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Abstract

Child maltreatment is a risk factor for mental disorders and decreased life satisfaction during adolescence. We investigated
whether child maltreatment would link to life satisfaction both directly and through psychological symptoms, whether
these relations would change from admission to discharge after treatment, and which types of maltreatment, symptoms and
facets of life satisfaction would be most influential in adolescent inpatients with internalizing mental disorders. N=896
adolescent receiving inpatient psychotherapeutic treatment completed questionnaires on child maltreatment experiences,
current psychopathology and subjective life satisfaction at admission and discharge (n=765). Main diagnoses were affec-
tive (n=322), eating (n=447), obsessive—compulsive (n=70) and anxiety disorders (n=57). Network models of child
maltreatment, psychopathology and life satisfaction nodes were estimated at admission and discharge and compared using
network comparison tests. Potential causal shortest pathways were investigated using directed acyclic graphs.

Network models were stable with no significant differences between admission and discharge. Strongest nodes of each
cluster were “emotional abuse” (child maltreatment), “worthlessness”, “thinking about dying” and “feeling lonely” (psy-
chopathology) and “satisfied with life” (life satisfaction) at both admission and discharge. Emotional neglect showed direct
connections to life satisfaction, indicating its relevance for therapeutic interventions. At both admission and discharge,
“sexual abuse” indirectly predicted lower life satisfaction through psychological symptoms. In conclusion, child maltreat-
ment is directly and indirectly connected to life satisfaction in adolescents with mental disorders. Emotional abuse and
neglect were especially important in linking child maltreatment to life satisfaction and psychopathology.
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many children and adolescents across the world (Stolten-
borgh et al., 2015). Child maltreatment is defined as “any
act or series of acts of commission or omission by a parent
or other caregiver that results in harm, potential for harm, or
threat of harm to a child” (Arias et al., 2008, p. 19). Accord-
ing to Stoltenborgh et al. (2015), frequent types of maltreat-
ment are physical, emotional and sexual abuse (prevalence
proportions of 22.6%, 36.3% and 12.7% in self-report stud-
ies), and physical and emotional neglect (16.3% and 18.4%,
respectively). Many individuals experience several types
of child maltreatment. In a representative German sample,
nearly 42% of the participants reporting any type of child
maltreatment additionally reported at least one other form
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of maltreatment (Witt et al., 2017), which highlights the
high co-occurrence of child maltreatment.

Child maltreatment has a tremendous negative impact on
the lives of adolescents and adults: For example, it is an
important risk factor for the onset and course of mental dis-
orders (Chen et al., 2010; Lewis et al., 2019; McLaughlin et
al., 2012). Furthermore, having experienced child maltreat-
ment is also associated with lower health-related quality of
life (HRQoL) during adolescence and adulthood (Cohrdes
& Maugz, 2020; Davies et al., 2021; Weber et al., 2016; Witt
et al., 2019). HRQoL is understood as a multidimensional
construct that comprises perceived physical and psychologi-
cal well-being as well as social functioning (Coghill et al.,
2009; Herdman et al., 2002). Unsurprisingly, experiencing
several types of child maltreatment was associated with
lower HRQoL but only emotional abuse further decreased
HRQoL when controlling for other types of child maltreat-
ment (Cohrdes & Mauz, 2020; Witt et al., 2019).

Hence, specific interventions to reduce the impact of
child maltreatment on HRQoL and psychological symp-
toms in children and adolescents are needed, especially for
those with mental disorders. Although there is evidence
for the effectiveness of cognitive behavior therapy (CBT)
interventions on depression, anxiety and posttraumatic
stress disorder symptoms in youth who experienced sexual
abuse (see e.g. Macdonald et al., 2016; Wethington et al.,
2008), evidence is weaker for the effectiveness of CBT on
other forms of child maltreatment including physical abuse
and neglect (Lorenc et al., 2020; Macdonald et al., 2016).
Remarkably, most treatment studies for child maltreatment
did not consider HRQoL as a potential outcome beyond
symptom improvement. In general, investigating improve-
ments in HRQoL as a desirable outcome of psychological
and psychiatric treatments has received increased research
interest within the last years (Thapa Bajgain et al., 2023),
as it accounts for the psychosocial impairments associated
with mental disorders (Dey et al., 2012; Sharpe et al., 2016).
Especially measuring perceived life satisfaction, a HRQoL
dimension of how people assess their general well-being,
might be promising. However, only few studies investi-
gated HRQoL in youth who experienced child maltreat-
ment (Weber et al., 2016). It is therefore unclear whether
improving mental health in adolescents, who experienced
child maltreatment, would immediately translate into higher
HRQoL or if these adverse experiences continue to impact
after treatment for mental disorders.

Most of the studies that investigated the impact of child
maltreatment on mental health, however, were conducted
using composite scores of symptoms or investigated dif-
ferences between mental disorders. This assumes that men-
tal disorders are natural discrete diagnostic entities which
are sustained by a group of symptoms (Maj, 2018), the
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so-called latent-disease model (i.e., a latent depression fac-
tor results in observable depressive symptoms). However,
this assumption is challenged when considering important
transdiagnostic psychopathological processes (e.g. rumina-
tion; Cludius et al., 2020), diagnostic overlap in symptoms
across different disorders (Borsboom et al., 2011) and con-
sequently high comorbidity between mental disorders (e.g.
shared symptoms of restlessness and concentration prob-
lems might explain comorbidity of generalized anxiety and
major depressive disorders; Kaiser et al., 2021; Zbozinek
et al., 2012). In addition, different types of child maltreat-
ment experiences are most likely having distinct impact on
HRQoL and might be connected to specific psychological
symptoms, which themselves most arguably have unique
relations to HRQoL. Therefore, advanced methodological
approaches are needed to simultaneously investigate com-
plex systems of child maltreatment experiences, psycho-
logical symptoms and life satisfaction.

Network Theory of Mental Disorders

A modern view on mental disorders accounting for the
above-mentioned problems in the latent-disease model is
the network theory of mental disorders (Borsboom, 2017).
Network theory understands psychopathology as a com-
plex system of interrelated symptoms activated by exter-
nal events (i.e., experiences of abuse or neglect), which
themselves activate other symptoms and, individually and
in sum, impacting HRQoL of an individual (Borsboom,
2017). Thus, in a network model, symptoms themselves are
considered to constitute a disorder rather than being caused
by common latent factors (Borsboom, 2017; Cramer et al.,
2010; Kendler et al., 2011), and mental disorders merely
reflect stable states of symptom networks (Cramer et al.,
2016). In addition, treatment effects can then be seen and
modelled as “shocks” to specific interactions between net-
work elements (e.g., breaking the link between sleep dis-
turbances and negative mood might switch a network from
a depressed into a non-depressed state; see Cramer et al.,
2016). This view allows for better understanding individual
differences, comorbidity and transdiagnostic processes in
psychopathology.

Network Analysis - a Modern Approach for
Investigating Psychopathology

Simultaneously, a statistical method called network analysis
has been widely introduced to investigate mental disorders
as complex systems (for an overview see McNally, 2016).
In cross-sectional data, network analysis allows for esti-
mating reciprocal (i.e., undirected) relationships between
“nodes” (i.e., variables such as symptoms, external events)
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simultaneously, which are called edges and are conditioned
on all other edges. Researchers can then inspect centrality
indices that inform about how important (i.e., how well-
connected to other nodes) and influential (i.e., how strong
are connections to other nodes) a given node is. It is also
possible to compare network models, for example pre- to
post-treatment, and inspect changes in the overall structure
(changes in connectivity after intervention) and specific
edges (e.g., is the relationship between sleep disturbances
and negative mood maintained after treatment). Using
Bayesian networks, it is also possible to compute a directed
acyclic graph (DAG) that can unravel directed and poten-
tially causal relationships from one node to another (for an
introduction see Briganti et al., 2022).

Network analyses have already revealed pathways of
associations between child maltreatment and psychopa-
thology that may reflect underlying causal processes. For
example, Fritz et al. (2018) found a dysfunctional resilience
system in adolescents who were exposed to adverse circum-
stances in childhood. Results suggest that some resilience
factors attenuate others and are generally more directly
related to current stress. Another study highlighted espe-
cially emotional maltreatment to be most influential in the
network and connected other types of child maltreatment
to well-being in adulthood (Volgenau et al., 2022). Su et
al. (2023) found evidence for specific HRQoL connectiv-
ity patterns associated with experienced child maltreatment
in adults. In addition, they identified emotional neglect and
emotional abuse as types of child maltreatment with the
greatest impact on HRQoL. Consistent with these findings,
emotional abuse appears to play an important role in activat-
ing depressive and suicidal symptoms in adults with major
depressive disorder (Zhou et al., 2022).

Therefore, network analysis might also help identifying
potential mechanistic pathways from child maltreatment
through direct and symptom-mediated pathways to HRQoL
in adolescents with mental disorders. In addition, compar-
ing network structures of child maltreatment, psychological
symptoms and life satisfaction before and after intensive
treatment might identify potential novel treatment targets.
For example, identifying specific symptoms connecting
child maltreatment to HRQoL in networks before and after
treatment might be promising treatment candidates. It is
of great importance to further improve treatment for this
patient group considering that adolescent inpatients who
experienced child maltreatment have a worse treatment out-
come compared to those who did not (Voderholzer et al., in

prep).

The Current Study

Previous studies highlighted potential associations between
child maltreatment and HRQoL, yet clear pathways have
not been established. Specifically, it is still unclear whether
these pathways include psychological symptoms. Further-
more, most studies that examined child maltreatment using
network analysis included adults. In this exploratory study,
we investigated whether child maltreatment would con-
nect to the HRQoL associated dimension of life satisfaction
both directly and through psychological symptoms, whether
these relations would change from admission to discharge
after inpatient psychotherapeutic treatment, and which
types of maltreatment, symptoms and facets of life satisfac-
tion would be the most important links'. For this study, we
rely on self-reported child maltreatment as other sources are
often unavailable in treatment settings. While some studies
note an underreporting of child maltreatment in self-reports
(with almost zero false reports of child maltreatment; see
Fergusson et al., 2000), self-reports are generally consid-
ered to be sufficiently reliable over time and stages of illness
(Goltermann et al., 2023; Pinto et al., 2014). In addition,
self-reports may also account for the subjective component
of severity in a dimensional manner. We used network anal-
ysis to achieve the following three aims:

Aim I To identify “key symptoms” in associations between
five types of child maltreatment, psychological symptoms
and life satisfaction at admission and discharge.

Aim 2 To explore potential causal relationships between
child maltreatment, life satisfaction and psychological
symptoms.

Aim 3 To identify changes in associations between child
maltreatment, psychological symptoms and life satisfaction
over the course of inpatient treatment.

Methods
Participants and Procedure

Data from N=1409 adolescents aged 12 to 19 years were
recorded who were admitted to inpatient treatment between
August 2015 and January 2021 at the Schoen Clinic

' Of note, we also investigated specific pathways between child mal-

treatment, life satisfaction and disordered eating symptoms in the sub-
set of patients with eating disorders. These results have been published
elsewhere (Monteleone et al., 2023), as they were beyond the scope
of this article.

@ Springer
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Roseneck, a large inpatient treatment center in Bavaria, Ger-
many. Patients were treated in a psychosomatic-psychother-
apeutic hospital, which encompasses a multimodal treatment
in a multi-professional team. Indication for psychosomatic-
psychotherapeutic treatment covers most internalizing disor-
ders (e.g., affective, anxiety, or eating disorders). In contrast
to inpatient psychiatric treatment, acute suicidality and psy-
chotic disorders are contraindications (for a more detailed
description see Zipfel et al., 2016). Indications for inpa-
tient instead of outpatient treatment were severity of symp-
toms, serious comorbidity or lack of response to outpatient
treatment. Due to the treatment focus of the Schoen Clinic
Roseneck, patients with eating disorders were also admitted
in case of rapid weight loss or clinically significant under-
weight. For primary diagnosis included in the sample and
their descriptive statistics see Table S1 in the electronic sup-
plement. Patients with a primary diagnosis of post-traumatic
stress disorder were excluded from our study. Patients were
diagnosed by experienced clinicians with training in child
and adolescent psychiatry or psychotherapy at admission
according to the International Statistical Classification of
Diseases, 10th revision (World Health Organization, 2004).
All patients received intensive CBT-oriented multimodal
inpatient treatment, including individual psychotherapy and
group therapy sessions twice per week. Additional disorder-
specific treatments were offered (e.g., exercise therapy and
body image exposure for eating disorders or exposure with
response prevention for obsessive—compulsive disorder
[OCD]). Adolescents were asked to fill in questionnaires
electronically or paper-based at admission and discharge as
part of the routine assessment procedure. Adolescents were
excluded if they received a different main diagnosis than
any affective disorder, anxiety disorder, anorexia nervosa,
bulimia nervosa or OCD, as these were the main diagnostic
groups during the assessment period, resulting in N=1290
eligible participants. Adolescents were further excluded if
they had missing values in the Childhood Trauma Question-
naire (CTQ) subscales, selected Brief Symptom Inventory
(BSI) or Satisfaction With Life Scale (SWLS) items due to
the necessity of complete case data for estimating network
models. The final datasets consisted of » =896 adolescents
for the admission network model, n=765 adolescents for
the discharge model and » =635 adolescents for comparing
networks. Exclusion mainly occurred due to either entirely
missing BSI and SWLS (N=165; 12.8%) or the last 14
items of the CTQ due to a technical error (N=131; 10.16%).
When comparing excluded and included patients, excluded
patients were marginally younger (included: M=16.03
years, SD=1.25; excluded: M=15.86 years, SD=1.26;
1[744.591=2.26, p=.0241), but they did not differ regard-
ing gender (y[1]=1.29, p=.26) or primary diagnosis
(x[4]1=7.48, p=.11). Comparing data from patients that
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responded to BSI items as well as SWLS items at admission
and discharge to those that did only at admission revealed a
statistically significant but clinically negligible difference in
the item mean score of the 30 BSI items that were selected
for network analyses, but no difference for SWLS items (see
Table S2). CTQ sum scores also differed between patients
with complete data at admission and discharge compared
to those that missed at least one BSI or SWLS item at dis-
charge with a small effect size. The study was approved by
the institutional review board of the ethics committee of
the medical faculty at the Ludwig-Maximilians-University
Munich, Germany (No.21-0606). In accordance with the
guidelines of the ethics committee, retrospective analyses
of completely anonymized data do not require informed
consent.

Measurements
Childhood Trauma Questionnaire (CTQ)

Abuse and neglect during childhood was assessed retrospec-
tively at admission using the 28-item CTQ short-form (Ber-
nstein et al., 2003; German version: Klinitzke et al., 2012).
It contains five subscales consisting of five items each
that assess different types of abuse and neglect: emotional
abuse, emotional neglect, physical abuse, physical neglect
and sexual abuse. An additional three-item scale assesses
minimization/denial of abuse or neglect and was not further
assessed in this study. The CTQ is answered on a five-point
scale ranging from 1 — not at all to 5 — very often. Scale
scores are sum scores with values between 4 and 25 (up to
one item can be missing for a scale to be computed). Cat-
egorical interpretations of child maltreatment severity were
computed for descriptive purposes only (four categories:
none to minimal, slight to moderate, moderate to severe,
severe to extreme), with child maltreatment presumed if
sum scores fall into the “slight or moderate” category or
higher (see Hauser et al., 2011, for details). Validity was
corroborated with positive correlations with anxiety and
depressiveness as well as negative correlation with satisfac-
tion with life in a representative German sample (Klinitzke
et al., 2012). In our study, internal consistency was good
with 0.80 <McDonald’s @ <0.91, except for the physical
neglect subscale (w=0.48).

Satisfaction with Life Scale (SWLS)

We used the SWLS (Diener et al., 1985; German version:
Glaesmer et al., 2011) to assess subjective life satisfaction
at admission and discharge. The SWLS contains five items
assessed on a seven-point scale from 1 — strongly disagree
to 7 — strongly agree. Composite scores are sum scores



Research on Child and Adolescent Psychopathology

ranging from 5 to 35. Higher sum scores indicating higher
life satisfaction. Positive indicators for convergent validity
such as a positive correlation with social support as well as
a negative correlation with depressiveness were previously
found in a large German sample (Glaesmer et al., 2011).
Internal consistency was good with McDonald’s @ =0.83 at
admission and @ =0.88 at discharge. In this study, we relied
on item-level scoring of the SWLS.

Brief Symptom Inventory (BSI)

The BSI measures psychopathology (Derogatis & Melisara-
tos, 1983; Franke, 2000) by assessing 53 frequent psycho-
logical symptoms. Adolescents indicated how much they
were bothered by these symptoms within the last week on a
five-point scale from 0 — not at all to 4 — very much. A sub-
set of 30 items was selected for the network analysis, based
on criteria described in detail below. To compare changes
in psychopathology from admission to discharge, the global
severity index—an item mean score based on all 53 items—
was computed, which correlated substantially with the lon-
ger Symptom Check List global score in the original studies
(Derogatis & Melisaratos, 1983; Franke, 2000). Internal
consistency of the total scale was excellent with McDon-
ald’s @ =0.96 at admission and w=0.97 at discharge.

Statistical Analyses
Item Selection for Admission and Discharge Networks

CTQ subscale sum scores were included in the network
analysis. CTQ scores were only assessed at admission as
they referred to experiences during childhood. All SWLS
items were selected. Item selection for psychological symp-
toms was based on (a) theoretical importance in adoles-
cence, (b) non-collinearity of items at admission and (c)
inspecting histograms of the items (details available in Table
S3 and Figure S1). Thus, we excluded items that were not
frequently endorsed by adolescents or of less importance
(e.g., item 41 “urge to break things”). Items 2 (“fainting”),
7 (“chestpain”) and 33 (“feeling numb”’) were identified as
colinear with item 30 (“hot and cold spells”) with less than
25% significantly different correlations to all other variables
by the goldbricker function of the networktools package,
v1.3.0 (Jones, 2021), and only item 30 was retained. Finally,
30 items were included in network models (see Table 1 for
item list).

Network Estimation

We constructed separate networks at admission and dis-
charge through R, v4.0.3 (R Core Team, 2022) and RStudio,

v1.3.1093 (RStudio Team, 2022), using the ggraph pack-
age, v1.6.9 (Epskamp et al., 2012). To account for non-nor-
mality, we applied a nonparanormal transformation using
the huge package, v1.3.5 (Zhao et al., 2011).

We fitted Gaussian Graphical Models (GGM) to our
data. Within these models, CTQ subscales, SWLS items
and BSI symptoms are represented as nodes, whereas edges
between two nodes are partial correlations conditioned on
all other nodes. Associations are undirected, but CTQ nodes
temporally precede all other nodes. Missing edges indicate
independence of two nodes after conditioning on all other
nodes. We applied a Least Absolute Shrinkage and Selec-
tion Operator (LASSO) regularization to shrink small par-
tial correlations and set them to zero (Friedman et al., 2008).
The Extended Bayesian Information Criterion, a parameter
to set the degree of regularization applied to sparse correla-
tions, was set to y=0.5 (Chen & Chen, 2008).

Network Inference and Stability

We computed centrality indices for both networks to inves-
tigate the network structure, including node strength (sum
of all edges of a given node to all other nodes) and expected
influence (summed weight of a node’s edges shared with
remaining nodes). We did not compute betweenness and
closeness as recent research indicates that these centrality
measures are unsuitable for psychopathological networks
(Bringmann et al., 2018). We estimated network stability
of centrality measures and the accuracy of edge-weights by
drawing bootstrapped confidence intervals using the non-
parametric bootstrapping function (nboots=2500) of the
bootnet package, v1.4.3 (Epskamp et al., 2018), and report
correlation stability coefficients (CS) for centrality mea-
sures. We followed recommendations and only report cen-
trality measures above the threshold of 0.5 (Epskamp et al.,
2018).

Bayesian Network-based DAGs

To investigate potentially causal pathways from childhood
maltreatment to life satisfaction, Bayesian networks to model
DAGs were estimated. We followed the procedure described
by McNally et al. (2017), using a machine-learning algo-
rithm (score-based hill-climbing algorithm) implemented in
the R package bnlearn (Scutari, 2010). Network structure
has been learned by the algorithm through iteratively add-
ing, removing, and reversing edges achieving an optimal
goodness-of-fit target score (BIC, Bayesian information cri-
terion). We bootstrapped N=10,000 network-samples for
networks at admission and discharge to determine stability
of parameters. The final admission and discharge networks
were calculated by averaging bootstrapped networks using

@ Springer
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Table 1 Overview of network nodes including corresponding scale, item description and mean (SD) at admission and discharge

Nodes Scale Item description Admission Discharge
M (SD) M (SD)
emoabu CTQ Emotional abuse 9.43 (4.64) 9.14 (4.44)
emoneg CTQ Emotional neglect 10.01 (4.28) 9.69 (4.13)
physabu CTQ Physical abuse 5.60 (1.72) 5.55 (1.75)
physneg CTQ Physical neglect 6.57 2.17) 6.49 (2.10)
sexabu CTQ Sexual abuse 5.54 (2.05) 5.46 (1.73)
bsiO1 BSI Nervousness 1.98 (1.22) 1.47 (1.15)
bsi06 BSI Feeling easily irritated 2.02 (1.27) 1.45 (1.21)
bsi09 BSI Suicidal thoughts 0.85 (1.09) 0.63 (0.95)
bsil0 BSI Distrust in people 1.53 (1.30) 1.22 (1.20)
bsill BSI Poor appetite 1.68 (1.39) 1.06 (1.18)
bsil3 BSI Uncontrollable temper outbursts 1.94 (1.34) 1.22 (1.24)
bsil4 BSI Feeling lonely in company of other 2.23 (1.40) 1.67 (1.33)
people
bsil5 BSI Unable to complete tasks 2.01 (1.38) 1.48 (1.27)
bsil6 BSI Feeling lonely 2.38 (1.31) 1.75 (1.33)
bsil7 BSI Feeling blue 1.75 (1.29) 1.19 (1.19)
bsil8 BSI Loss of interest 1.82 (1.35) 1.05 (1.14)
bsil9 BSI Feeling fearful 1.42 (1.26) 0.97 (1.16)
bsi2l BSI Feeling disliked by others 1.95 (1.43) 1.58 (1.35)
bsi22 BSI Feelings of inferiority 2.22 (1.41) 1.76 (1.39)
bsi23 BSI Nausea 1.44 (1.32) 1.02 (1.13)
bsi24 BSI Feeling watched or talked about by others  1.82 (1.37) 1.22 (1.20)
bsi25 BSI Insomnia 1.77 (1.38) 1.12 (1.22)
bsi27 BSI Decision-making difficulties 2.18 (1.31) 1.59 (1.26)
bsi30 BSI Hot or cold spells 1.33 (1.27) 0.94 (1.09)
bsi35 BSI Hopelessness 2.13 (1.36) 1.46 (1.31)
bsi36 BSI Concentration problems 1.94 (1.38) 1.36 (1.24)
bsi37 BSI Weekness in body parts 1.18 (1.25) 0.72 (0.99)
bsi38 BSI Feeling tense 2.04 (1.28) 1.76 (1.19)
bsi39 BSI Thinking about dying 1.23 (1.31) 0.92 (1.17)
bsi43 BSI Feeling uneasy in crowds 1.49 (1.46) 0.90 (1.21)
bsi44 BSI Never feeling close to others 1.55 (1.40) 1.23 (1.32)
bsi49 BSI Restlessness 1.06 (1.21) 0.84 (1.08)
bsi50 BSI Worthlessness 2.18 (1.46) 1.59 (1.40)
bsi52 BSI Guilt 2.15 (1.42) 1.64 (1.32)
bsi53 BSI Idea that something is wrong with one’s 1.80 (1.42) 1.27 (1.36)
mind

swlisO1 SWLS My life is close to ideal 2.84 (1.59) 3.55 (1.60)
swls02 SWLS Excellent conditions of my life 4.00 (1.80) 4.64 (1.52)
swls03 SWLS Satisfied with my life 2.74 (1.58) 3.79 (1.68)
swls04 SWLS Achieved important things in life 3.02 (1.60) 3.51 (1.62)
swls05 SWLS Would change nothing if could live my 2.62 (1.65) 3.01 (1.73)

life again

Note: BSI: Brief Symptom Inventory; CTQ: Childhood Trauma Questionnaire; SWLS: Satisfaction With Life Scale. CTQ was only adminis-
tered at admission. Thus, CTQ scores reflect mean and SD of the subsamples with BST and SWLS data at admission or discharge

an empirical approach suggested by Scutari and Nagarajan
(2013). Edges between variables which exceeded the empir-
ically determined threshold were retained in the DAG. Addi-
tionally, direction of edges was included if it appeared in at
least 51% of the bootstrapped samples. Edge strength was
defined as the rate of appearing edges in the bootstrapped
samples (Csardi & Nepusz, 2006), depicted via thickness
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of edges in the graph (e.g., relatively thick edges indicate
higher level of replications). Directed edges from life sat-
isfaction (SWLS) and psychological symptoms (BSI) to
CTQ-subscales were excluded (blacklisted) from analyses
considering the temporal precedence of child maltreatment.
Shortest pathways between CTQ and SWLS nodes, indicat-
ing direct and indirect pathways from childhood traumatic
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experiences to life satisfaction, were computed using Dijk-
stra’s algorithm (Dijkstra, 1959) implemented in the igraph
package, v1.4.1 (Csardi & Nepusz, 2006).

Network Comparisons between Admission and Discharge
Networks

Finally, we compared undirected GGM-networks for admis-
sion and discharge with the network comparison test (NCT)
using the NetworkComparisonTest package, v2.2.1 (van
Borkulo et al.,, 2021). The NCT is a permutation-based
hypothesis test for comparing GGMs of dependent samples
and assesses the difference between two networks on invari-
ance measures (network structure, global strength, and edge
invariance). Differences in edges were inspected using post-
hoc comparisons. Changes in the estimated BNs were inves-
tigated descriptively, comparing shortest pathways in DAGs
at admission and discharge.

Availability of Data and Code

Analyses were not preregistered. Anonymized data and
code to reproduce the network analyses are available at
https://osf.io/pyke9/.

Results

896 (816 female, 80 male) adolescent inpatients aged 12 to
19 years (M=16.03 years, SD=1.25; 78% aged 15 to 17
years) provided data at admission, and 765 (703 female, 62
male) adolescents again at discharge. Of those, 322 (35.93%)
were diagnosed with affective disorders, 447 (49.89%) with
eating disorders, 70 (7.81%) with OCD and 57 (6.36%) with
anxiety disorders as primary diagnosis. On average, adoles-
cents improved from admission to discharge on psychologi-
cal symptoms and life satisfaction (both p <.001; see Table
S4) and were treated for an average of 92 days (SD =50.26;
IQR: 56121 days). Applying a cut-off score, 22.65% of the
adolescents reported having experienced emotional abuse,
15.63% being emotionally neglected, 4.13% being physi-
cally abused, 8.37% having experienced physical neglect
and 7.25% being sexually abused during their childhood.
Significant differences between diagnostic groups regarding
age, length of inpatient treatment, childhood trauma, symp-
tom severity and life satisfaction emerged (see Table SI,
also for additional demographic data).

Aim 1: Network Estimation at Admission and
Discharge

We constructed two networks to highlight associations
between childhood abuse and neglect (CTQ subscales, red
nodes), psychological symptoms (30 items selected from
BSI, green nodes) and life satisfaction (SWLS items, blue
nodes) separately at admission (Fig. 1A) and discharge
(Fig. 1B). When inspecting the networks, the discharge net-
work appears denser (i.e., more strongly connected). Strong
connections (i.e., greater partial correlation coefficients)
between physneg and emoabu with emoneg emerged, high-
lighting their frequent co-occurrence during childhood.
Strong connections between swis02 and swis03 with swis01
emerged in both networks, whereas other edges between
life satisfaction nodes differed in strength between admis-
sion and discharge. Strongest edges of symptoms unsurpris-
ingly emerged between bsi09 and bsi39 (suicidal thoughts
and thoughts about dying), bsi/4 and bsil6 (both facets of
feeling lonely), as well as bsi22 and bsi50 (feeling inferior
and worthlessness).

Network Stability and Inference

Networks were highly stable at admission and discharge
regarding node strength and expected influence (all
CS>0.75). Figure 2 shows centrality measures for both net-
works. Node strength was highest for emoabu from child
maltreatment (emoneg at discharge), bsi50 (worthlessness),
bsi39 (thinking about dying) and bsi/4 (“feeling lonely”)
from psychological symptoms, and swis03 (“satisfied with
life”) from life satisfaction items at admission and discharge.
Consistently low node strength was observed for sexabu,
swis05 (“live same life again™), bsill (“poor appetite”) and
bsi25 (“insomnia”). Finally, the overall expected influence
of nodes did not vary much from admission to discharge,
with swis01, emoabu, bsi39 (“thinking about dying”) and
bsil4 (“feeling lonely”) showing largest expected influence.

Aim 2: Prediction of Life Satisfaction through Child
Maltreatment Experiences (DAG Analysis)

Figure 3 represents the shortest directed pathways from child
maltreatment to life satisfaction nodes as they emerged in
the DAGs for admission and discharge (full DAGs are avail-
able in supplementary materials Figure S2). Edges are dis-
played when reaching the threshold of being directed in the
same direction in at least 49.97% in admission and 50.31%
in discharge bootstrapped samples. Thickness of edges rep-
resents confidence in prediction of the direction emerged
from bootstrapped samples. First, direct pathways to life
satisfaction nodes emerged only for emoneg, indicating
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Fig. 1 Estimated networks. (A)
admission (n=_896) and (B) dis-
charge (n=765) networks. Nodes
(circles) represent symptoms,
maltreatment types and facets of
life satisfaction. Width and satu-
ration of an edge (lines connect-
ing nodes) represent the strength
of the correlation, whereas color
indicates positive (blue) or
negative (red) correlations. Node
color represents belonging to
either symptom, child maltreat-
ment or life satisfaction commu-
nities. In the variability network
(C), edges represent the standard
deviation of edges between two
specific nodes across admission
and discharge networks. See
Table 1 for full node descriptions
and communities (i.e., scales).

A high-resolution version of the
figure can be found here: https://
osf.io/pyke9/

N
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L
v

N
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that higher values in emoneg predicted lower values in both
swis01 (“my life is close to ideal”) and swis02 (“excellent
condition of my life”’) in the admission network (Fig. 3A).
The path from emoneg through swisOl then further pro-
liferates into swis03 (“satisfied with my life”) and swis04
(“achieved important things in my life”’). Emoneg itself was
predicted by emoabu, suggesting that some effects of expe-
rienced emotional abuse on life satisfaction are mediated by
emotional neglect (shortest paths to swis01, swis02, swis03
and swis05). In addition, an indirect prediction of swis04
emerged through connections from emoabu to bsil4 (“feel-
ing lonely in company of other people”) and bsi50 (“Worth-
lessness”). A second main branch showed three indirect
shortest pathways to life satisfaction via sexabu, First, sex-
ual abuse predicted bsil0 (“distrust in people”) which was
connected to bsi50 and then to swis01, followed by siws02.
A second path emerged that connected sexabu again through
bsil0 but also bsil4 and bsi22 (“feeling inferior to others™)
to swis03. This suggests that “distrust in people” could be a
key symptom between child maltreatment experiences and
life satisfaction. Finally, sexabu predicted swis04 followed
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by slws05 through bsi44 (“Never feeling close to others™)
and bsi 43 (“feeling uneasy in crowds”). As sexabu was pre-
dicted by physabu which was predicted physneg, the path-
ways from sexabu also proliferate effects of physical child
maltreatment to life satisfaction.

In the discharge DAG, swisO! and swis02 were also
predicted by emoneg (Fig. 3B). In addition, swis0/ was
directly predicted by physneg. Swis0Ql then proliferates
effects further to other life satisfaction nodes. Emoabu pre-
dicted swis05 (“Would change nothing if I could live my
life again”) through bsi21 (“Feeling disliked by others™) and
swis03 (“satisfied with my life””) through bsi/4 and bsi50.
Physical abuse predicted sexual abuse, which showed indi-
rect paths to only swis02 through bsi0l (‘“nervousness”)
and bsill (“poor appetite”). Physneg predicted swisOl,
which further proliferated effects into other life satisfaction
domains.
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Fig. 2 Standardized node strength (sum of all edges of a given node to
all other nodes) and expected influence centrality (summed weight of
a node’s edges shared with remaining nodes) for admission and dis-

Fig.3 Shortest directed pathways from child maltreatment to life satis-
faction nodes (circles) at (A) admission (n =896 patients) and (B) dis-
charge (n=765 patients) based on directed acyclic graphs (DAGs) of
N=10,000 bootstrapped samples. Node color represents belonging to
either symptom, child maltreatment or life satisfaction communities.
Edges (arrows connecting nodes) represent potentially causal path-
ways between nodes exceeding the empirically determined threshold

I
o
N

charge networks. A high-resolution version of the figure can be found
here: https://osf.io/pyke9/

were retained; direction of edges was included if present in at least
51% of the bootstrapped samples. Edge thickness represents confi-
dence in prediction. DAGs are combined for all forms of child mal-
treatment (pathways from emoabu—emoneg to SWLS are represented
by dashed lines, paths associated with sexual abuse are shown with
solid lines). A high-resolution version of the figure can be found here:
https://osf.io/pyke9/
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Aim 3: Comparisons of Undirected Overall Network
Structures and Directed Shortest Pathways from
Child Maltreatment to Life Satisfaction between
Admission and Discharge

Centrality measures at admission and discharge were highly
correlated (strength: r=.90; expected influence: r=.84).
We used the NCT to compare joint network structures of
child maltreatment, psychological symptoms and life sat-
isfaction at admission and discharge based on n=635
adolescents with data for both assessments. The structure
of the undirected partial correlation networks appeared
identical (M=0.15, p=.126) and with similar overall con-
nectivity (S=0.03, p=.901) at admission and discharge.
We also tested for differences of edges between child mal-
treatment and life satisfaction nodes, as network invariance
might be overestimated as CTQ nodes were only measured
once. When applying Bonferroni-Holm correction for edge
invariance tests, only the edge between physabu and swis01
(p=.002) was significantly different between admission and
discharge, which is further highlighted by emerging as a
directed edge only in the discharge DAG. Figure 1C depicts
the admission-to-discharge variability network. Standard
deviations were small to negligible. The most variable
edges were bsi30 — bsi37 (SD=0.10) and swis03 — swis04
(8D=0.09).

Regarding the directed shortest pathways from child
maltreatment to life satisfaction, descriptive comparisons
of DAGs suggest that direct pathways were mostly stable,
underlining the central role of emoneg. The indirect link
between sexabu and life satisfaction through bsi/(0 was
unstable and changed completely from admission to dis-
charge, such that at the end of treatment now only swis02
was affected by sexabu, mediated trough bsi0l and bsill.

Discussion

We used network analyses to investigate the interrela-
tions of experiences of child maltreatment, psychological
symptoms, and life satisfaction in adolescents with mental
disorders currently receiving inpatient treatment. Partial
correlation networks were highly stable and reproducible at
admission and discharge, with emotional neglect, “worth-
lessness”, “thinking about dying”, “feeling lonely” and
“satisfied with life” being the most central nodes of either
childhood maltreatment, psychological symptoms or life
satisfaction nodes at both admission and discharge. We esti-
mated DAGs using Bayesian networks at admission and
discharge to further investigate potential causal connections
between child maltreatment and life satisfaction. The DAGs
support our previous findings, identifying emotional neglect
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as directly connected to several life satisfaction nodes and
additionally connecting emotional abuse to life satisfaction.
Except for indirect paths from sexual abuse and emotional
abuse to life satisfaction, no potentially causal shortest path-
ways from child maltreatment through psychological symp-
toms to life satisfaction were found at admission.

Looking at changes from admission to discharge, partial
correlation networks were not statistically significantly dif-
ferent. Despite DAGs showing some differences between
admission and discharge, main links between child maltreat-
ment and life satisfaction were similar, especially regarding
the importance of emotional neglect. However, new path-
ways to life satisfaction emerged for physical neglect (now
directly connected). Indirect shortest pathways to life satis-
faction through psychological symptoms emerged only for
emotional and sexual abuse. However, they were not stable
across admission and discharge.

Our findings support and extend previous findings using
network analyses in the field of child maltreatment. For
example, Breuer et al. (2020) pointed out that sexual abuse
is more closely connected to DSM—5 diagnoses of mental
disorders compared to other forms of child maltreatment.
This is reflected in our finding showing that sexual abuse
was only exclusively connected to life satisfaction through
psychological symptoms. Our findings are also in line with
recent literature highlighting child maltreatment and adverse
childhood experiences as risk factors for a multitude of life
problems in adolescence and adulthood extending beyond
mental disorders (Widom, 2014). The finding that these
experiences are directly linked to the HQoL associated
dimension of life satisfaction further underlines the detri-
mental effects of child maltreatment, even when controlling
for psychological symptoms in a sample of adolescents cur-
rently undergoing inpatient treatment for these symptoms.
Emotional abuse and neglect were the most important types
of child maltreatment in our sample, as they predicted lower
life satisfaction both through direct and indirect connec-
tions. These types of maltreatment were also most common
in our sample, which might partially explain less robust
findings for other types of maltreatment. In line with similar
findings from other studies (Monteleone et al., 2019, 2021),
this further supports that (a) physical maltreatment and sex-
ual abuse are often accompanied by emotional maltreatment
and (b) especially emotional maltreatment is connected to
later low HRQoL and psychological symptoms (Hagborg et
al., 2017; Taillieu et al., 2016). Understanding mental dis-
orders as complex systems (Borsboom, 2017), child mal-
treatment may work as an exogenous trigger that promotes
long-lasting changes in neurocognitive and emotion regula-
tion processes (Cowell et al., 2015; Gruhn & Compas, 2020)
which then lead to more psychological symptoms but also
diminished adolescents’ abilities to achieve long-term goals
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or maintain meaningful relationships, ultimately resulting
in low life satisfaction. This may also explain why direct
effects of child maltreatment on life satisfaction maintain
at discharge, given that inpatient treatment is primarily
focused on reducing psychological symptoms and less on
improve long-term goal achievement. Thus, future studies
might investigate networks of child maltreatment and neu-
rocognitive or emotion regulation processes over longer
periods including follow-up assessments after discharge.

Our findings have implications for treatment: Interper-
sonal symptoms like “never feeling close to others”, “dis-
trust in other people” and “feeling lonely in company of
other people” appear repeatedly in pathways from child
maltreatment to life satisfaction, especially in pathways
involving sexual abuse and physical maltreatment. This
finding implicates that these types of maltreatment may
interrupt a general sense of trust in other people. Targeting
these symptoms in adolescents with high levels of sexual
and physical maltreatment experiences may help in expe-
riencing higher life satisfaction in the future. This is under-
lined by the finding that the association between “distrust
in other people” and “worthlessness™ disappeared at dis-
charge, suggesting that adolescents reporting sexual abuse
may have received corrective experiences in relationships
during inpatient treatment. In contrast, emotional abuse and
neglect are robustly and more directly connected to life sat-
isfaction at admission and discharge. This may indicate that
novel treatments should directly target these child maltreat-
ment experiences, for example using cognitive processing
therapy (LoSavio et al., 2021) or narrative exposure therapy
(Peltonen & Kangaslampi, 2019) techniques that already
showed preliminary efficacy for the treatment of trauma-
related symptoms in adolescents.

Several strengths of our study should be noted: We were
able to analyze a large sample of adolescents who provided
data at both admission and discharge to obtain stable net-
works at admission and discharge even with many nodes.
We combined two network analysis approaches (i.e., regu-
larized partial correlation and Bayesian network analysis) to
model both general potential network structures of underly-
ing symptom systems as well as to investigate potentially
causal directed pathways from child maltreatment to life
satisfaction. This allowed for simultaneous inference on the
symptom level compared to previous studies which mainly
focused on higher-order constructs. In addition, DAGs
estimated with Bayesian network analysis allow to inspect
potentially causal pathways between child maltreatment,
symptoms and life satisfaction, which is not possible in
linear regression models. There are also several limitations
to be reported. First, only self-report data were used. We
focused on patient self-reports, because we were interested
insubjective life satisfaction, child maltreatment experiences

and psychological symptoms. With the latter being mostly
internalizing symptoms, there is evidence that self-reports
are sufficiently reliable for assessment (De Los Reyes
et al., 2015; Martel et al., 2017; Weitkamp et al., 2013).
Despite evidence for discrepancies between self-report
and objective recordings (e.g. court proceedings, medical
documentations; see Baldwin et al., 2019), recent research
indicates a low risk of bias in retrospective self-reports of
child maltreatment (Goltermann et al., 2023; Pinto et al.,
2014). However, it should be noted that very early experi-
ences of abuse or neglect may not be remembered or may
be distorted. Furthermore, a substantial part of the overall
sample had to be excluded because of missing data due to
technical difficulties during the routine assessment. None-
theless, comparison between included and excluded adoles-
cents revealed no or negligible differences, indicating that
they were mostly comparable. Sample size was substantial
compared to other network studies and coefficient stabil-
ity was obtained. Depressive and eating disorders were the
most diagnosed mental disorders in the sample. According
to the treatment focus of the center on internalizing mental
disorders and especially eating disorders, which both have
a higher prevalence in females than in males (Napp et al.,
2023; Steffen et al., 2020), female adolescents dominated in
the sample. Thus, the results might not be generalizable to
males as well as samples with higher proportions of other
types than emotional maltreatment, which was highest in
our sample. In addition, adolescents who were admitted
involuntarily due to suicide attempts or acute crises may
show different pathways from child maltreatment to life
satisfaction, as they were not included in our sample. Addi-
tionally, we used an empirical inclusion criterion for edges
in the DAGs (Scutari & Nagarajan, 2013). Therefore, some
edges might disappear using more restrictive approaches
(e.g., inclusion of edges present in 85% of bootstrapped net-
work samples; Briganti et al., 2021).

In conclusion, we found evidence for direct links from
child maltreatment to the HRQoL-related facet of subjec-
tive life satisfaction, which were stable from admission to
discharge from inpatient treatment in a network analysis
of adolescents with mental disorders. Only sexual abuse
showed exclusively indirect pathways to life satisfaction
through psychological symptoms. This is in line with previ-
ous research indicating stronger closeness of sexual abuse
to mental disorders compared to other types of child mal-
treatment. The finding that child maltreatment still directly
affects life satisfaction after inpatient treatment further high-
lights its detrimental effects. This calls for better interven-
tions directly targeting child maltreatment experiences even
in the absence of posttraumatic stress disorder, with a focus
on emotional neglect due to its linking function between
other child maltreatment experiences and life satisfaction.
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Future studies using network analysis might investigate the
interrelations of child maltreatment and basic neurocogni-
tive and emotion regulation processes with life satisfaction
in adolescents with and without current mental disorders.
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