTQ14, CTQ18) and 705 
emotional neglect (CTQ07, CTQ13, CTQ28) received positive weights. B) Depicted is the brain pattern 706 
of LV5, with positive weighting of voxels displayed in red and negative weighting displayed in blue color 707 
scale.  708 

Legend Table 1: Clinical and demographic characteristics of the discovery sample. 709 
Abbreviations: HC, healthy control; ROD, recent-onset of depression; CHR, clinical high-risk state; ROP, 710 
recent-onset of psychosis; SD, standard deviation; NA, not available; GAF:S, Global Assessment of 711 
Functioning Social Scale; GAF:D/I, GAF Disability/Impairment Scale; GF:S, Global Functioning Social Scale; 712 
GF:R, GF Role Scale; PANSS, Positive and Negative Symptom Scale; BDI, Beck Depression Inventory. 713 
Significant P values are highlighted in bold font. P values are stated after FDR-correction for multiple 714 
testing. 715 

Legend Table 2: Group-level statistics for CTQ differences between discovery and replication 716 
sample. 717 
Abbreviations: HC, healthy control; ROD, recent-onset of depression; CHR, clinical high-risk state; ROP, 718 
recent-onset of psychosis; SD, standard deviation; H, Kruskal-Wallis-H-test statistic (χ2). P values are 719 
stated after FDR-correction for multiple testing. 720 

Legend Table 3: Spearman’s correlation analyses between latent scores and clinical domains 721 
of functioning in the discovery and replication sample. 722 
Results are states as correlation coefficient ρ, followed by its P value in brackets: ρ (P value). 723 
Abbreviations: D, Discovery Sample; R, Replication Sample; GAF:S, Global Assessment of Functioning 724 
Social Scale; GAF:D/I, GAF Disability/Impairment Scale; GF:S, Global Functioning Social Scale; GF:R, GF 725 
Role Scale. Significant P values are highlighted in bold font. All P values FDR-corrected for multiple testing 726 
(family of tests with Table 4). 727 

Legend Table 4: Spearman’s correlation analyses between latent scores and clinical domains 728 
of depressivity, personality and quality of life in the discovery and replication sample. 729 
Results are states as correlation coefficient ρ, followed by its P value in brackets: ρ (P value). 730 
Abbreviations: D, Discovery Sample; R, Replication Sample; BDI, Beck Depression Inventory; NEO-FFI, 731 



Traces of trauma – a multivariate pattern analysis of childhood trauma, brain structure and clinical phenotypes 

 
Popovic et al. 27 

 

Neuroticism-Extraversion-Openness (NEO) Five-Factor Inventory; WHOQOL-BREF, World Health 732 
Organization Quality of Life Short Version. Significant P values are highlighted in bold font. All P values 733 
FDR-corrected for multiple testing (family of tests with Table 3). 734 

 735 

 736 

 737 
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Tables 739 
Table 1: Clinical and demographic characteristics of the discovery sample. 740 

 All HC ROD CHR ROP H/χ2 P Value 
Age, mean, years 28.39 28.50 29.09 27.02 28.73 8.98a .011 

SD 6.00 6.45 6.21 4.84 5.63   
Sex, women/men % 53 62 54 48 38 7.41 b .024 

Years of Education, mean, years 14.77 15.69 14.70 13.78 13.93 5.56 a .062 
SD 3.25 3.17 3.16 3.03 3.15   

GAF:S, mean 65.15 86.52 55.76 54.95 41.13 86.63 a <10-3 
SD 21.12 6.51 12.48 11.00 13.22   

GAF:D/I, mean 65.57 85.16 56.36 55.93 44.44 59.82 a <10-3 
SD 20.1 5.86 14.42 13.94 12.23   

GF:S, mean 7.15 8.51 6.47 6.51 5.68 28.11 a <10-3 
SD 1.67 0.84 1.34 1.36 1.47   

GF:R, mean 6.97 8.56 6.23 6.18 5.24 29.66 a <10-3 
SD 1.90 0.75 1.69 1.44 1.65   

Handedness, right-handed, % 91 94 90 88 90 0.41 b .82 
PANSS total, mean 55.97 NA 47.55 50.57 69.29 87.93 a <10-3 

SD 18.83 NA 10.91 13.23 21.92   
PANSS positive, mean 11.92 NA 7.67 10.23 17.68 204.19 a <10-3 

SD 6.00 NA 1.24 2.96 6.50   
PANSS negative, mean 13.77 NA 12.56 12.53 16.14 21.62 a <10-3 

SD 6.40 NA 4.98 5.88 7.37   
PANSS general, mean 30.25 NA 27.31 27.78 35.47 50.54 a <10-3 

SD 9.38 NA 6.73 6.90 11.23   
BDI, mean 15.78 3.73 26.23 25.49 21.05 11.05 a .004  

SD 14.62 5.27 13.82 12.24 12.49   
Study center      149.87 b <10-3 

Munich 181 58 44 38 41   
Basel 84 37 15 17 15   

Cologne 131 59 24 20 28   
Birmingham 80 43 14 13 10   

Milan 37 13 6 7 11   
Turku 74 23 12 17 22   
Udine 62 31 14 12 5   
Total 649 264 129 124 132   

 741 
a Kruskal-Wallis-Test (H test), b χ2-test 742 
  743 
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Table 2: Group-level statistics for CTQ differences between discovery and replication sample. 744 

CTQ\Study groups  All HC ROD CHR ROP H P 

Total 
D 30.0 (12.1) 23.8 (5.8) 33.0 (14.6) 34.8 (13.1) 34.9 (12.5) 5.08  .55 a 
R 31.3 (13.1) 24.0 (6.9) 33.6 (11.9) 35.6 (13.7) 34.8 (15.8) 1.20  .76 a 
P .50 b .91 b .59 b .84 b .61 b 

  

Emotional Abuse 
D 8.4 (4.0) 6.5 (2.4) 9.2 (4.5) 10.2 (4.4) 9.8 (4.4) 5.20  .52 a 
R 9.0 (4.5) 6.4 (2.0) 9.4 (4.1) 10.8 (4.9) 10.1 (5.2) 3.70 .50 a 
P .50 b .71 b .69 b .72 b .97 b 

  

Physical Abuse 
D 6.0 (2.5) 5.4 (1.0) 6.5 (3.3) 6.5 (3.1) 6.5 (2.9) 1.33 .95 a 
R 6.2 (2.6) 5.5 (1.5) 6.3 (2.4) 6.6 (3.0) 6.6 (3.3) 0.25 .98 a 
P .56 b .77 b .64 b .72 b .89 b 

  

Sexual Abuse 
D 5.7 (2.4) 5.2 (0.9) 5.9 (2.8) 6.0 (2.8) 6.3 (3.1) 2.84 .50 a 
R 5.8 (2.6) 5.1 (0.9) 5.9 (2.9) 6.1 (2.9) 6.3 (3.2) 2.39 .60 a 
P .95 b .71 b .76 b .92 b .87 b 

  

Emotional Neglect 
D 5.0 (4.4) 2.9 (3.0) 6.3 (5.1) 6.8 (4.5) 6.4 (4.4) 1.73 .80 a 
R 5.4 (4.6) 3.0 (3.2) 6.8 (4.8) 6.7 (4.4) 6.1 (5.0) 1.46 .72 a 
P .54 b .95 b .61 b .86 b .70 b 

  

Physical Neglect 
D 4.8 (2.4) 3.8 (1.4) 5.1 (2.9) 5.3 (2.6) 5.8 (2.8) 9.70 .05 a 
R 4.9 (2.5) 3.9 (1.6) 5.1 (2.3) 5.4 (2.6) 5.6 (3.1) 0.19 .99 a 
P .63 b .74 b .62 b .99 b .51 b 

  

Denial 
D 0.6 (0.9) 0.7 (1.0) 0.4 (0.8) 0.4 (0.8) 0.5 (0.9) 1.22 .99 a 
R 0.6 (0.9) 0.8 (1.1) 0.4 (0.8) 0.3 (0.8) 0.6 (0.9) 7.73 .15 a 
P .85 b .65 b .88 b .82 b .51 b   

a Kruskal-Wallis-Test (H test), b Wilcoxon-Mann-Whitney-Test 745 
 746 

 747 

 748 
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Table 3: Spearman’s correlation analyses between latent scores and clinical domains of functioning 750 
in the discovery and replication sample. 751 

  LV2 LV4 LV5 
  Sexual abuse & age Sexual/physical abuse & sex Emotional abuse/neglect 

  Phenotypic  
score 

Brain  
score 

Phenotypic  
score 

Brain  
score 

Phenotypic  
score 

Brain  
score 

GAF:S        

Lifetime 
D -0.17 (<10-3) 0.01 (.99) -0.15 (<10-3) -0.13 (.01) -0.24 (<10-3) -0.05 (.32) 
R -0.20 (<10-3) 0.07 (.52) -0.17 (<10-3) -0.24 (<10-3) -0.29 (<10-3) -0.15 (.01) 

Past Year 
D -0.13 (<10-3) 0.03 (.7) -0.13 (<10-3) -0.09 (.18) -0.32 (<10-3) -0.09 (.03) 
R -0.17 (<10-3) 0.12 (.07) -0.20 (<10-3) -0.13 (.03) -0.38 (<10-3) -0.05 (.7) 

Past Month 
D -0.07 (.15) 0.10 (.33) -0.09 (.03) -0.02 (.73) -0.36 (<10-3) -0.11 (.01) 
R -0.19 (<10-3) 0.15 (.01) -0.19 (<10-3) -0.15 (.01) -0.38 (<10-3) -0.12 (.04) 

GAF:D/I        

Lifetime 
D -0.17 (<10-3) 0.02 (.8) -0.14 (<10-3) -0.10 (.08) -0.29 (<10-3) -0.18 (<10-3) 
R -0.19 (<10-3) 0.05 (.9) -0.14 (.02) -0.17 (<10-3) -0.28 (<10-3) -0.16 (.01) 

Past Year 
D -0.16 (<10-3) 0.04 (.64) -0.14 (<10-3) -0.08 (.3) -0.35 (<10-3) -0.16 (<10-3) 
R -0.14 (.02) 0.13 (.03) -0.14 (.02) -0.08 (.32) -0.36 (<10-3) -0.07 (.44) 

Past Month 
D -0.09 (.05) 0.08 (.75) -0.10 (.01) -0.05 (.55) -0.38 (<10-3) -0.15 (<10-3) 
R -0.10 (.14) 0.16 (<10-3) -0.11 (.11) -0.09 (.19) -0.35 (<10-3) -0.13 (.03) 

GF:S        

Current 
D -0.11 (.01) 0.10 (.3) -0.12 (<10-3) 0.01 (.99) -0.35 (<10-3) -0.12 (<10-3) 
R -0.10 (.17) 0.16 (.01) -0.13 (.04) -0.10 (.12) -0.37 (<10-3) -0.10 (.12) 

Low Past Year 
D -0.10 (.02) 0.07 (.52) -0.12 (<10-3) 0.02 (.83) -0.34 (<10-3) -0.11 (.01) 
R -0.08 (.31) 0.17 (<10-3) -0.11 (.09) -0.06 (.68) -0.38 (<10-3) -0.07 (.37) 

High Past Year 
D -0.15 (<10-3) 0.04 (.64) -0.15 (<10-3) -0.04 (.62) -0.31 (<10-3) -0.09 (.04) 
R -0.10 (.14) 0.11 (.11) -0.11 (.09) -0.14 (.02) -0.31 (<10-3) -0.09 (.19) 

High Lifetime 
D -0.15 (<10-3) 0.06 (.55) -0.14 (<10-3) -0.08 (.43) -0.30 (<10-3) -0.15 (<10-3) 
R -0.13 (0.03) 0.02 (.76) -0.09 (.18) -0.14 (.02) -0.22 (<10-3) -0.10 (.16) 

GF:R        

Current 
D -0.09 (.04) 0.11 (.09) -0.08 (.05) 0.01 (.99) -0.38 (<10-3) -0.18 (<10-3) 
R -0.11 (.08) 0.19 (<10-3) -0.11 (.09) -0.11 (.08) -0.30 (<10-3) -0.15 (.01) 

Low Past Year 
D -0.07 (.13) 0.10 (.25) -0.07 (.08) 0.02 (.75) -0.37 (<10-3) -0.18 (<10-3) 
R -0.09 (.22) 0.20 (<10-3) -0.10 (.15) -0.08 (.28) -0.32 (<10-3) -0.14 (.01) 

High Past Year 
D -0.14 (<10-3) 0.08 (.5) -0.09 (.02) -0.02 (.79) -0.30 (<10-3) -0.15 (<10-3) 
R -0.13 (.04) 0.15 (.01) -0.09 (.22) -0.04 (.5) -0.25 (<10-3) -0.08 (.3) 

High Lifetime 
D -0.13 (<10-3) 0.10 (.21) -0.08 (.05) -0.05 (.53) -0.22 (.05) -0.14 (<10-3) 
R -0.19 (<10-3) 0.04 (.52) -0.11 (.12) -0.12 (.05) -0.16 (.01) -0.12 (.04) 
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Table 4: Spearman’s correlation analyses between latent scores and clinical domains of depressivity, 754 
personality and quality of life in the discovery and replication sample. 755 

  LV2 LV4 LV5 

  Sexual abuse + age Sexual/physical abuse + sex Emotional abuse/neglect 

  
Phenotypic 

score 

Brain 

score 

Phenotypic 

score 

Brain 

score 

Phenotypic 

score 

Brain 

score 

BDI        

Total score 
D 0.11 (.01) -0.08 (.84) 0.18 (<10-3) 0.09 (.25) 0.48 (<10-3) 0.19 (<10-3) 

R 0.21 (<10-3) -0.08 (.32) 0.3 (<10-3) 0.18 (<10-3) 0.48 (<10-3) 0.14 (.02) 

NEO-FFI        

Neuroticism 
D 0.15 (<10-3) -0.01 (.9) 0.21 (<10-3) 0.11 (.05) 0.44 (<10-3) 0.13 (<10-3) 

R 0.17 (<10-3) 0.01 (.99) 0.29 (<10-3) 0.23 (<10-3) 0.43 (<10-3) 0.05 (.86) 

Extraversion 
D -0.04 (.45) 0.05 (.58) -0.08 (.05) 0.01 (.84) -0.30 (<10-3) -0.12 (.01) 

R -0.18 (<10-3) -0.01 (.98) -0.21 (<10-3) -0.17 (<10-3) -0.33 (<10-3) -0.06 (.63) 

Openness 
D -0.08 (.07) -0.02 (.81) -0.06 (.19) -0.04 (.61) 0.02 (.5) 0.06 (.27) 

R 0.01 (.92) -0.02 (.69) 0.01 (.98) 0.01 (.88) -0.07 (.47) 0.07 (.46) 

Agreeableness 
D -0.16 (<10-3) -0.07 (.51) -0.07 (.11) 0.06 (.5) -0.23 (.01) 0.02 (.5) 

R -0.11 (.11) 0.02 (.73) 0.02 (.84) 0.01 (.99) -0.15 (.01) 0.01 (.99) 

Conscientiousness 
D -0.17 (<10-3) -0.05 (.59) -0.1 (.01) 0.03 (.71) -0.33 (<10-3) -0.1 (.02) 

R -0.3 (<10-3) -0.07 (.47) -0.2 (<10-3) -0.07 (.51) -0.32 (<10-3) -0.01 (.5) 

WHOQOL-BREF        

Physical 
D -0.09 (.04) 0.03 (.68) -0.15 (<10-3) -0.07 (.54) -0.44 (<10-3) -0.12 (.01) 

R -0.12 (.05) 0.1 (.18) -0.22 (<10-3) -0.15 (.01) -0.45 (<10-3) -0.13 (.03) 

Psychosocial 
D -0.13 (<10-3) 0.03 (.71) -0.2 (<10-3) -0.11 (.05) -0.47 (<10-3) -0.12 (<10-3) 

R -0.21 (<10-3) 0.05 (.8) -0.3 (<10-3) -0.19 (<10-3) -0.45 (<10-3) -0.11 (.09) 

Social 

Relationships 

D -0.11 (.01) 0.07 (.52) -0.11 (.01) -0.01 (.85) -0.41 (<10-3) -0.11 (.01) 

R -0.09 (.18) 0.07 (.41) -0.15 (.01) -0.07 (.55) -0.41 (<10-3) -0.1 (.15) 

Environment 
D -0.08 (.08) 0.01 (.92) -0.05 (.54) -0.17 (<10-3) -0.06 (.28) -0.45 (<10-3) 

R -0.04 (.5) 0.11 (.1) -0.06 (.68) -0.1 (.12) -0.06 (.66) -0.36 (<10-3) 
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