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ABSTRACT

Adverse childhood experiences (ACE) contribute significantly to mental disorders. While existing research has
primarily focused on specific diagnostic categories, a comprehensive understanding of how childhood trauma
interacts with biological factors, symptom severity and functioning requires a broader perspective. Therefore,
this study adopted a cross-diagnostic approach to examine the impact of ACE on quality of life (QoL), psycho-
social functioning, and symptom burden by analyzing data from the PsyCourse Study, a longitudinal, multicenter
research project conducted in Germany and Austria. We used multivariate linear regression models and cluster
analysis to evaluate data from 725 participants with affective and psychotic disorders and healthy controls who
completed the self-assessed Childhood Trauma Screener (CTS) during the course of the study. The results showed
that across diagnoses, QoL was significantly impacted by ACE, particularly emotional neglect. An ablation study
revealed that 2.3 % to 6.2 % of the variability in QoL domains could be attributed to ACE. Across diagnoses,
symptoms of depression were significantly associated with ACE, especially emotional abuse, but psychotic and
manic symptoms were not. Polygenic risk scores (PRS) did not emerge as significant predictors for any examined
outcomes. Cluster analysis revealed distinct symptom profiles: Averaged over time, patients with less trauma
exposure were rather in the subclinical than in the clinically ill clusters. We conclude that the pervasive influence
of ACE on disease severity should be considered when evaluating and treating patients with affective and psy-

chotic disorders.

1. Introduction

A comprehensive mental health survey by the World Health Orga-
nization (WHO) suggested that adverse childhood experiences (ACE)
contribute significantly to the prevalence of mental disorders worldwide
accounting for 29.8 % of cases. 38.8 % of the respondents reported ex-
periences of ACE (Kessler et al., 2010). Similarly in Germany, 43.7 % of
the respondents reported experiencing at least one type of ACE (Witt
et al. 2019). An umbrella meta-analysis analyzing the impact of child-
hood trauma transdiagnostically found evidence of an association be-
tween childhood trauma and any mental disorder (Hogg et al. 2023).

The etiology of psychotic and affective disorders involves not only
biological factors, particularly genetic ones (Visscher et al. 2021; Wray
et al. 2014; Murray et al. 2021), but also environmental ones (Heim and
Binder 2012). ACE are particularly important environmental factors
because the childhood is a critical period of neurodevelopment when the
brain and neuroendocrine and immune systems are highly susceptible to
internal and external influences (Heim and Binder 2012; Jawahar and
Baune 2018). This complex interaction between genes and the envi-
ronment is central in shaping the risk of these disorders.

Studies evaluating the impact of ACE showed that patients with a
history of ACE have a threefold higher risk for developing psychotic and
bipolar disorders than those without a history of traumatic experiences
(Varese et al. 2012; Palmier-Claus et al. 2016). Furthermore, individuals
with ACE tend to experience more severe symptoms, including depres-
sive episodes, lower remission rates, and reduced cognitive performance
(M. Aas et al. 2023; Senner et al. 2023; Kessler et al. 2010). ACE can
contribute to reduced QoL in patients with bipolar disorder (Rowe,
Perich, and Meade 2023). In patients with schizophrenia, ACE are
associated with a reduced QoL, more negative and depressive symptoms
(Andrianarisoa et al. 2017; Inyang et al. 2022). Evidence for impact of
ACE on global functioning across the affective-to-psychotic spectrum is
emerging but mixed: A small study in patients with schizophrenia sug-
gests effects on global functioning (De-Nardin et al. 2021), while

another study in psychotic patients found only association on social
functioning and interpersonal relations, but no impact on independent
living or occupational functioning (Fares-Otero et al. 2023). In bipolar
disorder, correlational data suggest a relationship between ACE and
global functioning impairment, though causality remains to be estab-
lished (Farias et al. 2019).

In order to fill this research gap, our study adopts a cross-diagnostic
approach to examine ACE and polygenic traits in severe mental illness
(SMI), which encompasses schizophrenia, bipolar disorder, and major
depressive disorder - conditions that can be conceptualized along an
affective-to-psychotic spectrum reflecting the continuum from pre-
dominantly mood symptoms to predominantly psychotic symptoms
(Insel et al. 2010; Reininghaus et al. 2019). Schizophrenia and affective
disorders exhibit substantial phenotypical and genetic overlap
(Cross-Disorder Group of the Psychiatric Genomics Consortium 2013;
Segura et al. 2024; Schulte et al. 2022). While this cross-diagnostic
approach acknowledges the potential limitations of strict diagnostic
categories, we recognize that examining such a heterogeneous patient
sample may yield results that require careful interpretation. Our study
primarily investigates the impact of environmental factors (ACE) on
cross-diagnostic outcomes (global functioning, quality of life) and
symptom dimensions spanning these disorders, while controlling for
clinical characteristics (treatment setting, number of medications), de-
mographic factors (age, sex), genetic variables (polygenic risk scores)
and diagnostic classifications. This approach allows us to explore shared
patterns over time of how the interplay of ACE, clinical trajectories and
polygenic traits impact mental health outcomes across diagnostic
boundaries - an approach supported by genetic studies showing both
disorder-specific and cross-diagnostic components in disease risk
(Cross-Disorder Group of the Psychiatric Genomics Consortium 2013;
Service et al. 2020).

Given the study’s exploratory design, our aim is to generate new
insights and potential hypotheses rather than test predetermined hy-
potheses. We explore three main research questions: (1) What is the
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impact of ACE on global functioning and QoL in patients from the
affective-to-psychotic spectrum and healthy controls? (2) How do ACE
affect psychotic, depressive, and manic symptoms in patients from the
affective-to-psychotic spectrum? (3) Do clusters of symptoms exist and,
if so, do ACE subtypes vary between the clusters? By answering these
questions, we aimed to explore co-occurrences of ACE subtypes and their
association with specific symptomatic constellations and thus to obtain a
holistic understanding of the impact of ACE on psychiatric outcomes.

2. Materials and methods
2.1. Study participants

The data analyzed in this study were from the PsyCourse Study, a
longitudinal, naturalistic, multicenter research project performed in
Germany and Austria from 2012 to 2019 (Budde et al. 2019). The Psy-
Course Study collected phenotypic and biological data from patients on
the affective-to-psychotic continuum, i.e., across diagnostic categories,
and from healthy controls. We used the PsyCourse data released on
November 2022 (Heilbronner, Urs et al. 2021) and included 725 par-
ticipants (mean[SD] age, 42.12[13.77] years; 48.5 % female) aged be-
tween 18 and 86 years who completed the self-assessed Childhood
Trauma Screener (CTS), a short form of the Childhood Trauma Ques-
tionnaire (Grabe et al. 2012). Diagnoses were made with parts of the
Structured Clinical Interview for DSM-IV (Wittchen, Zaudig, and
Fydrich 1997). To rule out the presence of a mental disorder, healthy
controls were assessed with the short form of the Diagnostisches Interview
bei psychischen Storungen (Mini-DIPS) (Margraf 1994). Eligible partici-
pants were patients assigned to two broad diagnostic groups: The af-
fective disorders group (n = 299) group comprised patients with bipolar
disorder I (n = 214), bipolar disorder II (n = 52), and depression (n =
33). The psychotic disorders group (n = 255) comprised patients with
schizophrenia (n = 209), schizoaffective disorder (n = 41), schizo-
phreniform disorder (n = 3), and brief psychotic disorder (n = 2). The
third group were healthy controls (n = 171). We used a complete case
analysis approach, excluding participants (n = 168) with missing data.
Given our large sample size (n = 725 after exclusion), this approach
maintained sufficient statistical power.

The PsyCourse Study was approved by all local ethics committees of
the different study sites and conformed with the Declaration of Helsinki;
all participants gave written informed consent to participate. A detailed
description of the study design is available in the publication by Budde
et al. (Budde et al. 2019).

2.2. Clinical assessments

The study protocol included extensive phenotypic surveys, self-
assessed questionnaires, a collection of biomaterial at four time points
over an 18-month period (initial visit plus three follow-up visits after 6,
12, and 18 months). Questionnaires and psychiatric rating scales used in
our analyses were assessed in patients and - if applicable — in healthy
controls.

2.2.1. CTS

The CTS is a short version of the Childhood Trauma Questionnaire. It
contains a self-rated, five-point scale that assesses five types of ACE
(range: 5-25; Cronbach’s a=0.757): emotional neglect, physical abuse,
emotional abuse, sexual abuse, and physical neglect (Grabe et al. 2012).
To rate ACE as present or not, we used the individual cut-off values
(Glaesmer et al. 2013): emotional neglect (CTS1, threshold >4), physical
abuse (CTS2, threshold>3), emotional abuse (CTS3, threshold>3),
sexual abuse (CTS4, threshold>2), and physical neglect (CTS5, thresh-
old>4). Participants completed the CTS at visit 3, i.e., the 12-month
follow-up visit.
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2.2.2. Global assessment of functioning

The Global Assessment of Functioning (GAF) is a clinician-rated in-
strument that measures psychological, social, and occupational func-
tioning on a continuous scale ranging from one to 100. (I. M. Aas 2011).
It represents the last seven days up to and including the day of the
interview. Intraclass correlation of 0.79 was obtained for the GAF
(Sonesson, Tjus, and Arvidsson 2010). The GAF was assessed in all study
participants at all visits.

2.2.3. World health organization quality of life questionnaire, brief version

The self-rated World Health Organization Quality of Life Question-
naire, brief version (WHOQOL-BREF) was used to assess QoL in the
previous two weeks in the domains global, physical health, psycholog-
ical health, social relationships, and environment (¢ between 0.68 -
0.85) (Oliveira, Carvalho, and Esteves 2016). The score for all domains
ranges from a minimum of 4 to a maximum of 20 (The WHOQoL Group
1998). The WHOQOL-BREF was completed at all study visits.

2.2.4. Treatment setting and medication

Treatment setting was rated at all study visits on a scale from 1 to 4:
1, no treatment; 2, outpatient treatment; 3, day patient treatment; and 4,
inpatient. Thus, higher values represented higher treatment intensity.
During each study visit, the total number of medications was recorded,
including antidepressants, antipsychotics, mood stabilizers, and other
psychopharmacological drugs.

2.2.5. Symptom severity

To assess the severity of symptoms, the PsyCourse Study used the
clinician-rated Positive and Negative Symptom Scale (PANSS) (Kay,
Fiszbein, and Opler 1987) with a between 0.70 to 0.85 (Van Den Oord
et al. 2006), Young Mania Rating Scale (YMRS) (Young et al. 1978) with
a=0.74 (Miihlbacher et al. 2011), and Inventory of Depressive Symp-
tomatology (IDS-C3p) (Rush et al. 1996) with o between 0.81 to 0.94
(Trivedi et al. 2004). The instruments were presented to all study par-
ticipants at all visits.

2.3. Genetic analyses

A total of n = 1783 participants of the PsyCourse study were geno-
typed on Illumina’s Global Screening Array version 1 and 3 (Illumina,
San Diego, USA). Quality control (QC) was performed using PLINK v1.9/
v2 (Chang et al. 2015). Single-nucleotide polymorphisms (SNPs) were
excluded if they had a missing call rate greater than 2 %, had a Minor
Allele Frequency (MAF) <0.5 %, or deviated from Hardy-Weinberg
equilibrium with p < 0.0001. Individuals were excluded if they had a
missing call rate greater than 2 % (n = 1738 individuals remaining), if
the phenotypic sex of the individual did not match the genotypic sex (n
= 1731 individuals remaining), if they were duplicated samples ac-
cording to the pairwise identity by descent method (n = 32 duplicate
samples/identical twins, n = 34 first-degree relatives and 3 pairs of
third-degree relatives) or had a large deviation in their heterozygosity
value (n = 6). Additionally, we excluded n = 56 individuals that had
non-European ancestry according to a Multidimensional Scaling (MDS)
analysis (n = 1600 individuals post-QC). MDS analysis was carried out
with PLINK v1.9 to obtain a representation of genetic ancestry in our
study, extracting the first 10 ancestry components. The first two com-
ponents PC1 and PC2 were included in our analysis as covariates.
Likewise, palindromic SNPs and SNPs with a large MAF deviation (>10
%) with respect to European reference populations were also removed.
Imputation was performed using the Haplotype Reference Consortium
panel (McCarthy et al. 2016) in the Michigan Imputation Server (Das
et al. 2016). A post-imputation QC was carried out to exclude SNPs that
had an imputation quality score of R2 <<0.3; or had a MAF <1 %. After
genotype imputation, genotype dosage data were used to calculate
polygenic risk for schizophrenia, depression, and bipolar disorder based
on the results of corresponding genome-wide association studies (Wray
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et al. 2018). Posterior single nucleotide polymorphism effect sizes were
inferred under continuous shrinkage priors using PRS-CS (Ge et al.
2019). The auto settings were selected and global shrinkage parameter
(¢) was estimated using a fully Bayesian approach. Of the remaining
participants after quality control, n = 725 had complete data on the
phenotypic and genetic variables required for our analyses and were
included in the present study.

2.4. Statistical analyses

In order to statistically test for significant differences between (not
normally distributed) groups or in pairwise comparisons, we used the
non-parametric Kruskal-Wallis-Test for equal means. Post-hoc analyses
were performed with the Dunn’s test. Significance levels were always
corrected for multiple testing errors with the Bonferroni method. Sta-
tistical analyses were performed with Python version 3.8.5 (scipy.stats
and scikit-posthocs packages).

2.4.1. Averaging scores

Since ACE were expected to have consistent effects, we calculated
mean scores across all four visits for our analyses, averaging the domain
scores of GAF, WHOQOL-BREF, PANSS (including subscales), YMRS,
and IDS-C3g. The independent variables that fluctuated over time, such
as the number of medications and treatment setting, were also averaged
across the four visits.

2.4.2. Multivariate linear regression models

To answer research questions (1) and (2), we used regression ana-
lyses to determine the association between ACE and functional outcome
(assessed with the GAF and WHOQOL-BREF) and clinical outcome
(assessed with the PANSS, YMRS, and IDS-Cs).

We used Spearman’s Rank correlation to calculate the correlation
between the independent and dependent outcome variables and to
measure potential multicollinearity within the independent variables.
When we used a correlation coefficient (r) > 0.5 as the threshold for a
strong effect, as proposed by Cohen in his guide for interpreting effect
sizes (Cohen 1992), we found a strong positive correlation between the
mean of the total number of medications and treatment setting (r = 0.63,
p < 0.0001) (Supplementary Material 1). When we measured multi-
collinearity with the variation inflation factor (VIF), we found a
maximum VIF (VIFmax) of 24.12 for treatment setting. To further
reduce multicollinearity and obtain more easily interpretable results, we
standardized all input variables to a mean (u) of 0 and standard devia-
tion (0) to 1. Then, we calculated the VIF again for all input variables
and obtained a VIFmax value of 5.30 for the variable psychotic disorders.
Because we standardized the respective scales, the resulting regression
coefficient (p) was interpreted such that if we change the independent
variable by one standard deviation (c), then the predicted variable
changes by f units. The standard deviations of each independent vari-
able are shown in Table 1.

We tested the residuals for homoscedasticity with the Breusch-
Pagan-test, and wherever the residuals did not comply with the
assumption of equal variances, we used the heteroscedasticity consistent
standard error estimator 3 (HC3) method to correct towards robust
standard errors, as implemented in the package we used for the re-
gressions (statsmodel package for python) (Seabold and Perktold 2010).
Given the large sample size, we did not need to apply the normality
assumption for residuals, and transformations to correct this may even
have introduced bias into the model estimates (Schmidt and Finan
2018). Because the score ranges of all respective scales limited the
values, all samples were included and none were defined as outliers.

Subsequently, we performed multivariate linear regressions to assess
the impact of ACE on the dependent variables of interest while con-
trolling for the covariates (age, sex, center, medication, treatment
setting, diagnostic group, and PRS for schizophrenia, depression, and
bipolar disorder, as well as ancestry components). In all regressions, we
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Table 1
Descriptive data.
Mean SD Minimum Maximum

Age (years) 42.12 13.77  18.00 86.00
Total number of medications 1.62 1.34 0.00 7.00
Treatment setting 1.92 0.64 1.00 4.00
PRS bipolar -2.00 0.07 —2.24 -1.78
PRS depression —2.44 0.07 —2.67 —-2.21
PRS schizophrenia —-6.53 0.28 —7.49 —5.66
PC1 0.00 0.01 —0.01 0.02
PC2 0.00 0.01 —0.02 0.03
Emotional neglect score 2.27 1.14 1.00 5.00
Physical abuse score 1.53 0.99 1.00 5.00
Emotional abuse score 1.75 1.18 1.00 5.00
Sexual abuse score 1.29 0.77 1.00 5.00
Physical neglect score 1.94 1.17 1.00 5.00
GAF score 66.92 15.33  30.50 95.75
WHOQOL global score 14.28 3.20 4.00 20.00
WHOQOL physical health score 15.14 2.71 6.57 20.00
WHOQOL psychological health score ~ 14.28 2.89 5.33 20.00
WHOQOL social relationships score 14.14 291 4.00 20.00
WHOQOL environment score 15.88 2.24 7.12 20.00
PANSS total score 42.17 12.08  30.00 101.25
PANSS positive score 9.17 3.13 7.00 26.25
PANSS negative score 10.70 4.27 7.00 29.75
PANSS general score 22.31 6.04 16.00 49.33
YMRS total score 2.13 2.86 0.00 26.00
IDS-C30 total score 10.54 8.81 0.00 48.00

Treatment setting was rated at all study visits on a scale from 1 to 4: 1, no
treatment; 2, outpatient treatment; 3, day patient treatment; and 4, inpatient.
Abbreviations: GAF = Global Assessment of Functioning, IDS-C3o = Clinician-
rated Inventory of Depressive Symptomatology;; PANSS = Positive and Nega-
tive Syndrome Scale; PC = principle component; PRS = polygenic risk score; SD
= standard deviation; WHOQOL = World Health Organization Quality of Life
Questionnaire, brief version; YMRS = Young Mania Rating Scale.

divided the data into training and test sets and performed a 10-fold
cross-validation to test the validity of the results. When fitting the
regression, the R%a values referred to the adjusted R? values on the
training data. To adjust for multiple testing, we applied the Bonferroni
method (p < 0.05/17=0.003).

In addition, we performed ablation studies for the ACE subtype
variables, i.e., we excluded these variables from the independent ones
and repeated the multiple linear regression to evaluate whether the
prediction performance changed. We measured the resulting difference
in the R? values on the test data. This approach allowed us to identify the
information encoded in the ACE variables that influenced the respective
dependent variable (i.e., the ACE variables that explained some of the
variability in the respective dependent variable). Small effect size is
typically associated with <1-5 % of variance explained, a medium effect
size with 5-20 % of variance explained, and a large effect size with >20
% of variance explained (Field 2013).

2.4.3. Cluster analysis

To address research question (3), we performed a cluster analysis
with the k-nearest-neighbor (kNN) cluster method with a k value of 4.
Silhouette coefficients were optimal (0.40-0.45) for k = 2 and k = 4. We
selected k = 4 as it better aligned with established clinical severity
grades (symptom-free, mild, and moderate depressive/psychotic symp-
toms). The analysis included all PANSS subscale scores and the YMRS
and IDS-Cg( total scores as variables. After forming the clusters, we
analyzed the distribution of ACE subtype (ordinal trauma load) by
performing Kruskal-Wallis tests and a pairwise Dunn’s post hoc analysis.

3. Results
3.1. Descriptive analyses and occurrence of ACE

Descriptive data are shown in Table 1 and Supplementary Material
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2. The psychotic disorders group had the highest ACE exposure (53.1 %),
followed by the affective disorders group (46.6 %); among the healthy
controls, 24.2 % reported having experienced at least one type of ACE.

Regarding the severity of ACE, healthy controls showed significantly
less ACE than both clinical groups in all ACE subtypes with one excep-
tion: emotional abuse. Here, we found no significant difference between
the healthy controls and the affective group. The load of emotional
abuse was significantly lower in the affective disorders group (p < 0.05)
and the healthy controls (p < 0.001) than in the psychotic disorders
group. The psychotic disorders group had a higher load of physical
neglect than the affective disorders group (p < 0.05) (Supplementary
Material 3).

3.2. Multivariate linear regression models

3.2.1. Research question 1: impact of ACE on global functioning (assessed
with the GAF) and QoL (assessed with the WHOQOL-BREF)

The multiple regression model with global functioning as the
dependent variable showed a statistically significant effect (F(17)=
107.89, p < 0.001, R?a=0.626); the effect was significantly driven by the
diagnostic groups, total number of medications, and treatment setting
(Table 2, Supplementary Material 4). In the ablation study, in which

Table 2
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the model was performed without the ACE variables, the R%a of the
training data was reduced by 1.8 %. Hence, 1.8 % of the variability in
the global functioning can be attributed to ACE.

All five multiple regression models with the WHOQOL-BREF do-
mains as the dependent variables showed significant effects: global (F
(19.39), p < 0.001, Rza:0.324), physical health (F(32.09), p < 0.001,
R%a=0.447), psychological health (F(20.15), p < 0.001, R%a=0.333), so-
cial relationships (F(18.37), p < 0.001, Rza:0.275), and environment (F
(16.51), p < 0.001, R?a=0.288). The effect in the domain global was
significantly driven by the diagnostic groups, total number of medica-
tions, and emotional neglect; in the domain physical health, by the
diagnostic groups, total number of medications, and treatment setting;
in the domain psychological health, by the diagnostic groups, emotional
neglect, and total number of medications; in the domain social rela-
tionship, by the diagnostic groups, emotional neglect, and female sex; in
the domain environment, by the psychotic disorders diagnostic group
(Table 2, Supplementary Material 4). The ablation study showed that
6.2 % of the variability in the psychological health score, 4.9 % of that in
social relationships score, 4.0 % of that in the environment score, 3.1 %
of that in the global score, and about 2.3 % of that in the physical health
score could be attributed to ACE.

Multivariate linear regression models of Global Assessment of Functioning and World Health Organization Quality of Life Questionnaire (brief version) domains as

dependent variables.

GAF score R2 RZ, F statistic p-value (F) robust SE
0.635 0.626 107.89 < 0.001 True
beta SE t-value p-value p-value , significant
Psychotic disorders —7.86 0.93 -8.43 < 0.001 < 0.001
Affective disorders —5.49 0.88 —6.24 < 0.001 < 0.001
Total number of medications —3.37 0.55 —6.16 < 0.001 < 0.001
Treatment setting —2.72 0.68 -3.97 0.001 0.001 i
WHO-QoL. global score R2 R2 F statistic p-value (F) robust SE
0.341 0.324 19.39 < 0.001 False
beta SE t-value p-value p-value , significant
Psychotic disorders —0.95 0.24 -3.91 < 0.001 0.002 i
Affective disorders —-0.90 0.23 —3.86 < 0.001 0.002
Total number of medications —0.52 0.14 -3.61 < 0.001 0.006 o
Emotional neglect score —0.43 0.14 —3.09 0.002 0.034 o
Domain Physical Health R? R2, F statistic p-value (F) robust SE
0.462 0.447 32.09 < 0.001 False
beta SE t-value p-value p-value , significant
Psychotic disorders —0.84 0.18 —4.56 < 0.001 < 0.001 ok
Affective disorders -0.71 0.18 -3.97 < 0.001 0.001
Treatment setting —0.58 0.14 —4.15 < 0.001 0.001
Total number of medications —0.52 0.11 —4.75 < 0.001 < 0.001
Domain Psychological Health R? RZ, F statistic p-value (F) robust SE
0.35 0.333 20.15 < 0.001 False
beta SE t-value p-value p-value , significant
Affective disorders -1.09 0.21 —5.18 < 0.001 < 0.001 ok
Psychotic disorders —0.94 0.22 —4.32 < 0.001 < 0.001
Emotional neglect score —0.46 0.12 —3.70 < 0.001 0.004
Total number of medications —0.39 0.13 —3.08 0.002 0.039 *
Domain Social Relationships R2 RZ, F statistic p-value (F) robust SE
0.294 0.275 18.37 < 0.001 True
beta SE t-value p-value p-value , significant
Affective disorders -1.14 0.23 —4.98 < 0.001 < 0.001
Psychotic disorders -1.11 0.24 —4.53 < 0.001 < 0.001
Emotional neglect score —0.49 0.14 -3.59 < 0.001 0.006 o
Female sex 0.41 0.10 3.96 < 0.001 0.001 o
Domain Environment R2 RZ, F statistic p-value (F) robust SE
0.306 0.288 16.51 < 0.001 False
beta SE t-value p-value p-value , significant
Psychotic disorders -0.73 0.17 —4.19 < 0.001 0.001 ok

Robust standard errors were calculated using the HC3 estimator to account for potential heteroscedasticity. The table shows significant variables only, ordered by beta
weights (high negative to high positive). P-value , represents the p-values after Bonferroni adjustment for multiple testing (alpha 0.05/17) with *p < adjusted «, **p <

adjusted a/5, ***p < adjusted /50, and ****p < adjusted a/500.

Abbreviations: a = adjusted; GAF = Global Assessment of Functioning; HC3 = heteroscedasticity consistent standard error 3; PC = principle component; PRS =
polygenic risk score; SE = standard error; WHOQOL = World Health Organization Quality of Life Questionnaire, brief version.
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3.2.2. Research question 2: impact of ACE on symptomatic burden
(assessed with the PANSS, YMRS, and IDS-C3g)

All multiple regression models with the PANSS subscales as the
dependent variables showed significant effects: total score (F(61.79), p <
0.001, R%a=0.485), positive score (F(23.59), p < 0.001, R%2a=0.348),
negative score (F(45.17), p < 0.001, Rza:0.4l9), and general score (F
(47.94), p < 0.001, R%a=0.438). The effects in the PANSS total score and
PANSS positive score were significantly driven by the treatment setting,
psychotic disorders diagnostic group, and female sex; in the PANSS
negative score, by the psychotic disorders diagnostic group and treat-
ment setting; in the PANSS general score, by the treatment setting, study
site, and psychotic disorders diagnostic group (Table 3, Supplementary
Material 5). The ablation study showed that 2.0 % of the variability in
the PANSS general score, 0.9 % in the PANSS total score, 0.1 % in the
PANSS positive score, and 0.04 % in the PANSS negative score could be
attributed to ACE.

The multivariate regression analysis with the independent variables
and the YMRS total score as the dependent variable was significant (F
(17)=8.97, p < 0.001, R%a=0.126); yet none of the independent vari-
ables had a significant effect on YMRS (Table 3, Supplementary Ma-
terial 5). The ablation study showed that only 0.1 % of the variability in
the YMRS total score could be attributed to ACE.

The multivariate regression analysis with the independent variables
and the IDS-Cgg total score as dependent variable was significant (F
(17)=25.79, p < 0.001, R%a=0.352) and significantly driven by
emotional abuse, study site, total number of medications and treatment
setting (Table 3, Supplementary Material 5). The ablation study
showed that 5.7 % of the variability in the IDS-C3 total score could be
attributed to ACE.
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3.3. Cluster analysis

3.3.1. Research question 3: symptom clusters and differences in ACE
subtypes between clusters

We used the kNN algorithm to calculate clusters on the symptom
level (PANSS positive, negative, and general subscale; YMRS; and IDS-
C3p) and found the following clusters: cluster A, which included par-
ticipants whose mean symptom scores were below any cut-off values;
cluster B, which included participants with predominantly psychotic
symptoms; cluster C, which included participants with predominantly
depressive symptoms; and cluster D, which included participants with
values in all scales that were slightly elevated but below any cutoff
values. Thus, cluster D included participants with subclinical symptoms.
The diagnoses aligned with the symptom clusters but overlapped
somewhat (Table 4, Supplementary Material 6, and Fig. 1).

When comparing the clusters regarding exposure to ACE subtypes,
we found no significant differences between cluster A (no symptoms)
and cluster D (subclinical symptoms). However, cluster A differed
significantly from cluster B (predominantly psychotic symptoms)
regarding emotional neglect and emotional abuse and from cluster C
(predominantly depressive symptoms) regarding emotional neglect,
emotional abuse, physical neglect, and physical abuse (Fig. 2).

4. Discussion

Our study examined the relationship between ACE and symptom
severity, functioning, and QoL across diagnostic groups and sheds light
on the nuanced interplay of these variables along the affective-to-
psychotic spectrum.

Table 3
Multivariate linear regression models with the burden of symptoms as measured by assessment scales as the dependent variables.
PANSS total score R2 R2, F statistic p-value (F) robust SE
0.497 0.485 61.79 < 0.001 True
beta SE t-value p-value p-value , significant
Female sex -1.16 0.36 -3.23 0.001 0.022
Psychotic disorders 3.69 0.90 4.10 < 0.001 0.001 el
Treatment setting 4.29 0.84 5.09 < 0.001 < 0.001 i
PANSS positive score R? R%, F statistic p-value (F) robust SE
0.365 0.348 23.59 < 0.001 True
beta SE t-value p-value p-value , significant
Female sex —0.46 0.10 —4.53 < 0.001 < 0.001 ok
Psychotic disorders 0.81 0.26 3.12 0.002 0.033 *
Treatment setting 1.11 0.24 4.56 < 0.001 < 0.001 ok
PANSS negative score R2 R, F statistic p-value (F) robust SE
0.432 0.419 45.17 < 0.001 True
beta SE t-value p-value p-value , significant
Treatment setting 0.98 0.30 3.24 0.001 0.022
Psychotic disorders 1.51 0.33 4.62 < 0.001 < 0.001 ok
PANSS general score R2 R?, F statistic p-value (F) robust SE
0.453 0.438 47.94 < 0.001 True
beta SE t-value p-value p-value , significant
Study site 0.66 0.19 3.42 0.001 0.011 *
Psychotic disorders 1.38 0.43 3.20 0.001 0.025 *
Treatment setting 218 0.41 5.37 < 0.001 < 0.001
YMRS total score R? R2, F statistic p-value (F) robust SE
0.149 0.126 8.97 < 0.001 True
IDS-Cj, total score R2 R, F statistic p-value (F) robust SE
0.368 0.352 25.79 < 0.001 True
beta SE t-value p-value p-value , significant
Study site 1.00 0.31 3.20 0.001 0.025 *
Emotional abuse score 1.51 0.41 3.68 < 0.001 0.004 o
Total number of medications 1.89 0.45 4.18 < 0.001 0.001 ok
Treatment setting 2.23 0.72 3.08 0.002 0.037 *

Robust standard errors were calculated using the heteroscedasticity-consistent standard error estimator to account for potential heteroscedasticity. The table shows
significant variables only, ordered by beta weights (high negative to high positive). P-value , represents the p-values after Bonferroni adjustment for multiple testing

(alpha 0.05/17) with *p < adjusted a, **p < adjusted a/5, ***p < adjusted «/50, and ****p < adjusted a/500.
Abbreviations: a = adjusted; IDS-C3y = Clinician-rated Inventory of Depressive Symptomatology, PANSS = Positive and Negative Syndrome Scale; PC = principle
component; PRS = polygenic risk score; SE = standard error; YMRS = Young Mania Rating Scale.
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Table 4
Descriptive data of the four identified clusters.
Cluster
A B C D
Cluster description Symptom free Predominantly psychotic symptoms Predominantly depressive symptoms Subclinical symptoms
n 472 51 121 160
Control group 43 % - 1% -
Psychotic group 17 % 86 % 31% 74 %
Affective group 40 % 14 % 68 % 26 %
PANSS total, mean (SD) 33.96 (3.72) 71.82 (11.26) 50.27 (7.48) 51.44 (6.61)
YMRS, mean (SD) 1.20 (1.72) 6.60 (5.16) 2.60 (2.51) 3.11 (3.08)
IDS-C3p, mean (SD) 5.87 (4.28) 19.46 (10.42) 25.25 (7.00) 10.70 (4.64)
Emotional neglect, mean (SD) 2.01 (1.03) 2.90 (1.19) 2.69 (1.28) 2.42(1.13)
Physical abuse, mean (SD) 1.37 (0.75) 1.65 (1.04) 1.88 (1.34) 1.67 (1.15)
Emotional abuse, mean (SD) 1.49 (0.92) 2.49 (1.47) 2.31 (1.41) 1.88 (1.32)
Sexual abuse, mean (SD) 1.20 (0.61) 1.57 (1.01) 1.54 (1.13) 1.31 (0.75)
Physical neglect, mean (SD) 1.72 (1.01) 2.59 (1.31) 2.28 (1.31) 2.14 (1.27)

For post hoc significance levels see Supplementary Material 6.

Abbreviations: IDS-Cso = Clinician-rated Inventory of Depressive Symptomatology; PANSS = Positive and Negative Syndrome Scale; SD = standard deviation; YMRS =

Young Mania Rating Scale.

(Normalized) Symptom Distribution colored by Cluster

0.0 ¢
YMRS total

IDS-C30 total

PANSS positive

Fig. 1. Cluster Analysis.

PANSS negative

—— A: symptom-free
—— D: subclinical symptoms

C: predominantly depressive symptoms
—— B: predominantly psychotic symptoms

PANSS general

The parallel coordinates plot visualizes normalized symptom scale values of the symptom scales IDS-Cgp, PANSS and YMRS for different patient clusters (A to D).

Each line represents an individual case, with colors indicating cluster membership.

Abbreviations: IDS-C3o = Clinician-rated Inventory of Depressive Symptomatology; PANSS = Positive and Negative Syndrome Scale; YMRS = Young Mania Rat-

ing Scale.

In order to focus on stable effects, we averaged outcome variables
(QoL, functioning, and symptom severity) across four time points
despite losing detailed time-specific information. And we deliberately
assessed ACE at visit 3 when patients were typically in a less acute phase
of their illness, supported by evidence on temporal stability of retro-
spective trauma reports (Simpson et al. 2019; Vila-Badia et al. 2022) and
high test-retest reliability (Cay et al. 2022).

QoL was affected by diagnostic group, especially psychotic disorders,
and also by ACE, in particular emotional neglect. This aligns with known
ACE-related QoL reduction in schizophrenia (Andrianarisoa et al. 2017).
QoL, a patient-reported outcome, capturing individuals’ overall
well-being and satisfaction across various life domains seems to be
particularly vulnerable to early adverse experiences (Erten et al. 2014;
Inyang et al. 2022). ACE showed a clear negative impact on psycho-
logical health and social relationship domains across diagnostic
boundaries. ACE accounted for 2.3 % to 6.2 % of QoL variance. This
result adds important information to a previous study by Rowe et al.
(2023) that found that ACE together with related factors collectively
explain 62 % of QoL variance in patients with bipolar disorder; however,
the specific contribution of ACE in this study was difficult to discern due
to intercorrelated variables and an unusually high trauma burden (78 %)
(Rowe, Perich, and Meade 2023). The effect sizes observed in our
ablation studies were relatively small. One reason might be that the
diagnosis mediated the relationship between ACE and clinical symptoms
and QoL. Yet, it is important to recognize that even modest effects can

have significant clinical implications, particularly when considering the
complex and multifactorial nature of the outcomes we are examining.

Regarding variability in functioning (measured by GAF), covariates
(diagnostic group, number of medications, treatment setting) had
stronger effects than ACE and might have masked ACE effects. These
associations likely reflect that patients with more severe symptoms
require more intensive treatment, rather than suggesting negative
treatment effects. In comparison, ACE had a stronger effect on QoL than
on functioning. The differential impact may reflect that QoL, being self-
assessed, captures emotional and interpersonal domains, while func-
tioning, being observer-rated, focuses on more objective domains like
independent living and occupational functioning, which may be more
amenable to compensation (Fares-Otero et al. 2023).

Our examination showed that emotional abuse was associated with
elevated depressive symptoms across the affective-to-psychotic spec-
trum. This effect even exceeded the impact of the variable affective
disorders diagnostic group underscoring the value of examining trauma
impact beyond traditional diagnostic boundaries. This is consistent with
the known three-fold higher depression risk in emotionally abused in-
dividuals (Norman et al. 2012) and a recent publication showing that
ACE affect mood episodes in patients with schizophrenia and bipolar
disorder (M. Aas et al. 2023). We found no significant impact of ACE on
psychotic symptoms (PANSS). This contrasts with existing research and
may be explained by two factors: First, treatment setting and number of
medications had a particularly strong impact in our sample, potentially
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Post-hoc with Dunn Test
NS WEE p<0.001

emotional neglect

physical abuse

emotional abuse

cluster A vs.

sexual abuse

physical neglect

B C D

Fig. 2. Subtypes of ACE subtypes.

The significance plot displays the results of Dunn’s Post hoc Test, which was
conducted to assess pairwise statistical differences between Clusters A to D and
subtypes of ACE. P-Values are adjusted after Bonferroni for multiple testing: o =
0.05/6 = 0.008.

Abbreviation: NS, not significant.

masking the more subtle impact of ACE. Second, our sample represents
the broader affective-to-psychotic spectrum rather than being
trauma-selected, with a predominance of emotional abuse and neglect
rather than sexual or physical abuse that had been previously linked to
psychotic symptoms (Grindey and Bradshaw 2022). Regarding manic
symptoms, the interpretability of our results is limited because these
symptoms showed little variability.

Genetic factors (in the form of PRS) did not emerge as predictors for
any examined outcomes. ACE and other variables such as treatment
setting, number of medications, sex, and diagnostic classifications had a
strong impact and might have masked the very subtle impact of genetic
predisposition.

The study site had a significant influence on the variability in the
PANSS general and IDS-Cs scores. This finding might be explained by
regional differences between study sites, including varying diagnostic
distributions and unmeasured factors like socioeconomic status.

To improve the interpretability, we performed a cluster analysis
examining four distinct clusters of patients and healthy controls, where
differentiation between clusters could not be solely explained by diag-
nostic group. Each cluster differed significantly regarding their ACE
history. Especially the cluster C (predominantly depressive symptoms)
showed substantial burden of emotional abuse and neglect, and physical
abuse and neglect. 43 % of the symptom-free individuals (cluster A),
belonged to the healthy control group. This cluster had significantly less
ACE than clusters B (predominantly psychotic symptoms) and C (pre-
dominantly depressive symptoms). Most notably, patients with sub-
clinical symptoms (cluster D) provided compelling evidence for the role
of ACE in symptom severity across diagnoses: Their ACE load was
comparable to symptom-free individuals (cluster A), while patients with
predominant psychotic (cluster B) or depressive symptoms (cluster C)
showed significantly higher ACE loads. A previous cluster analysis by
Schulte et al. (2022) in the PsyCourse study identified clusters that
differed significantly in global functioning and illness course. Our
symptom-severe clusters B and C showed similarities to their clusters
characterized by severe psychopathology, although direct comparison is
limited as their analysis included different symptom variables and
considered only patients with schizophrenia and bipolar disorder but no
healthy controls (Schulte et al. 2022). Our findings support previous
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research suggesting that ACE play a crucial role in the symptom severity
of mental disorders and possibly in disease onset and prognosis,
although these outcomes were not evaluated in the current analyses
(Kessler et al. 2010).

Our study also has some limitations that we would like to address: 1)
We maintained diagnostic group as a predictor in our analyses, which
consistently showed significant associations with outcomes. This
approach may have led to an underestimation of cross-diagnostic effects
of other variables - highlighting the tension between traditional diag-
nostic categories and transdiagnostic mechanisms. 2) We found high
multicollinearity in the data. We addressed this by applying VIFmax.
Nevertheless, in the ablation study the effect of explained variance may
have been larger because our approach did not include the impact of
synergistic effects of correlated variables. 3) The self-rating nature of the
CTS and QoL makes it susceptible to self-report and mood-related biases,
as current emotional states can influence the recollection and evaluation
of past experiences and current condition, potentially leading to over- or
under-reporting of ACE. 4) There is a higher variance in the variables of
emotional abuse and emotional neglect, different ACE subtypes are
highly intercorrelated, and each subtype is assessed with only a single
question. This can lead to biased results, suggesting that these two
subtypes might have a stronger impact. 5) Relevant further diagnoses
(such as PTSD) were not assessed in a structured manner, so important
information is missing. 6) Our genetic analyses were carried out only on
European samples as we had to exclude non-European subjects during
the quality control of genetic data. And, 7) one limitation is that
extensive research has already been performed on the influence of ACE
on mental disorders (Hogg et al. 2023). Yet, our study supports these
previous findings and it also adds value because it consolidates previous
results in a comprehensive and comparable approach. Additionally, it
suggests that despite the recognition that ACE have a significant impact
on modulating the course of mental illnesses, there are areas, such as
psychotic and manic symptoms and overall global functioning, that are
not or only marginally influenced by ACE. Evidently, other variables
play a larger role in these aspects.

We obtained answers to our research questions, as follows: (1) ACE,
specifically emotional neglect, affect QoL; (2) ACE, specifically
emotional abuse, have a significant impact on depressive symptoms
across diagnostic boundaries; and (3) clusters of symptoms exist and
participants with subclinical rather than pronounced clinical symptoms
had less ACE.

In conclusion, our study underscores the need for clinicians to
routinely assess the history of ACE in patients within the affective-to-
psychotic spectrum, especially when they suffer from depressive symp-
toms, because ACE have a significant influence on symptom severity and
QoL across diagnostic categories. Incorporating ACE-informed care ap-
proaches into treatment protocols may enhance recovery by addressing
underlying ACE-related factors. Future research should explore the
mechanistic pathways through which ACE impact mental disorders and
should further evaluate the efficacy of ACE-focused interventions in the
affective-to-psychotic spectrum. Our research highlights the importance
of research on ACE in mental disorders that are not direct sequelae of
trauma.
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