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Abstract

Background

Adolescence and early adulthood are periods of increased vulnerability for psychiatric

disorders, when trauma and personality development converge on shared and distinct, often

unknown, brain signatures.

Methods

We used sparse partial least squares (SPLS) to identify multivariate signatures between

voxelwise gray matter volume (GMV) and the following 3 domains: childhood trauma,

personality, and depressivity. We performed structural equation modeling (SEM) among

these domains, predicted functional outcome at 9-month follow-up via support vector

machine classification, and correlated the SPLS signatures with resilience, coping, and visual

dysfunctions. All models were cross-validated in the discovery sample [n = 633; 52.9%

female, mean [SD] age = 25.41 [5.98] years] and validated in the replication sample (n = 343;

53.0% female, 24.69 [5.72] years) of the multisite prospective PRONIA (Personalised

Prognostic Tools for Early Psychosis Management) cohort, comprising individuals with

recent-onset depression or psychosis, psychosis risk syndromes, and healthy control

individuals.

Results

We identified the following 3 signatures of interest: 1) depressivity, linked to reduced GMV

in limbic regions; 2) childhood trauma, associated with GMV in thalamic, frontotemporal,

and parietal regions; and 3) a trauma-personality-depressivity signature, relating childhood

trauma, personality, and depressivity to GMV in thalamic, occipital, temporal, and limbic

regions. SEM revealed that childhood trauma was associated with depressivity directly and

also indirectly via a maladaptive personality structure. The trauma-personality-depressivity

signature was the strongest predictor of poor functional outcome (balanced accuracy
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[BAC]  = 75.8%, BAC  = 83.2%). The depressivity and trauma-personality-

depressivity signatures were linked to deficient resilience and coping styles as well as visual

dysfunctions.

Conclusions

Childhood trauma, personality, and depressivity are associated with shared and distinct

brain signatures spanning the affective-psychotic spectrum. If these factors converge,

current and future mental health may be compromised.
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Adolescence and young adulthood are periods of heightened vulnerability to severe mental

disorders, including depression and psychosis (1, 2, 3, 4). Despite prioritization of early

recognition and intervention, recent meta-analytic evidence raises questions about the

effectiveness of currently used strategies, suggesting that the heterogeneity within clinical

populations may undermine outcomes (5, 6, 7). Prodromal and early disease stages are often

characterized by a combination of subtle, nonspecific, and distributed symptoms, such as

dysregulated affect, altered motivation, and aberrant salience, which cut across established

diagnostic boundaries (8). Consequently, efforts to elucidate the mechanisms underlying

these syndromes have increasingly focused on transdiagnostic risk factors, with childhood

trauma among the most robust (4,9). Childhood trauma exposure increases the risk of

developing depression or psychosis, is linked to earlier disease onset and more severe

disease trajectories, and confers distinct clinical and neurobiological profiles compared with

nonexposed individuals with the same primary psychiatric disorder (9, 10, 11, 12, 13, 14).

However, not all trauma-exposed individuals develop a mental disorder, indicating

additional modulating factors (12,15, 16, 17, 18). Personality represents one such factor,

considered both a risk factor and protective factor for future psychopathology (18,19).

Personality is not only influenced by childhood trauma (18,20, 21, 22, 23, 24, 25) but also

mediates trauma’s impact on functional outcomes (26) and depressivity (i.e., depressive

symptom burden), one of the strongest transdiagnostic predictors of poor quality of life

(20,27, 28, 29, 30, 31, 32). Depressive symptoms are common not only in depressive

disorders but also in high-risk or early stages of psychotic disorders (33,34) and are

generally highly prevalent in adolescents and young adults (35).

This interplay of childhood trauma, personality, and depressivity highlights the importance

of a deeper neurobiological understanding of early disease stages, where diagnostic

boundaries are less clear, and outcomes remain more amenable to intervention (36).

Structural magnetic resonance imaging (MRI) studies have reported overlapping gray matter

volume (GMV) alterations associated with childhood trauma, personality, and depressivity,

particularly in the anterior cingulate cortex and prefrontal regions (37, 38, 39, 40, 41, 42),

suggesting possible shared neural substrates. However, prior work has largely examined

these factors in isolation or solely at the clinical level, leaving their joint interaction with

brain morphology insufficiently understood (12,20,27, 28, 29, 30, 31,40, 41, 42, 43).

Childhood trauma, personality, and depressivity reflect cumulative developmental and

stress-related processes that are expected to manifest as distributed and interlinked

structural brain variation, providing a conceptual basis for linking these dimensions to

multivariate GMV patterns. A transdiagnostic approach across the affective-psychotic

spectrum may best capture the intersection of childhood trauma, personality, and

depressivity across the earliest disease stages, enabling identification of shared and

divergent mechanisms for intervention (9,44).

Key Resources TableDiscovery Replication
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Here, we investigated covariation between childhood trauma, personality, depressivity, and

brain structure in adolescents and young adults from the multicenter PRONIA (Personalised

Prognostic Tools for Early Psychosis Management) cohort, which comprises individuals with

recent-onset depression (ROD) or recent-onset psychosis (ROP), clinical high-risk states for

psychosis (CHR-P), and healthy control (HC) individuals. We combined unsupervised and

supervised machine learning methods to integrate multidimensional data and deal with

large-scale and complex effect patterns (45). Specifically, we used the multivariate sparse

partial least squares (SPLS) algorithm (46,47) to identify associations between voxelwise

whole-brain GMV and childhood trauma, personality, and depressivity. To explore

dependencies within the identified patterns and individual susceptibility with implications

for intervention-relevant processes, we conducted post hoc structural equation modeling

(SEM)-based mediation analyses. Moreover, we evaluated the prognostic value of the SPLS-

derived patterns for predicting functional outcome at 9-month follow-up using support

vector machines (SVMs). Finally, we examined associations with coping, resilience, and

visual dysfunctions, given their relevance to functional outcome and remission (16,48, 49,

50, 51).

Methods and Materials

The study followed the STROBE (Strengthening the Reporting of Observational Studies in

Epidemiology) reporting guidelines (Table S1) (49).

Study Participants

Participants were recruited as part of the multicenter, prospective PRONIA study (German

Clinical Trials Register: DRKS00005042) and followed for up to 36 months. The SPLS model

was generated and prospectively validated in subsets from the original PRONIA discovery (n

= 633) and replication (n = 343) samples, respectively, recruited across 7 European sites

(Munich, Milan, Basel, Cologne, Birmingham, Turku, Udine) (Figure S1; Table 1; and Tables

S2–S11). Due to attrition, SVM models were trained and validated in smaller subsamples

from the discovery (n = 504) and replication (n = 312) samples, respectively. The study was

approved by local ethics committees in accordance with the Declaration of Helsinki. Written

informed consent or assent with guardian consent was obtained for all participants.

Table 1. Demographic and Clinical Characteristics of the Discovery Sample Used for Sparse

Partial Least Squares Model Generation

Age, Years 25.41 (5.98) 23.97 (4.93) 25.42 (6.36) 26.32 (6.18) 25.89 (5

Sex

 Female 335 (53%) 60 (49%) 162 (62%) 67 (53%) 46 (37%

 Male 298 (47%) 62 (51%) 98 (38%) 60 (47%) 78 (63%

Education, Years 14.86 (3.22) 13.83 (2.97) 15.71 (3.17) 14.87 (3.15) 14.07 (3

GAF:D/I

 Highest past month 65.78 (20.12) 55.95 (13.98) 85.19 (5.90) 56.56 (14.68) 44.29 (1

 Highest past year 75.00 (14.46) 68.93 (12.29) 85.65 (5.60) 71.46 (13.59) 62.31 (1

 Highest lifetime 82.63 (7.97) 79.64 (8.10) 86.68 (5.15) 81.72 (7.27) 78.00 (9

 9-month follow-up, past month 75.33 (14.85) 68.91 (13.51) 85.11 (7.55) 70.56 (13.93) 62.85 (1

PANSS

 Total score 56.97 (18.4) 51.92 (13.18) NA 47.98 (11.03) 70.82 (2

 Positive symptoms 13.21 (6.14) 11.73 (3.35) NA 8.50 (1.86) 19.37 (5

 Negative symptoms 13.72 (6.30) 12.53 (5.8) NA 12.47 (4.91) 16.13 (7.

 General symptoms 30.01 (9.29) 27.62 (6.88) NA 27.01 (6.56) 35.32 (1

CTQ

 Total 36.14 (11.29) 40.96 (12.73) 30.81 (5.82) 39.26 (14.01) 40.05 (1

Characteristics All, n = 633 CHR-P, n = 122 HC, n = 260 ROD, n = 127 ROP, n =
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 Emotional abuse 8.30 (3.94) 10.08 (4.36) 6.55 (2.37) 9.11 (4.44) 9.45 (4.2

 Physical abuse 5.97 (2.35) 6.42 (3.01) 5.38 (0.97) 6.48 (3.24) 6.27 (2.3

 Sexual abuse 5.69 (2.38) 5.99 (2.79) 5.17 (0.95) 5.94 (2.87) 6.29 (3.2

 Emotional neglect 9.96 (4.36) 11.78 (4.51) 7.95 (3.01) 11.10 (4.90) 11.27 (4

 Physical neglect 6.71 (2.38) 7.24 (2.57) 5.82 (1.39) 7.06 (2.85) 7.73 (2.7

NEO-FFI

 Neuroticism 23.15 (10.63) 30.45 (8.61) 15.07 (7.11) 30.23 (8.22) 25.84 (9

 Extraversion 26.26 (7.86) 21.48 (7.69) 31.10 (6.21) 22.93 (6.62) 24.03 (6

 Openness 28.52 (6.12) 28.53 (6.70) 29.45 (6.09) 26.73 (5.63) 28.40 (5

 Agreeableness 31.57 (6.64) 28.59 (6.26) 34.04 (6.09) 31.24 (6.44) 29.57 (6

 Conscientiousness 30.17 (8.28) 25.62 (8.32) 34.4 (6.63) 27.77 (7.67) 28.39 (8

BDI-II

 Total 15.69 (14.58) 25.7 (12.25) 3.64 (5.11) 26.17 (13.83) 20.92 (1

 Negative attention toward self 7.25 (7.52) 12.29 (6.73) 1.34 (2.38) 12.59 (7.43) 9.41 (6.7

 Performance impairment 4.76 (4.70) 7.88 (4.17) 0.97 (1.65) 8.04 (4.38) 6.39 (4.1

 Somatic symptoms 3.79 (3.58) 5.69 (3.27) 1.33 (1.90) 5.62 (3.83) 5.23 (3.2

SPI-A

 Impaired tolerance to unusual,

unexpected, or specific novel

demands, A1.1

1.09 (1.86) 1.86 (2.11) 0.03 (0.20) 1.64 (1.94) 2.06 (2.3

 Impaired tolerance to certain social

everyday situations, A1.2

1.16 (1.94) 2.10 (2.19) 0.03 (0.25) 1.85 (2.04) 1.93 (2.3

 Impaired tolerance to working

under pressure of time/rapidly

changing different demands, A1.3

1.09 (1.96) 1.87 (2.29) 0.02 (0.17) 1.56 (2.08) 2.15 (2.4

 Change in mood, A2.1 2.01 (2.45) 3.17 (2.36) 0.12 (0.62) 3.71 (2.28) 3.10 (2.4

 Change in emotional

responsiveness, A2.2

1.07 (1.95) 1.81 (2.29) 0.02 (0.17) 1.94 (2.25) 1.72 (2.2

 Decrease in positive emotional

responsiveness toward others, A3

1.07 (1.95) 1.79 (2.33) 0.06 (0.44) 1.90 (2.26) 1.70 (2.2

 Visual dysfunctions 1.71 (4.74) 3.69 (5.46) 0.07 (0.34) 0.72 (2.22) 4.26 (8.0

Additional

 IQR 1.93 (0.14) 1.93 (0.16) 1.89 (0.10) 1.92 (0.13) 1.94 (0.1

 Site

Values represent the mean (SD) or n (%). Group-level differences were assessed between the

subgroups (excluding HC group) using the Kruskal-Wallis test for continuous variables and the χ -test

for categorical variables. Effect sizes were estimated using η  for continuous and Cramér’s V for

categorical variables. Based on a previous meta-analysis of factor analyses, the 21 BDI-II items were

categorized into 3 factors: negative attitude toward self, performance impairment, and somatic

symptoms (52). The visual dysfunctions score was computed as the sum of 14 SPI-A items (F1, F2, F3,

O4.1–O4.10, O7) (51). p values were adjusted for multiple testing using the Benjamini-Hochberg FDR

correction, the entire table representing a family of tests.

∗Significant p values.

BDI-II, Beck Depression Inventory-II; CHR-P, clinical high-risk for psychosis; CTQ, Childhood Trauma

Questionnaire; FDR, false discovery rate; GAF:D/I, Global Assessment of Functioning: Disability and

Impairment; HC, healthy control participant; IQR, image quality rating; NA, not applicable; NEO-FFI,

Characteristics All, n = 633 CHR-P, n = 122 HC, n = 260 ROD, n = 127 ROP, n =

2
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NEO Five-Factor Inventory; PANSS, Positive and Negative Syndrome Scale; ROD, recent-onset

depression; ROP, recent-onset psychosis; SPI-A, Schizophrenia Proneness Instrument, Adult version.

SPLS Analysis

We used the SPLS toolbox by Popovic et al. (47)

(https://github.com/dpopovic30/spls_toolbox_compiled ) to analyze multivariate

associations between 1) a phenotypic matrix (123 features) containing each item of the Beck

Depression Inventory-II (BDI-II) (53,54), NEO Five-Factor-Inventory (NEO-FFI) (55),

Childhood Trauma Questionnaire (CTQ) (56), and affective-dynamic disturbances section of

the Schizophrenia Proneness Instrument, Adult version (SPI-A) (57), along with age, sex,

study group, and image quality rating (IQR) (Table S12); and 2) a brain matrix (60 381

features) containing voxelwise whole-brain GMV. SPLS uses singular value decomposition to

compute latent variables (LVs), each containing two weight vectors, one for each data

domain, placing weights (−1 to 1) on every feature in the respective data matrix that

indicate the strength and direction of covariance between features. Moreover, we computed

participant-specific latent scores by projecting their phenotypic and brain data onto the

corresponding weight vector, yielding individual loadings of each participant onto the LV.

The correlation coefficient between these phenotypic and brain scores indicates the

strength of covariance captured by the LV and served as the optimization criterion for SPLS

model training. The SPLS algorithm was embedded within a nested cross-validation (CV)

framework (58) with group stratification, correcting the GMV data for scanner effects via

partial correlations (59). Model sparsity was optimized via 2 regularization

hyperparameters imposing constraints on the weight vectors. Hyperparameter optimization

was conducted within the CV framework using a standardized grid search. Significance was

assessed through permutation testing, feature weight stability via bootstrap ratios (60).

Following an iterative process, each significant LV was removed from the data matrices

before the next LV was computed (46) (see Supplement).

Exploratory Mediation Analyses

SEM-based mediation analyses were conducted via maximum-likelihood estimation with

100 nonparametric bootstrap resamples in the discovery and replication samples, using the

phenotypic features of the fifth identified LV (LV5) (61), which captured the coalescence of

childhood trauma, personality, and depressivity, to clarify directional relationships within

the phenotypic domain of the multivariate SPLS pattern; directional paths were informed by

the temporal characteristics of the assessment instruments and prior literature. For each

domain, raw item scores were multiplied by their corresponding SPLS weights and summed

to generate composite scores that were entered into the SEM model (see Supplement).

Prediction of Functional Outcome

We used the Global Assessment of Functioning: Disability and Impairment (GAF:D/I) scale

(62) and the participants’ phenotypic and brain scores of all significant LVs to predict “good”

(GAF:D/I ≥ 81) versus “poor” (GAF:D/I < 81) functional outcome at the 9-month follow-up,

distinguishing individuals with good to superior functioning from those with impaired

functioning, consistent with prior work using similar dichotomization strategies (63,64)

(Tables S13–S15). We used a linear-kernel SVM classifier embedded in a repeated nested CV

framework using the machine learning software NeuroMiner (version 1.1,

http://proniapredictors.eu/neurominer/index.html ). Balanced accuracy (BAC) served as

the model optimization criterion (58). In addition, we conducted a complementary support

vector regression (SVR) using the same feature set and CV framework to predict GAF:D/I

scores. The size and stability of predictive pattern elements was evaluated using CV ratio

(|CVR| ≥ 1.96) and sign-based consistency (SBC) mapping (p  < .05) (65,66) (see

Supplement).

Associations With Coping, Resilience, and Visual Dysfunctions

We performed Spearman rank correlations between phenotypic and brain scores of the post

hoc–defined SPLS signatures of interest (i.e., LV2, LV3, LV5) and 1) the Coping Inventory for

Stressful Situations subdomains (i.e., task-, emotion-oriented coping, avoidance, distraction,

social diversion) (67), 2) the Resilience Scale for Adults (RSA) subdomains (i.e., perception of

SBC
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self, planned future, social competence, structured style, family cohesion, social resources)

(68), and 3) visual dysfunctions, operationalized as the sum of 14 SPI-A items (51).

Additional correlations with body mass index and prior medication intake, as well as

complementary Pearson correlations to assess linear associations, are reported in the

Supplement.

Results

SPLS Results

Six significant LVs were identified in the discovery sample and validated in the replication

sample (Figure 1, Figure 2, Figure 3; Figures S2–S4; Table 2; and Tables S16–S21).

Download: Download high-res image (1MB)

Download: Download full-size image

Figure 1. Phenotypic and brain pattern of the depressivity signature (LV2). (A) The bar plot

shows both the direction and the magnitude of the feature weights of the phenotypic

pattern of LV2. Positive weights were assigned to 14 Beck Depression Inventory-II (BDI-II)

items and 1 Schizophrenia Proneness Instrument, Adult version (SPI-A) item. Age was

negatively weighted. Based on a previous meta-analysis of factor analyses, the 21 BDI-II

items were categorized into the following 3 factors: negative attitude toward self,

performance impairment, and somatic symptoms (54). Bar plots are labeled accordingly. (B)

Brain rendering of positively and negatively weighted voxels making up the brain

component of the latent variable (LV). The brain pattern of LV2 was mapped onto the

Montreal Neurological Institute 152 standard space via the open-source 3-dimensional

rendering software Connectome Workbench
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(https://humanconnectome.org/software/connectome-workbench ). The spider plots

highlight the (C) top neuroanatomic brain regions [derived from the Brainnetome (120) and

Diedrichsen (121) atlases] and (D) corresponding functional networks [derived from an

adapted network solution of the Yeo and Buckner atlases (118,119)] according to the

percentage of positively and negatively weighted voxels in these regions. (B–D) Positively

weighted voxels are displayed in warm colors, negatively weighted voxels in blue-scale

colors. Amyg, amygdala; BG, basal ganglia; CerH, cerebellar hemisphere; CG, cingulate

gyrus; FuG, fusiform gyrus; Hipp, hippocampus; IFG, inferior frontal gyrus; INS, insular

gyrus; IPL, inferior parietal lobule; ITG, inferior temporal gyrus; LOcC, lateral occipital

cortex; MFG, middle frontal gyrus; MTG, middle temporal gyrus; MVOcC, medioventral

occipital cortex; OrG, orbital gyrus; PCL, paracentral lobule; PCun, precuneus; PhG,

parahippocampal gyrus; PoG, postcentral gyrus; PrG, precentral gyrus; pSTS, posterior

superior temporal sulcus; SFG, superior frontal gyrus; SPL, superior parietal lobule; STG,

superior temporal gyrus; Tha, thalamus.
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Figure 2. Phenotypic and brain pattern of the childhood trauma signature (LV3). (A) The

barplot shows both the direction and the magnitude of the feature weights of the

phenotypic pattern of LV3. Positive weights were assigned to 7 Childhood Trauma

Questionnaire (CTQ), 3 Beck Depression Inventory-II (BDI-II), and 4 NEO Five Factor

Inventory (NEO-FFI) items. Three Schizophrenia Proneness Instrument, Adult version (SPI-A)

and 2 NEO-FFI items, age, and image quality rating (IQR) were negatively weighted. Based

on a previous meta-analysis of factor analyses, the 21 BDI-II items were categorized into the

following 3 factors: negative attitude toward self, performance impairment, and somatic
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symptoms (54). Bar plots are labeled accordingly. (B–D) See the legend for Figure 1B–D.

Amyg, amygdala; BG, basal ganglia; CerH, cerebellar hemisphere; CG, cingulate gyrus; FuG,

fusiform gyrus; Hipp, hippocampus; IFG, inferior frontal gyrus; INS, insular gyrus; IPL,

inferior parietal lobule; ITG, inferior temporal gyrus; LOcC, lateral occipital cortex; LV, latent

variable; MFG, middle frontal gyrus; MTG, middle temporal gyrus; MVOcC, medioventral

occipital cortex; OrG, orbital gyrus; PCL, paracentral lobule; PCun, precuneus; PhG,

parahippocampal gyrus; PoG, postcentral gyrus; PrG, precentral gyrus; pSTS, posterior

superior temporal sulcus; SFG, superior frontal gyrus; SPL, superior parietal lobule; STG,

superior temporal gyrus; Tha, thalamus.
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Figure 3. Phenotypic and brain pattern of the trauma-personality-depressivity signature

(LV5). (A) The bar plot shows both the direction and the magnitude of the feature weights of

the phenotypic pattern of LV5. Positive weights were assigned to 5 Childhood Trauma

Questionnaire (CTQ) items, 6 Schizophrenia Proneness Instrument, Adult version (SPI-A)

items, 11 Beck Depression Inventory-II (BDI-II) items, 10 NEO Five Factor Inventory (NEO-

FFI) items, and female sex. Four BDI-II items and 8 NEO-FFI items as well as male sex,

healthy control (HC) group membership, and image quality rating (IQR) were negatively

weighted. Based on a previous meta-analysis of factor analyses, the 21 BDI-II items were

categorized into 3 factors: negative attitude toward self, performance impairment, and

somatic symptoms (54). Bar plots are labeled accordingly. (B–D) See the caption for Figure

1B–D. Amyg, amygdala; BG, basal ganglia; CerH, cerebellar hemisphere; CG, cingulate gyrus;

FuG, fusiform gyrus; Hipp, hippocampus; IFG, inferior frontal gyrus; INS, insular gyrus; IPL,

inferior parietal lobule; ITG, inferior temporal gyrus; LOcC, lateral occipital cortex; LV, latent
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variable; MFG, middle frontal gyrus; MTG, middle temporal gyrus; MVOcC, medioventral

occipital cortex; OrG, orbital gyrus; PCL, paracentral lobule; PCun, precuneus; PhG,

parahippocampal gyrus; PoG, postcentral gyrus; PrG, precentral gyrus; pSTS, posterior

superior temporal sulcus; SFG, superior frontal gyrus; SPL, superior parietal lobule; STG,

superior temporal gyrus; Tha, thalamus.

Table 2. Atlas Readouts From LV2, LV3, and LV5 for Large-Scale Brain Networks

Visual 1990 −0.10 4.12 −1.06 0.00 −12.01 63.3

Somatomotor 2993 −0.00 0.74 −0.30 0.00 −26.46 36.0

Dorsal Attention 2567 −0.00 0.27 −0.97 0.00 −38.25 21.4

Ventral Attention 2339 −0.00 0.81 −0.56 0.00 −34.97 30.5

Salience 1871 −0.05 0.59 −1.55 0.16 −34.58 39.8

Limbic 2620 −8.51 0.00 −0.88 0.00 −59.81 14.9

Control 5048 −0.42 0.14 −1.25 0.26 −22.80 34.7

Default 6488 −1.85 0.88 −3.65 0.02 −26.94 42.5

Depicted are the percentages of positively and negatively weighted voxels (weighted voxels ratio) in 8

large-scale brain networks, derived from an adapted network solution of the Yeo and the Buckner

atlases (118,119), for LV2, LV3, and LV5. Additionally, for each functional network, the total number of

voxels is provided.

LV, latent variable.

LV1: Age (ρ  = 0.56, p  < .001; ρ  = 0.48, p  <

.001)

Age, alongside smaller contributions from the IQR, SPI-A, BDI-II, CTQ, and NEO-FFI (Figure

S2A), was linked to reduced GMV across all networks (Figure S2B–D), most prominently in

the salience network, followed by the default mode and control networks.

LV2: Depressivity (ρ  = 0.22, p  = .002; ρ  = 0.44,

p  < .001)

Positive weights on 14 BDI-II items and one SPI-A item as well as younger age (Figure 1A)

were predominantly linked to higher GMV weights on the basal ganglia, thalamus, and

medial ventral occipital cortex and lower GMV weights on the hippocampus, the amygdala,

and the orbital, inferior temporal, and parahippocampal gyri. At the network level, this

corresponded to higher GMV weights on the visual network and lower GMV weights on the

limbic system (Figure 1B–D).

LV3: Childhood Trauma (ρ  = 0.40, p  < .001; ρ  =

0.45, p  < .001)

Positive weights on 6 CTQ items (i.e., physical and sexual abuse) and younger age, and

smaller contributions from the BDI-II and SPI-A and only minimal contributions from the

NEO-FFI and IQR (Figure 2A), were linked to lower GMV weights on the superior and middle

temporal and the superior, middle, and inferior frontal gyri as well as the inferior parietal

lobules, mapping most closely onto the default mode, salience, control, and visual networks

(Figure 2B–D).

LV4: Sex (ρ  = 0.33, p  < .001; ρ  = 0.29, p  <

.001)

Positive weights on female sex, and small weights on the NEO-FFI, CTQ, and HC participant

study group status (Figure S3A), were linked to GMV alterations in brain regions mapping

Network Total Voxels LV2 LV3 LV5

Negative (−) Positive (+) Negative (−) Positive (+) Negative (−) Pos
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most closely onto the dorsal attention, visual, and default mode networks (Figure S3B–D).

LV5: Trauma-Personality-Depressivity (ρ  = 0.24, p  < .001;

ρ  = 0.45, p  < .001)

Positive weights on 6 SPI-A, 11 BDI-II, 10 NEO-FFI (i.e., neuroticism), and 5 CTQ items (i.e.,

emotional and physical abuse) as well as female sex and negative weights on 4 BDI-II and 8

NEO-FFI (i.e., extraversion, agreeableness, conscientiousness) items, HC participant status,

and IQR (Figure 3A) were linked predominantly to higher GMV weights on the thalamus,

basal ganglia, and medial ventral occipital cortex and lower GMV weights on the amygdala,

parahippocampal gyri, insula, posterior superior temporal sulci, and hippocampus. At the

network level, this pattern mapped most closely onto higher GMV weights on the visual

network, followed by the default mode, salience, somatomotor, and control networks, and

lower GMV weights on the limbic system and the dorsal and ventral attention networks as

well as the salience network (Figure 3B–D).

LV6: Age and Sex (ρ  = 0.23, p  = .027; ρ  = 0.22,

p  < .001)

Positively weighted male sex, together with negatively weighted female sex, age, and

smaller contributions from BDI-II, SPI-A, and NEO-FFI scores (Figure S4A), were linked to

GMV alterations in brain regions corresponding most closely to the limbic system, followed

by the dorsal attention, control, and salience networks (Figure S4B–D).

Exploratory Mediation Analyses

In-depth analysis of the trauma-personality-depressivity signature (LV5) via SEM-based

mediation analyses (Figure S5; Tables S22–S23) using composite phenotypic scores revealed

a significant indirect effect of childhood trauma on depressivity via personality in both the

discovery and replication samples (all ps < .01; standardized β = 0.19–0.24). Direct effects of

childhood trauma on personality (β = 0.36–0.40) and depressivity (β = 0.14–0.17) and of

personality on depressivity (β = 0.52–0.58) were also significant (all ps < .01). Personality

mediated 62% and 53% of the total effect of childhood trauma on depressivity in the

discovery and replication samples, respectively.

Prediction of Functional Outcome

The brain and phenotypic scores from all 6 LVs predicted functional outcome with a BAC of

75.79% (area under the curve [AUC] = 0.82; sensitivity = 72.08%; specificity = 79.50%; p <

.002) in the discovery sample and a BAC of 83.2% (AUC = 0.91; sensitivity = 81.1%; specificity

= 85.3%) in the replication sample (Figure 4 and Tables S24, S25). The phenotypic scores of

the sex signature (LV4) and the brain scores of the combined age and sex signature (LV6)

were the most reliable predictors of good functional outcome (|CVR|: 2.08–2.44; p :

10 ), while the phenotypic scores of the trauma-personality-depressivity (LV5) signature,

followed by the phenotypic and brain scores of the depressivity (LV2) signature and the

brain scores of the age signature (LV1), were most closely linked to poor functional outcome

(|CVR|: 2.54–14.77; p : 10 –10 ). The complementary SVR yielded a significant,

robust prediction model in both the discovery (R  = 25.24%, mean absolute error [MAE] =

9.11) and replication (R  = 39.68%, MAE = 11.10) samples (Figure S6; Table S26).
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Figure 4. Prediction of functional outcome. The phenotypic and brain scores of all 6

significant latent variables (LVs) identified by the sparse partial least squares algorithm were

used as features to predict good (GAF:D/I ≥ 81) and poor (GAF:D/I < 81) functional outcome

at 9-month follow-up via support vector machine (SVM) classification. The SVM model was

trained in the discovery sample and validated in the replication sample within a nested

cross-validation framework. (A) In a 2-step feature inspection, the reliability of predictive

pattern elements was evaluated using cross-validation ratio (CVR) mapping (|CVR| ≥ 1.96),

and the significance of predictive features was assessed by means of sign-based consistency

(SBC) mapping (−log (p) > 1.30). The features are sorted in ascending order of their CVR.

Highlighted in red and blue are those features that passed the combined significance

threshold of CVR and SBC. Blue colored features were predictive of good functional outcome,

while red color indicates that the feature was predictive of poor functional outcome.

Nonsignificant features are marked in gray. (B) Mean classifier scores of the SVM model for

poor (red) and good (blue) outcome of the discovery and replication samples. Horizontal

lines represent the mean values of classifier scores. The values in (A) and (B) were inverted

(multiplied by −1) to enhance interpretability. “Phenotype” and “Brain” denote latent

phenotypic and brain scores, respectively. GAF:D/I, Global Assessment of Functioning:

Disability and Impairment.

Associations With Coping, Resilience, and Visual Dysfunctions

Correlational analyses (Figures S7–S9; Tables S27–S29) indicated that in both the discovery

and replication samples, higher brain scores of the depressivity (LV2) and trauma-

personality-depressivity (LV5) signatures were associated with greater emotion-oriented

coping, reduced RSA-rated perception of self, and greater visual dysfunctions (false

discovery rate–adjusted p < .05). Higher brain scores of the trauma-personality-depressivity

(LV5) signature were further associated with reduced RSA-rated family cohesion, social

competence, social resources, and structured style. Higher phenotypic scores of the

depressivity (LV2) and trauma-personality-depressivity (LV5) signatures were associated

with less task-oriented coping, social diversion, and avoidance; greater emotion-oriented
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coping; reduced resilience across all domains; and greater visual dysfunctions. No

associations with prior medication intake were consistently significant across the discovery

and replication samples (Tables S30–S44).

Discussion

We used an integrated, data-driven approach to examine shared and distinct brain

signatures of childhood trauma, personality traits, and depressivity in early-stage psychosis

and depression. Of 6 SPLS-derived signatures, 3 reflected age or sex effects, while the others

captured signatures of interest, which were linked to depressivity, childhood trauma, or

their combined interplay and were associated with distinct clinical patterns and functional

outcomes.

Depressivity Signature

The depressivity signature (LV2) captured core depressivity symptoms in younger

individuals across the BDI-II domains of negative self-attitude, performance impairment,

and somatic complaints (54). This depressivity pattern was associated with reduced GMV in

the limbic system and, to a lesser extent, increased GMV in visual network regions. The

limbic system, including the amygdala and hippocampus, is central to emotional processing,

sexual behavior, vegetative functions, and memory and has been consistently implicated in

depression (6,69, 70, 71, 72). Volumetric reductions in this system may reflect stress-related

hypothalamic-pituitary-adrenal axis dysfunction (73), with heightened vulnerability in

adolescence (74). Smaller GMV increases in the visual network may be consistent with its

role in emotion regulation (75). Moreover, we observed volumetric increases of the

thalamus and basal ganglia, both extensively connected to limbic circuits (76,77). While

such increases may appear unexpected, structural findings in depressive disorders have

generally been inconsistent (78). Importantly, all GMV associations observed here emerged

within multivariate patterns rather than as isolated region-specific or univariate group-level

effects. Large-scale meta-analytic work suggests that subcortical volume reductions are

more prominent in recurrent depression, whereas first-episode cases often show no

consistent subcortical alterations (78). Consistent with this, recent work on first-episode,

unmedicated major depressive disorder reported increased basal ganglia volume,

potentially reflecting early-phase or compensatory neurobiological mechanisms in early-

stage illness (79).

Childhood Trauma Signature

The childhood trauma signature (LV3) linked self-reported sexual and physical abuse in

younger individuals to GMV reductions within the default mode network, consistent with

prior work on early-life adversity and altered default mode network development (12,80).

The default mode network, central to autobiographical memory and social information

integration (81), undergoes a second wave of synaptogenesis and pruning during

adolescence (82), rendering it particularly vulnerable to environmental disruption during

this period (42,83,84). Greater trauma exposure was also associated with reduced GMV in

the middle temporal gyrus, inferior parietal lobule, and superior frontal gyrus, regions

supporting attention, inhibitory control, emotion regulation, memory, and social cognition,

suggesting that early adversity may impact networks essential for adaptive emotional and

cognitive functioning in social contexts (85, 86, 87, 88). Moreover, smaller GMV increases in

the thalamus and inferior frontal gyrus may reflect heightened cognitive and emotional

demands from trauma (89, 90, 91). Sexual and physical abuse exposure was also related to

BDI-II-reported loss of pleasure and sexual interest, consistent with links between such

abuse and later anhedonia and sexual difficulties (92, 93, 94). Notably, the association with

younger age in the absence of sex differences suggests a linear, sex-independent

relationship between age and the neural correlates of childhood trauma. Finally, we also

found that experiences of sexual and physical abuse were linked to less SPI-A-reported

depressivity, suggesting potentially “silent” neurobiological marks, i.e., individuals with

previous exposure to childhood trauma presenting with brain changes but no clinically

significant psychopathology, which may be shaped by genetic variation or compensatory

brain connectivity (12,16).

Trauma-Personality-Depressivity Signature
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The trauma-personality-depressivity signature (LV5) linked the convergence of childhood

trauma (emotional and physical abuse), a maladaptive personality profile, and depressivity

to a dense GMV pattern spanning all functional networks and was more pronounced in

females and patient groups (CHR-P, ROP, ROD). The pervasive brain pattern subsumes limbic

and default mode network alterations of the depressivity signature (LV2) and childhood

trauma signature (LV3), respectively, while engaging additional large-scale networks,

suggesting synergistic effects beyond a single factor’s footprint. At the personality level, this

signature was primarily characterized by elevated neuroticism (i.e., negative emotionality,

emotional instability, stress sensitivity) and lower conscientiousness (i.e., self-discipline,

organization, competence, goal-directed behavior) (19,95, 96, 97), with a selective

contribution of extraversion via reduced positive affect and minimal item-level involvement

of agreeableness. This pattern is consistent with extensive prior work linking both childhood

trauma and depressive symptomatology to higher neuroticism and lower conscientiousness

and extraversion (21, 22, 23,28,98,99), reflecting an overall maladaptive personality

configuration that may confer increased vulnerability to unfavorable illness trajectories and

outcomes. Given that conscientiousness, despite being a trait, shows developmental change

over time (100,101), it may also be particularly sensitive to childhood trauma. The

prominence of neuroticism and conscientiousness may help explain the pervasive GMV

pattern, given their close links to emotion regulation, stress responsivity, and self-control

processes supported by distributed large-scale brain networks. Consistent with

accumulating evidence that these traits mediate pathways through which childhood trauma

contributes to the development of depressive symptomatology and related psychiatric

outcomes (27,28,31,98), our SEM supported a dual-pathway model in which childhood

trauma contributes to emotional depressivity both directly and indirectly via maladaptive

personality traits. Neuroticism, widely regarded as a central transdiagnostic dispositional

vulnerability (95) and as being more prevalent in women (102,103), may drive depressivity

by triggering episodes or amplifying other risks through negative attention bias, stress

generation, heightened reactivity, and maladaptive coping (40,104,105), such that depressive

symptomatology may in part reflect an expression of elevated neuroticism (95). Notably, the

association with female sex is consistent with prior evidence for sex differences in the

prevalence of affective symptomatology and trauma-related neurobiology (106, 107, 108),

suggesting that this pattern reflects a sexual dimorphic vulnerability profile, which is, in

contrast to the childhood trauma signature (LV3), independent of age and emerges in the

context of affective dysregulation and maladaptive personality traits. Unlike the depressivity

signature (LV2), which primarily captured self-reported depressive symptoms (53), the

trauma-personality-depressivity signature (LV5) also encompassed observer-rated SPI-A

disturbances in mood, stress tolerance, and emotional responsiveness (57), indicating a

broader, more nuanced depressivity profile integrating both self- and observer-rated

symptomatology. This signature distinguished patients from HC individuals, reflecting the

highest overall psychopathological burden among all retrieved signatures.

Post Hoc Exploration of SPLS Signatures

The trauma-personality-depressivity signature (LV5) emerged as the strongest predictor of

poor functional outcome, followed by the depressivity (LV2) and age (LV1) signatures. While

a core depressivity profile (LV2) was linked to poor outcomes, the mixed profile with

overlapping trauma, personality, and depressivity features (LV5) appeared to present the

greatest challenge for functional recovery across diagnoses. Moreover, the depressivity (LV2)

and trauma-personality-depressivity (LV5) signatures were linked to reduced resilience,

maladaptive coping, and visual dysfunctions. Both signatures were most strongly linked to

perception of self, capturing confidence in one’s own abilities and judgments, self-efficacy

and realistic expectations (50), and emotion-oriented coping, a maladaptive coping strategy

associated with self-blame, anxiety, and negative emotionality (109). This corroborates prior

evidence linking depressivity and a maladaptive personality structure to deficient resilience

(16,68,110) and dysfunctional coping (109,111). Prior work indicates that resilience

moderates the mediating role of neuroticism in linking childhood trauma to depression,

suggesting it as an intervention target for trauma-exposed individuals (112). Coping may be

indirectly affected by personality through its influence on stress exposure, reactivity, and

perceived coping resources or may also reflect a personal tendency toward less

dysfunctional coping strategies (111). Notably, the brain pattern of the trauma-personality-

depressivity (LV5) signature was also correlated with additional RSA domains, including
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family cohesion, social competence, social resources, and structured style, mirroring its

extensive neuroanatomical footprint. Additionally, the phenotypic and brain patterns of

both signatures were associated with greater visual dysfunctions, consistent with prior work

linking impairments in visual processing to less functional remission in ROP and CHR-P

individuals and greater depressivity and lower quality of life in CHR-P individuals (51). As

visual dysfunctions are often underrecognized in clinical practice despite their clinical

relevance and prevalence, this neurobiological and clinical linkage highlights the need for

comprehensive multimodal assessment in early-stage mental disorders (53). The absence of

significant links between the childhood trauma signature (LV3) and resilience, coping, and

personality suggests that on both a clinical and a neurobiological level, it is not trauma

exposure per se that determines outcome; rather, it is the reciprocal and complex interplay

between childhood trauma, resilience, coping, and personality that shapes vulnerability and

the emergence of psychiatric symptoms during adolescence and young adulthood.

Together, these findings underscore the heterogeneity of early psychosis and depression,

showing that vulnerability is expressed through multiple, separable brain-phenotype

patterns with distinct functional and adaptive correlates, rather than a single uniform

profile. Notably, the signature capturing the coalescence of childhood trauma, personality,

and depressivity showed the strongest association with functional outcome, representing a

particularly promising starting point for future investigation. Therefore, risk is best captured

through an integrated phenotypic and neurobiological assessment, motivating a multimodal

framework for both research and clinical practice to identify risk profiles shaping illness

trajectories. Future longitudinal and interventional observational studies can test whether

these profiles differ in developmental course and sensitivity from targeted, multimodal

interventions, thereby extending the current findings from outcome prediction toward

trajectory-based models of illness progression.

Limitations

This study is limited by the associative nature of the SPLS signatures, precluding causal

inferences, and the missing longitudinal assessment of the temporal stability of these

signatures. In addition, we only assessed current or recent depressive symptomatology;

persistent or trait-like depressive patterns, which may be particularly relevant in the

context of personality pathology (113), were not directly captured, limiting conclusions

regarding long-term depressivity. Furthermore, as the PRONIA cohort primarily comprises

individuals at CHR-P and early stages of psychotic and depressive disorders, generalizability

beyond the affective-psychotic spectrum may be limited. In addition, the childhood trauma

(LV3) and trauma-personality-depressivity (LV5) signatures were associated with MRI data

quality, although with comparably small weights for the quality measure. This association is

most plausibly attributable to the naturalistic design of the PRONIA study, specifically the

psychopathology and young age of the PRONIA cohort (114), rather than reflecting a

substantive confound and driver of the identified signatures. Moreover, medication

exposure was not included as a feature in the SPLS model; although the cohort was

minimally medicated by design and post hoc analyses did not reveal consistent associations

with medication exposure, residual medication effects cannot be fully excluded and should

be addressed in future studies of entirely drug-naïve samples. Finally, the extensive use of

self-report measures introduces potential biases, such as social desirability or mood state

(115, 116, 117). Future research should extend this investigation to genetic predispositions

and more detailed environmental factors (21).

Conclusions

We identified and replicated 3 neuroanatomical signatures spanning the affective-psychotic

spectrum linked to depressivity, childhood trauma, and their interplay with personality

traits. Signatures related to depressivity and trauma, personality, and depressivity combined

were associated with reduced resilience, maladaptive coping, and poorer functional

outcomes, whereas the pure trauma signature represented a distinct neural imprint without

overt psychopathological correlates. These findings support stratification of risk profiles to

inform precision interventions that address trauma processing, alleviate symptoms, and

strengthen resilience at the earliest point of care.
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