Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

From Laboratory Stress to Everyday Life: A
Multimodal Twin-Family Study of Risk and
Resilience Factors for Mental Health

Anja Pascher
German Center for Mental Health (DZPG), Partner Site Tuebingen

Lennart Seizer
Ludwig-Maximilians-Universitat Miinchen
Vanessa Nieratschker
University of Tlibingen
Susanne Edelmann
University of Tlibingen
Gottfried Maria Barth
University Hospital of Tuebingen; Germany

Nadine Nicole Schmitt
University Hospital of Tuebingen; Germany

Steffen Massanneck
Friedrich-Alexander-Universitat Erlangen-Nirnberg

Bjorn Schuller
Technical University of Munich

Annette Conzelmann
University Hospital of Tuebingen; Germany

Tobias Renner
University Hospital of Tuebingen; Germany

Jens C. Pruessner
University of Konstanz

Sophie Fischerauer
Friedrich-Alexander-Universitat Erlangen-Nurnberg

Robert Richer
Friedrich-Alexander-Universitat Erlangen-Nurnberg

Johanna Lochner

Johanna, Loechner®@med , uni—-muenchen, de

Ludwig-Maximilians-Universitat Miinchen

Page 1/35


https://doi.org/10.21203/rs.3.rs-10896407/v1
https://doi.org/10.21203/rs.3.rs-10896407/v1

Research Article

Keywords: risk and resilience, twins, ambulatory assessment, laboratory assessment, coping with stress,
transgenerational, genetic and epigenetic factors

Posted Date: October 7th, 2026
DOI: https://doi.org/10.21203/rs.3.rs-10896407/v1

License: € @ This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.

Page 2/35


https://doi.org/10.21203/rs.3.rs-10896407/v1
https://creativecommons.org/licenses/by/4.0/

Abstract
Background

Mental illnesses are on the rise, highlighting the urgent need for preventive measures. However,
preventive programmes show slow to moderate effects that diminish over time, potentially due to limited
knowledge of mechanisms underlying resilience. Despite growing evidence on risk and resilience factors
for the development of mental iliness, their relative importance and dynamic interplay under real-time
conditions, such as acute stress, remain unclear.

Method

This study investigates biological and psychological risk and resilience factors for the development of
mental illness, focusing on individuals’ capacity to cope with stress, using an innovative mixed-methods
twin-family design. Analyses will integrate the mixed-methods and twin-family structure and will
primarily be exploratory and hypothesis-generating, given the expected sample size. The study will
include N = 50 monozygotic and dizygotic twin pairs and, where available, their non-twin siblings aged 16
years and older. It comprises two complementary parts: (1) a laboratory assessment including self-report
questionnaires, an experimental stress task, physiological monitoring, and biological sampling; and (2) a
one-week intensive longitudinal ambulatory assessment including repeated measures of emotional states
and perceived stress, audio diaries, nocturnal ECG recordings, and saliva samples. Biological factors
(epigenetic markers, stress reactivity), psychological factors (childhood experiences, emotion regulation,
perceived stress), social factors (social networks, family support), and background factors (parental
health, socioeconomic status) will be assessed across both parts. Laboratory and ambulatory data will
be integrated to examine trait-level risk and resilience factors and state-level dynamic processes.
Comparisons between monozygotic and dizygotic twins and non-twin siblings will allow estimation of
genetic and environmental contributions to stress coping and mental health outcomes.

Discussion

The study will provide novel insights into interactions between biological, psychological, and social risk
and resilience factors in shaping mental health. By combining laboratory-based stress assessment, real-
time ambulatory data, and a twin-family design, it aims to advance understanding of stress-related and
transgenerational mechanisms.

Trial registration

The study was approved by the ethics committee of the University and University Hospital of Tiibingen
(No. 737/2023B01) and was conducted in accordance with the ICH-GCP guidelines, the Declaration of
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Helsinki, and applicable legal requirements. The study was retrospectively registered in the German
Clinical Trials Register (DRKS; DRKS00033660) on July 14, 2026 (https://www.drks.de/DRKS00033660).

1. Background

Psychological resilience is an important factor in successful adaptation and the maintenance of
psychological functioning across diverse life domains. It is increasingly understood as a dynamic, multi-
level process that enables individuals to adapt to adversity, recover from stress, and maintain or regain
mental health despite challenging circumstances [1; 2; 3]. Importantly, resilience encompasses not only
recovery following discrete adverse events but also the ability to sustain well-being under chronic or
cumulative stress through the mobilization of personal, social, and environmental resources [4].
Consistent with this conceptualization, higher levels of resilience have been associated with better
mental health, enhanced quality of life, stronger social functioning, and lower levels of psychological
distress [5; 6]. A recent meta-analysis by Chuang et al. [7] confirmed a robust positive association
between resilience and quality of life among individuals with mental illness. Similarly, Hu et al. [8]
demonstrated that trait resilience is negatively associated with symptoms of depression and anxiety and
positively related to indicators of well-being such as life satisfaction and positive affect. Conversely,
individuals characterized by low resilience, elevated familial risk, and difficulties in emotion regulation
are at increased risk of developing psychiatric disorders, including depression and anxiety [9]. This
vulnerability is of particular relevance given the high prevalence and substantial societal burden of
mental disorders worldwide [10; 11].

One particularly important context in which resilience processes become relevant is the
intergenerational transmission of psychopathology. Children of parents with depression constitute a
high-risk population, showing a three- to sixfold increased likelihood of developing depressive disorders
themselves [13]. This elevated vulnerability is thought to arise from the interaction of multiple risk
pathways associated with parental psychopathology, including genetic and epigenetic influences,
chronic environmental stressors (e.g., marital conflict and financial hardship), maladaptive coping
strategies, negative cognitive styles, and impaired parent—child interactions [14]. Influential theoretical
models proposed by Goodman and Gotlib [15] and later extended by Hosman et al. [14] conceptualize
these intergenerational processes by integrating biological, psychological, and social risk and resilience
factors, together with relevant mediating and moderating mechanisms (see Fig. 1).

Recent empirical findings support these theoretical frameworks. For example, Xerxa et al. [16] found that
social support factors may buffer the intergenerational transmission of psychopathology, while Reese et
al. [17] identified family health as an important mediator of intergenerational trauma transmission.
Despite their elevated risk, approximately 25% of children of parents with depression show resilient
developmental trajectories [19]. However, despite the identification of numerous risk and resilience
factors, the mechanisms through which resilience develops and exerts its protective effects remain
insufficiently understood. A better understanding of these processes is crucial for identifying biological
and psychosocial markers of vulnerability and protection and may contribute to the development of
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personalized, biomarker-informed prevention and intervention approaches within the emerging
framework of precision psychiatry and psychotherapy.

Building on these theoretical and empirical foundations, the following sections review key risk and
resilience factors associated with the development and intergenerational transmission of
psychopathology. Given the large body of predominantly cross-sectional research in this field, particular
emphasis is placed on evidence derived from longitudinal studies, meta-analyses, and systematic
reviews whenever available, including most recent findings. Specifically, we summarize current evidence
regarding scientific consensus on biological, parent-related, child-related, parent—child interaction, and
broader social factors that contribute to vulnerability and resilience across development. Although these
factors are closely interrelated and conceptual overlap is therefore unavoidable, we distinguish them
analytically to provide a clear overview of the most relevant risk and resilience factors.

1.1 Biological factors

Biological factors provide an important foundation for children’s mental health development by shaping
how environmental influences and psychological processes affect vulnerability and resilience. Rather
than acting in isolation, genetic variants involved in stress regulation, emotion processing, and
neuroplasticity interact with environmental experiences, such that the same genotype may confer either
risk or resilience depending on exposure to factors such as parenting quality, maltreatment, or chronic
stress [19]. Consistent with this perspective, genetic studies of resilience have shown that specific
variants and polygenic profiles are associated with more adaptive stress responses and better
maintenance of functioning despite adversity [20; 21]. These findings suggest that resilience is partly
influenced by genetic factors that shape the impact of attachment patterns, personality traits, and stress
reactivity on later psychopathology.

Prenatal factors are primarily maternal in origin and may influence offspring development through both
biological and behavioural pathways. Meta-analyses have demonstrated that prenatal depression is
associated with adverse birth outcomes, including low birth weight and preterm birth [22; 23; 24; 25],
potentially through mechanisms such as altered placental functioning in response to prenatal stress
[26]. Substance use during pregnancy, which is associated with postpartum depression [27], may disrupt
fetal development. Prenatal tobacco and alcohol exposure have been linked to greater negative affect,
neurocognitive impairments, and structural alterations in brain regions involved in learning, executive
functioning, reward processing, and emotion regulation [28; 29]. Prenatal alcohol and tobacco exposure
may have lasting effects through epigenetic modifications that alter gene expression involved in brain
development, stress responsivity, neuronal growth, and neurotransmission. These changes may
contribute to later cognitive, emotional, and behavioural difficulties in offspring [30; 31]. Parental stress
during pregnancy is also associated with adverse outcomes in the offspring including mental disorders
such as depression and anxiety, but also ADHD. Transgenerational transmission of epigenetic marks, but
also newly acquired epigenetic signatures link parental stress status and psychopathology to stress
reactivity and mental health of the offspring [32]. Research thus far is mainly based on candidate genes
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and provides evidence of a potential role of NR3C1, SCL6A4 and BDNF [33], whereas a recent review of
EWAS results in only small overlaps between study findings and generally rather small effect sizes
indicating that multiple, interacting factors contribute to the transgenerational transmission of risk and
resilience [34].

Importantly, disentangling genetic and environmental contributions to resilience and psychopathology
requires genetically informative study designs. The inclusion of monozygotic and dizygotic twin pairs
alongside their non-twin siblings allows genetic variance to be modeled explicitly, as monozygotic twins
share almost 100% of their segregating genetic material, whereas dizygotic twins and non-twin siblings
share, on average, approximately 50%. By leveraging these differences in genetic relatedness while
accounting for the shared family environment, the design facilitates a more precise differentiation
between genetic and environmental influences and improves estimation of their relative contributions to
the outcomes of interest.

Sleep is a fundamental biological process supporting brain maturation, emotional regulation, memory
consolidation, and stress-system functioning, making sleep disturbances particularly consequential
during childhood and adolescence [35; 36; 37]. Longitudinal and meta-analytic evidence indicates that
insomnia and insufficient sleep prospectively increase the risk of depression and anxiety, rather than
merely occurring as symptoms of existing disorders [37; 38]. Sleep should therefore be considered a
central and potentially modifiable biological risk and resilience factor in the development of mental
health problems.

1.2 Parents

Parents shape child development through genetic transmission and the caregiving, psychological,
health-related, and socio-demographic environments they provide. Parent-related characteristics
therefore represent a key domain of developmental risk and resilience, including the socio-economic,
cultural, and linguistic contexts in which children grow up [39; 40]. Research suggests that adverse
developmental outcomes are rarely attributable to a single risk factor; rather, the accumulation of
multiple (parental) risk factors appears to be particularly detrimental [41; 42]. Socio-economic stressors,
such as financial hardship, unemployment, and reliance on social welfare benefits, often co-occur with
psychosocial stressors including family conflict, early parenthood, single parenthood, migration-related
challenges, and domestic violence. Using a cluster-analytic approach, Lorenz et al. [42] demonstrated
that families exposed to three or four concurrent risk factors already showed moderate levels of burden,
whereas families experiencing more than eight risk factors were classified as severely burdened. These
cumulative stressors affect not only parental well-being but may also influence child development
through spillover processes operating within the family system.

One important consequence of elevated parental burden is an increased risk of parental
psychopathology, which has consistently been associated with adverse outcomes in offspring [44; 13;
44, 45]. Difficulties in emotion regulation, which are common across both clinical and subclinical forms
of psychopathology, have been linked to more negative parenting behaviours, with particularly
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pronounced effects observed in depressive disorders, borderline personality disorders, and substance
use disorders [46]. Previous research has identified several moderating and mediating factors, including
parental and child age, child gender, characteristics of the disorder (e.g., duration, severity, timing, and
chronicity), parent-child-interaction and the presence and support of a second caregiver [15; 14; 48].
However, the specific effects of parental psychopathology on child outcomes are highly heterogeneous,
and it remains unclear which offspring develop adverse outcomes, under what conditions, and through
which mechanisms, while others remain resilient [18].

1.3 Child

Among numerous vulnerability factors, cognitive factors [48], emotion regulation capacities [49], low
self-esteem [50], biological vulnerabilities [51] (see above) and the exposure to negative life events [52;
53] were consistently shown to play a key role for increasing negative coping with stress and hence, the
risk for mental disorders in individuals. Such factors were shown to be shaped by parental mental health
substantially (e.g. 54; 55; 56; 13] and are summarized shortly in the following.

Firstly, cognitive style, including habitual thought patterns, beliefs, and information-processing
tendencies, substantially influences vulnerability to mental disorders. Maladaptive cognitive styles
characterized by negative interpretations, rumination, and cognitive biases are consistently associated
with depression and anxiety disorders [57]. Individuals who habitually interpret experiences negatively
are especially vulnerable to emotional distress and persistent psychopathology [58]. These maladaptive
cognitive processes may intensify negative emotional states and contribute to the maintenance and
severity of mental health problems. More specifically, cognitive coping processes are strongly influenced
by subjective stress appraisal. Individuals’ perceptions regarding the severity and controllability of
stressors shape their vulnerability to adverse psychological outcomes. Those who consistently perceive
stressors as overwhelming and uncontrollable are more likely to experience chronic stress, which may
disrupt emotional well-being and contribute to the emergence of mental health problems [48]. Moreover,
perceived stress and negative emotions may reciprocally reinforce one another, resulting in a cognitive—
emotional downward spiral [48]. From a transgenerational perspective, offspring of parents with
depression have been shown to exhibit less cognitive flexibility [55] and a less positive attributional style
[54].

Secondly, emotion regulation has increasingly been recognized as a central resilience factor in coping
with stress. Extensive evidence indicates that mental health is closely associated with competencies in
emotional expression, emotional regulation, and emotional understanding [59; 60]. Consequently, deficits
in emotion regulation constitute an important vulnerability factor for mental illness. Individuals who
struggle to effectively regulate their emotions are at increased risk for disorders such as anxiety,
depression, and borderline personality disorder [61]. Impaired emotion regulation may result in persistent
and overwhelming negative affect, thereby exacerbating or prolonging psychological distress. In
contrast, adaptive emotion regulation, particularly in combination with good sleep quality, has been
shown to foster resilience to depression and anxiety under conditions of chronic stress [62]. Offspring of
parents with depression were characterized with deficits in adaptive emotion regulation strategies, a
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positive attributional style and, simultaneously, had more psychopathology symptoms than the
population-based comparison group [63].

In addition to cognitive and emotional factors, social competencies represent another important
determinant of mental health. Poor social skills can impair the formation and maintenance of supportive
interpersonal relationships, thereby increasing feelings of loneliness and social isolation, both of which
constitute established risk factors for mental illness [64]. Furthermore, impaired social functioning may
amplify the adverse effects of stress and life adversities [65].

Low self-esteem and low self-efficacy constitute closely related yet distinct dimensions of self-
perception and have both been identified as transdiagnostic risk factors for mental health problems and
reduced quality of life [50]. Low self-esteem, characterized by a negative self-image and persistent
feelings of inadequacy or self-doubt, has been associated with feelings of worthlessness and the
development of affective disorders [66; 67]. In contrast, low self-efficacy refers to diminished confidence
in one’s ability to successfully perform tasks or achieve goals [68]. Individuals with low self-efficacy are
more likely to avoid challenging situations and may become increasingly vulnerable to stress and anxiety
due to impaired problem-solving [69], decision-making, and coping abilities [70]. Importantly, low self-
esteem and low self-efficacy may interact bidirectionally with mental illness. As psychological symptoms
intensify, individuals may experience a further decline in self-worth and perceived competence, resulting
in a self-reinforcing negative feedback cycle [50; 71].

Finally, negative life events such as trauma, loss, or chronic stress represent significant environmental
risk factors for the onset of mental illness, particularly in individuals with an underlying predisposition
[52; 53]. Such experiences may overwhelm existing coping capacities, disrupt emotional functioning, and
lead to persistent psychological distress. Moreover, negative life events often interact with additional
vulnerability factors, including genetic predispositions and maladaptive coping strategies, thereby further
increasing the likelihood of developing mental health problems, especially when stressors occur
repeatedly or cumulatively [52]. Again, negative life events such as adverse childhood experiences (ACE)
were shown to increase the likelihood of post-partum depression, which fully mediated the mother-infant
bonding [56; 72, see below more details on parent-child interaction].

As indicated in Fig. 1, such factors converge in coping with stressor and an individual's stress reactivity,
defined as the manner in which individuals respond and cope with stressors [73]. Heightened stress
reactivity, characterized by intensified physiological and emotional responses to stress, has been
associated with an increased susceptibility to anxiety disorders, depression, and post-traumatic stress
disorder, while also exacerbating the severity of existing psychopathology [73]. Prolonged exposure to
chronic stress may further contribute to dysregulation of the body’s stress response systems (Russel &
Lightman, 2019), thereby triggering or aggravating mental health symptoms [74; 75; 76]. In addition,
stress-induced alterations have been linked to multifaceted pathophysiological processes affecting
cognitive appraisal and executive functioning [77]. Deficits in cognitive abilities such as problem-solving,
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self-regulation, and decision-making can impair adaptive coping with everyday challenges and increase
vulnerability to disorders including depression, anxiety, eating disorders, and substance abuse [78; 79].

1.4 Parent—Child Interaction and Relationship

The parent—child relationship represents a central mechanism through which parental and child
characteristics influence one another. Evidence suggests that parental psychopathology is associated
with impaired attachment relationships [80; 81; 82], reduced parental enjoyment in interactions with the
child [83], and more negative perceptions of child behaviour [84]. At the same time, child characteristics
contribute to these transactional processes. Difficult child temperament may challenge parental
caregiving, while insecure attachment has also been linked to the development of more difficult
temperament characteristics, indicating a bidirectional relationship between child temperament and
parent—child attachment [85; 86; 87].

At the extreme end of the risk continuum, the parent—child relationship may be disrupted by abuse and
neglect. Such experiences have been associated with reduced parental sensitivity, greater frustration
and anger during parent-child interactions, and lower levels of positive engagement [88]. Children
exposed to abuse or neglect are more likely to develop insecure-avoidant or disorganized attachment
patterns, display withdrawn behaviour and heightened negative affect, exhibit increased aggression, and
show broader difficulties in emotional regulation [89]. In addition, childhood maltreatment (CM) has been
linked to alterations in brain development and neurobiological functioning [12; 90; 91]. Hence, CM
constitutes one of the strongest environmental risk factors for the development of psychopathology. A
representative German study estimated that approximately one in seven children experiences severe
abuse or neglect at least once during childhood [92]. Individuals exposed to CM are roughly twice as
likely to develop mental disorders that persist into adolescence and adulthood [93]. Consistent with
these findings, accumulating evidence indicates that CM alters psychological and neurobiological
development in ways that increase vulnerability to a broad range of psychiatric disorders [94; 95; 96; 44].
McLaughlin et al. [97] proposed a transdiagnostic framework in which alterations in emotional
processing, social information processing, and accelerated biological aging represent key mechanisms
linking childhood trauma to later psychopathology.

Recent evidence further suggests that the consequences of CM may extend into the transition to
parenthood. Vogel et al. [56; 72] demonstrated that childhood maltreatment, particularly emotional
abuse and neglect, was strongly associated with postpartum depressive symptoms in mothers, with
emotion regulation difficulties emerging as a key mediating mechanism. Similar associations were
observed in fathers, for whom maladaptive emotion regulation was linked to greater postpartum
depression severity, although these findings should be interpreted cautiously given the limited sample
size.

Emerging evidence indicates that CM is associated with enduring epigenetic alterations, particularly in
DNA methylation, which may contribute to heightened vulnerability to later psychopathology. Studies
from our own group in adults with social anxiety disorder demonstrated that early life adversity, including
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maltreatment, was associated with differential DNA methylation in genes involved in stress regulation
and emotional functioning, as well as altered immune-related transcriptional pathways [98; 99]. These
findings suggest that early adversity may induce persistent molecular alterations that influence stress
responsivity and mental health risk across the lifespan. Consistent with this interpretation, studies in
maltreated children and adolescents identified maltreatment-related methylation differences in genes
involved in neural development, tissue development, mitochondrial function, and stress regulation [100;
101; 102; 103], supporting epigenetic embedding as a central mechanism through which childhood
maltreatment may affect brain development and emotional functioning.

1.5 Social factors

The family environment is a key context for child development and can act as both a risk and protective
factor. Family discord, poor relationship quality, single parenthood, parental depression, and marital
conflict have been linked to poorer child mental health and family functioning, whereas supportive family
relationships, coparenting, and the involvement of a second caregiver may promote socio-emotional
adjustment and buffer stress [104; 105; 106; 107; 108; 109]. Beyond the immediate family, broader social
networks, including relatives, friends, professional support services, and increasingly peers during
adolescence, represent important resilience factors for parental and child well-being [110; 111; 112; 113;
114;115].

However, much of the literature examines isolated predictors, often cross-sectionally, and thus provides
limited insight into the interaction of biological, psychological, social, and contextual factors over time.
Addressing this gap, Lochner et al. [116] investigated multiple risk and resilience factors in a secondary
analysis of 8,063 families with children aged 0—3 years and showed that predictors of parental mental
health and child well-being differed across baseline and two-year follow-up assessments. While the
study’s large representative sample and comprehensive assessment are major strengths, it did not
include biological markers such as genetics or epigenetics, captured only limited dynamic psychological
and biological processes, and focused on families with infants, a developmental period shaped by the
specific challenges of early parenthood.

1.6 Summary

Taken together, the reviewed literature suggests that risk and resilience emerge from complex
interactions among biological, psychological, familial, and social factors across development. Although
substantial evidence exists for individual predictors of mental health outcomes, relatively few studies
have integrated these domains within a longitudinal framework while simultaneously accounting for
genetic relatedness. Evidence from experimental stress coping tasks is further limited. Furthermore,
novel assessment approaches allow following participants in their everyday lives and assess their
individual stress coping abilities in ecological momentary assessment (EMA), overcoming psychometric
shortcomings as memory biases, but capture their daily behavior [118]. In addition, audio data can be
used to enrich classic psychometric data with open format reports, which can be analyzed using
machine learning approaches [118].
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The present twin-sibling study addresses these gaps by examining the joint and interactive contributions
of biological, psychological, and environmental risk and resilience factors to the development of
psychopathology combining multimodal data of a laboratory stress task and real-time assessment,
including traditional psychometrical and EMA, biological data (saliva, blood) and audio diary data. In
specific, the study exploratorily investigates i) the importance and interaction of various risk and
resilience factors in relation with stress coping (cognitive attitude, emotion regulation, self-esteem,
sleep) in the development of mental disorders within a twin cohort and ii) their role within the
transmission of psychopathology in a laboratory and ambulatory assessment setting to explore
interactive patterns and standardized and real-time conditions.

Research Questions:

1. Which risk and resilience factors most robustly predict psychopathology, and to what extent do their
effects differ across monozygotic twins, dizygotic twins, and non-twin siblings?

2. Does parental psychopathology moderate risk and resilience factors (coping with stress, cognitive
attitude, emotion regulation, self-esteem, sleep) and offspring psychopathology, and how do these
pathways vary by genetic relatedness (monozygotic twins, dizygotic twins, and non-twin siblings)?

3. How do risk and resilience factors dynamically interact across controlled laboratory and real-world
conditions, and how are these interaction patterns moderated by genetic relatedness?

We hypothesize that greater cumulative exposure to biological, psychological, social, and familial risk
factors will be associated with higher levels of psychopathology, whereas resilience factors will
attenuate these associations. In particular, maladaptive cognitive appraisal, emotion-regulation
difficulties, low self-esteem, ineffective coping, and disturbed sleep are expected to predict stronger
subjective and biological stress responses under laboratory conditions and greater negative affect and
stress reactivity in everyday life. We further expect that these dynamic stress-response patterns will
mediate, at least partly, the association between stable risk factors and mental-health problems. Finally,
concordance in risk profiles and psychopathology is expected to be greater among monozygotic twins
than among dizygotic twins and non-twin siblings, while differences within genetically related pairs will
provide evidence for the contribution of modifiable environmental and psychosocial factors.

2. Methods
2.1 Study design

This study employs a mixed-methods design, combining cross-sectional and time-series approaches to
investigate the development and transmission of mental disorders in a twin cohort. The study integrates
both laboratory-based assessments and real-time EMA, capturing both state and trait factors related to
stress coping (see Fig. 2).

By utilizing a combination of experimental methods, ambulatory data collection, and real-time
monitoring, the study provides a comprehensive understanding of how various risk and resilience factors
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interact in the context of mental health. The study was approved by the ethics committee of the
University and University Hospital of Tiibingen (No. 737/2023B01) and was conducted in accordance
with the ICH-GCP guidelines, the Declaration of Helsinki, and applicable legal requirements. The study
was retrospectively registered in the German Clinical Trials Register (DRKS; DRKS00033660) on July 14,
2026 (https://www.drks.de/DRKS00033660).

2.2 Sample and recruitment

The target population of the study comprises twin pairs aged 16 years and older, as well as their non-
twin siblings and parents. Inclusion in the study requires the willingness of both twins to participate,
parental consent in case of underaged participants and sufficient proficiency in the German language.
Furthermore, participants should have a daily routine compatible with the ambulatory assessment
schedule of the EMA week (e.g. no working hours at night) and possess a smartphone suitable for
completing brief online questionnaires and voice recordings. Exclusion criteria include current
pregnancy, engagement in shift or night work, and refusal to participate in any of the study's assessment
components. Recruitment is conducted via the existing TwinHealth cohort at the University Hospital
Tlbingen, internal mailing lists of the University and University Hospital Tiibingen, physical notice boards,
and personal networks. An initial invitation letter provides basic information about the study procedure
and the contact details of the study coordinators. Individuals who express interest are invited to a low-
threshold informational and screening session, conducted either via telephone or through a data
protection—compliant video platform. These sessions may be attended by both twins or the entire family
together. During this initial meeting, participants receive detailed information about the study, and a
preliminary screening of inclusion and exclusion criteria is conducted. Only families who meet the study
requirements are invited to attend the on-site baseline appointment. Study information sheets and
informed consent documents are sent to all potential participants in advance via email for review.

2.3 Procedure

Twin pairs and, if available, their non-twin siblings are invited to a laboratory appointment. This session
is scheduled within a fixed time window (between 13:00 and 17:00) and is carried out by trained study
personnel following a standardized protocol (see Fig. 3). Each session is conducted by at least three
research staff members: two who administer the parallel stress tasks and one who is responsible for
collecting biological samples. The staff members are trained and supervised to conduct all procedures.
At the beginning of each session, any remaining questions are addressed and signed informed consent
forms are collected. Twin participants are then escorted to two separate laboratory rooms, where they
complete the self-report questionnaire battery simultaneously (see Questionnaires below). Afterwards,
the Montreal Imaging Stress Task (MIST) will be conducted to test each participant's physiological
stress reactivity. During this stress test, heart rate will be collected via an ECG and saliva samples
(before and after) will be collected for cortisol determination. At the end of the visit, a blood draw and
hair sample are obtained and further detailed instructions for the home setting week are provided, e.g.,
on the use of the study-related apps and technical equipment.
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After successful completion of the laboratory assessment, the participating twins and non-twin siblings
begin a one-week ambulatory assessment comprising daily ecological momentary assessments, saliva
samples, audio diaries, and the collection of an overnight sleep ECG.

Montreal Imaging Stress Task (MIST)

To induce acute psychosocial stress under standardized laboratory conditions, participants complete
the MIST, a computer-based stress paradigm adapted from the Trier Mental Challenge Test [119].
Participants are initially informed that they will complete a “cognitive performance test,” which serves as
a cover story for the stress induction procedure. During the MIST, participants are exposed to a series of
arithmetic tasks presented on a computer display. In the experimental condition, psychosocial stress is
induced through a combination of time constraints, adaptive task difficulty, and standardized negative
feedback. The software dynamically adjusts the difficulty level and response time limits to each
participant’s performance, setting the time limit approximately 10% below the participant’s average
response time and adjusting task difficulty so that only 20-45% of responses can be answered correctly.
To contrast it with the control condition, a red rectangle surrounds the presentation area and the
feedback to the arithmetic tasks includes the comment ‘recorded’. In addition, a fictitious comparison
with an expected performance is displayed on top, showing the individual performance on a color bar
with red, yellow and green sections. While the own performance moves from green to red over the
course of the run, the average performance indicated by a second arrow remains in green or yellow. In
addition, in between the runs, the experimenter expresses concern about the performance being
substantially below expectations and encourages the subject to improve subsequently. Participants
complete two MIST runs, each lasting nine minutes (The procedure followed the protocol described by
Dedovic [120]). For the current project, only the experimental condition was employed. After completion
of the MIST, participants undergo a 20-minute recovery period, during which they are instructed to
remain seated, refrain from speaking, and avoid using their smartphone. Cardiac activity is assessed as
a physiological marker of acute and chronic stress responses. For this purpose, participants wear a
Movesense Sensor HR+ attached to the chest using a Movesense belt with two electrodes. The sensor
records single-channel ECG data, which are transmitted via Bluetooth to the eHealth Studio app,
developed by the cooperation partner for secure physiological data acquisition in compliance with data
protection regulations. Heart rate and heart rate variability are assessed based on the recorded cardiac
data. Further, five saliva samples are collected via passive drool: one before the MIST as a baseline
measure, one between the two MIST runs, one immediately after the second run, and two additional
samples 10 and 20 minutes after the MIST during recovery. To ensure standardized cortisol sampling
conditions, participants are instructed to avoid eating for at least one hour and physical activity prior to
the assessment. Upon arrival, participants complete the study questionnaires before saliva collection.
Sampling is conducted within a standardized time window to account for cortisol’s circadian rhythm.
Before the first sample, participants rinse their mouths with water and swallow it. After the final saliva
sample, participants are fully debriefed about the purpose of the MIST and asked to provide
retrospective informed consent for the use of the stress-task data.
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Blood and hair samples

Peripheral venous blood will be drawn in Ethylenediaminetetraacetic tubes (EDTA, BD, Franklin Lakes, NJ,
USA) from all participants at the baseline assessment and stored at - 80°C. Genomic DNA will be
isolated from whole blood using the QlIAamp DNA Blood maxi Kit (Qiagen, Hilden, Germany) following
the manufacturer’s protocol. DNA yield and quality will be assessed using a Qubit™ 2.0 Fluorometer (Life
Technologies, Carlsbad, CA, USA). 500 ng genomic DNA will be bisulfite converted using the EpiTect Fast
Bisulfite Kit (Qiagen) according to the manufacturer’s instructions. Bisulfite-converted DNA will be eluted
in 20 pl elution buffer and stored at -20°C until further analysis. Region-specific PCRs (e.g., FKBP5, OXTR,
SLC6A) will be conducted using the PyroMark PCR Kit (Qiagen) according to the manufacturer's
protocol. Successful amplification and specificity of the PCR products will be verified and visualized via
agarose gel electrophoresis. DNA methylation levels will be further analyzed by pyrosequencing using
the PyroMark Q24 system (Qiagen). Each sample will be amplified twice and both amplicons will be
sequenced as technical replicates. The mean percentage will be used for further analysis. However,
replicates revealing a relative deviation of > 3% of the respective DNA methylation level will be repeated.
To detect disparate amplification of unmethylated DNA fragments a titration assay using standardized
bisulfite-converted control DNA samples (EpiTect Control DNA, Qiagen) with established DNA
methylation levels of 0%, 25%, 50%, 75% and 100% will be performed.

To obtain hair samples, it has been recommended to use hair from the occipital protuberance. The hair is
cut off directly above the scalp, wrapped in aluminum foil to protect it until analysis. Due to the sample
collection, no visible areas remain on the head and there are no other impairments on the subjects.
Ceratinized cortisol will be measured in hair samples to determine its long-term levels and chronic stress
burden [121; 122].

Questionnaires

Demographic questions will be captured with a self-generated questionnaire including age, gender,
family information, socio-economic status, cultural background.

Mental health: Mental health is assessed using the Symptom Checklist-90 (SCL-90) [123; 124], which
measures subjectively perceived impairment by physical and psychological symptoms within the last 7
days. The questionnaire consists of 90 items assigned to nine symptom dimensions. Items are rated on
a 5-point Likert scale ranging from 0 (not at all) to 4 (extremely). In addition to the subscales, a Global
Severity Index (GSI) is calculated to reflect overall psychological distress. Internal consistency ranges
from Cronbach’s a =.76 to .92 for the subscales and reaches a=.97 in adults and a =.98 in adolescents
for the GSI. The SCL-90 demonstrates good item discrimination and is considered a valid instrument.

Well-being: The overall well-being will be assessed with the 5-item World Health Organization Well-Being
Index (WHO-5) [125]. The WHO-5 consists of five items rated on a 6-point-Likert scale ranging from ‘1’
(all of the time) to ‘6’ (at no time). The WHO-5 shows overall good psychometric properties with an
internal consistency of Cronbach's alpha = 0.920 [125].
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Emotion regulation: Emotion regulation is assessed using the short form of the Difficulties in Emotion
Regulation Scale (DERS-18) [126]. The questionnaire consists of 18 items across six subscales, each
represented by three items. ltems are rated on a 5-point Likert scale ranging from 1 (almost never) to 5
(almost always), with higher scores indicating greater difficulties in emotion regulation. Three items of
the Awareness subscale are reverse-coded. The DERS-18 demonstrates good psychometric properties,
with item-total correlations ranging from r = .53 to .83 and internal consistency ranging from Cronbach'’s
a=.8910.91.

Childhood Maltreatment: Childhood maltreatment is retrospectively assessed using the Childhood
Trauma Questionnaire (CTQ) [127; 128]. The CTQ consists of 28 items covering five types of
maltreatment, items are rated on a 5-point Likert scale ranging from 1 (never true) to 5 (very often true).
Subscale scores and a total score can be calculated, with higher scores indicating greater exposure to
maltreatment. The CTQ demonstrates good psychometric properties. For the German version, internal
consistency is high for most subscales (Cronbach’s a > .80), whereas the physical neglect subscale
shows weaker reliability and should be interpreted with caution. Construct validity is supported by
positive associations with anxiety and depression and negative associations with life satisfaction [128].

Attachment: Attachment is assessed using a modified version of the Relationship-Specific Attachment
Scales for Adults (BBE) [129], based on Bartholomew’s model of adult attachment. The instrument
measures attachment along the dimensions secure—anxious and dependent-independent. In the
present study, items on attachment to the mother were replaced by questions on social relationships and
friendships, including open-ended items on number of friendships and contact frequency. Additional
sections assess partnership status, attachment-related statements, and prototypical attachment
descriptions, all rated on 5-point Likert scales (1 = not at all to 5 = completely). The BBE shows
satisfactory psychometric properties, with internal consistencies between a =.71 and .87 and 6-month
test-retest reliabilities between r = .70 and .84. Validity is supported by expected associations with
attachment prototypes, relationship quality, contact frequency, and partnership satisfaction. No
normative data is available.

Cognitive Attitude: Cognitive attitudes are assessed using the Dysfunctional Attitude Scale — Short Form
(DAS-18) [130]. The scale consists of 18 items measuring dysfunctional beliefs associated with
depression, particularly in the domains of performance evaluation and need for approval. Items are rated
on a 7-point Likert scale ranging from 1 (total disagreement) to 7 (total agreement). Higher scores
indicate more dysfunctional attitudes. The DAS-18 shows good internal consistency (Cronbach’s a
=.80-.89). Evidence for validity is supported by positive correlations with depressive symptoms (e.g.,
BDI-Il) and negative correlations with related cognitive constructs.

Depressive symptoms: Depressive symptoms are assessed using the Beck Depression Inventory-Il (BDI-
I1) [131; 132]. The BDI-Il is a 21-item self-report questionnaire measuring depressive symptom severity
over the past two weeks. Each item is rated on a 4-point Likert scale ranging from 0 to 3, with total
scores ranging from 0 to 63. Higher scores indicate greater symptom severity. The BDI-Il shows excellent
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psychometric properties, including high internal consistency (Cronbach’'s a =.89-.92) and good test-
retest reliability (r_tt = .73-.96).

Self-esteem and self-efficacy: Self-efficacy is assessed using the General Self-Efficacy Scale (SWE/GSE-
10) [133]. The scale consists of 10 items measuring general perceived self-efficacy across various life
domains. Items are rated on a 4-point Likert scale ranging from 1 (not true) to 4 (exactly true), with
higher scores indicating higher self-efficacy. The SWE demonstrates good psychometric properties, with
internal consistency ranging from Cronbach’s a =.71 to .89 and moderate test-retest reliability over one
year (r_tt = .54-.57), indicating acceptable temporal stability. Construct validity is supported by
correlations with related psychological constructs.

Sleep quality: Sleep quality is assessed using the Pittsburgh Sleep Quality Index (PSQl) [134]. It consists
of 19 self-rated items that are used to calculate seven component scores: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and
daytime dysfunction. Each component is scored from 0 to 3, resulting in a global score ranging from 0 to
21, with higher scores indicating poorer sleep quality. A global score above 5 is commonly used to
indicate poor sleep quality. The PSQIl demonstrates good psychometric properties, including satisfactory
internal consistency, test—retest reliability, and validity in distinguishing good from poor sleepers. The
German version has also shown acceptable reliability and validity in clinical and community samples
[135; 136].

Ambulatory assessment

During the one-week ambulatory assessment, participants complete repeated EMA to capture
fluctuations in mood, perceived stress, and contextual factors in daily life. Short online questionnaires
are administered six times per day, beginning at 10:00 and continuing every two hours until 20:00.
Participants receive individualized survey links and are instructed during the initial laboratory visit to set
smartphone reminders for each assessment time point. The first daily EMA assessment differed slightly
from subsequent assessments by including additional questions on sleep during the previous night.
Current mood was assessed using the Multidimensional Mood Questionnaire (MDBF; 12-item short
form), capturing good—bad mood, alertness—tiredness, and calmness—-restlessness. The subscales
show substantial intercorrelations (r = .70-.75, p < .001) and good internal consistency (a = .78-.86; total
score a =.92), with factorial validity supported [137; 138]. Perceived stress was assessed using the 4-
item version of the Perceived Stress Scale (PSS-4), adapted for ambulatory assessment [139]. The scale
measures perceived unpredictability, uncontrollability, and overload over the past month, with items rated
on a 5-point scale. The PSS-4 has demonstrated acceptable reliability and validity in German samples
[140] and showed good internal consistency (Cronbach’s a = .84). Further, at each EMA time point,
participants also answer brief contextual questions relevant to the interpretation of saliva-based
biomarkers. These include questions on physical activity, caffeine and alcohol consumption, food intake,
sleep, and other recent behaviours that may influence salivary measures. These variables will be
considered as covariates in analyses of biological stress responses. As part of the final EMA
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assessment each day at 8:00 p.m., participants are asked to record a brief audio diary of approximately
two minutes. In this diary, they are instructed to describe emotionally relevant events of the day,
including positive and negative experiences, as well as their personal highs and lows. Audio recordings
are transmitted via Famedly [141], a GDPR-compliant messenger approved for secure communication in
healthcare settings. The audio diaries provide additional contextual information about participants’ daily
experiences and will be analysed using automatic speech recognition and natural language processing
methods. Analyses will focus on both the semantic content of the recordings and paralinguistic vocal
features. Previous research suggests that speech data can provide information about emotional states,
fatigue, cognitive or physical load, and depressive symptom severity [142; 143]. In the present study,
audio diary data will support the interpretation of EMA responses and biological stress markers by
providing richer contextual information about daily stressors and emotional experiences.

2.4 Data analysis

Analyses will follow the mixed-methods and twin-family design of the study. Given the expected sample
size of approximately 50 twin pairs plus available siblings and parents, analyses will be primarily
exploratory and hypothesis-generating. Results will therefore be interpreted mainly in terms of effect
sizes, confidence intervals, and consistency across data sources. First, descriptive statistics will be
calculated for all questionnaires, biological, physiological, EMA, and audio-derived variables. Data will be
inspected for missingness, outliers, and distributional properties. Biological markers such as salivary
cortisol, hair cortisol, and DNA methylation values will be transformed or standardized where
appropriate. EMA compliance and technical data quality for ECG, saliva, and audio recordings will be
reported. The primary outcome will be psychological distress, assessed with the Global Severity Index of
the SCL-90. Secondary outcomes will include depressive symptoms, well-being, stress reactivity,
perceived stress, mood, and biological stress markers. Main predictors will include parental
psychopathology, childhood maltreatment, emotion regulation, dysfunctional attitudes, self-efficacy,
attachment-related variables, perceived stress, sleep-related variables, social support, and biological
stress markers. Cross-sectional baseline data will be analyzed using linear mixed-effects models with
individuals nested within families. Family will be included as a random intercept to account for
dependency between twins and siblings. Age, sex/gender, socioeconomic indicators, medication use,
smoking, and other relevant health variables will be considered as covariates. Zygosity or sibling status
will be included as a grouping variable and tested exploratorily as a moderator. Laboratory stress
reactivity during the MIST will be analyzed using repeated-measures mixed-effects models. Heart rate,
heart rate variability, and salivary cortisol will be modelled across baseline, stress, and recovery phases.
Summary indices, such as cortisol area under the curve and physiological reactivity or recovery scores,
will be calculated where appropriate and examined in relation to SCL-90 scores and psychological risk or
resilience factors. EMA data will be analyzed using multilevel models with repeated assessments nested
within days, days nested within individuals, and individuals nested within families. These models will
examine within-person associations between momentary stress, mood, sleep, contextual factors, and
daily experiences. Time of day, day of assessment, physical activity, food intake, caffeine, alcohol, and
sleep will be considered as time-varying covariates. Exploratory lagged models will test whether stress
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predicts later mood or whether negative mood predicts later perceived stress. Laboratory and
ambulatory data will be integrated by examining whether stress reactivity during the MIST predicts daily-
life stress levels, affective stress reactivity, recovery, or nocturnal ECG-derived stress markers. Audio
diaries will be transcribed and analyzed using natural language processing and acoustic feature
extraction. Linguistic and vocal features will be linked to same-day EMA responses and biological stress
markers to contextualize daily stress and coping processes. Familial similarity will be examined using
intraclass and cross-sibling correlations separately for monozygotic twins, dizygotic twins, and non-twin
siblings. Formal ACE (additive genetic [A], shared environmental [C], and non-shared environmental [E]
components) models will only be conducted for selected outcomes if data completeness and model
stability are sufficient; otherwise, genetically informed analyses will focus on similarity patterns and
zygosity moderation. Intergenerational transmission will be examined by testing associations between
parental psychopathology and SCL-90 scores, including potential mediating or buffering effects of stress
regulation, social support, and biological markers.

3. Discussion

This study aims to advance understanding of how risk and resilience factors related to stress coping
interact in the development and intergenerational transmission of mental health problems [1; 2; 3]. By
applying a multimodal design that combines a standardized laboratory stress task with ambulatory
assessment in everyday life, the study integrates psychometric measures, EMA, biological markers
derived from saliva and blood, and audio-diary data. This approach is intended to enable the
investigation of both stable characteristics and dynamic stress-related processes, including cognitive
appraisal, emotion regulation, self-esteem, coping, and sleep. The primary aim is to implement the study
design and to obtain initial exploratory findings.

This study addresses important gaps in understanding the development and intergenerational
transmission of psychopathology by examining the joint and interactive contributions of biological,
psychological, familial, and broader environmental risk and resilience factors [15; 14]. The study
specifically examines which risk and resilience factors most robustly predict psychopathology, whether
these associations differ between monozygotic twins, dizygotic twins, and non-twin siblings, and which
mechanisms contribute to the intergenerational transmission of parental psychopathology. In addition, it
investigates how these factors interact under controlled laboratory conditions and in real-world contexts,
and whether these patterns vary as a function of genetic relatedness. Together, these analyses aim to
provide a more integrated account of how genetic vulnerability, modifiable psychosocial factors, and
context-dependent stress responses jointly shape mental-health outcomes.

We hypothesize that greater cumulative exposure to biological, psychological, social, and familial risk
factors will be associated with higher levels of psychopathology, whereas resilience factors will buffer
these associations. Specifically, maladaptive cognitive appraisals, difficulties in emotion regulation, low
self-esteem, ineffective coping strategies, and poor sleep are expected to predict heightened subjective
and biological stress responses during laboratory assessments, as well as greater negative affect and
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stress reactivity in daily life. We further hypothesize that these dynamic patterns of stress responding
will partially mediate the relationship between stable risk factors and mental-health problems. Finally, we
expect greater similarity in risk profiles and psychopathology among monozygotic twins than among
dizygotic twins and non-twin siblings. At the same time, differences observed within genetically related
pairs are expected to highlight the contribution of modifiable environmental and psychosocial
influences.

A key strength of the study is the inclusion of monozygotic twins, dizygotic twins, non-twin siblings, and
parents, which allows exploratory differentiation between genetic, shared environmental, and non-shared
environmental influences. Although the sample size limits formal behavioural genetic modelling,
comparing similarity patterns across monozygotic and dizygotic twin pairs can provide important
preliminary evidence on the relative contribution of genetic relatedness to stress coping,
psychopathological symptoms, and biological stress markers. The inclusion of parents further enables
investigation of intergenerational pathways, including whether parental psychopathology is associated
with offspring mental health for example through biological stress regulation, emotion regulation, or
childhood adversity. Another major strength is the integration of standardized laboratory assessment
with real-world ambulatory data enabling a much broader picture, which is potentially less-biased and
assessed under standardised conditions but also including individualised daily stressors [116]. The MIST
provides a controlled context for examining acute physiological and endocrine stress reactivity, while the
one-week ambulatory assessment captures fluctuations in mood, perceived stress, sleep, contextual
factors, and daily emotional experiences [119; 144]. This combination allows the study to examine
whether laboratory-based stress responses correspond to stress processes in everyday life. Audio
diaries add an additional qualitative and digital layer by providing contextual information on daily
stressors and emotional experiences, while also enabling exploratory analyses of linguistic and vocal
markers of affective states.

The study also has important limitations. The sample size is small, and analyses will therefore be
exploratory and hypothesis-generating. The cross-sectional baseline design prevents conclusions about
causality or developmental change. In addition, retrospective assessment of childhood adversity and
family experiences may be affected by recall bias. The ambulatory assessment period of one week
provides rich real-time data but may not fully represent longer-term stress patterns or seasonal and
developmental variation. Developmental stages that may have substantial impact on the current mental
health state are not considered. Despite the relevance of other important risk and resilience factors (e.g.
alcohol exposure in pregnancy, social support, educational environment), we only included such factors
with the highest impact based on our literature review, based on an update of the theoretical framework
of Goodman & Gotlib [15] and Hosman et al. [14]. Finally, the relatively demanding study protocol may
lead to selection effects, as families with higher motivation, fewer current burdens, or greater interest in
mental health research may be more likely to participate.

Future research should include larger samples to enable robust analyses, ideally extend recruitment to
infants, adopt a longitudinal design, and use the most suitable psychometric methods. The present study
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can help identify which assessment tools provide the greatest scientific value while minimising
participant burden.

The clinical implications lie in identifying modifiable risk and resilience factors and understanding how
they fluctuate in everyday life, thereby informing more targeted and potentially more effective prevention
strategies. Clinicians may also benefit from a prioritised overview of these factors and their interplay to
support more precise case formulation and therapeutic decision-making.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Medical Faculty of the Eberhard Karls University
and University Hospital Tiibingen (No. 737/2023B01) and was conducted in accordance with the ICH-
GCP guidelines, the Declaration of Helsinki, and applicable legal requirements. The study was
retrospectively registered in the German Clinical Trials Register (DRKS) under registration number
DRKS00033660 on July 14, 2026 (https://www.drks.de/DRKS00033660). Prior to participation, all
participants were informed orally about the study procedures and provided written informed consent in
person no later than before the first study visit. For participants under 18 years of age, written informed
consent was obtained from their legal guardians, and assent was obtained from the adolescent
participants.

Consent for publication
Not applicable. This study protocol does not report individual participant data.
Availability of data and materials

Data collection and laboratory analyses are ongoing. The datasets generated and analysed during the
study are not currently publicly available. Data are stored securely at the University Hospital Tlibingen in
accordance with applicable data protection regulations. Due to the sensitive nature of the collected data,
access to individual-level data will be subject to applicable ethical, legal, and data protection
requirements and the terms of informed consent. Where possible and compatible with the protection of
participants' rights and privacy, data and/or study materials may be made available for scientific
purposes through appropriate repositories or upon reasonable request to the corresponding author.
Access to sensitive data may be restricted to authorised researchers and may be subject to appropriate
data use agreements and, where required, ethical approval.

Competing interests
The authors declare that they have no competing interests.
Funding

Page 20/35



This study was supported by the German Center for Mental Health (Deutsches Zentrum fiir Psychische
Gesundheit, DZPG), Partner Site Tiibingen, funded by the German Federal Ministry of Education and
Research (Bundesministerium fiir Bildung und Forschung, BMBF). The funder had no role in the study
design, data collection, analysis, interpretation of data, decision to publish, or preparation of the
manuscript.

Corresponding authors:

Primary corresponding author:

Prof. Dr. Johanna Léchner
Johanna.Loechner@med.uni-muenchen.de
Corresponding author:

M.A. Anja Pascher
Anja.Pascher@med.uni-tuebingen.de
Authors' contributions

Anja Pascher (AP), Lennart Seizer (LS), Vanessa Nieratschker (VN), Susanne Edelmann (SE), Gottfried
Maria Barth (GMB), Nadine Nicole Schmitt (NNS), Steffen Massanneck (SM), Bjérn Schuller (BS), Annette
Conzelmann (AC), Tobias J. Renner (TJR), Jens C. Pruessner (JCP), Sophie Fischerauer (SF), Robert
Richer (RR), and Johanna Lochner (JL) contributed to the study and manuscript as follows:

AP coordinated the overall study and was responsible for project administration and day-to-day study
coordination. AP drafted the manuscript. LS contributed to the conceptualization and design of the
study, provided scientific and methodological input, was responsible for the saliva and hair sample
components and the statistical analysis, and contributed substantially to writing and revising the
manuscript. VN contributed to the conceptualization and design of the study, supervised the study as
Principal Investigator, was primarily responsible for the epigenetics component, and supported the
financial and administrative coordination of the project. SE contributed to the conceptualization and
design of the study, provided scientific input, contributed to the epigenetics component, and critically
revised the manuscript. GMB provided scientific and methodological input regarding the ECG and sleep-
ECG components. NNS provided scientific input and critically revised the manuscript. SM provided
scientific input and critically revised the manuscript. BS provided scientific and methodological input
regarding the voice recording component. AC provided scientific input and critically revised the
manuscript. TJR contributed to the conceptualization of the study and provided scientific and
institutional supervision within the Department of Child and Adolescent Psychiatry, Psychosomatics and
Psychotherapy at the University Hospital Tibingen. JCP provided the MIST developed by his research
group, provided training and methodological advice regarding its administration, and contributed to the

Page 21/35



corresponding section of the study protocol. SF provided scientific input and critically revised the
manuscript. RR provided scientific input and critically revised the manuscript, including the first draft. JL
contributed to the conceptualization and overall design of the study, provided close scientific supervision
throughout the project, and assumed overall responsibility for the study design and manuscript. All
authors read and approved the final manuscript.

Acknowledgements

We would like to sincerely thank our medical and dental doctoral researchers Katharina Brehm, Kathrin
Cygan, Johanna Durwen, Janna Klimas, Julia Kunert, Lars Lukschanderl, Ying Niu, Samuel Riederer,
Amelie Sinz, Josephine Sinzig, Jennifer von Coburg, and Katharina Willy for their invaluable contribution
to the implementation of the study. They are involved in participant recruitment, conducting laboratory
assessments, supporting and supervising participants, data analyses, and numerous organizational and
practical tasks in the day-to-day conduct of the study. Their commitment and support are essential to the
successful implementation of the project.

We also gratefully acknowledge Sarah Pasche for her valuable laboratory support, including training the
doctoral researchers in the processing and analysis of saliva and blood samples, as well as her ongoing
support with laboratory-related organization and procurement.

References

1. Southwick SM, Bonanno GA, Masten AS, Panter-Brick C, Yehuda R. Resilience definitions, theory, and
challenges: interdisciplinary perspectives. Eur J psychotraumatology. 2014;5(1):25338.

2. Bonanno GA, Chen S, Galatzer-Levy IR. Resilience to potential trauma and adversity through
regulatory flexibility. Nat Reviews Psychol. 2023;2(11):663-75.

3. Schafer SK, Supke M, Kausmann C, Schaubruch LM, Lieb K, Cohrdes C. A systematic review of
individual, social, and societal resilience factors in response to societal challenges and crises.
Commun Psychol. 2024;2(1):92.

4. Ayed N, Toner S, Priebe S. Conceptualizing resilience in adult mental health literature: A systematic
review and narrative synthesis. Psychol Psychotherapy: Theory Res Pract. 2019;92(3):299-341.

5. Connor KM, Davidson JR. Development of a new resilience scale: The Connor-Davidson resilience
scale (CD-RISC). Depress Anxiety. 2003;18(2):76-82.

6. Davydov DM, Stewart R, Ritchie K, Chaudieu I. Resilience and mental health. Clin Psychol Rev.
2010;30(5):479-95.

7. Chuang SP, Wu JYW, Wang CS. Resilience and quality of life in people with mental illness: A
systematic review and meta-analysis. Neuropsychiatric Disease Treatment. 2023;19:507-14.

8. Hu T, Zhang D, Wang J. A meta-analysis of the trait resilience and mental health. Pers Indiv Differ.
2015;76:18-27.

Page 22/35



10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. van Sprang ED, Maciejewski DF, Milaneschi Y, Elzinga BM, Beekman ATF, Hartman CA, van Hemert

AM, Penninx BWJH. Familial risk for depressive and anxiety disorders: Associations with genetic,
clinical, and psychosocial vulnerabilities. Psychol Med. 2022;52(4):696-706.
https://doi.org/10.1017/S0033291720002299.

. Wittchen H-U, Jacobi F, Klose M, Ryl L. (2010). Themenheft 51 ‘Depressive Erkrankungen’ [Report].

Robert Koch-Institut. https://doi.org/10.25646/3155

Copeland WE, Wolke D, Angold A, Costello EJ. Adult psychiatric outcomes of bullying and being
bullied by peers in childhood and adolescence. JAMA Psychiatry. 2013;70(4):419-26.

Crozier JC, Van Voorhees EE, Hooper SR, De Bellis MD. Effects of abuse and neglect on brain
development. In: Myers JEB, editor. Child Abuse and Neglect. WB Saunders; 2011. pp. 516—-25.

Weissman MM, Wickramaratne P, Nomura Y, Warner V, Pilowsky D, Verdeli H. Offspring of depressed
parents: 20 years later. Am J Psychiatry. 2006;163(6):1001-8.

Hosman C, Doesum K, van Santvoort F. Prevention of emotional problems and psychiatric risks in
children of parents with a mental illness in the Netherlands: I. The scientific basis to a
comprehensive approach. Adv Mental Health. 2009;8:250-63.

Goodman SH, Gotlib IH. Risk for psychopathology in the children of depressed mothers: a
developmental model for understanding mechanisms of transmission. Psychol Rev.
1999;106(3):458-90.

Xerxa Y, Hillegers MH, Mesman E, Tiemeier H, Jansen PW. Intergenerational transmission of
psychopathology across three generations: the role of social support. Eur Child Adolesc Psychiatry.
2025;34(4):1329-40.

Reese EM, Barlow MJ, Dillon M, Villalon S, Barnes MD, Crandall A. Intergenerational transmission of
trauma: The mediating effects of family health. Int J Environ Res Public Health. 2022;19(10):5944.

Collishaw S. Annual research review: secular trends in child and adolescent mental health. J Child
Psychol Psychiatry. 2015;56(3):370-93.

Cicchetti D, Rogosch FA. Gene x Environment interaction and resilience: Effects of child
maltreatment and serotonin, corticotropin releasing hormone, dopamine, and oxytocin genes. Dev
Psychopathol. 2012;24(2):411-27. https://doi.org/10.1017/S0954579412000077.

Maul S, Giegling |, Fabbri C, Corponi F, Serretti A, Rujescu D. Genetics of resilience: Implications from
genome-wide association studies and candidate genes of the stress response system in
posttraumatic stress disorder and depression. Am J Med Genet Part B: Neuropsychiatric Genet.
2020;183(2):77-94.

Cahill S, Chandola T, Hager R. Genetic variants associated with resilience in human and animal
studies. Front Psychiatry. 2022;13:840120.

Accortt EE, Cheadle ACD, Schetter D, C. Prenatal depression and adverse birth outcomes: An
updated systematic review. Matern Child Health J. 2015;19(6):1306—37.

de Paula Eduardo JAF, de Rezende MG, Menezes PR, Del-Ben CM. Preterm birth as a risk factor for
postpartum depression: A systematic review and meta-analysis. J Affect Disord. 2019;259:392-
Page 23/35



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

403.

Vigod SN, Villegas L, Dennis CL, Ross LE. Prevalence and risk factors for postpartum depression
among women with preterm and low-birth-weight infants: a systematic review. BJOG: Int J Obstet
Gynecol. 2010;117(5):540-50.

Shay M, MacKinnon AL, Metcalfe A, Giesbrecht G, Campbell T, Nerenberg K, Tough S, Tomfohr-
Madsen L. Depressed mood and anxiety as risk factors for hypertensive disorders of pregnancy: A
systematic review and meta-analysis. Psychol Med. 2020;50(13):2128-40.
https://doi.org/10.1017/S0033291720003062.

Marr MC, Graham AM, Feczko E, Nolvi S, Thomas E, Sturgeon D, Schifsky E, Rasmussen JM, Gilmore
JH, Styner M, Entringer S, Wadhwa PD, Korja R, Karlsson H, Karlsson L, Buss C, Fair DA. Maternal
Perinatal Stress Trajectories and Negative Affect and Amygdala Development in Offspring. Am J
Psychiatry. 2023;180(10):766—77. https://doi.org/10.1176/appi.ajp.21111176.

Ross LE, Dennis CL. The prevalence of postpartum depression among women with substance use,
an abuse history, or chronic illness: a systematic review. J Women's Health. 2009;18(4):475-86.

Brook JS, Brook DW, Whiteman M. The influence of maternal smoking during pregnancy on the
toddler's negativity. Arch Pediatr Adolesc Med. 2000;154(4):381-5.

Marshall AT, Bodison SC, Uban KA, Adise S, Jonker D, Charles W, Sowell ER. The impact of prenatal
alcohol and/or tobacco exposure on brain structure in a large sample of children from a South
African birth cohort. Alcoholism: Clin Experimental Res. 2022;46(11):1980-92.

Das U, Gangisetty O, Chaudhary S, Tarale P, Rousseau B, Price J, Frazier |, Sarkar DK. Epigenetic
insight into effects of prenatal alcohol exposure on stress axis development: Systematic review with
meta-analytic approaches. Alcohol Clin Experimental Res. 2023;47(1):18-35.
https://doi.org/10.1111/acer.14972.

Gould TJ. Epigenetic and long-term effects of nicotine on biology, behavior, and health. Pharmacol
Res. 2023;192:106741. https://doi.org/10.1016/j.phrs.2023.106741.

Babenko O, Kovalchuk I, Metz GAS. Stress-induced perinatal and transgenerational epigenetic
programming of brain development and mental health. Neurosci Biobehavioral Reviews.
2015;48:70-91. https://doi.org/10.1016/j.neubiorev.2014.11.013.

Braithwaite EC, Kundakovic M, Ramchandani PG, Murphy SE, Champagne F. Maternal prenatal
depressive symptoms predict infant NR3C1 1F and BDNF IV DNA methylation. Epigenetics.
2015;10(5):408-17.

Drzymalla E, Crider KS, Wang A, Marta G, Khoury MJ, Rasooly D. Epigenome-wide association
studies of prenatal maternal mental health and infant epigenetic profiles: a systematic review.
Translational psychiatry. 2023;13(1):377.

Krause AJ, Simon EB, Mander BA, Greer SM, Saletin JM, Goldstein-Piekarski AN, Walker MP. The
sleep-deprived human brain. Nat Rev Neurosci. 2017;18(7):404-18.
https://doi.org/10.1038/nrn.2017.55.

Page 24/35



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Palmer CA, Bower JL, Cho KW, Clementi MA, Lau S, Oosterhoff B, Alfano CA. Sleep loss and
emotion: A systematic review and meta-analysis of over 50 years of experimental research. Psychol
Bull. 2024;150(4):440-63. https://doi.org/10.1037/bul0000410.

Baglioni C, Battagliese G, Feige B, Spiegelhalder K, Nissen C, Voderholzer U, Lombardo C, Riemann
D. Insomnia as a predictor of depression: A meta-analytic evaluation of longitudinal epidemiological
studies. J Affect Disord. 2011;135(1-3):10-9. https://doi.org/10.1016/j.jad.2011.01.011.

Lovato N, Gradisar M. A meta-analysis and model of the relationship between sleep and depression
in adolescents: Recommendations for future research and clinical practice. Sleep Med Rev.
2014;18(6):521-9. https://doi.org/10.1016/j.smrv.2014.03.006.

Aktar E, Bogels SM. Exposure to parents’ negative emotions as a developmental pathway to the
family aggregation of depression and anxiety in the first year of life. Clin Child Fam Psychol Rev.
2017;20(4):369-90.

Reiss D, Ganiban JM, Leve LD, Neiderhiser JM, Shaw DS, Natsuaki MN. Parenting in the context of
the child: Genetic and social processes. Monogr Soc Research Child Development. 2022;87(1-3):7-
188.

Evans GW, Cassells RC. Childhood poverty, cumulative risk exposure, and mental health in emerging
adults. Clin Psychol Sci. 2013;2(3):287-96.

Lorenz S, Ulrich SM, Sann A, Liel C. Self-reported psychosocial stress in parents with small children:
results from the Kinder in Deutschland—KiD 0-3 study. Deutsches Arzteblatt international.
2020;117(42):709.

Goodman SH. Intergenerational transmission of depression. Ann Rev Clin Psychol. 2020;16(1):213-
38.

Weissman DG, Bitran D, Miller AB, Schaefer JD, Sheridan MA, McLaughlin KA. Difficulties with
emotion regulation as a transdiagnostic mechanism linking child maltreatment with the emergence
of psychopathology. Dev Psychopathol. 2019;31(3):899-915.

Khanal P, Stahlberg T, Upadhyaya S, Heinonen E, Ortin-Peralta A, Sourander A. Parental
psychopathology and offspring anxiety disorders in childhood and adolescence: A Finnish
nationwide register study. J Affect Disord. 2025;368:374—-82.

Zitzmann J, Rombold-George L, Rosenbach C, Renneberg B. Emotion regulation, parenting, and
psychopathology: A systematic review. Clin Child Fam Psychol Rev. 2024;27(1):1-22.

Kwan B, Rickwood DJ. A systematic review of mental health outcome measures for young people
aged 12 to 25 years. BMC Psychiatry. 2015;15(1):279.

Feng G, Xu X, Lei J. Tracking perceived stress, anxiety, and depression in daily life: a double-
downward spiral process. Front Psychol. 2023;14:1114332.

Cavicchioli M, Tobia V, Ogliari A. Emotion regulation strategies as risk factors for developmental
psychopathology: A meta-analytic review of longitudinal studies based on cross-lagged correlations

and panel models. Res Child Adolesc Psychopathol. 2023;51:295-315.
https://doi.org/10.1016/j.jad.2011.01.011.

Page 25/35



50.

o1.

52.

33.

54.

99.

56.

57.

58.

59.

60.

61.

62.

63.

Barbalat G, Plasse J, Gauthier E, Verdoux H, Quiles C, Dubreucq J, Legros-Lafarge E, Jaafari N,
Massoubre C, Guillard-Bouhet N, Haesebaert F, Franck N. The central role of self-esteem in the
quality of life of patients with mental disorders. Sci Rep. 2022;12(1):7852.
https://doi.org/10.1038/s41598-022-11655-1.

Schiele MA, Ziegler C, Holitschke K, Schartner C, Schmidt B, Weber H, Reif A, Romanos M, Pauli P,
Zwanzger P, Deckert J, Domschke K. Extending the vulnerability—stress model of mental disorders:
Three-dimensional NPSR1 x environment x coping interaction study in anxiety. Br J Psychiatry.
2020;217(5):645-50. https://doi.org/10.1192/bjp.2020.73.

Cohen S, Murphy ML, Prather AA. Ten surprising facts about stressful life events and disease risk.
Ann Rev Psychol. 2019;70(1):577-97.

Cleland C, Kearns A, Tannahill C, Ellaway A. The impact of life events on adult physical and mental
health and well-being: Longitudinal analysis using the GoWell health and well-being survey. BMC Res
Notes. 2016;9(1):470.

Loechner J, Sfarlea A, Starman K, Oort F, Thomsen LA, Schulte-Korne G, Platt B. Risk of Depression
in the Offspring of Parents with Depression: The Role of Emotion Regulation, Cognitive Style,
Parenting and Life Events. Child Psychiatry Hum Dev. 2020;51(2):294-3009.

Urbanska-Grosz J, Sitek EJ, Pakalska A, Pietraszczyk-Kedziora B, Skwarska K, Walkiewicz M. Family
Functioning, Maternal Depression, and Adolescent Cognitive Flexibility and Its Associations with
Adolescent Depression: A Cross-Sectional Study. Children. 2024;11(1):131.
https://doi.org/10.3390/children11010131.

Vogel L, Lochner J, Opitz A, Ehring T, Lux U, Liel C, Henning C, Seiferth C, Wittekind CE. Shadows of
the past — Hierarchical regression analyses on the role of childhood maltreatment experiences for
postpartum depression. J Affect Disord. 2025a;371:82-90.
https://doi.org/10.1016/j.jad.2024.11.045.

Sfarlea A, Buhl C, Loechner J, Neumiiller J, Asperud Thomsen L, Starman K, Salemink E, Schulte-
Korne G, Platt B. | Am a Total... Loser — The Role of Interpretation Biases in Youth Depression. J
Abnorm Child Psychol. 2020;48(10):1337-50.

Ehring T. Thinking too much: rumination and psychopathology. World Psychiatry. 2021;20(3):441-2.

Sanchez-Alvarez N, Extremera N, Fernandez-Berrocal P. The relation between emotional intelligence
and subjective well-being: A meta-analytic investigation. J Posit Psychol. 2016;11(3):276-85.

Schutte NS, Malouff JM, Thorsteinsson EB, Bhullar N, Rooke SE. A meta-analytic investigation of the
relationship between emotional intelligence and health. Pers Indiv Differ. 2007;42(6):921-33.

Hu T, Zhang D, Wang J, Mistry R, Ran G, Wang X. Relation between emotion regulation and mental
health: A meta-analysis review. Psychol Rep. 2014;114(2):341-62.

Sullivan EC, James E, Henderson LM, McCall C, Cairney SA. The influence of emotion regulation
strategies and sleep quality on depression and anxiety. Cortex. 2023;166:286—-305.

Loechner J, Starman-Wohrle K, Takano K, Engelmann L, Voggt A, Loy F, Platt B. A randomised
controlled trial of a family-group cognitive-behavioural (FGCB) preventive intervention for the

Page 26/35



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

children of parents with depression: short-term effects on symptoms and possible mechanisms.
Child Adolesc Psychiatry Mental Health. 2021;15(1):54.

Segrin C. Indirect effects of social skills on health through stress and loneliness. Health Commun.
2019;34(1):118-24.

Brandt L, Liu S, Heim C, Heinz A. The effects of social isolation stress and discrimination on mental
health. Translational psychiatry. 2022;12(1):398.

Hilbert S, Goerigk S, Padberg F, Nadjiri A, Ubleis A, Jobst A, Dewald-Kaufmann J, Falkai P, Biihner M,
Naumann F, Sarubin N. The Role of Self-Esteem in Depression: A Longitudinal Study. Behav Cogn
Psychother. 2019;47(2):244-50.

Struijs SY, de Jong PJ, Jeronimus BF, van der Does W, Riese H, Spinhoven P. Psychological risk
factors and the course of depression and anxiety disorders: A review of 15 years NESDA research. J
Affect Disord. 2021;295:1347-59.

Bavojdan MR, Towhidi A, Rahmati A. The relationship between mental health and general self-
efficacy beliefs, coping strategies and locus of control in male drug abusers. Addict Health.
2011;3(3-4):111-8.

Parto M. Problem solving, self-efficacy, and mental health in adolescents: Assessing the mediating
role of assertiveness. Procedia-Social Behav Sci. 2011;30:644-8.

Freire C, Ferradas MDM, Regueiro B, Rodriguez S, Valle A, Nuiez JC. Coping strategies and self-
efficacy in university students: A person-centered approach. Front Psychol. 2020;11:530329.

Moon JY, Kim JH. (2021). Association between self-esteem and efficacy and mental health in
people with disabilities. PLoS ONE, 16(10), e0257943.

Vogel L, Lux U, Deliens T, Ehring T, Henning C, Opitz A, Schoemann N, Seiferth C, Terhorst Y, Wittekind
CE, Lochner J. Understanding the link between maternal childhood maltreatment and mother-infant
bonding: Postpartum depressive symptoms as a mediator. Eur J Psychotraumatology.
2025b;16(1):2567722.

Turner Al, Smyth N, Hall SJ, Torres SJ, Hussein M, Jayasinghe SU, Ball K, Clow AJ. Psychological
stress reactivity and future health and disease outcomes: A systematic review of prospective
evidence. Psychoneuroendocrinology. 2020;114:104599.

Russell AL, Tasker JG, Lucion AB, Fiedler J, Munhoz CD, Wu TYJ, Deak T. (2018). Factors promoting
vulnerability to dysregulated stress reactivity and stress-related disease. J Neuroendocrinol, 30(10),
e12641.

Seizer L, Léchner J, Renner TJ. (2025). Peripheral immune system activity in young psychiatry
patients. Brain Behav Immunity-Health, 101143.

Lei AA, Phang VWX, Lee YZ, Kow ASF, Tham CL, Ho Y-C, Lee MT. Chronic Stress-Associated
Depressive Disorders: The Impact of HPA Axis Dysregulation and Neuroinflammation on the
Hippocampus-A Mini Review. Int J Mol Sci. 2025;26(7):2940.
https://doi.org/10.3390/ijms26072940.

Page 27/35



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Palamarchuk IS, Vaillancourt T. Mental resilience and coping with stress: A comprehensive, multi-
level model of cognitive processing, decision making, and behavior. Front Behav Neurosci.
2021;15:719674.

Allom V, Mullan B. Individual differences in executive function predict distinct eating behaviours.
Appetite. 2014;80:123-30.

Robson DA, Allen MS, Howard SJ. Self-regulation in childhood as a predictor of future outcomes: A
meta-analytic review. Psychol Bull. 2020;146(4):324.

Macdonald JA, Greenwood CJ, Francis LM, Harrison TR, Graeme LG, Youssef GJ, Di Manno L,
Skouteris H, Fletcher R, Knight T, Williams J, Milgrom J, Olsson CA. Profiles of Depressive Symptoms
and Anger in Men: Associations With Postpartum Family Functioning. Front Psychiatry.
2020;11:578114. https://doi.org/10.3389/fpsyt.2020.578114.

Slomian J, Honvo G, Emonts P, Reginster J-Y, Bruyere O. Consequences of maternal postpartum
depression: A systematic review of maternal and infant outcomes. Women's Health.
2019;15:174550651984404.

Tietz A, Zietlow AL, Reck C. Maternal bonding in mothers with postpartum anxiety disorder: the
crucial role of subclinical depressive symptoms and maternal avoidance behaviour. Arch Women
Ment Health. 2014;17(5):433-42.

Logsdon MC, Wisner KL, Pinto-Foltz MD. The impact of postpartum depression on mothering. J
Obstetric Gynecologic Neonatal Nurs. 2006;35(5):652-8.

Murray L, Cooper P, Hipwell A. Mental health of parents caring for infants. Archives Women'’s Mental
Health. 2003;6(Suppl 2):s71-7.

Nolvi S, Karlsson L, Bridgett DJ, Pajulo M, Tolvanen M, Karlsson H. Maternal postnatal psychiatric
symptoms and infant temperament affect early mother-infant bonding. Infant Behav Dev.
2016;43:13-23.

Parfitt Y, Ayers S, Pike A, Jessop DC, Ford E. A prospective study of the parent—baby bond in men
and women 15 months after birth. J Reproductive Infant Psychol. 2014;32(5):441-56.

Takacs L, Smolik F, Kazmierczak M, Putnam SP. Early infant temperament shapes the nature of
mother-infant bonding in the first postpartum year. Infant Behav Dev. 2020;58:101428.

Hildyard KL, Wolfe DA. Child neglect: developmental issues and outcomes. Child Abuse Negl.
2002;26(6-7):679-95.

Naughton AM, Maguire SA, Mann MK, Lumb RC, Tempest V, Gracias S, Kemp AM. Emotional,
behavioral, and developmental features indicative of neglect or emotional abuse in preschool
children: a systematic review. JAMA Pediatr. 2013;167(8):760-75.

Glaser D. Child abuse and neglect and the brain: A review. J Child Psychol Psychiatry Allied
Disciplines. 2000;41(1):97-116.

Kim-Spoon J, Herd T, Brieant A, Peviani K, Deater-Deckard K, Lauharatanahirun N, Lee J, King-Casas
B. Maltreatment and brain development: The effects of abuse and neglect on longitudinal

Page 28/35



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

trajectories of neural activation during risk processing and cognitive control. Dev Cogn Neurosci.
2021;48:100939. https://doi.org/10.1016/j.dcn.2021.100939.

Hauser W, Schmutzer G, Brahler E, Glaesmer H. Maltreatment in childhood and adolescence: results
from a survey of a representative sample of the German population. Deutsches Arzteblatt
international. 2011;108(17):287.

McLaughlin KA, Green JG, Gruber MJ, Sampson NA, Zaslavsky AM, Kessler RC. Childhood
adversities and first onset of psychiatric disorders in a national sample of US adolescents. Arch Gen
Psychiatry. 2012;69(11):1151-60.

Ellis BJ, Bianchi J, Griskevicius V, Frankenhuis WE. Beyond risk and protective factors: An
adaptation-based approach to resilience. Perspect Psychol Sci. 2017;12(4):561-87.

McLaughlin KA, Weissman D, Bitran D. Childhood adversity and neural development: A systematic
review. Annual Rev Dev Psychol. 2019;1(1):277-312.

Nelson J, Klumparendt A, Doebler P, Ehring T. Childhood maltreatment and characteristics of adult
depression: meta-analysis. Br J Psychiatry. 2017;210(2):96-104.

McLaughlin KA, Colich NL, Rodman AM, Weissman DG. Mechanisms linking childhood trauma
exposure and psychopathology: A transdiagnostic model of risk and resilience. BMC Med.
2020;18(1):96.

Wiegand A, Kreifelts B, Munk MHJ, Geiselhart N, Ramadori KE, Maclsaac JL, Fallgatter AJ, Kobor
MS, Nieratschker V. DNA methylation differences associated with social anxiety disorder and early
life adversity. Translational Psychiatry. 2021;11(1):104. https://doi.org/10.1038/s41398-021-01225-
W.

Edelmann S, Wiegand A, Hentrich T, Pasche S, Schulze-Hentrich JM, Munk MHJ, Fallgatter AJ,
Kreifelts B, Nieratschker V. Blood transcriptome analysis suggests an indirect molecular association
of early life adversities and adult social anxiety disorder by immune-related signal transduction.
Front Psychiatry. 2023;14:1125553.

Thomas M, Coope A, Falkenberg C, Dunlop BW, Czamara D, Provencal N, Craighead WE, Mayberg HS,
Nemeroff CB, Binder EB, Nieratschker V. Investigation of MORC1 DNA methylation as biomarker of
early life stress and depressive symptoms. J Psychiatr Res. 2020;120:154-62.
https://doi.org/10.1016/j.jpsychires.2019.10.019.

Edelmann S, Balaji J, Pasche S, Wiegand A, Nieratschker V. DNA Methylation of PXDN Is Associated
with Early-Life Adversity in Adult Mental Disorders. Biomolecules. 2024;14(8):976.

Bender A, Bertele L, Musaoglu MN, Pasche S, Edelmann S, Nieratschker V. Investigating PRDM8 DNA
Methylation in Peripheral Tissues in Borderline Personality Disorder: Association with Symptom
Severity but Not Adverse Childhood Experiences. Brain Sci. 2025;15(9):950.
https://doi.org/10.3390/brainsci15090950.

Bender A, Schweizer L, Musaoglu MN, Pasche S, Wiegand A, Edelmann S, Nieratschker V.
Investigating Peripheral SIAH3 DNA Methylation in Adult Mental Disorders in Relation to Adverse
Childhood Experiences. Biomolecules. 2026;16(7):934. https://doi.org/10.3390/biom16070934.

Page 29/35



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Amato PR. (2006). Marital discord, divorce, and children’s well-being. Families Count: Effects on Child
and Adolescent Development (pp. 179-202). https://doi.org/10.1017/CB09780511616259.009

Liang LA, Berger U, Brand C. Psychosocial factors associated with symptoms of depression, anxiety
and stress among single mothers with young children: A population-based study. J Affect Disord.
2019;242:255-64.

Teubert D, Pinquart M. The association between coparenting and child adjustment: A meta-analysis.
Parenting: Sci Pract. 2010;10(4):286—-307.

Thiel F, Pittelkow MM, Wittchen HU, Garthus-Niegel S. The relationship between paternal and
maternal depression during the perinatal period: a systematic review and meta-analysis. Front
Psychiatry. 2020;11:563287.

Hanington L, Heron J, Stein A, Ramchandani P. Parental depression and child outcomes—is marital
conflict the missing link? Child Care Health Dev. 2012;38(4):520-9.

Ramchandani PG, Psychogiou L, Vlachos H, lles J, Sethna V, Netsi E, Lodder A. Paternal depression:
an examination of its links with father, child and family functioning in the postnatal period. Depress
Anxiety. 2011;28(6):471-7.

Silverstein M, Ruiz S. Breaking the chain: How grandparents moderate the transmission of maternal
depression to their grandchildren. Fam Relat. 2006;55(5):601-12.

Parkes A, Sweeting H. Direct, indirect, and buffering effects of support for mothers on children’s
socioemotional adjustment. J Fam Psychol. 2018;32(7):894.

Hadfield H, Wittkowski A. Women's experiences of seeking and receiving psychological and
psychosocial interventions for postpartum depression: a systematic review and thematic synthesis
of the qualitative literature. J Midwifery Women's Health. 2017;62(6):723-36.

O'Neill P, Cycon A, Friedman L. Seeking social support and postpartum depression: A pilot
retrospective study of perceived changes. Midwifery. 2019;71:56-62.

Alsarrani A, Hunter RF, Dunne L, Garcia L. Association between friendship quality and subjective
wellbeing among adolescents: a systematic review. BMC Public Health. 2022;22(1):2420.

Adedeji A, Otto C, Kaman A, Reiss F, Devine J, Ravens-Sieberer U. Peer relationships and depressive
symptoms among adolescents. Front Psychol. 2022;12:767922.

Loechner J, Ulrich SM, Lux U. (2024). The impact of parents' stress on parents' and young childrens'
mental health—Short-and long-term effects of risk and resilience factors in families with children
aged 0-3 in a representative sample. Stress Health, 40(4), e3400.

Seizer L, Schiepek G, Cornelissen G, Loechner J. A primer on sampling rates of ambulatory
assessments. Psychol Methods. 2024. https://doi.org/10.1037/met0000656.

Loechner J, Moshe |, Schiepek G, Schuller BW, Schoedel R, Rodgar M, Wac K, Seizer L. Tracking
health-related quality of life dynamics: Advances in ambulatory assessment methods. Brain Behav
Immun Integr. 2024,6:100061. https://doi.org/10.1016/j.bbii.2024.100061.

Page 30/35



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.
132.

133.
134.

Dedovic K, Renwick R, Mahani NK, Engert V, Lupien SJ, Pruessner JC. The Montreal Imaging Stress
Task: Using functional imaging to investigate the effects of perceiving and processing psychosocial
stress in the human brain. J Psychiatry Neurosci. 2005;30(5):319-25.

Dedovic K, Duchesne A, Engert V, Lue SD, Andrews J, Efanov SI, Pruessner JC. Psychological,
endocrine and neural responses to social evaluation in subclinical depression. Soc Cognit Affect
Neurosci. 2014;9(10):1632-44.

Stalder T, Kirschbaum C. Analysis of cortisol in hair — State of the art and future directions. Brain
Behav Immun. 2012;26(7):1019-29.

Russell E, Koren G, Rieder M, Van Uum S. Hair cortisol as a biological marker of chronic stress:
current status, future directions and unanswered questions. Psychoneuroendocrinology.
2012;37(5):589-601.

Franke GH. SCL-90®-S. Symptom-Checkliste90®-Standard: Manual. Hogrefe; 2014.

Derogatis LR, Unger R. Symptom checklist-90-revised. The Corsini Encyclopedia of Psychology.
Wiley; 2010. pp. 1-2.

Brahler E, Mihlan H, Albani C, Schmidt S. Teststatistische Priifung und Normierung der deutschen
Versionen des EUROHIS-QOL Lebensqualitat-Index und des WHO-5 Wohlbefindens-Index.
Diagnostica. 2007;53(2):83-96.

Victor SE, Klonsky ED. Validation of a brief version of the difficulties in emotion regulation scale
(DERS-18) in five samples. J Psychopathol Behav Assess. 2016;38(4):582-9.

Bernstein DP, Fink L. Childhood Trauma Questionnaire: A retrospective self-report manual.
Psychological Corporation; 1998.

Klinitzke G, Romppel M, Hauser W, Brahler E, Glaesmer H. The German Version of the Childhood
Trauma Questionnaire (CTQ): psychometric characteristics in a representative sample of the general
population. Psychother Psychosom Med Psychol. 2011;62(2):47-51.

Asendorpf JB, Banse R, Wilpers S, Neyer FJ. (2002). BBE. Beziehungsspezifische Bindungsskalen fiir
Erwachsene [Verfahrensdokumentation, Autorenbeschreibung und Fragebogen]. Leibniz-Institut fur
Psychologie (ZPID), Herausgeber, Open Test Archive. Trier: ZPID.
https://doi.org/10.23668/psycharchives.4531

Rojas R, Geissner E, Hautzinger M. (2022). DAS-18. Dysfunctional Attitude Scale 18-deutsche
Kurzfassung.

Beck AT, Steer RA, Brown GK. (1996). Beck Depression Inventory.

Hautzinger M, Keller F, Kiihner C. Beck-Depressions-Inventar (BDI-Il): Manual. Harcourt Test
Services; 2006.

Jerusalem M, Schwarzer R. (2003). SWE-Skala zur Allgemeinen Selbstwirksamkeitserwartung.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: A new
instrument for psychiatric practice and research. Psychiatry Res. 1989;28(2):193-213.

Page 31/35



135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test-retest reliability and validity of
the Pittsburgh Sleep Quality Index in primary insomnia. J Psychosom Res. 2002;53(3):737-40.

Hinz A, Glaesmer H, Brahler E, Loffler M, Engel C, Enzenbach C, Hegerl U, Sander C. Sleep quality in
the general population: Psychometric properties of the Pittsburgh Sleep Quality Index, derived from
a German community sample of 9284 people. Sleep Med. 2017;30:57-63.

Steyer R, Schwenkmezger P, Notz P, Eid M. Der Mehrdimensionale Befindlichkeitsfragebogen
(MDBF). Handanweisung. Hogrefe; 1997.

Hinz A, Daig |, Petrowski K, Brahler E. MDBF norms. Psychotherapie. Psychosom medizinische
Psychologie. 2012;62(2):52-7.

Schneider EE, Schonfelder S, Domke-Wolf M, Wessa M. Measuring stress in clinical and nonclinical
subjects using a German adaptation of the Perceived Stress Scale. Int J Clin Health Psychol.
2020;20(2):173-81.

Klein EM, Brahler E, Dreier M, Reinecke L, Miller KW, Schmutzer G, Wolfling K, Beutel ME. The
German version of the Perceived Stress Scale: Psychometric characteristics in a representative
German community sample. BMC Psychiatry. 2016;16:159.

Famedly. (2026). Famedly. https://www.famedly.com/

Schuller B, Batliner A. Computational paralinguistics: emotion, affect and personality in speech and
language processing. Wiley; 2013.

Triantafyllopoulos, A., Terhorst, Y., Tsangko, I., Pokorny, F. B., Bartl-Pokorny,K. D., Seizer, L., ... Schuller,
B. (2024). Large Language models for mental health.arXiv preprint arXiv:2411.11880..

Loechner J, Santangelo PS, Ansell EB, et al. Ambulatory assessment in mental health: expert

consensus and recommendations. Nat Mental Health. 2026;4:926—-35.
https://doi.org/10.1038/s44220-026-00658-w.

Figures

Page 32/35



PARENT

CHILD

Background variables

Biological factors

Background variables
Single parent
Financial problems
Job problems
Low education

Migration background

Biological factors
Genelics
Epigenetics
Pregnancy (smoking,
premature delivery)

Vulnerability factors

Attachment
Personality
Stress reactivity
Childhood maltreatment
Cognitive & social skills
Self-esteem

Psychological factors

Social factors

Parent’s health

Mental health
Physical health

Parent-child interaction

Relationship quality
Responsiveness
Conflicts

Social support
Family (c.g. siblings,
being a twin)
Friends
Social network

Stress coping

Cognitive style
Emotion regulation

Perceived stress

Child outcomes

Healthy development vs.
psychopathology

Figure 1

Risk and resilience factors for psychopathology, adapted from Hosman et al., 2009
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TWIN STR?ESS Consort flow chart of recruitment, laboratory and ambulatory assessment
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Schematic overview of the laboratory visit procedure. Icons from Microsoft PowerPoint
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