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Summary
As the primary, immediate environment of children and adolescents, the family is associated with
protective and risk factors for child development, especially child mental health. This familial impact
on children’s mental health may be attributable to the transmission of genetic material, the parental
shaping of the child’s environment, and the interaction of genetic and environmental factors. One of
the most common mental disorders in childhood and adolescence is attention-deficit/hyperactivity

disorder (ADHD).

This cumulative dissertation presents two studies that examined the associations between several
family characteristics and

(a) the severity of ADHD symptoms as well as

(b) the presence of comorbid oppositional symptoms

in children and adolescents with a clinical diagnosis of ADHD.

In the first study, a meta-analysis was conducted. A systematic search was run for primary studies that
examined associations between various familial factors and child ADHD symptom severity. Suitable
primary studies were then quantitatively summarized in a meta-analysis and also qualitatively
summarized in a supplemental review. The second study analyzed data from a multicenter
intervention study of school-aged children with ADHD (ESCAschool), using structural equation
modeling (SEM) to examine the relationships among four familial factors and their respective effects

on ADHD and comorbid oppositional symptoms in children.

Both studies identified family characteristics that were associated with increased severity of child
ADHD symptoms. Additionally, the findings of the second study support the hypothesis that the
economic or (psycho-)social burden of families is associated with parental mental health problems and
impairments in parenting, and that these adverse family characteristics are in turn related to increased

externalizing behaviors in children.

The findings of the cumulative dissertation emphasize the importance of familial factors for the mental

health of children and adolescents.



Zusammenfassung
Als die primare, unmittelbare Umgebung von Kindern und Jugendlichen ist die Familie sowohl mit
Schutz- als auch Risikofaktoren fiir die kindliche Entwicklung im Allgemeinen und die psychische
Gesundheitim Besonderen assoziiert. Der familidre Einfluss auf die psychische Gesundheit von Kindern
und Jugendlichen kann auf die Vererbung genetischer Merkmale, auf die elterliche Gestaltung der
Umwelt der Kinder sowie auf die Interaktion von Gen- und Umweltfaktoren zuriickgefihrt werden.
Eine der haufigsten psychischen Stérungen im Kindes- und Jugendalter ist die Aufmerksamkeitsdefizit-

/Hyperaktivitatsstorung (ADHS).

Im Rahmen der vorliegenden kumulativen Dissertation werden zwei Studien vorgelegt, welche die
Zusammenhange zwischen verschiedenen Merkmalen von Familien und

(a) dem Schweregrad der ADHS-Symptome sowie

(b) dem Vorhandensein von komorbiden oppositionellen Symptomen

bei Kindern und Jugendlichen mit einer klinischen ADHS-Diagnose untersucht haben.

In Rahmen der ersten Studie wurde eine Meta-Analyse durchgefiihrt. Es wurde systematisch nach
Primarstudien gesucht, die den Zusammenhang zwischen verschiedenen familidren Faktoren und dem
Schweregrad der kindlichen ADHS-Symptome analysieren. Geeignete Primarstudien wurden
anschliefend quantitativ. und im Rahmen eines ergdnzenden Reviews auch qualitativ
zusammengefasst. In der zweiten Studie wurden Daten aus einer multizentrischen Interventionsstudie
zu ADHS im Schulalter (ESCAschool) mithilfe eines Strukturgleichungsansatzes (SEM) analysiert, um die
Beziehung zwischen vier familidaren Faktoren und deren jeweilige Effekte auf ADHS-Symptome sowie

auf komorbide oppositionelle Symptome bei Kindern zu untersuchen.

In beiden Studien wurden Merkmale von Familien identifiziert, die mit einer gesteigerten Auspragung
von kindlichen ADHS-Symptomen einhergehen. Dariiber hinaus untermauern die Befunde der zweiten
Studie die Hypothese, dass eine 6konomische oder (psycho-)soziale Benachteiligung von Familien mit
psychischen Problemen der Eltern und beeintrdchtigten Erziehungsverhaltensweisen einhergeht und
diese unglinstigen familidren Merkmale mit gesteigerten externalen Verhaltensweisen bei Kindern

assoziiert sind.

Die Ergebnisse der beiden Studien der vorliegenden, kumulativen Dissertation betonen die Bedeutung

familidrer Faktoren flr die mentale Gesundheit von Kindern und Jugendlichen.
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1 Introduction

1 Introduction

This cumulative thesis focuses on the family, as children’s immediate environment, and
discusses which characteristics within a family are associated with externalizing behaviors in children
and adolescents. The term externalizing behaviors is used to refer to symptoms of attention-
deficit/hyperactivity disorder (ADHD), oppositional defiant disorder (ODD), and conduct disorder (CD;
American Psychiatric Association, 2022). The overriding aim was to examine associations of various
familial factors with ADHD symptom severity and comorbid oppositional symptoms in children and
adolescents with a clinical diagnosis of ADHD. There is compelling evidence that genes play a central
role in causing ADHD, but at the same time, this does not exclude the environment as a source of
etiology (Faraone et al., 2015; Faraone et al., 2021; Kennedy et al., 2016; Kian et al., 2022).
Nevertheless, environmental factors, including familial factors, appear to be most significant for the
severity of ADHD symptoms (Claussen et al., 2022; Hinshaw et al., 2015).

Chapter one of this thesis provides information on the classification of ADHD according to the
two most common systems used to classify mental disorders (Diagnostic and Statistical Manual of
Mental Disorders [DSM], American Psychiatric Association, 2022; International Statistical Classification
of Diseases and Related Health Problems [ICD], World Health Organization, 2016). Furthermore, the
chapter outlines the prevalence rate of ADHD, common comorbid problems, ADHD-related
impairments in children, and the economic costs of this disorder. The current state of research on the
etiology of ADHD, involving genes and environment, is reported and the importance of the child’s
family for child development in general and child externalizing problems in particular is clarified.
Finally, the objectives of the two studies of the present cumulative thesis are described.

Chapter two contains the two scientific publications of this cumulative dissertation, which
provide a detailed description of the methods and results of the thesis. The first study systematically
reviewed primary studies examining associations between family characteristics and the severity of
symptoms in children and adolescents diagnosed with ADHD (cf. Jendreizik, von Wirth, et al., 2022).
The second study investigated the interrelationships of four familial factors and their effects on ADHD
and comorbid symptoms in children diagnosed with ADHD (cf. Jendreizik, von Wirth, et al., 2022).

Chapter three summarizes and discusses the results of the two peer-reviewed studies, and
presents initial suggestions for subsequent analyses to further explore the research questions of this
thesis. Finally, a conclusion is provided based on the two studies in this thesis.

1.1 Classification, Prevalence, Impairments, and Economic Costs of ADHD

Inattention, hyperactivity, and impulsivity are defined as the core symptoms of ADHD
(American Psychiatric Association, 2022). According to the Diagnostic and Statistical Manual of Mental
Disorders in its fifth edition (text revision, DSM-5-TR), a diagnosis of ADHD requires the presence of at

least six of the nine criteria for inattention (e.g., fails to give close attention to details or makes careless
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mistakes) and/or at least six of the nine criteria for hyperactivity and impulsivity (e.g., often leaves seat
in situations when remaining seated is expected; often interrupts or intrudes on others), which should
exceed norms regarding age, developmental level, and intelligence level (American Psychiatric
Association, 2022). Depending on whether the criteria are met for only one or both domains, the
specifier of predominantly inattentive, predominantly hyperactive-impulsive, or combined type is
assigned. Further criteria for an ADHD diagnosis are (a) onset of first symptoms before the age of 12,
(b) presence of symptoms in multiple settings (e.g., home, school, peer contact), (c) presence of
symptoms for at least six months, and (d) impairment in social, educational, or occupational
functioning. Finally, the symptoms must not occur in relation to schizophrenia or any other psychotic
disorder and should not be better explained by other mental disorders (e.g., affective disorder, anxiety
disorder, substance disorder; American Psychiatric Association, 2022). An alternative, widely used
classification system is the International Statistical Classification of Diseases and Related Health
Problems (World Health Organization, 2016). However, with the implementation of the 11th version
of the ICD, which came into effect globally on 01.01.2022, the classification of ADHD is broadly
consistent with the DSM-5-TR (Doépfner & Banaschewski, 2022).

The worldwide prevalence of ADHD in children and adolescents, according to the DSM or ICD,
was found to lie at 3.4% (Polanczyk et al., 2015) and independent of geographical location (Polanczyk
etal., 2014). As the rate of ADHD diagnoses has increased over the past three decades, there has been
some debate about whether the true prevalence of ADHD has increased (Polanczyk et al., 2014).
However, in their meta-analysis, Polanczyk et al. (2014) found no evidence of increased prevalence
rates of ADHD when standardized diagnostic procedures were implemented. During childhood and
adolescence, boys are twice likely as girls to receive an ADHD diagnosis (Willcutt, 2012). Although most
children no longer meet the full criteria for ADHD in adulthood, subthreshold, impairing symptoms of
ADHD persist into adulthood in two thirds of cases (Faraone et al., 2006). Children and adolescents
diagnosed with ADHD often show educational underachievement, have special educational needs,
drop out of school, or are subject to school exclusion (Breslau et al., 2011; Fleming et al., 2017). Later
in life, individuals with ADHD frequently show reduced work performance, experience unemployment,
and have a lower socioeconomic status (Faraone et al., 2015). In addition, children and adolescents
with ADHD often have impaired peer relationships (Strine et al., 2006) and are more likely to suffer
accidents or injuries (e.g., Chang et al.,, 2014; Yeh et al., 2020). In adolescence and adulthood,
individuals with ADHD are more likely to experience marital discord and divorce, as well as
incarceration (Faraone et al., 2015; Mohr-Jensen et al., 2019). Finally, studies have demonstrated
impaired quality of life (Agarwal et al., 2012; Danckaerts et al., 2010; Lee et al., 2016) and an increased

mortality rate (e.g., Dalsgaard et al., 2015) in individuals with ADHD.
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The adverse outcomes of ADHD entail high economic costs for patients, their families, and
society. An analysis of claims data from a German statutory health insurance database, for instance,
revealed that patients with ADHD cost roughly 1500 euros more per year than patients without ADHD
(Libutzki et al., 2019). These costs are mainly driven by inpatient and outpatient care provided by
psychiatrists and psychotherapists and are further increased when other medical problems (e.g.,
substance use disorders, obesity) are present (Libutzki et al., 2019).

1.2 Oppositional Defiant Disorder, Conduct Disorder, and Other Comorbidities of ADHD

Comorbid mental disorders are highly prevalent in individuals with ADHD and increase the
associated burden (Cuffe et al., 2020). The most common psychiatric diagnoses coexisting with ADHD
include oppositional defiant disorder (ODD, 50-60%) and conduct disorder (CD, 20-50% in children and
40-50% in adolescents; Reale et al., 2017). The central feature of ODD are defiant, disobedient, and
hostile behaviors toward authority figures lasting at least six months and causing significant
impairment in the child’s life (American Psychiatric Association, 2022). Some typical behaviors include
losing one’s temper, arguing with adults, deliberately provoking people, and blaming others for one’s
misbehavior (American Psychiatric Association, 2022). This behavioral disorder usually begins in early
childhood and the corresponding behaviors occur more frequently and intensely than in children of
comparable age and developmental level. The central feature of CD is the violation of others’ rights
through physical aggression towards people or animals, theft, property damage, or serious violations
of rules (American Psychiatric Association, 2022). For a diagnosis of CD, at least three of the 15
behaviors listed in the DSM-5-TR must have been overtly present in the past year, and at least one
behavior must have occurred in the past six months. Furthermore, the DSM-5-TR provides for the
assignment of two specifiers of CD: (a) early onset (before the age of 10) vs. late onset (after the age
of 10) and (b) with vs. without callous-unemotional traits (American Psychiatric Association, 2022).

Further comorbid diagnoses likely to co-occur with ADHD — albeit much more rarely than ODD
and CD — are depressive disorders (16-26%), anxiety disorders (10-40%), bipolar disorder (11-75%), tic
disorders (20%), and obsessive-compulsive disorder (6-15%; Reale et al., 2017). Children and
adolescents with ADHD also frequently exhibit learning disabilities (56%) and sleep disorders (23%;
Reale et al., 2017). Accordingly, the proportion of children and adolescents with at least one other
psychiatric diagnosis is estimated to lie between 40% and 80% (depending on the sample), with higher
rates among clinically referred children with ADHD (Reale et al., 2017). In addition to mental health
problems, individuals diagnosed with ADHD are more likely to exhibit non-psychiatric health problems
including obesity, asthma, diabetes mellitus, epilepsy, and sleep problems (Bertelsen et al., 2016;
Brikell et al., 2018; Chen et al., 2018; Chou et al., 2013; Cortese et al., 2018; Kapellen et al., 2016; Nigg
et al., 2016; Sedky et al., 2014).
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1.3 Etiology of ADHD, ODD, and CD

Genetic factors play a major role in the development of ADHD. Parents and siblings of patients
with ADHD have a four- to ninefold increased risk of also having ADHD compared with relatives of
controls (Biederman et al.,, 1992; Chen et al., 2008). Adoption studies demonstrate that adoptive
parents of children with ADHD have significantly lower rates of ADHD than biological parents of
children with ADHD, and similar rates to biological parents of control children (Sprich et al., 2000). As
such, it can be assumed that the familial aggregation of ADHD is due to genetic factors rather than
shared environmental factors. In twin studies, the heritability of ADHD (reflecting the impact of genes
and gene-environment interactions) has been estimated at 74%, with heritability estimates being
similar for males and females and for the inattentive and impulsive/hyperactive domain of the disorder
(Faraone & Larsson, 2019). A genome-wide association meta-analysis comprising approximately
20,000 individuals with ADHD and 35,000 controls found multiple genetic risk variants, although each
risk variant alone had only a small effect on the risk for the disorder (Demontis et al., 2019).
Accordingly, in most cases of ADHD, the combination of many genetic variants, each exerting a small
effect, generates a polygenic risk for the disorder. In rare cases, however, a single genetic abnormality
may lead to ADHD (Faraone & Larsson, 2019). Interestingly, the polygenic risk for ADHD seems to be
associated not only with ADHD symptoms in clinical and population samples but also with general
childhood psychopathology and several other mental disorders (Brikell et al., 2020; Lee et al., 2019;
Ronald et al., 2021). For instance, research has reported an increased polygenic risk in ADHD patients
with comorbid ODD and CD symptoms compared to those with ADHD alone (Demontis et al., 2021;
Hamshere et al., 2013). Furthermore, Demontis et al. (2021) identified gene loci that represent a
specific risk locus for ADHD (chromosome 1), a specific risk locus for comorbid symptoms
(chromosome 11), or a shared risk locus for ADHD and comorbid symptoms (chromosome 7). The
heritability of ODD and CD is estimated to be slightly lower than that of ADHD (Coolidge et al., 2000).

The strong evidence for genes as risk factors for all three externalizing disorders (ADHD, ODD,
CD) does not exclude the environment as a source of etiology. The very fact that the heritability
estimates in twin studies (encompassing gene-environment interactions) are below 100% suggests
that environmental factors must be involved. Based on case-control, observational, and
epidemiological studies, many environmental factors have been identified to be associated with the
presentation of ADHD. Environmental factors that have reached a high level of evidence include
prenatal and perinatal factors (e.g., maternal smoking or hyperthyroidism during pregnancy or low
birth weight), environmental toxins (e.g., exposure to lead), and individual psychosocial factors (e.g.,
child maltreatment or social status of the family; see Faraone et al., 2021 for a complete overview).
Although there is strong evidence for a causal role of some environmental factors, for others, it can be

assumed that the uncovered associations are attributable to correlated genetic and environmental
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effects. For example, the widely confirmed association between maternal smoking during pregnancy
and child ADHD is suspected to be due to familial or genetic factors that increase the risk for both
maternal smoking and child ADHD (Obel et al., 2016; Skoglund et al., 2014). However, similar to genetic
risk factors, each environmental factor alone exerts only a small effect, and is not specific to ADHD but
rather associated with multiple mental disorders (Faraone et al., 2015). In rare cases, though, severe
deprivation in early life can lead to ADHD (Kennedy et al., 2016). While there is considerable overlap
in the environmental factors associated with ADHD, ODD, and CD, it has not been sufficiently explored
whether individual environmental factors are more strongly associated with one or two of the three
externalizing disorders than with the other(s). To summarize, in most patients, a polygenic risk that
accumulates with environmental risk factors causes ADHD, ODD, and/or CD (Azeredo et al., 2018).
1.4 The Importance of the Family for Child Development and Child Psychopathology

In childhood and adolescence, the family represents the child's primary environment and is
associated with risk and protective factors for child development (Bronfenbrenner, 1986; Claussen et
al., 2022). The primary caregivers (hereinafter referred to as parents) bear a special responsibility for
the upbringing of their children, shaping everyday family life and equipping their children for later life
(Bundesministerium fiir Familie, Senioren, Frauen und Jugend, 2021; Grusec, 2011). One of the most
commonly studied familial factors influencing child development and psychopathology is the quality
of the parent-child interaction (Cowan & Pape Cowan, 2015). Studies on the effects of parenting
practices have used a large variety of research approaches and assessment methods, and have yielded
a strong evidence base for the impact of parenting practices on child development (Grusec, 2011). The
present thesis distinguishes between positive and negative parenting practices: Parents who are
attentive, responsive, engaged, and empowering to their children exhibit positive parenting practices.
In contrast, parents who respond inconsistently or with annoyance to difficult situations, threaten their
child, or swear at their child exhibit negative parenting practices. Since the family makes up the child’s
immediate environment, various further characteristics of families have been studied with regard to
child development and child psychopathology. To gain an overview of the different aspects of the
family that potentially affect child development and how these familial factors interact with other
environmental factors, Bronfenbrenner’s ecological systems theory seems especially valuable.
1.4.1 Ecological Systems Theory

The ecological systems theory describes human development as a mutual adaptation between
active, growing individuals and their constantly changing immediate environments (Bronfenbrenner,
1974, 1977, 1979, 1992). Bronfenbrenner described the ecological environment as consisting of the
following five systems: micro-, meso-, exo-, macro-, and chronosystem (see Figure 1). First, the
microsystem comprises relationships between individuals and their immediate environments, such as

parents, siblings, and teachers. Second, the mesosystem is defined as the interrelations between the
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immediate actors in an individual’s life, such as relationships between parents and teachers or
between the individual’s friends and family. Third, the exosystem covers social structures that are not
in direct contact with the individual but indirectly affect the individual’s immediate setting, such as a
parent’s workplace. Fourth, the macrosystem consists of the features of a particular social group, such
as socioeconomic status (SES) or ethnicity (Bronfenbrenner, 1977). Finally, the chronosystem includes
all environmental changes — normative (e.g., school enrolment) and non-normative (e.g., parental
divorce) events — that occur over the lifetime (Bronfenbrenner, 1986). Since the development of the
ecological systems theory to the present day, the holistic approach of this theory has been
acknowledged by psychologists, sociologists, and teachers as a valuable framework for studying child
development, and the theory is regularly referenced in recent work from various different fields (e.g.,
Babore et al., 2023; Ferguson et al., 2013; Kelly & Coughlan, 2019; Romano et al., 2015).

There are two central propositions of the ecological systems theory that are particularly
meaningful for the present thesis: (a) Multiple, diverse aspects of the child's environment, including
the family environment, may be important for child development; (b) Even aspects of the child's
environment, including the family environment, that are not in direct contact with the child (e.g., social
and cultural values, parental occupational status) sometimes have an indirect influence on the child by

affecting systems that are closer to the child (e.g., parenting practices).

Figure 1
Five Systems of the Ecological Systems Theory (own illustration based on Bronfenbrenner, 1974, 1977,

1979, 1992)

MICROSYSTEM
immediate enviornments

e.g., family, school, peers, (religious)
associations
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1.4.2 Associations of Familial Factors with ADHD, ODD, and CD

The following section presents the state of research on the associations between various
familial factors and ADHD, ODD, and CD in children®. To facilitate the overview, the findings are
grouped according to the following subcategories of familial factors: (a) characteristics and framework
of the family (demographic as well as socioeconomic characteristics), (b) mental health of the family
members (psychopathologies, quality of life), and (c) intrafamilial interactions and relationships
(between the parents as well as between the child and the parents)?.

In the context of (a) characteristics and framework of the family, previous research has
examined the associations between family constellation (e.g., living with one parent vs. two parents,
number of siblings), parental age, parental educational level, parents’ current occupational situation
and a diagnosis of ADHD: A meta-analysis by Russell et al. (2016) indicated that children living with
single parents are almost twice as likely to have ADHD than their peers in two-parent families.
Additionally, parental age appeared to be associated with the risk of child ADHD, with parental age
below 20 years showing a 1.5-fold increased risk of ADHD in the offspring (Min et al., 2021). Moreover,
meta-analyses and cohort studies indicated that children of parents with a lower educational level and
a lower household income are more likely to be diagnosed with ADHD (Choi et al., 2017; Keilow et al.,
2020; Russell et al., 2016). Likewise, parental unemployment is related to an increased risk of ADHD
(Keilow et al., 2020). The three familial factors mentioned above (education, income, employment) are
closely allied to the construct of SES, defined as “the position of a person or group on the
socioeconomic scale determined by a combination of social and economic factors, such as income,
amount and kind of education, type and prestige of occupation, place of residence, and — in some
societies or parts of society — ethnic origin or religious background” (American Psychological
Association, n.d.). The aforementioned meta-analysis by Russell et al. (2016) found that a child with
low familial SES is twice as likely to have ADHD than a peer with high familial SES. Potential associations
of such family characteristics with a diagnosis of ODD or CD have received much less research
attention: A meta-analysis reported a small association between lower familial SES and antisocial
behavior in children and adolescents (Piotrowska et al., 2015) and one primary study showed an
association between lower maternal age at the birth of the child (especially the firstborn) and CD
(Wakschlag et al., 2000).

Regarding the (b) mental health of the family members, a meta-analysis found that among
parents of children with an ADHD diagnosis, 21% also have an ADHD diagnosis, 17% have a diagnosis

of depressive disorder, 16% have an anxiety diagnosis, and 14% have an addictive disorder (Cheung &

1 Note that in this section, most of the research findings are not intended or suitable for drawing conclusions
about the direction of the relationships.

2 There are many ways to group and structure familial factors. Even with the selected subcategories, there are
individual factors whose allocation could be discussed.
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Theule, 2016). Overall, there were almost three times as many mental disorders among parents of
children with ADHD compared to parents of children without ADHD (Cheung & Theule, 2016). This
association between a wide variety of parental mental disorders and offspring ADHD was further
supported by a nested case-control study using data from the Finnish National Registry (Joelsson et al.,
2017). Findings on the links between parental mental health and ODD or CD diagnoses in children have
further suggested comparable associations to those for ADHD diagnoses in children (Barker et al.,
2012; Marmorstein et al., 2009).

Addressing the third subcategory, (c) intrafamilial interactions and relationships, a recent
meta-analysis showed that parents of children with ADHD report (slightly but significantly) poorer
interparental relationship quality than do parents of healthy children (Weyers et al., 2019). Primary
studies have similarly revealed associations between marital quality and ODD and CD diagnoses in
offspring (Chaudhury et al., 2020; Harvey et al., 2011). Finally, focusing on parenting, a recent meta-
analysis suggested that negative parenting practices are related to higher levels of child externalizing
symptoms, whereas positive parenting practices are related to lower levels (Pinquart, 2017). In detail,
parental warmth, behavioral control, autonomy granting, and authoritative parenting were associated
with lower levels of externalizing behaviors in children. In contrast, harsh control, psychological
control, as well as an authoritarian, permissive, and neglectful parenting style were associated with
higher levels of externalizing problems in children (Pinquart, 2017). It is undisputed that child abuse or
neglect can result in significant harm or injury. Furthermore, (physical, sexual, and emotional) abuse,
as well as neglect of a child, are related to a significantly increased risk for psychopathology over the
course of development (Zeanah & Humphreys, 2018). For instance, a meta-analysis indicated that
individuals with ADHD are twice as likely to have been maltreated during childhood than individuals
without ADHD (Clayton et al., 2018). Meta-analyses have also demonstrated that child maltreatment
is associated not only with attention problems and hyperactivity but also with aggressive and conduct
behaviors (Kim-Cohen et al., 2006; Norman et al., 2012). Furthermore, there is some indication that
maltreatment in particular may pose a high risk for developing behavioral problems if a specific genetic
predisposition is present (Monoamine Oxidase A genotype; Kim-Cohen et al., 2006).

As early as 1975, Rutter et al. (1975) identified six family risk factors for the onset of mental
illness in children and adolescents, combining factors from all three of the aforementioned
subcategories: low social class, large family size, foster care placement, paternal criminality, maternal
mental disorder, and severe marital discord. Later studies consistently showed that the risk for ADHD
and comorbid symptoms increases with the number of family risk factors present (Biederman et al.,
1992; Biederman et al., 2002; @stergaard et al., 2016). This accumulation of risk was operationalized
as anindex of the six factors and subsequently widely used in different versions (Family Adversity Index

(FAI); Biederman et al., 1992; Biederman et al., 2002; Rutter et al., 1975).



1 Introduction

The methodology of available research focusing on the associations between characteristics in
families and ADHD in children can be summarized as follows: (1) various familial factors have already
been investigated regarding their association with child ADHD (primary studies); (2) reviews or meta-
analyses of the associations with child ADHD are available for some familial factors (secondary studies);
(3) only some reviews or meta-analyses provide an overview of a larger group of familial factors; (4)
many of the existing reviews or meta-analyses examined familial factors in relation to the presence of
a child ADHD diagnosis and thus considered ADHD as a dichotomous variable (present or not); (5) some
of the existing reviews or meta-analyses examined familial factors in relation to ADHD symptoms and
thus considered ADHD as a continuous variable (e.g., Claussen et al., 2022; Clayton et al., 2018; Connell
& Goodman, 2002; Theule et al., 2013); (6) the latter reviews and meta-analyses mainly evaluated
studies with healthy (population or control) samples or analyzed studies with healthy and studies with
clinical samples together. Finally, to the best of our knowledge, no previous work systematically
searched for and quantitatively synthesized findings on the associations of several familial factors and
ADHD symptom severity while considering data from clinical samples only (cf. Jendreizik, von Wirth,
et al., 2022).

1.5 Aim of the First Study

The first study in this cumulative thesis aimed to review the existing primary studies on the
links between multiple familial factors and symptom severity among children and adolescents
diagnosed with ADHD (see Research question 1). A systematic search was performed and the results
of the primary studies were synthesized quantitatively in a meta-analysis (if at least three studies were
available) or qualitatively in a supplemental review. The predefined criterion for study inclusion of a
clinical ADHD diagnosis of the children and adolescents ensured that the patients studied were
representative of patients in routine care in terms of ADHD symptom severity and functional
impairments. Finally, identifying significant (continuous) associations between individual familial
factors and symptom severity within clinical samples of children and adolescents diagnosed with ADHD
is particularly interesting for treatment planning and prognosis, as it highlights potential targets for
psychosocial interventions.

Research question 1: Which familial factors are significantly associated with the severity of
ADHD symptoms in children and adolescents diagnosed with ADHD (cf. Jendreizik, von Wirth, et al.,
2022)?

1.6 Relationships Among Familial Factors (Referring to the Family Stress Model)

A significant limitation of the literature review conducted within the first study is that while it
listed the family characteristics studied with their respective associations with ADHD symptom
severity, it did not make any statements about the relationships among these family characteristics. A

central assumption of the ecological systems theory (Bronfenbrenner, 1974, 1977, 1979, 1992),
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however, is that environmental factors not in direct contact with the child (e.g., societal changes) may
influence the child and his/her mental health indirectly, mediated through environmental factors more
proximal to the child (e.g., parental mental health and parenting behaviors). Consequently, the
relationships among different familial factors and their associations with child symptoms (when
several familial factors are considered simultaneously) appeared particularly interesting. For example,
one might postulate that a weakening economy negatively affects the mental health of parents, which
in turn negatively affects parent-child interactions, ultimately exacerbating the child’s problems. From
a statistical perspective, these postulated links correspond to a serial indirect effect of an independent
variable (weakening economy) on a dependent variable (child problems) via two intervening variables
(parental mental health, parent-child interactions, see Figure 2)> A model that postulates such
associations more explicitly than the ecological systems theory is the family stress model (Conger et
al., 1992). This model expressly assumes that a family’s economic burden harms the child’s mental
health by depressing parental mood and impairing parenting behavior (Conger et al., 1992). Several
studies have provided evidence to support the assumptions of the family stress model (e.g., Pachter
et al., 2006; Rijlaarsdam et al., 2013; Solantaus et al., 2004; Sun et al., 2015). The results of two of
these studies, whose methodological approach is most comparable to that of the second study of this
thesis, are described in the following. Sun et al. (2015) examined data from 1,420 Chinese families and
reported the following findings: Economic burden is indirectly rather than directly associated with
externalizing symptoms in children, via parental depression (indirect effect) and via parental
depression and negative parenting practices (serial indirect effect). Similarly, an analysis of prospective
data from 2,169 Dutch families revealed a significant association between prenatal economic burden
and child externalizing symptoms (child’s age: 3 years). However, economic burden and child
externalizing symptoms were only indirectly associated, insofar as the results revealed serial indirect
effects of economic burden on externalizing behaviors in children via more maternal depressive
symptoms followed by harsher disciplining (b =.03, SE = .01, $=.05), and via more maternal depressive
symptoms followed by more parenting stress (b = .03, SE = .01, 8 = .05; Rijlaarsdam et al., 2013). The
second study of the present cumulative thesis investigated the possible indirect impact of economic
and (psycho-)social familial burden (family adversity) on externalizing behaviors in children via parental

psychopathology and parenting behaviors (cf. Jendreizik, Hautmann, et al., 2022).

? Since the data of some previous studies as well as the data analyzed in the second study of this thesis
are cross-sectional, with reference to Kline (2015), the term (serial) indirect effect is used throughout this paper
and the term (serial) mediation or mediator is avoided whenever possible.

10
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Figure 2
Hypothetical example of a serial indirect effect of a weakening economy on child problems via

parental mental health and parent-child interactions

. parental parent-child .
weakening economy ) ) child problems
mental health interactions

Note. A serial indirect effect is characterized by one independent variable (here: weakening economy),

one dependent variable (here: child problems), and two sequential intervening variables (here:
parental mental health and parent-child interactions). A (simple) indirect effect differs from a serial
indirect effect in that there is only one intervening variable (e.g., weakening economy - parental

mental health - child problems).

1.7 The Moderating Impact of Age and Gender of the Child

Potentially, the described associations between familial factors and child symptoms may be
dependent on the age and gender of the child. As school-age ADHD and ODD are less common in girls
than in boys, almost all of the research has focused on boys and has neglected girls (Demmer et al.,
2017; Faraone et al., 2015; Hinshaw et al., 2022). Clinicians may overlook symptoms and impairments
in girls because symptoms manifest less overtly in girls, and girls often use compensatory strategies
(Hinshaw et al., 2022). However, research has indicated that the gender and age of the child do not
have a significant moderating influence on the relationships of family adversity and parental mental
health with externalizing behaviorsin children (Biederman et al., 2002; Cheung & Theule, 2016; Connell
& Goodman, 2002; Letourneau et al., 2013; Piotrowska et al., 2015). In contrast, the link between
parenting behaviors and externalizing behaviors in children did appear to be impacted by the age and
gender of children (Granero et al., 2015; Harter, 2008; Javo et al., 2004; Pinquart, 2017). More
specifically, research revealed stronger associations between negative parenting behaviors and
externalizing behaviors in older compared to younger children (Pinquart, 2017). Although the parental
influence was initially thought to diminish as the child grew older, there is increasing evidence that
parents are still the central caregivers in adolescence, which is associated with various developmental
tasks (Harter, 2008; Pinquart, 2017). Furthermore, stronger associations between negative parenting
behaviors and externalizing behaviors in girls than in boys suggest that girls may be more sensitive to
negative parenting practices (Granero et al., 2015; Javo et al., 2004).
1.8 Aim of the Second Study

The purpose of the second study of this cumulative thesis was to examine the relationships
among selected familial factors and their effects on child ADHD symptoms when considered in one
comprehensive model. Data from a large multicenter intervention study for ADHD in school age

(Evidence-based, Stepped Care of ADHD in schoolaged children, ESCA school; Dépfner et al., 2017)
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were analyzed (cf. Jendreizik, Hautmann, et al., 2022). The familial factors examined in the
comprehensive model in the second study of this cumulative thesis were selected in consideration of
the findings of the first study. The following familial factors were investigated regarding their
associations with child symptom severity: family adversity (characteristics and framework of the
family), parental psychopathology (mental health of the family members), and parenting practices
(intrafamilial interactions and relationships). Consistent with the ecological systems theory and
extending the family stress model, adverse family characteristics were suggested to be linked to more
parental psychopathology, more negative parenting behaviors, less positive parenting behaviors, and
ultimately more pronounced ADHD and comorbid oppositional symptoms within children. As ODD
symptoms are much more common than CD symptoms in children with ADHD, the analyses were
limited to comorbid oppositional symptoms (Reale et al., 2017). The second study aimed to validate
the postulated interrelationships of the familial factors (see Research question 2) and to determine the
direct, indirect, and total effects of the familial factors on child externalizing symptoms, separately for
ADHD and ODD symptoms (see Research question 3). Furthermore, the gender and age of the children
were examined as possible moderating influences (see Research question 4).

Research question 2: Are adverse family circumstances associated with more pronounced
parental psychopathology, and is parental psychopathology in turn associated with more negative
parenting behaviors and less positive parenting behaviors in children diagnosed with ADHD (cf.
Jendreizik, Hautmann, et al., 2022)?

Research question 3: Are the familial factors (family adversity, parental psychopathology,
positive parenting practices, and negative parenting practices) indirectly or directly related to ADHD
symptoms and ODD symptoms in children diagnosed with ADHD (cf. Jendreizik, Hautmann, et al.,
2022)?

Research question 4: Are the associations of familial factors (family adversity, parental
psychopathology, positive parenting practices, and negative parenting practices) with externalizing
symptoms in children moderated by the age or gender of the affected children (cf. Jendreizik,

Hautmann, et al., 2022)?
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ADHD is a neurodevelopmental condition characterized
by impairing and developmentally inappropriate levels of
inattention, hyperactivity, and impulsivity (American
Psychiatric Association, 2013), with an estimated world-
wide prevalence in children and adolescents of 3.4%
(Polanczyk et al., 2015). In terms of the etiology of the
disorder, it is assumed that an interaction between poly-
genic and environmental risk factors plays an important
role. Environmental risk factors that are suspected to con-
tribute to the onset of ADHD include exposure to toxins,
pregnancy and birth complications, mild traumatic brain
injury, as well as psychosocial and familial disadvantages
(Faraone et al., 2021).

There is evidence that children from families with low
socioeconomic status (SES) are more than twice as likely
to have ADHD than their peers from families with high
SES (Russell et al., 2016). Lower parental education,
lower household income, and parental unemployment
have each been found to be associated with an increased
likelihood of having ADHD (Choi et al., 2017; Keilow
et al., 2020; Russell et al., 2016). In addition, family char-
acteristics such as lower parental age at birth (Min et al.,
2021), lower interparental relationship quality (Weyers
etal., 2019), and growing up in a single-parent household

(Russell et al., 2016) have shown associations with an
increased risk of developing ADHD.

Research has also demonstrated that parental psychopa-
thology, especially parental ADHD, is a risk factor for child
ADHD (Faraone & Larsson, 2019). Moreover, parents of
children with ADHD showed an increased prevalence of
depression (17%), anxiety disorder (16%), and addictive
disorders (14%, Cheung & Theule, 2016).

Although genetic influences play a major role in the devel-
opment of ADHD, genetic transmission does not fully explain
the association between parental and child ADHD. There is
growing evidence that the quality of parenting mediates the
relationship between parental psychopathology and child
functioning (e.g., Goodman et al., 2020). Parental ADHD
symptoms are associated with more negative parenting behav-
iors, which in turn mediate the association between parent and
child ADHD symptoms (Park et al., 2017; Tung et al., 2015).
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Furthermore, a longitudinal adoption study recently revealed
that adoptive mother hostility was associated with later child
ADHD symptoms, suggesting that environmental family fac-
tors influence child ADHD independently of shared genetic
factors (Sellers et al., 2020). Similarly, it was reported that
parenting stress is substantially associated with child external-
izing symptoms (Theule et al., 2013) and (partially) mediates
the relationship between parental and child psychopathology
(Weijers et al., 2018).

Another psychosocial factor that has been found to be
associated with childhood ADHD is exposure to critical life
events in childhood. A meta-analysis by Clayton et al.
(2018) revealed that individuals with ADHD were up to
eight times more likely to have experienced physical abuse,
neglect, and psychological abuse compared to individuals
without ADHD.

In summary, several familial factors (e.g., SES, parental
education, household income, parental unemployment,
parental age, interparental relationship, single-parent fam-
ily, parental psychopathology, parenting behavior, parent-
ing stress, critical life events) have been identified as risk
factors for the onset of ADHD. Earlier narrative reviews
revealed associations between various environmental fac-
tors and ADHD (e.g., Banerjee et al., 2007; Thapar et al.,
2013). More recent reviews, published over the past decade,
have systematically searched for and meta-analyzed
research findings on the associations between environmen-
tal risk factors and the risk of ADHD (e.g., Cheung &
Theule, 2016; Huang et al., 2018; Russell et al., 2016;
Weijers et al., 2018; Weyers et al., 2019). These reviews and
meta-analyses, as well as recently published cohort studies
(e.g., Keilow et al., 2020), treated ADHD as a dichotomous
variable (present or not). Much less work has reported on
associations between familial factors and the severity of
child ADHD symptoms while treating ADHD as a continu-
ous variable (e.g., Cheung et al., 2018; Connell & Goodman,
2002; Theule et al., 2013). Finally, we are not aware of any
work that has systematically searched for and meta-ana-
lyzed research findings on the association between multiple
familial factors and ADHD symptom severity in clinical
samples of children and adolescents with ADHD.

The present systematic review and meta-analysis there-
fore aims at synthesizing the existing evidence regarding
the associations between multiple familial factors and the
severity of ADHD symptoms in children and adolescents
who fulfill the diagnostic criteria for ADHD. By requiring a
clinical diagnosis of ADHD for study inclusion, we ensure
that the children studied are representative of patients in
routine clinical practice with respect to the range of ADHD
symptom severity and existing functional impairment. A
systematic analysis of the current evidence on the associa-
tion between multiple familial factors and ADHD symptom
severity will help to identify the most predictive familial
risk factors, thereby providing guidance for clinical care

and future research. Moreover, the consideration of contin-
uous associations within a clinical sample of children with
ADHD seems to be of particular interest for treatment plan-
ning and prognosis, as it uncovers possible targets for
interventions.

Methods

We conducted the systematic review following the PRISMA
guidelines (Moher et al., 2009). The review was registered
with PROSPERO (CRD42020076440).

Eligibility Criteria (Inclusion/Exclusion)

We selected studies that met the following criteria: First,
participants were children and adolescents with a clinical
diagnosis of ADHD (N = 20; age: 3—18 years) and/or their
parents/caregivers. Second, only studies that investigated
the association between at least one familial factor and the
severity of the child’s ADHD symptoms were included.
The following factors were not considered to be familial
factors: maternal use of nicotine, alcohol, or drugs during
pregnancy; parental knowledge of ADHD; parental cogni-
tions (e.g., about the controllability of ADHD behaviors);
parental attitudes toward ADHD or ADHD medication;
child sleep. We also excluded studies that investigated
associations between ADHD symptom severity and events
that were considered to be consequences of ADHD (e.g.,
injuries). Third, ADHD symptom severity was assessed
with a dimensional measure (e.g., scores from a clinical
interview or rating scale) or with a rating scale that enabled
ordinal ranking. According to the diagnostic criteria of the
fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders [DSM-5], children with the combined
ADHD subtype may show more severe ADHD symptom-
atology (i.e., higher number of diagnostic criteria fulfilled)
than children with the predominantly inattentive or pre-
dominantly hyperactive-impulsive subtypes. This assump-
tion is supported by empirical results (Graetz et al., 2001).
We therefore included studies that reported a comparison
between the combined subtype and one or both of the
other ADHD subtypes. Fourth, we included both cross-
sectional and longitudinal studies. Intervention studies
were only included if an association between a familial
factor and the child’s ADHD symptom severity had been
studied prior to the intervention phase. Fifth, studies were
required to report a bivariate association measure (e.g.,
correlation coefficient, odds ratio, Cohen’s d) or study
results that enabled us to calculate a measure of associa-
tion (e.g., events, mean values). Studies that reported only
partial relationships (e.g., using partial correlations) were
excluded. Finally, studies published between 01.01.1988
and 16.07.2018 in the English or German language were
considered.
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Data Sources

The databases PsycINFO (via EBSCOhost) and PubMed
were searched for relevant articles. Additional articles
were identified through experts on ADHD (i.e., members
of the European Network for Hyperkinetic Disorders
[EUNETHYDIS]) and citation screening of meta-analyses,
reviews, and included studies.

Search Strategy

The full search strategy is provided in Supplement I.
“Attention deficit disorder with hyperactivity” was con-
sidered as a medical subject heading (“MeSH”) in
PubMed and as a subject term in PsycINFO. As we were
not focusing on the association between familial factors
and the occurrence versus non-occurrence of ADHD
(categorical perspective), the key term “severity” (all
fields) was included. To account for the multiplicity of
familial factors, 19 key terms (e.g., psychosocial, envi-
ronment*, socio-economic, home, famil*, marital, par-
ent®) were used (“all fields”). The search was restricted
regarding the date of publication (01.01.1988 to
16.07.2018), language (German or English), and publica-
tion type (Journal).

Study Selection

Studies were selected in a two-stage process. After removal
of duplicates, titles and abstracts were screened for eligibil-
ity independently by the first author and a second reviewer.
If at least one reviewer suspected a relevant finding based
on the title or abstract (step 1), the full text (step 2) was
examined for eligibility by both reviewers. In the case of
disagreement, an independent third reviewer was consulted
and a consensus was reached.

Data Collection Process

Data extraction was performed by a single reviewer, and
the first author checked for completeness and correct-
ness. The following features were extracted from each
publication: first author, year of publication, title, coun-
try of study, study design (cross-sectional vs. longitudi-
nal), sample size of the total sample and the subsample
with ADHD, gender and age, recruitment strategy used
(community-based vs. clinically based), diagnostic
instrument for the assessment of ADHD, diagnostic cri-
teria for ADHD (DSM vs. International Classification of
Diseases [ICD]), the investigated familial factor(s), the
measurement of the familial factor(s), the measurement
of severity of ADHD symptoms, statistics used (e.g.,
events, means, correlation or regression), and relevant
findings.

Risk of Bias Within Studies

Using a list of eight criteria, the risk of bias for each familial
factor in each of the included studies was assessed sepa-
rately by the first author and an independent reviewer. The
criteria catalog was based on the Newcastle-Ottawa Scale
(Wells et al., 2000) and was adapted to the requirements of
the present study. The full list of criteria applied is provided
in Supplement II. The interrater agreement was determined
based on percent agreement and (weighted) Cohen’s kappa
separately for each of the eight criteria, and was classified
according to the guidelines of Cicchetti (1994).

Synthesis of Results

The factors examined in the included studies were grouped
and titled based on content criteria. If study findings from at
least three studies were available for a familial factor, a
quantitative synthesis (random effects meta-analysis) was
performed. For each familial factor included in the meta-
analysis, we report the number of included studies (k), the
weighted, averaged correlation coefficient () with accom-
panying 95% confidence interval (CI) and significance
level (p), and the heterogeneity of the included studies (/2).
Study findings that could not be included in the meta-anal-
ysis are summarized in a supplemental review.

If two studies were based on overlapping samples, the
study with the largest sample size was considered. Several
longitudinal studies examined associations between famil-
ial factors and ADHD symptom severity at multiple, suc-
cessive measurement time points. In these cases, results of
the first measurement time point were included in the meta-
analysis. If a correlation coefficient was reported in the pub-
lication, it was used in the meta-analysis. In the absence of
a correlation coefficient, raw data were preferred over effect
size indices (e.g., Cohen’s d, odds ratio). Regarding the
measurement of ADHD symptom severity, parent judgment
was preferred over teacher judgment (if both were reported).
Regarding the measurement of the familial factors, data on
retrospective and current manifestations (especially paren-
tal symptoms, critical life events) were accepted. In the case
of odds ratios or events for different levels of a familial fac-
tor, we selected either those levels whose contrast matched
the examined expressions of the other included studies
(e.g., single-parent family vs. family with both biological
parents) or the extreme groups (e.g., high vs. low parental
education). If ADHD symptom severity was assessed
(exclusively) through ADHD subtypes, results for the com-
bined ADHD subtype group were compared with results for
either the predominantly inattentive subtype group or the
predominantly hyperactive-impulsive subtype group. If
results were reported for both the predominantly inattentive
subtype and the predominantly hyperactive-impulsive sub-
type, the two subgroups were combined into a single group.
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Figure I. PRISMA flow diagram.

In these cases, raw data (events or means) of the two sub-
groups were combined by taking into account the respective
sample size or standard deviations. If correlation coeffi-
cients were reported for two ADHD subscales, two parents,
or two indicators of a factor (e.g., parental income and
parental education as indicators of SES), a combined cor-
relation coefficient was calculated taking into account the
respective intercorrelation. In the absence of a report of the
respective correlation, the intercorrelation was estimated to
be r=.05, following the recommendations of Borenstein
et al. (2021).

The random effects meta-analyses were performed
using the Comprehensive Meta-Analysis software (CMA;
version 3). Effect sizes identified as outliers (confidence
interval of the study result and confidence interval of the
pooled effect did not overlap) were excluded. Additionally,
sensitivity analyses were conducted to examine whether
and how effect estimates changed when we excluded (a)
studies examining the association between familial factors
and ADHD subtypes and (b) studies of insufficient quality
(i.e., more than three quality criteria classified as deficient)
from the analyses.

Risk of Bias Between Studies

Publication bias was examined by plotting the effect esti-
mate by the standard error separately for each familial fac-
tor. The symmetry of the resulting funnel plots was
evaluated visually as well as formally using the Egger’s
regression test (Egger et al., 1997) with a significance level
of p<<.10. Using the trim-and-fill procedure (Duval &
Tweedie, 2000), the funnel plots were (where necessary)
expanded by imputed studies in order to obtain an effect
size estimate that was as unbiased as possible.

Results

Study Selection and Study Characteristics

Forty-three studies with a total of 11,123 participants were
included in the meta-analysis. Five additional studies with a
total of 2,643 participants were included in the supplemen-
tal review. Figure 1 shows the selection process of these
studies from the 1,680 results returned by our search in
PsycINFO, 1,478 results returned by our search in PubMed,
and 24 results identified through other sources.
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The interrater agreement regarding the eligibility of
studies was moderate for abstracts (percent agreement:
91%, kappa: k=.58) and good for full texts (percent
agreement: 85%, kappa: k=.62). The following familial
factors could be evaluated meta-analytically: SES, paren-
tal age, single-parent family, broken partnership, number
of children, critical life events, parental ADHD, parental
affective psychopathologies, parental mental health, par-
enting stress, parental quality of life, positive parenting
practices, negative parenting practices. 119 study find-
ings from 43 studies could be grouped into these 13 fac-
tors. In 24 cases, several findings (up to five) from one
study were assigned to the same familial factor and were
combined into a single effect size. Study findings on the
following familial factors could not be meta-analyzed and
are summarized in the supplemental review: ethnic group,
stepfamily, rank of birth, playing environment and neigh-
borhood, familial ADHD, parental antisocial personality,
familial and sibling mental health, maternal social sup-
port and self-esteem, further parenting practices and par-
ent-child relationship, and familial risk.

Table 1 depicts the characteristics of studies included in
the meta-analysis and supplemental review. A summary of
study characteristics is provided in Supplement III.

Risk of Bias Within Studies

The interrater agreement regarding the risk of bias within
studies was excellent for seven of the eight criteria (percent
agreement = 99%, kappa: k =.94). Interrater agreement for
the criteria “missing values” was good (percent agree-
ment=_87%, kappa: k=.74). During an exchange between
the first author and the independent reviewer, the criteria of
“missing values” were further clarified and agreement was
reached. Results of the risk of bias assessment are provided
in Supplement V. To summarize, 71% of the included study
findings had no more than one criterion rated as deficient,
22% had two quality criteria rated as deficient, and 7% of
the included study findings had three or more of the eight
quality criteria rated as deficient.

Results of the Meta-Analysis and Supplemental
Review

The forest plot in Figure 2 depicts the results of the meta-
analysis. We categorize correlation coefficients according
to Cohen (1988) as small (»=.10), medium (»=.30), and
large (r=.50).

SES. The average correlation between SES and child
ADHD symptom severity was »=—.10 and significantly dif-
ferent from zero (k=11, 95% CI [-0.14, —0.05], p <.001,
P=26%). Lower family SES (e.g., captured by low parental

education or low family income) was associated with more
severe child ADHD symptoms.

Ethnic group. Due to the wide variation in ethnic groups
studied and differences in the ethnic composition of study
populations, it was not possible to synthesize the study
findings in a meta-analysis. The five studies identified in
the systematic search report the following associations: In
the baseline assessment of a medication study in six coun-
tries (including Puerto Rico and the United States of Amer-
ica [USA]), Tamayo et al. (2008) reported greater ADHD
symptomatology in children and adolescents of Latino
descent compared with those of Caucasian descent
(M,=41.1,8D,=8.2,M.=37.8,8D.=10.0, p<.001).Ina
US sample, Razani et al. (2015) found no statistically sig-
nificant differences in the severity of ADHD symptomatol-
ogy between children and adolescents with Black, Hispanic,
or White ethnicity. Only those children and adolescents
with an ancestry other than White, Black, or Hispanic
showed a slightly increased risk of more severe ADHD
(OR=1.4, 95% CI [1.0, 1.9]). Studies by Schneider et al.
(2013), Chronis et al. (2007), and Podolski and Nigg (2001)
found no significant associations between a child’s ethnic
minority status and ADHD symptom severity or ADHD
subtype.

Parental age. The averaged correlation between parental
age and child ADHD symptom severity was »=.04 and not
significantly different from zero (k=3, 95% CI [-0.06,
0.13], p=.45, P=0%). None of the included study findings
provided evidence of an association between parental age
(at birth or time of study) and the severity of childhood
ADHD or childhood ADHD subtype.

Single-parent family and stepfamily. The averaged correla-
tion between growing up in a single-parent family and
child ADHD symptom severity was »=.10 and signifi-
cantly different from zero (k=4, 95% CI [0.02, 0.18],
p=.02, ?=23%). Growing up with a single parent was
associated with more severe ADHD symptoms in children.
It should be noted that only one of the four studies included
in the meta-analysis revealed a significant association
(Razani et al., 2015). A possible explanation for the incon-
sistent findings may be that studies included in the meta-
analysis failed to differentiate between biological, adoptive,
foster and stepparents. There is some evidence that grow-
ing up with a stepparent is associated with more severe
child ADHD. More specifically, Heckel et al. (2013) found
that growing up in a two-parent family with a biological
parent and a stepparent was associated with more ADHD
symptoms (M =76.3, SD=12.9) than growing up with a
single biological parent (M=68.7, SD=14.2, p=.02).
However, Razani et al. (2015) did not find increased
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Study name Correlation [95% CI]
Chronis 2007 _— -0.09[-0.27,0.10]
Counts 2005 —_— -0.19[-0.34,-0.02]
Faraone 2000 —_— -0.05[-0.21,0.12]
Freitag 2012 oom -0.12[-0.21, -0.02]
Graetz 2001 o — -0.15[-0.25,-0.04]
Mulraney 2016 R -0.08 [-0.20,0.04]
Owens 2003 — -0.04[-0.11,0.04]
Podolski 2001 —_— -0.41[-0.63,-0.13]
Razani 2015 —— -0.16 [-0.26, -0.05]
Schneider 2013 —_— -0.05 [-0.24, 0.15]
Yang 2007 R a— 0.00[-0.14,0.15]
socioeconomic status —— -0.10 [-0.14, -0.05]
Park 2014 — 0.09 [-0.05, 0.23]
Yang 2007 s -0.01[-0.15,0.14]
Baldwin 1995 -0.06 [-0.41,0.31]
parental age — 0.04 [-0.06, 0.13]
Graetz 2001 - 0.14[0.00, 0.28]
Razani 2015 — 0.14[0.06, 0.22]
Schneider 2013 R E— -0.01[-0.20,0.19]
Yang 2007 — = -0.04 [-0.25,0.18]
single-parent family —O— 0.10 [0.02, 0.18]
Counts 2005 —_— 0.26[0.10, 0.41]
Heckel 2009 —— 0.18[0.09, 0.27]
Ramy 2018 -0.01[-0.33,0.31]
Tzang 2009 0.32[0.01, 0.58]
broken partnership — 0.19 [0.12, 0.27]
Graetz 2001 — 0.06 [-0.08, 0.19]
Ramy 2018 e — 0.05[-0.16,0.25]
Ghanizadeh 2015 —-— 0.03[-0.04,0.11]
number of children —O— 0.04 [-0.02, 0.10]
Park 2014 . 0.10 [-0.07,0.25]
Counts 2005 s e — 0.06 [-0.11, 0.23]
Freitag 2012 — 0.00 [-0.10, 0.09]
Ramy 2018 —_— e — 0.22[-0.08, 0.48]
Tzang 2009 s 0.23[0.05, 0.40]
Daviss 2009 ——— 0.22[0.05,0.37]
Park 2017 —_— 0.14[-0.12,0.39]
Schilpzand 2018 — 0.16[0.02, 0.30]
Sugimoto 2015 —_— 0.38[0.10, 0.60]
Vitanza 1999 U — 0.33[0.15, 0.49]
critical life events —— 0.16 [0.08, 0.24]
Counts 2005 —_— 0.05[-0.12,0.21]
Freitag 2012 — 0.18[0.07, 0.29]
Ramy 2018 —_— 0.09 [-0.20, 0.36]
Agha 2013 - 0.06[-0.03, 0.15]
Lopez Seco 2015 —_ 0.16 [-0.04,0.35]
Macek 2012 —_— 0.15[-0.14,0.41]
Richards 2014 — 0.20[0.10, 0.29]
Stadler 2006 —_— 0.12[-0.06, 0.29]
Takeda 2010 — 0.24[0.13, 0.34]
Xia 2015 —_— 0.35[0.16, 0.52]
parental ADHD —— 0.16 [0.10, 0.22]
Chronis 2007 —_— 0.01[-0.18, 0.20]
Owens 2003 ——— 0.11 [0.03,0.19]
Richards 2014 — 0.12[0.02, 0.22]
Xia 2015 — 0.29[0.10, 0.45]
Agha 2017 —_— 0.07[-0.10, 0.23]
Harrison 2002 —_— 0.08[-0.12, 0.27]
van der Oord 2006 _— 0.31[0.11, 0.49]
West 1999 ——— i ———— 0.35[0.13, 0.54]
parental affective psychopathology —— 0.15[0.08, 0.22]
Counts 2005 — 0.01[-0.13, 0.15]
Razani 2015 —_— 0.28[0.18, 0.38]
Schneider 2013 —_— .17, 0.23]
Ramy 2018 -0.27[-0.60, 0.13]
Tzang 2009 —- 0.00, 0.35]
Vitanza 1999 — .21 [0.05, 0.36]
Lopez Seco 2015 —— 0.04[-0.10,0.17]
Anastopoulos 1992 —_— 0.38[0.20, 0.53]
parental mental health —— 0.14 [0.03, 0.25]
Podolski 2001 0.11[-0.20, 0.41]
Yang 2007 e — 0.09 [-0.05,0.23]
Tzang 2009 —_— 0.26[0.08, 0.42]
Harrison 2002 —_— 0.19[-0.01, 0.37]
van der Oord 2006 —_——— 0.40[0.21, 0.56]
Anastopoulos 1992 —_— 0.50[0.34, 0.63]
Li2016 e 0.18[0.01, 0.34]
Lin 2002 ————— 0.39[0.21, 0.54]
McLaughlin 2006 - 0.11[-0.02, 0.24]
parenting stress — 0.25[0.15, 0.35]
Cappe 2017 —®%—— 0.63[049,0.74]
Schilling 2006 0.28[-0.08,0.57]
Xiang 2009 — 0.01[-0.11,0.12]
parental quality of life 0.33 [-0.18, 0.70]
Chronis 2007 —_— -0.06 [-0.28,0.17]
Ramy 2018 0.15[-0.17, 0.44]
Richards 2014 . -0.15[-0.25,-0.05]
Haack 2016 L -0.02[-0.16,0.12]
positive parenting —— -0.07 [-0.17, 0.04]
Chronis 2007 e 0.29[0.13,0.42]
Podolski 2001 0.23[-0.09, 0.50]
Ramy 2018 —_— 0.02[-0.24,0.28]
Daviss 2009 T . S 0.32[0.14,0.48]
Richards 2014 T 0.09[-0.01,0.19]
- 0.19[0.05,0.32
AR —— 010095, 033
-0.75 -0.50 -0.25 0.00 0.25 0.50 0.75
Correlation

Weight
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Figure 2. Forest plot of the meta-analysis of |3 familial factors
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childhood ADHD symptom severity in children growing
up in a two-parent family with a biological or adoptive par-
ent and a stepparent compared to those growing up in a
two-parent family with two biological or adoptive parents,
suggesting that living with a stepparent does not influence
ADHD symptom severity.

Broken partnership. The averaged correlation between a
broken interparental partnership and child ADHD symptom
severity was r=.19 and significantly different from zero
(k=4, 95% CI [0.12, 0.27], p <.001, =0%). Divorce or
increased quarrels between the parents were associated with
increased ADHD symptoms of the children.

Number of children and rank of birth. The averaged correla-
tion between the number of children in the family and child
ADHD symptom severity was »=.04 and not significantly
different from zero (k=3, 95% CI [-0.02, 0.10], p=.22,
P=0%). None of the study findings included in the meta-
analysis provided evidence of an association between the
number of children in the family and the severity of child-
hood ADHD or childhood ADHD subtype. Similarly, Gha-
nizadeh (2015) demonstrated that birth order was not
significantly related to ADHD symptom severity.

Playing environment and neighborhood. Our systematic search
identified only two studies that examined the playing envi-
ronment and/or neighborhood in relation to child ADHD
symptoms. Taylor and Kuo (2011) found that children and
adolescents with ADHD who played in environments with
extensive green areas had milder ADHD symptoms than
those who played indoors (d=0.57, p <.001), in a built-up
environment outdoors (¢=0.64, p=.001), or in an environ-
ment with large trees outdoors (¢=0.33, p<.05). Razani
et al. (2015) revealed that growing up in a neighborhood
characterized by low levels of social support was associated
with a more than fourfold increased risk of higher child-
hood ADHD symptom severity (OR=4.6, 95% CI [2.8,
7.7]). Likewise, a lack of parks, libraries, or community
centers in the neighborhood (amenities) was significantly
associated with a slightly increased risk of higher symptom
severity (OR=1.4, 95% CI [1.1, 1.8]). In contrast, having
garbage or vandalism in the neighborhood (disorder) was
not significantly related to ADHD symptom severity.

Critical life events. Eleven studies provided findings pertain-
ing to the factor “critical life events” and were initially eli-
gible for inclusion in the meta-analysis. However, the effect
size of one study (Gul & Gurkan, 2018) was identified as an
outlier. After omission of this study, the averaged correla-
tion between the experienced critical life events and child
ADHD symptom severity was »=.16 and significantly dif-
ferent from zero (k=10, 95% CI [0.08, 0.24], p<.001,
P?=52%). Children with past traumatic experiences or with

currently increased (familial) life stress showed increased
ADHD symptoms. In contrast, the study by Gul and Gurkan
(2018) found no significant association of child ADHD
symptom severity with physical abuse, emotional abuse,
physical neglect, or emotional neglect. In this study, only
sexual abuse was associated with more severe ADHD
symptoms (OR,,=1.1, 95% CI [1.0, 1.3]; OR,,,,=1.1,95%
CI[1.0, 1.2]).

Parental and familial ADHD. The averaged -correlation
between parental ADHD and child ADHD symptom sever-
ity was 7 =.16 and significantly different from zero (k= 10,
95% CI [0.10, 0.22], p<.001, >=37%). More severe
ADHD symptoms in the parents were associated with more
severe ADHD symptoms in their children. Our systematic
search resulted in two additional studies that were not
included in the meta-analysis because they investigated
ADHD in all family members (including parents and sib-
lings) and not just the parents. These two studies contrasted
families of children with the combined subtype of ADHD
and families of children with the less severe subtypes, and
revealed comparable proportions of family members with
ADHD in these two groups (Faraone et al., 2000; Lee et al.,
2008). Together, these findings suggest that increases in
parental ADHD symptoms are associated with increased
child ADHD symptoms, but the number of family members
with ADHD is not related to child ADHD.

Parental dffective psychopathology. The averaged correlation
between parental affective psychopathology and child
ADHD symptom severity was »=.15 and significantly dif-
ferent from zero (k=8, 95% CI [0.08, 0.22], p<.001,
P=42%). More severe parental symptoms of anxiety and
depression were consistently associated with more severe
ADHD symptoms in children with ADHD.

Parental antisocial persondlity. Our systematic search resulted
in only one study examining the association between paren-
tal antisocial personality symptoms and child ADHD symp-
tom severity. No significant associations between these two
variables were observed (Chronis et al., 2007).

Parental, familial, and sibling mental health. The averaged cor-
relation between parental mental health and child ADHD
symptom severity was »=.14 and significantly different
from zero (k=8, 95% CI [0.03, 0.25], p=.02, P=71%).
More severe parental mental health problems were associ-
ated with more severe ADHD symptoms. One additional
study was not included in the meta-analysis because it did
not focus solely on the mental health of parents, but looked
at the mental health of all family members. The study found
a small correlation between family psychiatric disorders
and child inattention symptoms (r=.14, p=.02), but not
child hyperactivity symptoms (Freitag et al., 2012). Another
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study focused on the mental health of siblings of children
with ADHD. Schilling et al. (2006) found medium-sized
correlation coefficients for the association between ADHD
symptom severity in children with ADHD and symptoms of
inattention (» = .46, p =.02), anxiety and depression (r=.53,
p=.01), and social withdrawal (»=.47, p=.02) in their sib-
lings. Correlations between child ADHD symptomatology
and symptoms of hyperactivity, social problems, and
aggression in their siblings were not significant. Together,
these findings suggest an association between children’s
ADHD symptom severity and the severity of psychopathol-
ogy in their family members.

Parenting stress. The averaged correlation between parent-
ing stress and child ADHD symptom severity was r=.25
and significantly different from zero (k=9, 95% CI [0.15,
0.35], p<.001, I’=67%). More severe parenting stress
was consistently associated with more severe ADHD
symptoms.

Parental qudlity of life. The averaged correlation between
parental quality of life (QoL) and child ADHD symptom
severity was r=.33, but not significantly different from
zero (k=3, 95% CI [-0.18, 0.70], p = .20, >=94%), possi-
bly due to the heterogeneity in study results. In the included
studies, the correlation between parental QoL and child
ADHD symptom severity ranged from »=.63 (Cappe et al.,
2017) to r=.01 (Xiang et al., 2009).

Maternal social support and self-esteem. Two research groups
investigated the association between mother-perceived
social support and child ADHD symptom severity. Mufioz-
Silva et al. (2017) found a medium-sized, negative correla-
tion coefficient (r=—.29, p=.001), suggesting that more
social support is associated with less severe child ADHD
symptoms. In contrast, Vitanza and Guarnaccia (1999)
reported a negligible correlation coefficient, thus calling
into question the relationship between maternal self-esteem
and child ADHD symptom severity.

Positive  parenting  practices. The averaged correlation
between positive parenting practices and child ADHD
symptom severity was »=—07 and not significantly differ-
ent from zero (k=4,95% CI1[-0.17,0.04], p = .21, P=36%),
suggesting that positive parenting behaviors are not associ-
ated with the severity of child ADHD symptoms.

Negative parenting practices. Seven studies provided find-
ings for the factor “negative parenting practices.” The effect
size of one study (Mikami et al., 2015) was identified as an
outlier and thus omitted from the meta-analysis. After this
omission, the averaged correlation was »=.19 (k=6, 95%
CI [0.10, 0.28], p<.001, I’=44%). Negative parenting
behaviors (e.g., parental expression of displeasure and

criticism) were consistently associated with more severe
child ADHD symptoms.

Further parenting practices and parent-child relationship. Three
study findings could not be assigned to the two factors of
positive and negative parenting behaviors. Two studies
examining the relationship between parental parenting
practices, as measured by the Parenting Practices Scale
(McLaughlin & Harrison, 2006) or by axis 5 of the Multi-
axial Classification System (MAS, Freitag et al., 2012) and
child ADHD symptom severity found no significant asso-
ciations. Heckel et al. (2013), who investigated the parent-
child relationship, reported that mothers of children with
predominantly inattentive ADHD rated the quality of their
relationship with their children higher (on a self-developed
and minimally described measure) than mothers of children
with combined ADHD (p=.001).

Familial risk. Our systematic search identified two studies
that examined the joint appearance of different familial risk
factors and their association with child ADHD symptoms.
Freitag et al. (2012) identified a small association between
the number of familial risk factors detected using axis 5 of
the MAS and child inattention symptoms (r=.16, p=.01),
but not child hyperactivity. The study by Lee et al. (2008)
found no statistically significant mean differences in psy-
chosocial risk (regarding subsidized housing, cramped liv-
ing conditions, early separation from parents, single-parent
family, low parental education, and aversive parenting prac-
tices) between children with ADHD subtypes associated
with lower and higher symptomatology.

Risk of Bias Between Studies

The heterogeneity of the articles included in the 13 meta-
analyses differed significantly between the familial factors
(P=0%-94%). The heterogeneity of the included studies
was estimated to be high (/> >75%) for parental QoL and
moderate (/7> 50%) for critical life events, parental overall
psychopathology, and parenting stress (Higgins et al.,
2003). The visual and formal evaluation of the 13 prepared
funnel plots (see Supplement V) reached a similar assess-
ment of a possible publication bias. As can be seen in
Supplement VI, on the basis of Egger’s regression test, a
possible publication bias was referred to exclusively for the
meta-analysis on critical life events (p <.10). Based on the
trim-and-fill procedure, studies were imputed for four of the
13 meta-analyses performed. For the familial factors
“parental affective psychopathology” and “number of chil-
dren,” the discrepancy between the initial and adapted
effect estimate was only minor (one or two studies imputed,
A r=.02); for “negative parenting practices,” the discrep-
ancy was medium-sized (one study imputed, 4 » = .04) and
for “critical life events,” the discrepancy was relevant (four
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studies imputed, 4 »=.07). In summary, for the familial fac-
tor “critical life events,” there is significant evidence of an
asymmetric funnel plot and a derivable risk of publication
bias. In addition, there is evidence, albeit less strong, of
asymmetry of the funnel plot for the familial factors “paren-
tal affective psychopathology,” “number of children,” and
“negative parenting practices.”

Sensitivity Analyses

In the first set of sensitivity analyses, the meta-analyses
were repeated excluding studies that were based on a com-
parison of ADHD subtypes (see also Supplement VII). For
two familial factors, none of the included studies were
based on a comparison of ADHD subtypes. For four famil-
ial factors, the number of studies based on a dimensional
measure of ADHD symptom severity was too small to
conduct an additional analysis using only these studies.
For the remaining seven factors, between 55% and 90% of
the originally included studies were considered in a sensi-
tivity analysis. No tendency toward a general increase or
decrease in the resulting correlation coefficients was
derived. For two familial factors, the sensitivity analysis
revealed a minor decrease in the determined correlation (4
r=.02). For four familial factors, the sensitivity analysis
revealed an increase in the determined correlations (4 r =
.07). For one familial factor, the estimated effect size
remained unchanged. For none of the familial factors was
the significance associated with the determined correla-
tion coefficient estimated to be different (significant vs.
non-significant) from the original analyses on the basis of
the sensitivity analyses.

In the second set of sensitivity analyses, the meta-analy-
ses were repeated excluding those studies that did not dem-
onstrate sufficient methodological quality (see also
Supplement VII). These sensitivity analyses were carried
out for the following three familial factors: critical life
events, parental ADHD, and parental mental health. For a
fourth familial factor (parental age), the analysis could not
be repeated due to an insufficient number of studies (k < 3)
of sufficient quality. In the additionally performed analyses,
between 88% and 90% of the originally included studies
were considered. Unchanged effect estimates were obtained
for the familial factors of “parental ADHD,” and slightly
decreased effect estimates were obtained for critical life
events and parental mental health (4 »=.03).

Discussion

There is a broad consensus among scientists and practitio-
ners that various familial conditions influence child devel-
opment within the framework of reciprocally interacting
environmental systems (e.g., Bronfenbrenner, 1992; Dush
et al.,, 2013). To the best of our knowledge, this article

presents the first systematic review and meta-analysis on
the associations between multiple familial factors and
ADHD symptom severity in children and adolescents diag-
nosed with ADHD.

The meta-analysis revealed significant associations
between child ADHD symptom severity and the following
familial factors in samples of children with ADHD: SES,
single-parent family, broken parental partnership, critical
life events, parental ADHD, parental affective psychopa-
thology, parental mental health, parenting stress, and nega-
tive parenting practices. The averaged correlations were in
the expected direction. The strength of the averaged corre-
lations varied between r=| .10 | and »=| .25 | and thus has to
be rated as small. As a consequence, the proportion of the
variance in child ADHD symptom severity that can be
explained by the familial factors lay between 1% and 6%.

The results of this meta-analysis are consistent with
studies reporting significant associations between the
above-mentioned familial factors and the presence of an
ADHD diagnosis. Correspondingly, the current findings
demonstrate that these familial factors not only represent
risk factors for the development of ADHD but are also asso-
ciated with ADHD symptom severity in children diagnosed
with ADHD. In addition, the strength of the correlations
identified in the meta-analysis was broadly in line with the
findings of previous reviews and meta-analyses that
included both clinical and community samples (Clayton
et al., 2018; Connell & Goodman, 2002; Goodman et al.,
2011, 2020; Russell et al., 2016; Theule et al., 2013; Weijers
et al., 2018; Weyers et al., 2019). These works revealed that
numerous familial factors show small associations with the
occurrence of ADHD, but they failed to identify one or
more familial factors that were of prominent importance
(Faraone et al., 2021). The present results replicate this pat-
tern: Our analyses demonstrate that a number of factors are
associated with ADHD symptom severity in clinical sam-
ples, and that no single factor is able to explain a large
amount of variance in ADHD symptom severity.

The following familial factors were not significantly
associated with ADHD symptom severity in the present
meta-analysis: parental QoL, parental age, number of chil-
dren in family, and positive parenting practices. For “paren-
tal QoL,” a medium-sized averaged correlation was obtained
(r=.33) but the calculated probabilities of error did not fall
below the specified significance level of 5%. This is likely
due to the high heterogeneity of the included studies (>
90%). Interestingly, the strength of correlation between
parental QoL and ADHD symptom severity is comparable to
the effect size found in a meta-analysis that contrasted paren-
tal quality of life in children with and without ADHD (Dey
etal., 2019). The factors “parental age,” “number of children
in family,” and “positive parenting practices” can be classi-
fied as not (meaningfully) associated with childhood ADHD
symptom severity (» = | .07 |). One potential explanation for
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this finding is the possible nonlinearity of an underlying
relationship. For example, a recent meta-analysis by Min
et al. (2021) revealed a nonlinear relationship of parental age
with offspring ADHD. Specifically, the highest risk of
ADHD in the offspring was found in parents younger than
20 years. This risk decreased with increasing parental age
until 31 to 35 years, after which it subsequently increased. It
is also possible that nonlinear relationships with ADHD
symptom severity may be detected for further variables such
as the number of children in the family. Notably, Goodman
et al. (2020) found that the associations of positive and nega-
tive parenting with overall child functioning did not signifi-
cantly differ in strength. As such, the greater importance of
negative parenting behaviors compared to positive parenting
behaviors revealed in the present meta-analysis might be
specific to externalizing child behavior problems (Kim &
Yoo, 2013; Pinquart, 2017).

The supplemental review provides evidence, on the basis
of individual studies, of associations of familial factors with
child ADHD symptom severity (e.g., ethnic group, playing
environment, mental health of siblings). However, at this
time, there is insufficient evidence to support additional
indicators of adverse family conditions associated with
ADHD symptom severity in children.

The central purpose of this study was to summarize
research findings on the associations between multiple
familial factors and ADHD symptom severity in children
with ADHD in order to complement findings from existing
meta-analyses that examined single risk factors or treated
ADHD as a dichotomous variable. Based on the nine asso-
ciations uncovered between familial factors and symptom
severity within the group of children with ADHD, infer-
ences for routine clinical care regarding treatment planning
and prognosis seem possible.

Strengths and Limitations

In evaluating the reported results, the strengths and limita-
tions of the present work should be considered.

Heterogeneity of the included studies, publication bias, and
study quality. For the following three familial factors, a
moderate heterogeneity of the included studies should be
noted (>50%): critical life events, parental mental health,
and parenting stress. In these cases, the findings should be
interpreted with caution. For parental QoL, a high hetero-
geneity of studies was found (>90%). Two common proce-
dures in the presence of substantial heterogeneity in
included studies are to examine (a) outliers and (b) theo-
retical factors (e.g., gender of parent or child) or method-
ological factors (e.g., source of data or parental diagnosis
vs. parental symptoms) as potential moderators. Outliers
could not be detected for any of these four factors. With
regard to parental QoL, it is important to note that the

included studies investigated different facets of the concept
of “quality of life,” such as physical, psychological, and
social. These facets of QoL might be differentially associ-
ated with child ADHD symptom severity. Unfortunately,
due to the small number of included studies, it was not pos-
sible to conduct detailed analyses of the different facets of
parental QoL and possible moderators for the other familial
factors in the meta-analysis. Indications of a possible pub-
lication bias were found for four factors and indications of
questionable study quality for three factors (one included
study each). However, the sensitivity analyses indicated
that the associations persisted even after excluding the
studies in question.

Search strategy and inclusion criteria. The salient characteris-
tic of this literature review of only including studies that
investigated children and adolescents with a diagnosis of
ADHD may be accompanied by a considerable limitation in
terms of statistical variance. An alternative would have
been to include not only studies with samples of children
with a clinical diagnosis of ADHD but also studies with
samples of children with an ADHD symptom severity
exceeding a predefined cut-off on a parent or teacher rating
scale. Due to the wide variety of measurement methods and
cut-offs used in the different studies, this option was rejected
for reasons of feasibility of the selection process, the homo-
geneity of the included studies, and the high concordance
between the samples studied and patients in routine clinical
care. The strong focus of the present work on the symptom
severity of children affected by ADHD is reflected in the
inclusion of the keyword “severity” in the search strategy.
During the development of the search strategy, the use of
more specific keywords (“symptom severity”), non-specific
keywords (“symptoms”) as well as synonymous terms
(“intensity”) were tested but discarded in light of the criteria
of precision and recall. Another feature of the search strat-
egy is that we did not focus on a small number of selected
familial factors (e.g., maternal depression) but rather chose
the search terms to include as many familial factors as pos-
sible. As in any systematic literature search, it is likely that
not all relevant literature references could be identified.
Furthermore, the decision not to include unpublished litera-
ture owing to the questionable methodological quality may
have led to an overestimation of the true effect size due to
publication bias. However, there is evidence that effect
sizes do not differ significantly between published and
unpublished studies (e.g., Theule et al., 2013).

Informants of Child ADHD symptom severity. As studies often
use parent ratings and rarely use teacher ratings, this work
focused more strongly on parent ratings and considered
teacher ratings only in the absence of parent ratings. How-
ever, given that parents observe the child’s symptoms only
in specific contexts, their judgment does not reflect the
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entire complexity of ADHD. Greater consideration of
teacher judgment could complement the picture (Narad
et al., 2015) and can be recommended for future studies.

Direction of influence, interaction of familial factors, and gene-
environment debate. Based on the predominantly cross-sec-
tional, correlational study designs evaluated for this study,
there is no evidence to suggest the direction of influence
between familial factors and child ADHD symptom severity.
Another significant limitation of the present literature review
is that it lists the studied familial factors side by side, without
making any statements about the interrelationships among
them. In this regard, it might be beneficial to replicate and
extend the analysis of the primary data to examine the inter-
actions of familial factors, for example based on structural
equation models. Moreover, it should be noted that the con-
ceptualization of familial factors in the present work
includes, but is not limited to, genetic transmission. Specifi-
cally, the identified relationship between parental and child
psychopathology is understood to be caused both by the
transmission of genetic material and by environmental pro-
cesses (e.g., Goodman & Gotlib, 1999). A fundamental chal-
lenge in interpreting the associations identified between
familial factors such as negative parenting behavior and
child symptoms is that shared genes between the children
studied and their biological parents may influence both the
examined familial factors and the observed child symptoms.
A careful application of genetically informed research
designs would provide the opportunity to address this funda-
mental interpretive challenge (Harold et al., 2017).

Implications

Identifying central familial factors for symptom severity in
children with ADHD can help guide the evidence-based
selection and further development of interventions to man-
age and potentially prevent severe courses of childhood
ADHD. In terms of the strengths of the correlations identi-
fied in the present work, the highest correlation coefficients
(r=.19) emerged for parental stress, a dysfunctional inter-
parental relationship, and negative (as opposed to positive)
parenting behaviors. Parental psychopathologies and the
experience of critical life events showed slightly lower cor-
relations with child ADHD symptom severity (r=.14—.16).
The associations with the socioeconomic position of the
family and growing up in a single-parent household were
less strong (»=.10). Consequently, in children and adoles-
cents with ADHD, a standard assessment of parental psy-
chopathology, negative parenting behaviors, experienced
critical life events, and perceived parental stress can be rec-
ommended. The results of the assessment should inform the
selection of intervention modules. It can also be recom-
mended that the commonly used interventions be expanded
to include parent-centered interventions to address parental

psychopathology, couple-centered interventions to improve
the interparental relationship, and family-centered interven-
tions to reduce negative parenting behaviors and parental
stress. It would be useful to conduct intervention studies
that examine whether improvements in these familial fac-
tors lead to improvements in child ADHD.

Conclusion

Despite the above-mentioned limitations, this systematic
review and meta-analysis was able to provide an overview
of the presence and strength of associations between famil-
ial factors and symptom severity in children and adoles-
cents affected by ADHD. A better understanding of which
familial factors are associated with severe childhood ADHD
provides an opportunity to improve the selection and focus
of interventions, to refine existing interventions, and to
develop new interventions.
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Abstract

Background: Children experiencing unfavorable family circumstances have an increased risk of developing external-
izing symptoms. The present study examines the direct, indirect and total effects of family adversity, parental psycho-
pathology, and positive and negative parenting practices on symptoms of attention-deficit/hyperactivity disorder
(ADHD) and oppositional defiant disorder (ODD) in children with ADHD.

Methods: Data from 555 children (M=8.9 years old, 80.5% boys) who participated in a multicenter study on the
treatment of ADHD (ESCAschool) were analyzed using structural equation modeling (SEM).

Results: The SEM analyses revealed that (a) family adversity and parental psychopathology are associated with both
child ADHD and ODD symptoms while negative parenting practices are only related to child ODD symptom:s; (b)
family adversity is only indirectly associated with child ADHD and ODD symptoms, via parental psychopathology
and negative parenting practices; (c) the detrimental effect of negative parenting practices on child ADHD and ODD
symptoms is stronger in girls than in boys (multi-sample SEM); (d) there are no significant associations between posi-
tive parenting practices and child ADHD or ODD symptoms.

Conclusions: Family adversity, parental psychopathology, and negative parenting practices should be routinely
assessed by clinicians and considered in treatment planning.
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Background

Externalizing disorders, including attention-deficit/
hyperactivity disorder (ADHD) and oppositional defiant
disorder (ODD), are among the most prevalent mental
disorders in childhood and adolescence. ADHD is char-
acterized by impairing and developmentally inappropri-
ate levels of inattention, hyperactivity and impulsivity [1],
and has an estimated worldwide prevalence of 3.4% in
children and adolescents [45]. ODD is marked by irritable
mood, defiant and disobedient behavior towards author-
ity figures and vindictiveness [1], affecting about 3.6% of
children and adolescents worldwide [45]. Both disorders
are significantly more common in boys than in girls [16,
58]. Approximately half of children and adolescents diag-
nosed with ADHD are also affected by ODD [15, 33].

It is assumed that genetic and environmental risk fac-
tors accumulate to cause both of these externalizing dis-
orders [2, 21]. The heritability of ADHD is estimated to
be higher (about 74%) than that of ODD (about 61% [14,
22]). Most of the environmental risk factors that have
been found to be associated with the onset of ADHD
exert their influence during the prenatal and early post-
natal period (e.g., exposure to toxins, extreme depriva-
tion or traumatic brain injury early in life [10, 34, 54].
Environmental risk factors that exert their influence later
in childhood and adolescence (e.g., socioeconomic sta-
tus or parenting behaviors) have been found to be linked
to the severity of ADHD symptoms and oppositional,
aggressive, and nonsocial behaviors [9, 46, 50].

Back in 1975, Rutter and colleagues examined the asso-
ciations between adverse family circumstances and psy-
chological disorders in children and adolescents. They
identified six family-related risk factors that were asso-
ciated with the rate of child psychiatric disorders (i.e.,
severe marital discord, low social class, large family size,
paternal criminality, maternal mental disorder, and fos-
ter placement) and revealed that the aggregate of these
factors, rather than the presence of any single factor,
was linked to psychopathology in the child [51]. Subse-
quently, Biederman et al. [4, 5] demonstrated that regard-
less of a child’s gender, the risk of developing ADHD and
comorbid symptoms increased with an increasing num-
ber of family risk factors. Subsequent research yielded
further support for a small but significant association
between family adversity and child externalizing symp-
toms [36, 44].

Another field of environmental research focuses on the
relationship between parental and child psychopathology,

with studies reporting significant positive associations
between child externalizing symptoms and parental
symptoms of ADHD, depression, anxiety, and aggression
[11, 13]. Besides genetic factors, several other processes
that may be involved in the intergenerational transmis-
sion of psychopathology have been discussed [13, 23].
Among these, parenting behavior has been shown to be
directly associated with child externalizing behaviors [43]
and to mediate the association between parental psycho-
pathology and child externalizing behaviors [3, 6, 24].

Bronfenbrenner’s ecological systems theory [7]
describes environmental factors which are relevant for
child development, looking not only at the child and his
or her immediate surroundings (microsystem) but also
at larger systems of the child’s environment (meso-, exo-,
macro- and chronosystem). Based on this theory, the
effects of family adversity (exosystem) on the child and
his or her mental health can be thought to be mediated
by familial factors that are more proximal to the child,
such as parental psychopathology and parenting prac-
tices (microsystem). In line with this, the family stress
model [12] postulates a theoretical process that links
economic pressure in the family, via depressed parental
mood and impaired parenting, to problematic adolescent
adjustment. Several studies provided further evidence
that family financial burden exacerbates child symptoms
through increased depressive symptoms of the parents
and a negative influence on parenting behavior [41, 47,
53, 56]. Extending the assumptions of the family stress
model [12], we postulate that such an indirect effect is
not specific to economic pressure in the family or depres-
sive symptoms of parents. Rather, we hypothesize that
both economic and psychosocial adversities in the family
(family adversity) indirectly impact on child externalizing
symptoms via parental psychopathology and parenting
practices.

Previous studies examining possible moderating influ-
ences of child age and gender on the association between
familial risk factors and externalizing symptoms in
school-aged children yielded different findings depending
on the particular familial risk factor investigated. While
the associations of family adversity and parental psycho-
pathology with child externalizing symptoms appear to
be broadly independent of child age and gender [4, 11, 13,
36, 44], the association between parenting practices and
child externalizing symptoms seems to vary as a func-
tion of child age and gender. According to a recent meta-
analysis, parenting behaviors are more strongly related to



Jendreizik et al. Child and Adolescent Psychiatry and Mental Health

child externalizing symptoms in older children than in
younger children [43]. In addition, there is some evidence
that girls may be more strongly influenced by negative
parenting behaviors than boys (e.g., [27]).

To the best of our knowledge, the effects of family
adversity, parental psychopathology, and parenting prac-
tices on child symptoms of ADHD and ODD have not
yet been examined together within one comprehensive
model, possibly because suitable methods for analysis
require large sample sizes. The objectives of this study are
to (a) determine direct, indirect, serial indirect and total
effects of familial factors (i.e., family adversity, parental
psychopathology, positive and negative parenting prac-
tices) on child ADHD and ODD symptoms and (b) inves-
tigate possible moderating effects of child age and gender
in a large sample of children aged between 6 and 12 years
with a diagnosis of ADHD.

Methods

Participants and procedure

This study used data drawn from the ESCAschool study
(Evidence-based, Stepped Care of ADHD in school-
aged children; [18]), a multicenter trial encompassing
nine study sites in Germany (Cologne, Essen, Gottingen,
Hamm, Mainz, Mannheim, Marburg, Tiibingen, Wiir-
zburg). ESCAschool is part of the research consortium
ESCAlife and investigated a stepped care approach for
school-aged children with ADHD, involving individual-
ized treatment strategies based on behavioral and phar-
macological interventions. Participants were mainly
recruited via the outpatient units of the participating
study sites. The children included in ESCAschool (a)
met the criteria for an ADHD diagnosis according to the
Diagnostic and Statistical Manual of Mental Disorders
(DSM, 5th ed.; [1]), (b) were between 6 and 12 years old,
and (c) had an IQ score above 80. For the present study,
we analyzed baseline data (i.e., before the start of the
study treatment) of 555 children who were screened for
the ESCAschool study and met all inclusion and exclu-
sion criteria. More detailed information on the back-
ground, procedures, and inclusion and exclusion criteria
for ESCAschool can be found in the published study pro-
tocol [18]. All parents and all children provided writ-
ten informed consent to participate in the study. Ethics
approval was provided by the local ethics committees for
each participating center separately.

Measures
The following measures were collected from clinicians
and parents at the baseline assessment.
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Family adversity (FAI)

Family adversity was measured using a modified version
of the Family Adversity Index (FAI) originally developed
by Rutter and colleagues [51]. The modified version,
adapted from the German Mannheim Parent Interview
[20], includes the following items: low parental educa-
tion, crowded housing conditions, parental conflicts,
parental delinquency, and parental mental disorder.
Each item is coded dichotomously by a clinician (0= no,
1=yes) based on an interview with at least one parent.
The five item scores are then summed together to form
the index (value range: 0-5). Crowded housing condi-
tions were defined as having less than one room per
person. Parental conflicts were assumed in the case of
single-parent families or if there were significant disputes
between the parents. Parental delinquency was indicated
if at least one parent had been sentenced to jail or penal-
ized with a fine, or if a parent’s driving license had been
revoked for at least 6 months. Finally, a parental mental
disorder was coded if either parent had been diagnosed
with a mental disorder during their lifetime.

Parental psychopathology (pPSYC)
Parental ADHD (pADHD) was measured using the Ger-
man ADHD self-report questionnaire (ADHS-Selbst-
beurteilungsbogen [ADHS-SB]; [48]), which was adapted
to DSM-5 criteria for the purpose of the present study.
Parents rated each of the 18 symptom items on a 4-point
Likert scale ranging from O (not present) to 3 (severe),
with higher scores indicating higher symptoms of paren-
tal inattention, impulsivity, and hyperactivity. The scores
for all 18 items were summed together to form the total
symptom score. In the present sample, the total symptom
scale showed a high internal consistency (a =0.91).
Parental symptoms of depression, anxiety and stress
(pDAS) were assessed using the German short version
(DASS-21; [40]) of the Depression Anxiety and Stress
Scales (DASS; [37]). Parents rated each of the 21 items on
a 4-point Likert scale ranging from 0 (never) to 3 (very
often), with higher scores indicating a greater severity of
parental symptoms. In the present study, a sum score was
formed by considering all 21 items. In the present sample,
the scale showed a high internal consistency (a =0.91).
Parental aggression (pAGG) was assessed using the
Aggression Questionnaire (AQ-12) by Bryant and Smith
[8] in its German version [25]. The questionnaire consists
of 12 items measuring physical aggression, verbal aggres-
sion, anger and animosity. Parents rated each item on a
6-point Likert scale ranging from 1 (very atypical) to 6
(very typical), with higher scores indicating more paren-
tal aggression. The scores on the 12 items were summed
together to form the total symptom score. In the present
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sample, the total scale showed a good internal consist-
ency (a=0.86).

Parenting practices (pPAR, nPAR)

Positive parenting (pPAR) was measured using the Ger-
man Questionnaire on Parenting Behavior (Fragebo-
gen zum Erziehungsverhalten [FZEV]; [39]), which
was developed on the basis of various English-language
instruments (e.g., [55]). The scale consists of 13 items
assessing positive, reinforcing and encouraging parent-
ing behavior. Parents rated each item on a 4-point Lik-
ert scale ranging from O (never) to 3 (very often), with
higher scores indicating a more frequent use of posi-
tive parenting practices. The scale value was formed by
averaging the respective item scores. In the present sam-
ple, the scale demonstrated a good internal consistency
(a=0.85).

Negative parenting (nPAR) was measured using a short
version of the Negative-Inept Parenting Scale (NIP)
from the Assessment of Positive and Negative Parenting
(FPNE; [30],, which was developed on the basis of the
Management of Children’s Behavior Scale (MCBS, [42]).
The scale used in the present study consists of 10 items,
which measure inconsistent, impulsive and rigid parent-
ing behavior. Parents rated each item on a 4-point Likert
scale ranging from 0 (never) to 3 (very often), with higher
scores indicating a more frequent use of negative par-
enting practices. The scale value was formed by averag-
ing the respective item scores. In the present sample, the
10-item scale showed an acceptable internal consistency
(a=0.74).

Child ADHD and child ODD (cADHD, cODD)

Child symptoms of ADHD and ODD were each assessed
independently by a clinician and by the parents. For
the assessment of ADHD symptoms, the clinician used
the 18 items of the German Diagnostic Checklist for
ADHD (DCL-ADHS, DISYPS-III; [17], which reflect
the criteria for ADHD according to the DSM-5 and the
10th edition of the International Statistical Classifica-
tion of Diseases and Related Health Problems (10th ed.;
[59]). For the assessment of oppositional symptoms, the
clinician used the eight ODD items from the German
Diagnostic Checklist for Oppositional Defiant and Con-
duct Disorder (CD) (DCL-SSV, DISYPS-IIL; [17]), which
reflect the criteria for ODD according to the DSM-5
and ICD-10. The symptoms were explored using a Ger-
man semi-structured clinical interview for ADHD, ODD
and CD symptoms, which was conducted with at least
one parent (ILF-EXTERNAL, DISYPS-ILEF, [26]). Cli-
nicians rated each item on a 4-point Likert scale rang-
ing from 0 (age-typical/not at all) to 3 (very much, with
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higher scores indicating more pronounced child ADHD
and ODD symptoms. The two scale values (ADHD, ODD
were formed by averaging the respective item scores. In
the present sample, the scales showed a good internal
consistency (ADHD: a=0.82; ODD: a=0.83). Further-
more, a high interrater reliability has been reported, with
an intraclass correlation of 0.91 (ADHD) and 0.94 (ODD)
[57].

The parents assessed the children’s ADHD and ODD
symptoms using the German-language rating scales for
ADHD (FBB-ADHS) and for ODD and CD (FBB-SSV,
DISYPS-IIIL; [17]), which are based on the DSM-5 and
ICD-10. More specifically, parents rated 20 ADHD items
(nine items on inattention, 11 items on hyperactivity) and
eight ODD items on a 4-point Likert scale ranging from
0 (not at all) to 3 (markedly), with higher scores indicat-
ing more severe symptoms. Again, the two scale values
(ADHD, ODD) were formed by averaging the respective
item scores. In the present sample, the scales showed a
good internal consistency, with a Cronbach’s alpha of
0.89 for each scale.

Statistical analysis

In a first step, missing values, descriptive statistics and
bivariate correlations were investigated. Analyses were
performed using SPSS 27.0. To examine missing values,
Little’s (1988) missing completely at random (MCAR)
test was performed. Key variables were examined for
deviations from normality based on skewness and kur-
tosis. It was checked whether the intercorrelations of
potential indicators of latent factors were positive and
sufficiently strong (r>0.50) for the formation of latent
factors. Child demographic variables (child age and gen-
der) were tested for significant bivariate correlations with
the familial variables (FAL, pADHD, pDAS, pAGG, pPAR,
nPAR) and child symptoms (cADHD, cODD).

Within the main analyses, a confirmatory factor
analysis (CFA) was performed and a structural equa-
tion model were tested: First, a CFA was conducted to
assess the validity of the measurement models for the
three latent factors parental psychopathology (pPSYC),
child ADHD (cADHD), and child ODD (cODD). For
the latent factor parental psychopathology (pPSYC),
we used parental ADHD (pADHD), parental depres-
sion, anxiety and stress (pDAS), and parental aggres-
sion (pAGQ) as indicators. For the two latent factors
child ADHD (cADHD) and child ODD (cODD), cor-
responding clinician ratings (DCL-ADHS, DCL-SSV)
and parent ratings (FBB-ADHS, FBB-SSV) were used as
indicators and the error variances of the two indicators
from one informant (clinician, parent) were allowed to
covary. All three latent factors (pPSYC, cADHD, cODD)
were allowed to covary. Second, an (initial) structural
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Fig. 1 Structural equation model (SEM 2). Structural equation model depicting factor loadings, covariances and standardized path coefficients.
Solid lines indicate significant paths, p <.05. The SEM 2 shown differs from SEM 1 by the added error covariance between positive and negative
parenting practices. DCL-ADHS = clinician-rated child attention-deficit/hyperactivity disorder, DCL-SSV = clinician-rated child oppositional defiant
disorder, FBB-ADHS = parent-rated child attention-deficit/hyperactivity disorder, FBB-SSV = parent-rated child oppositional defiant disorder,

pADHD = parental attention-deficit/hyperactivity disorder (ADHS-SB), pAGG = parental aggression (AQ 12), pDAS = parental depression, anxiety and

equation model (SEM 1) was checked for model fit.
For SEM 1, we considered direct pathways from family
adversity to parental psychopathology (FAI— pPSYC),
from parental psychopathology to positive as well as
negative parenting practices (pPSYC — pPAR/nPAR),
and from all familial factors to child ADHD and child
ODD (FAI/pPSYC/pPAR/nPAR — cADHD/cODD).
Accordingly, the factors family adversity, parental
psychopathology, (positive and negative) parenting
practices, and child (ADHD and ODD) symptoms are
arranged serially within SEM 1, and the positive and
negative parenting practices and child ADHD and ODD
symptoms are each arranged in parallel (see also Fig. 1).
Consequently, SEM 1 enabled the determination of the
direct effects of all familial factors on child ADHD and
ODD symptoms (FAI/pPSYC/pPAR/nPAR — cADHD/
cODD) as well as the indirect effects of family adversity
(FAI) and parental psychopathology (pPSYC) on child
ADHD and ODD symptoms (FAI - pPSYC — cADHD/
cODD; pPSYC — pPAR/nPAR — cADHD/cODD), the
serial indirect effects of family adversity (FAI) on child
ADHD and ODD symptoms (FAI— pPSYC — pPAR/
nPAR — cADHD/cODD), and the total effects of family
adversity (FAI) and parental psychopathology (pPSYC)

on child ADHD and ODD symptoms. Modification
indices and theoretical considerations were used to
examine reasonable adjustments to the SEM 1, and the
model fit of the resulting model (i.e., SEM 2) was tested
for its superiority over SEM 1.

Multi-sample SEMs were examined to reveal poten-
tially moderating effects of (a) child age (split based on
median age) and (b) gender. As a prerequisite, measure-
ment invariance was tested beforehand. Configural invar-
iance requires that the model configuration is identical
in both groups (i.e., the same items belong to the same
factors). Weak invariance additionally requires equal fac-
tor loadings in the groups and strong invariance addi-
tionally requires that the item intercepts are the same in
the groups [35]. The total effects of family adversity and
parental psychopathology on child symptoms and the
direct effects of positive and negative parenting practices
on child symptoms were determined for each of the two
groups and compared using y difference test.

Structural equation models were tested using the
lavaan package (version 0.6-8; [49]) in R (version 4.1.0).
For the SEM models, all variables were z-transformed
and full information likelihood was used to handle
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missing values. As some variables were not normally
distributed, a scaled test statistic was used (asymptoti-
cally equal to the Yuan-Bentler test statistic). Model fit
was evaluated based on the comparative fix index (CFI),
the standardized root mean square residual (SRMR),
and the root mean square error of approximation
(RMSEA). The model fit was considered acceptable if
CFI>0.95, SRMR <0.08 and RMSEA <0.07 and good if
CFI1>0.95 and SRMR and RMSEA <0.05 [31, 35]. The
X° test statistic was also inspected, although this index
tends to increase along with the sample size and can
therefore only be interpreted to a limited extent [35].
The direct, indirect, serial indirect and total effects of
family adversity, parental psychopathology, and (posi-
tive and negative) parenting practices on child ADHD
and ODD symptoms were determined, and bootstrap-
ping with 1000 replications was used to obtain confi-
dence intervals and standard errors of the estimated
effects. Nested models were compared using the y? dif-
ference test, and non-nested models were compared
using the Akaike information criterion (AIC) and the
Bayesian information criterion (BIC).
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Results

Study sample and descriptive statistics

The 555 children had a mean age of 8.9 years (SD=1.5)
and 80.5% were male. In total, 275 children (49.5%) had
a combined type ADHD diagnosis, 222 children (40.0%)
had a predominantly inattentive type ADHD diagnosis,
and 58 children (10.5%) had a predominantly hyperac-
tive-impulsive type ADHD diagnosis. About one-third
(n = 189, 34.1 %) received medication for the treatment
of ADHD. The following comorbid diagnoses were pre-
sent in the study sample: ODD (1 = 214, 38.6%), anxiety
disorder (n = 41, 7.3%), CD (n = 37, 6.7%), tic disor-
der (n = 32, 5.8%), depressive disorder (n =18, 3.2%),
and obsessive-compulsive disorder (n = 2, 0.4%). The
participating parent was either the biological mother
(87.2%), the biological father (7.4%), or another car-
egiver (5.4%). Little's MCAR test was non-significant,
which was in line with the assumption that the data
were missing at random (y*(217)=232.94 p=0.22).
Descriptive statistics and bivariate correlations for the
key and demographic variables are shown in Table 1.

Table 1 Descriptive Statistics and Bivariate Correlations for Key and Demographic Variables

1. FAl 2.pADHD 3.pDAS 4. pAGG 5.pPAR  6.nPAR  7.cADHD (C) 8.cADHD (P) 9.cODD (C) 10.cODD (P)
1. FAl 1
2. pADHD 0.20%* 1
3. pDAS 0.28** 0.50** 1
4. pAGG 0.21%* 0.48%* 0.53** 1
5. pPAR 0.03 —0.04 —0.13%* —0.19%* 1
6. NnPAR 0.11* 0.23** 0.36** 0.40%* — 023 1
7.cADHD (C) 0.06 0.17** 0.16** 0.12%* —0.04 0.15%* 1
8.cADHD (P) 0.10* 0.16** 0.19%* 0.10* 0.03 0.18** 0.63** 1
9.cODD (Q) 0.15%* 0.14** 0.19%* 0.13** —0.12%  020** 047%* 0.33** 1
10.cODD (P)  0.17%* 0.16** 0.22%* 0.16%* —0.15%  025* 0.44** 0.54* 0.69%* 1
Child gender  0.02 —0.01 —0.03 —0.04 0.08 —0.03 —0.13** —0.07 —0.171%* —0.12%
(0=b,1=q)
Child age —0.05 —0.07 —0.05 —0.02 —0.14** 002 —0.02 —0.04 0.03 0.05
n 549 524 518 521 517 509 555 495 544 528
Missingsin% 1.08 5.59 6.66 6.12 6.84 8.29 0 10.81 1.98 4.86
M (SD) 0.76 (0.85) 897(858) 10.92(8.44) 2570(9.22) 1.87(0.38) 2.00(0.39) 1.88(047) 1.81(0.53) 1.17 (0.65) 1.40(0.71)
Min 0.00 0.00 0.00 12.00 0.77 1.10 0.72 0.20 0.00 0.00
Max 5.00 49.00 45.00 64.00 3.00 3.20 3.00 3.00 3.00 3.00
Skew 1.07 1.74 1.28 0.99 0.11 0.27 —0.04 —0.20 0.34 0.05
Kurtosis 1.21 3.52 1.89 1.22 —0.19 0.09 —0.70 — 048 —0.28 —0.74

b = boys, cADHD (C) = clinician-rated childattention-deficit/hyperactivity disorder (DCL-ADHS), cADHD (P) = parent-ratedchild attention-deficit/hyperactivity
disorder (FBB-ADHS), cODD (C) =clinician-rated child oppositional defiant disorder (DCL-SSV), cODD (P) = parent-rated child oppositional defiantdisorder (FBB-SSV),
FAl = Family Adversity Index, g = girls, nPAR = negativeparenting (FPNE), pADHD = parental attention-deficit/hyperactivity disorder (ADHS-SB),pDAS = parental

depression, anxiety and stress (DASS21), pPAR = positiveparenting (FZEV)
" p<0.05,*p<0.01
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Table 2 Model fit parameters for CFA, SEM 1, SEM 2, and the alternative model

Model X2 (df) p CFl SRMR RMSEA AIC BIC D> (df) p

CFA 109 0.82 1.00 0.01 <0.001

SEM 1 46.85 (24) 0.003 0.98 0.03 0.04

SEM 2 32.51(23) 0.09 0.99 0.02 0.03 13,570.21 13,751.60 14.16 (1) <0.001
Alternative model 110.27 (23) <0.001 093 0.08 0.09 13,655.55 13,836.94

In the CFA model the validity of the measurement models of the three latent factors parental psychopathology (pPSYC), child ADHD (cADHD), and child ODD
(cODD) was assessed. In SEM 1, direct and indirect effects of family adversity (FAI), parental psychopathology (pPSYC), positive parenting (pPAR), and negative
parenting (nPAR) on child ADHD and ODD symptoms were examined (FAl — pPSYC — pPAR/nPAR — cADHD/cODD). In SEM 2, SEM 1 was extended to include the
error covariance of positive and negative parenting. The alternative model contained the following alternative arrangement of the familial factors, with otherwise

unchanged paths: pPSYC — FAl— pPAR/nPAR — cADHD/cODD

AIC = Akaike information criterion, BIC =Bayesian information criterion, CFA = confirmatory factor analysis, CFl = comparative fix index, RMSEA =root mean square

error of approximation, SRMR = standardized root mean square residual

2 reference model = SEM 1

Model testing

The CFA resulted in a good model fit and confirmed the
validity of the measurement models of the three latent
factors parental psychopathology (pPSYC), child ADHD
(cADHD), and child ODD (cODD, see Table 2). All fac-
tor loadings were of adequate strength and were signifi-
cantly related to the respective latent factor (3> 0.68). We
found a good model fit of the initial SEM (SEM 1) with

direct pathways from family adversity to parental psycho-
pathology, from parental psychopathology to positive as
well as negative parenting practices, and from all famil-
ial factors to child ADHD and child ODD (see Table 2).
Nevertheless, the modification indices (MI) suggested an
extension of the model to include the error covariance
between positive and negative parenting (MI>10.00).
Since this statistically based recommendation was also

Table 3 Direct, Indirect and Total Effects of Familial Variables on Child Symptoms (SEM 2)

Effect Path b [95% Cl] SE B p
Total Family adversity (FAI) — child ADHD (cADHD) 0.07 [—0.01,0.16] 0.04 0.09 0.08
Direct FAl— cADHD ° 0.01 [— 0.08,0.10] 0.04 0.01 0.85
Indirect FAl— parental psychopathology (pPSYC) — cADHD 0.05[0.01,0.10] 0.02 0.07 0.01
Serial indirect FAl— pPSYC — positive parenting (pPAR) — cADHD —0.00 [— 0.01,0.00] 0.00 —0.00 049
Serial indirect FAl— pPSYC — negative parenting (nPAR) — cADHD 0.01 [ 0.00, 0.03] 0.01 0.02 0.09
Total Parental psychopathology (pPSYC) — child ADHD (cADHD) 0.311[0.15,0.46] 0.08 0.25 <0.001
Direct pPSYC — cADHD 0.25[0.07,042] 0.09 0.21 0.005
Indirect pPSYC — positive parenting (pPAR) — cADHD —0.01 [ 0.04,0.02] 0.01 —001 0.51
Indirect pPSYC — negative parenting (NPAR) — cADHD 0.06 [— 0.01,0.14] 0.04 0.05 0.09
Direct Positive parenting (pPAR) — child ADHD (cADHD) ? 0.04 [— 0.06,0.11] 0.04 0.04 0.44
Direct Negative parenting (nPAR) — child ADHD (cADHD) 0.09 [ 0.01,0.18] 0.05 0.11 0.07
Total Family adversity (FAl) — child ODD (cODD) 0.14[0.06, 0.22] 0.04 0.19 0.001
Direct FAl— cODD 0.08 [0.00,0.17] 0.04 0.10 0.07
Indirect FAl— parental psychopathology (pPSYC) — cODD 0.04[0.01,0.08] 0.02 0.06 0.04
Serial indirect FAl— pPSYC — positive parenting (pPAR) — cODD 0.00[0.00,0.01] 0.00 0.01 0.18
Serial indirect FAl— pPSYC — negative parenting (nPAR) — cODD 0.02[0.01, 0.03] 0.01 0.02 0.005
Total Parental psychopathology (pPSYC) — child ODD (cODD) 0.29[0.15,0.44] 0.07 0.26 <0.001
Direct pPSYC — cODD 0.20 [0.04, 0.35] 0.08 0.17 0.02
Indirect pPSYC — positive parenting (pPAR) — cODD 0.02 [0.00, 0.05] 0.01 0.02 0.19
Indirect pPSYC — negative parenting (nPAR) — cODD 0.08 [0.02,0.15] 0.03 0.07 0.02
Direct Positive parenting (pPAR) — child ODD (cODD) ? —0.07 [ 0.16,0.00] 0.04 —0.09 0.09
Direct Negative parenting (nPAR) — child ODD (cODD) 0.11[0.03,0.20] 0.04 0.15 0.008

Total and direct effects (bold text) of familial factors on child ADHD and child ODD symptoms were compared using x? difference test

2 Corresponding effects differed significantly for child ADHD and child ODD based on x2 difference test (y? ;A1) =

7.23, p=0.007)
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theoretically justifiable, the initial model was extended
to include the suggested error covariance (SEM 2). As
shown in Table 2, the superiority of the resulting model
fit was confirmed by the result of the x* difference test.
The coefficients of the postulated paths among the famil-
ial factors (FAI— pPSYC, pPSYC — pPAR/nPAR) each
reached significance (see Fig. 1). In SEM 2, the explained
variance (by all familial factors) in child ADHD was
R*>=7.5% and the explained variance in child ODD was
R*=12.6%.

Effects of familial factors on child externalizing symptoms
The direct, indirect and total effects of the four famil-
ial factors on child ADHD and ODD symptoms were
determined in the extended SEM 2 model (see Table 3).
First, considering the total effects of family adversity
and parental psychopathology on child ADHD symp-
toms, as well as the direct effects of positive and nega-
tive parenting practices on child ADHD symptoms,
only the total effect of parental psychopathology on
child ADHD symptoms reached significance (»=0.31,
SE=0.08, =0.25, p<0.001). While the total effect of
family adversity and the direct effect of negative par-
enting practices on child ADHD symptoms showed a
trend for significance (FAL: p=0.08; nPAR: p=0.07),
the direct effect of positive parenting practices did
not. Second, considering the indirect and direct effects
of family adversity and parental psychopathology on
child ADHD symptoms, a significant indirect effect of
family adversity on child ADHD symptoms via paren-
tal psychopathology was detected (b=0.05, SE=0.02,
B=0.07, p=0.01), and a trend for a significant serial
indirect effect of family adversity on child symptoms
via parental psychopathology and negative parent-
ing practices (p=0.09). In contrast, the direct effect of
family adversity on child ADHD symptoms was not sig-
nificant. The direct effect of parental psychopathology
on child ADHD symptoms was significant (b=0.25,
SE=0.09, §=0.21, p=0.005) and the indirect effect
of parental psychopathology on child ADHD symp-
toms via negative parenting practices showed a trend
for significance (p =0.09). Overall, an (exclusively indi-
rect) effect of family adversity on child ADHD symp-
toms (FAI — pPSYC — cADHD) and a (direct) effect of
parental psychopathology on child ADHD symptoms
(pPSYC — cADHD) were revealed.

Third, considering the total effects of family adver-
sity and parental psychopathology, as well as the direct
effects of positive and negative parenting practices on
child ODD symptoms, the following three familial factors
exerted a significant effect: family adversity (total effect:
b=0.14, SE=0.04, $=0.19, p=0.001), parental psy-
chopathology (total effect: 5#=0.29, SE=0.07, 5=0.26,
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p<0.001), and negative parenting practices (direct effect:
b=0.11, SE=0.04, $=0.15, p=0.008). The total effect
of the fourth familial factor, positive parenting practices,
only showed a trend for significance (p=0.09). Fourth,
we considered the indirect and direct effects of family
adversity and parental psychopathology on child ODD
symptoms. The analyses revealed a significant indirect
effect of family adversity on child ODD symptoms via
parental psychopathology (6=0.04, SE=0.02, =0.06,
p=0.04) and a serial indirect effect of family adversity
on child ODD symptoms via parental psychopathology
and negative parenting practices (b=0.02, SE=0.01,
B=0.02, p=0.005). In contrast, the direct effect of fam-
ily adversity on child ODD symptoms was not signifi-
cant. Finally, parental psychopathology had both a direct
effect on child ODD symptoms (b=0.20, SE=0.08,
B=0.17, p=0.02) and an indirect effect on child ODD
symptoms via negative parenting practices (b=0.08,
SE=0.03, =0.07, p=0.02). In summary, the analyses
revealed an (exclusively indirect) effect of family adver-
sity on child ODD symptoms (FAI— pPSYC — cODD;
FAI — pPSYC — nPAR — cODD), a (direct and indirect)
effect of parental psychopathology on child ODD symp-
toms (pPSYC — cODD; pPSYC — nPAR— cODD) and
a (direct) effect of negative parenting practices on child
ODD symptoms (nPAR — cODD).

When comparing the total (family adversity, parental
psychopathology) or direct (positive and negative par-
enting practices) effects of the familial factors on child
ADHD and child ODD symptoms (by comparing the
model fits of the nested models with freely varying and
equated path coefficients using x2 difference test), only
positive parenting practices had a significantly differ-
ent effect on child ADHD and child ODD symptoms
(Caa(l) =7.23, p=0.007).

An extension to model SEM 2, adding two additional
pathways (FAI— pPAR/nPAR), provided the opportu-
nity to examine even more potential indirect effects of
the familial factors. However, the extended model did
not provide a better model fit (y*(21)=27.95, p=0.14,
CFI=1.00, SRMR=0.02, RMSEA=0.03; x°;4(2) =4.76,
p=0.09), and the total, direct, and indirect effects
described above remained largely unchanged (for details
see Additional file 1: Table A1).

Moderating effects of child age and gender

Descriptive statistics and measurement invariance
Descriptive statistics and bivariate correlations are shown
in the Additional file 1 (Tables A2 and A3) separately for
younger and older children and for boys and girls. Con-
figural as well as weak measurement invariance based
on SEM 2 was shown across younger and older chil-
dren but not across boys and girls. Specifically, for girls,
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the estimation of SEM 2 resulted in negative variances.
Potential reasons for the estimation problems might have
been the small sample size of girls (n =108), the examina-
tion of a complex statistical model, and only two indica-
tors for two of the three latent factors (cADHD, cODD)
[35]. However, to nevertheless examine the moderat-
ing effect of gender, SEM 2 was simplified, and instead
of the two latent factors (cCADHD and cODD) with two
indicators each (DCL-ADHS, FBB-ADHS; DCL-SSV,
FBB-SSV), we calculated two separate SEMs with two
manifest factors each. Specifically, one multi-sample
SEM with clinician-rated child symptoms (DCL-ADHS,
DCL-SSV) and one with parent-rated child symptoms
(FBB-ADHS, FBB-SSV) were performed to examine the
moderating influences of gender. As a result of the sim-
plification of the model, configural and weak measure-
ment invariance based on SEM 2 was shown across boys
and girls (see Additional file 1: Table A4).

Effects of familial factors on child externalizing symptoms

for younger and older children

For younger children only parental psychopathology
(total effect: b=0.36, SE=0.10, 5=0.35, p<0.001) and
for older children none of the familial factors had a sig-
nificant (total or direct) effect on child ADHD symptoms.
However, for younger children family adversity showed a
trend for a significant (total) effect (p <0.10) and for older
children negative parenting practices showed a trend for
a significant (direct) effect on child ADHD symptoms
(p=0.06). The explained variance in child ADHD was
R?>=14.9% for younger children and R*=3.6% for older
children. In both age groups, family adversity (younger
children: »=0.13, SE=0.06, 5=0.19, p=0.03; older chil-
dren: »=0.12, SE=0.05, =0.17, p=0.02) and parental
psychopathology (younger children: 5=0.30, SE=0.11,
B=0.30, p=0.006; older children: 5=0.25, SE=0.12,
B=0.21, p=0.03) had significant (total) effects on child
ODD symptoms. In addition, in both age groups nega-
tive parenting practices showed a trend for a significant
(direct) effect on child ODD symptoms (younger chil-
dren: p<0.10; older children: p=0.07). The explained
variance in child ODD symptoms was R*=13.7% for
younger children and R*=10.7% for older children. The
direct effect of positive parenting did not reach signifi-
cance in either age group or for either symptom domain
(child ADHD, child ODD). None of the (total or direct)
effects differed significantly between younger and older
children. Further details are provided in Additional file 1
(Table A5).
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Effects of familial factors on child externalizing symptoms
for boys and girls
Due to the estimation problems of the SEM 2 in the
group of girls and the calculation of two multi-sample
SEMs for the moderator gender, separate estimates of
direct and total effects resulted for the clinician rating
and parent rating of child ADHD and ODD symptom:s.
For boys, parental psychopathology (clinician rat-
ing: b=0.33, SE=0.08, $=0.23, p<0.001; parent rat-
ing: b=0.32, SE=0.10, $=0.22, p=0.001) and family
adversity (only parent rating: 5=0.11, SE=0.05, 5=0.11,
p=0.04) had a significant (total) effect on child ADHD
symptoms. Additionally, negative parenting practices
showed a trend for a significant (direct) effect on child
ADHD symptoms for boys (only parent rating: p =0.09).
For girls, only negative parenting (only clinician rating:
b=0.33, SE=0.14, f=0.35, p=0.02) had a significant
(direct) effect on child ADHD symptoms. The explained
variance in child ADHD symptoms was R*=5.0% (cli-
nician rating) or R*=6.3% (parent rating) for boys and
R*=9.7% (clinician rating) or R*=3.4% (parent rat-
ing) for girls. For boys, family adversity (clinician rat-
ing: b=0.16, SE=0.05, §=0.16, p=0.001; parent rating:
b=0.22, SE=0.05, f=0.21, p<0.001) and parental
psychopathology (clinician rating: 5=0.27, SE=0.09,
B=0.19, p=0.001; parent rating: »=0.39, SE=0.10,
S=0.27, p<0.001) had a significant (total) effect on child
ODD symptoms. Additionally, positive parenting prac-
tices showed a trend for a significant (direct) effect on
child ODD symptoms for boys (clinician rating: p=0.07;
parent rating: p=0.08). For girls, only negative parenting
practices (clinician rating: b=0.47, SE=0.12, 5=0.52,
p<0.001; parent rating: »=0.42, SE=0.14, f=0.45,
p=0.002) had a significant (direct) effect on child ODD
symptoms. The explained variance in child ODD symp-
toms was R>=6.6% (clinician rating) or R*=12.4% (par-
ent rating) for boys and R*=22.2% (clinician rating) or
R?>=15.7% (parent rating) for girls. The direct effects of
negative parenting on child ADHD (only clinician rat-
ing) and child ODD (clinician and parent rating) showed
significantly different path coefficients for boys and girls
(by comparing the model fits of the nested models with
freely varying and equated path coefficients using x2 dif-
ference test). Further details are provided in Additional
file 1 (Tables A6 and A7).

Alternative arrangement of familial factors

To further test the plausibility of SEM 2, we examined an
alternative arrangement of the familial factors. Specifi-
cally, instead of modeling a direct pathway from family
adversity to parental psychopathology (FAI— pPSYC)
and from parental psychopathology to (positive and
negative) parenting practices (pPSYC — pPAR/nPAR), a
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direct pathway from parental psychopathology to fam-
ily adversity (pPSYC — FAI) and from family adversity to
(positive and negative) parenting practices (FAI— pPAR/
nPAR) was provided within this alternative model. All
other postulated pathways remained unchanged. As can
be seen in Table 2, the model fit of the alternative model
was not acceptable and both the AIC and the BIC sug-
gested a superiority of the SEM 2 over the alternative
model.

Discussion

To the best of our knowledge, this is the first study to
examine effects of family adversity, parental psychopa-
thology, and parenting practices on ADHD and ODD
symptoms together within one comprehensive model
in a large sample of children with ADHD. The analyses
performed supported a model inspired by Bronfenbren-
ner’s ecological systems theory [7], in which the familial
factors were ordered according to their proximity to the
child. In the present study, family adversity was associ-
ated with a more pronounced parental psychopathology,
which was in turn associated with more negative and
fewer positive parenting practices. This finding is also in
line with the assumptions of the family stress model [12].
More specifically, our results support the assumption
that family adversity (e.g., low parental education, marital
conflicts, parental delinquency, crowded housing condi-
tions) is associated with increased psychopathological
symptoms of the parents, which in turn have a negative
impact on their parenting behavior. The strengths of the
associations among these familial factors in the present
study are comparable with previous study findings based
on the family stress model [41, 47, 56].

Effects of familial factors on child externalizing symptoms

Two of the four familial factors revealed significant
effects on child ADHD symptoms: family adversity (indi-
rect: FAI - pPSYC — cADHD) and parental psychopa-
thology (total, direct). Three of the four familial factors
revealed significant effects on child ODD symptoms:
family adversity (total; indirect: FAI— pPSYC — cODD;
serial indirect: FAI— pPSYC — nPAR — cODD),
parental psychopathology (total; direct; indirect:
pPSYC — nPAR — cODD), and negative parenting prac-
tices (direct). Accordingly, adverse family circumstances
and psychopathological symptoms of parents were asso-
ciated with more severe ADHD and ODD symptoms in
children. In addition, inconsistent, impulsive, and rigid
parenting behaviors (negative parenting practices) were
related to more severe ODD symptoms in children. In
contrast, positive, reinforcing and encouraging parenting
behavior (positive parenting practices) was not associated
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with less severe externalizing symptoms in children. The
effects of family adversity, parental psychopathology, and
negative parenting practices on child externalizing symp-
toms were small and broadly in line with previous study
findings [11, 13, 36, 43, 44]. The finding that negative
parenting practices have more impact on children’s exter-
nalizing behaviors than do positive parenting practices is
also consistent with previous study findings [19, 28, 32,
43].

Neither ADHD symptoms nor ODD symptoms in chil-
dren were directly related to family adversity. However,
indirect effects of family adversity via parental psycho-
pathology and serial indirect effects via parental psy-
chopathology and negative parenting practices emerged.
About 12.6% of the variance in child ODD and 7.5% of
the variance in child ADHD symptoms was explained
by the familial factors studied. The higher proportion
of explained variance in child ODD symptoms com-
pared to child ADHD symptoms in the presented SEM
may be attributable to the fact that a greater number of
the examined familial factors were associated with child
ODD symptoms than with child ADHD symptoms.
While it is necessary to take into account some statisti-
cal features in this regard (see: limitations and further
studies), this finding is consistent with previous evidence
suggesting less importance of genetic risk factors and a
greater importance of environmental risk factors for
ODD symptoms compared with ADHD symptoms [14].

Moderating effects of child age and gender

The (total or direct) effects of the familial factors did not
significantly differ between younger and older children,
but did significantly differ between boys and girls. Incon-
sistent, impulsive and rigid parenting behaviors (nega-
tive parenting practices) were more strongly associated
with child ADHD and ODD symptoms in girls than in
boys. This finding is consistent with previous research
(e.g., [27]), although conflicting evidence has also been
reported [43]. More research is needed to clarify whether
girls indeed show a greater sensitivity to negative par-
enting behaviors than do boys. Interestingly, the larg-
est amount of explained variance in child symptoms
was found for (clinician-rated) ODD symptoms in girls
(R®=22.2%) and the smallest for (latent factor) ADHD
symptoms in older children (R*=3.6%). Accordingly, it
can be assumed that especially for ADHD symptoms in
later childhood and adolescence, factors other than those
studied here could be decisive for symptom severity.

Limitations and recommendations for further studies
The findings of the present study should be interpreted in
the context of several limitations. First, the data analyzed
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are cross-sectional. Unlike longitudinal data, cross-
sectional data are not suitable for drawing conclusions
about the direction of influence. However, an alterna-
tive model that changed the direction of the prediction
of familial factors such that parental psychopathology
preceded family adversity, parenting practices, and finally
child externalizing symptoms resulted in an unacceptable
model fit. Therefore, the reverse direction of influence
can be considered unlikely. Nevertheless, some studies
suggest a bidirectional rather than unidirectional rela-
tionship between child symptoms and family variables,
especially parenting practices (e.g., [52]).

Second, the data collection was restricted to clinician
and parent ratings of child symptoms. The consideration
of several informants, such as clinicians, parents, teach-
ers, and the child him/herself (from early adolescence), is
central to a valid assessment of externalizing symptoma-
tology in all relevant life domains. Future studies should
additionally obtain a teacher’s rating to provide as com-
plete a picture as possible [38]. Although teacher ratings
were requested and collected in the ESCAschool study,
the number of available teacher ratings was considered
too low (56%) for inclusion as a third indicator of child
externalizing symptoms. Moreover, in view of evidence
of a low correspondence between parental self-report
and observational measures of parenting practices [29],
in future studies, it would be valuable to include observa-
tions of parenting in order to rule out the suggestion that
the purported associations between parental psychopa-
thology and parenting practices may be purely attribut-
able to same-informant effects.

Third, the Family Adversity Index, which is a tried and
tested tool to assess adverse family circumstances [4],
offers few concrete hints for deriving clinical implica-
tions. As the determination of individual risk factors may
be more relevant to inform prevention and intervention
approaches, future studies should examine individual risk
factors (e.g., marital conflicts) instead of employing an
index of family adversity. However, it should be critically
noted that it may, in fact, be the combined presence of
multiple, nonspecific, familial risk factors, rather than the
presence of single, specific risk factors, that is associated
with child symptom severity.

Fourth, the comparison of the impact of the familial
factors on child ADHD and child ODD symptoms may be
limited. Stronger associations between the investigated
familial factors and child symptoms, and a correspond-
ingly higher explained variance in child symptoms, were
found for ODD symptoms than for ADHD symptoms in
the present study. From a statistical perspective, it should
be noted that all of the children had an ADHD diagno-
sis whereas only about 40% had an additional, comor-
bid ODD diagnosis. Moreover, in the present sample,
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the symptom expression was higher and the variance in
symptoms was lower for ADHD symptoms than for the
comorbid ODD symptoms. Therefore, it cannot be ruled
out that the higher explained variance in the child symp-
toms for ODD than for ADHD was attributable to the
smaller variances in ADHD symptoms.

Fifth, the findings on moderating effects by gender
should be interpreted with caution. Even though the
obvious estimation problems in the group of girls was cir-
cumvented by simplifying the SEM, the sample size must
be considered to be small in relation to the complexity of
the model studied [35]. Accordingly, the presented find-
ings on moderating effects by gender should only be eval-
uated in terms of warranting further investigations.

Summary and clinical implications

The present study provides evidence that (a) family
adversity and parental psychopathology are associated
with both child ADHD and ODD symptoms while nega-
tive parenting practices are only related to child ODD
symptoms; (b) family adversity is only indirectly associ-
ated with child ADHD and ODD symptoms, via paren-
tal psychopathology and negative parenting practices; (c)
the detrimental effect of negative parenting practices on
child ADHD and ODD symptoms is stronger in girls than
in boys; (d) there are no significant associations between
positive parenting practices and child ADHD or ODD
symptoms.

Understanding how familial factors are (directly and
indirectly) related to child symptoms can inform the
development and selection of effective interventions for
children. Based on the present study, which provides evi-
dence that children in adverse family circumstances and
with psychologically impaired parents appear to be at
increased risk for higher ADHD symptom severity and
comorbid ODD symptoms, we recommend that these
areas be routinely examined as part of the diagnostic pro-
cess. In addition, to prevent ODD symptoms in children,
and especially in girls, a detailed examination of parent-
ing practices seems appropriate. Interventions address-
ing the parent—child interaction should presumably focus
specifically on reducing negative parenting practices.

Conclusions

Child development takes place in continuous interaction
with the child’s direct (e.g., parent) and extended (e.g.,
familial, socioeconomic status) environment. It is impor-
tant to consider that not only the direct parent—child
interaction, but also more general environmental factors
have a (sometimes indirect) impact on the child. For an
etiological understanding of externalizing symptoms in
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children, especially ODD symptoms, clinicians should
routinely consider familial factors such as adverse family
circumstances, parental psychopathology, and (negative)
parenting practices, and address them through appropri-
ate interventions.
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3 Discussion

This cumulative dissertation highlighted the family, as children’s immediate environment, and
explored its relevance to children’s externalizing behaviors. Focusing on children and adolescents with
an ADHD diagnosis, associations of family characteristics with ADHD symptom severity and comorbid
oppositional symptoms in children were examined (cf. Jendreizik, Hautmann, et al., 2022; Jendreizik,
von Wirth, et al., 2022). The first study of the present thesis reviewed primary studies concerning the
relationship between multiple familial factors and the severity of symptoms in children and
adolescents affected by child ADHD (cf. Jendreizik, von Wirth, et al., 2022). The second study
considered four familial factors within one statistical model, exploring relationships among these
factors. Furthermore, the direct and indirect effects of the familial factors on ADHD and comorbid
oppositional symptoms were examined in a large clinical sample of children with ADHD (cf. Jendreizik,
Hautmann, et al., 2022). The research questions of the two studies are of particular clinical relevance
since the familial factors investigated appear to be at least partially modifiable through psychosocial
interventions (cf. Jendreizik, Hautmann, et al., 2022; Jendreizik, von Wirth, et al., 2022).
3.1 Summary and Interpretation of Results

The findings of the two studies of this cumulative thesis are summarized and discussed along
with the research questions presented in the introduction.

Research question 1: Which familial factors are significantly associated with the severity of
ADHD symptoms in children and adolescents diagnosed with ADHD (cf. Jendreizik, von Wirth, et al.,
2022)?

The meta-analysis performed within the first study revealed significant correlations between
several familial factors and child ADHD symptom severity (Jendreizik, von Wirth, et al., 2022).
Significant associations were found for each of the three subcategories of familial factors introduced:
(a) characteristics and framework of the family: broken parental partnership, SES, single-parent family;
(b) mental health of the family members: parental ADHD, parental affective psychopathology, parental
mental health; (c) intrafamilial interactions and relationships: parenting stress, negative parenting
practices, critical life events (Jendreizik, von Wirth, et al., 2022)*. The directions of the correlations
were consistently in the expected direction, the strengths of the correlations were small (r <.30), and
the variance explained by the respective factor varied between 1% and 6% (Jendreizik, von Wirth, et
al., 2022). In conclusion, multiple familial factors, rather than one single familial factor or factors in
one subcategory of familial factors, appear to be associated with child symptom severity (Jendreizik,
von Wirth, et al., 2022). Moreover, for each of the three subcategories of familial factors, some factors

were not significantly associated with ADHD symptom severity in children: (a) characteristics and

* There are many ways to group and structure familial factors. Even with the selected subcategories,
there are individual factors whose allocation could be discussed.
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framework of the family: parental age, number of children in the family; (b) mental health of the family
members: parental Qol; and (c) intrafamilial interactions and relationships: positive parenting
practices (Jendreizik, von Wirth, et al., 2022). In summary, nine of the 13 meta-analytically evaluated
familial factors (including adverse family circumstances, parental psychopathologies, and negative
parenting practices) were significantly associated with child ADHD symptom severity. However, no
single factor explained a large amount of variance in ADHD symptom severity (Jendreizik, von Wirth,
et al., 2022). The supplementary review provided no robust evidence that family characteristics that
could not be meta-analytically evaluated due to a small number of included studies are crucial for
symptom severity among children and adolescents affected by ADHD (Jendreizik, von Wirth, et al.,
2022).

In addition to the first study, the second study also reported bivariate associations between
several familial factors and child ADHD symptoms. Specifically, both studies examined bivariate
correlations of positive and negative parenting behaviors, parental psychopathology, and adverse
family characteristics with symptom severity in children and adolescents affected by ADHD (Jendreizik,
Hautmann, et al., 2022; Jendreizik, von Wirth, et al., 2022). In the following, the findings of the two
studies are reviewed in terms of consistencies or inconsistencies. Consistently, both studies found no
significant bivariate correlations between positive parenting behaviors and child ADHD symptoms (p 2
.21; Jendreizik, Hautmann, et al., 2022; Jendreizik, von Wirth, et al., 2022). In contrast, both studies
showed significant small bivariate associations between negative parenting behaviors and child ADHD
symptoms (Jendreizik, Hautmann, et al., 2022: [clinician-rated] r = .15; [parent-rated] r = .18;
Jendreizik, von Wirth, et al., 2022: r = .19). Furthermore, both studies revealed small but significant
bivariate associations between (different types of) parental psychopathology and child ADHD
symptoms (Jendreizik, Hautmann, et al., 2022: r = .10 - .19; Jendreizik, von Wirth, et al., 2022: r = .14
-.16). Although a comparison of the results of the two studies in terms of adverse family characteristics
seems problematic due to the markedly different operationalizations (individual familial factors vs.
index), they do appear to be broadly comparable: The first study meta-analytically evaluated five
potentially adverse family characteristics and detected small but significant associations with child
ADHD symptom severity for three of the five studied factors (r = |.10] -.19; Jendreizik, von Wirth, et
al.,, 2022). The second study revealed a small but significant bivariate association between family
adversity and child ADHD symptoms when assessed by parents (r = .10) but not when assessed by
clinicians (Jendreizik, Hautmann, et al., 2022). In summary, the two studies showed consistent findings
for the following familial factors: Parental psychopathology and negative (but not positive) parenting
practices were associated with ADHD symptom severity in children and adolescents with an ADHD
diagnosis. The results regarding the associations between adverse family characteristics and ADHD

symptoms are only roughly comparable for the two studies and are more ambiguous.
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In 2022, the U.S. Centers for Disease Control and Prevention also reviewed primary studies on
the relationship between multiple family characteristics and ADHD in children (Claussen et al., 2022).
When comparing this meta-analysis with the first study of the present thesis (cf. Claussen et al., 2022;
Jendreizik, von Wirth, et al., 2022), three important discrepancies concerning the methodology stand
out: First, in contrast to the first study of this cumulative thesis, which evaluated only clinical samples
of children with ADHD (Jendreizik, von Wirth, et al., 2022), Claussen et al. (2022) studied community
samples, risk-associated samples, and samples affected by adverse family circumstances (e.g., children
affected by maltreatment). Second, Claussen et al. (2022) considered longitudinal and retrospective
studies instead of cross-sectional studies (cf. Jendreizik, von Wirth, et al., 2022). Third, Claussen et al.
(2022) examined familial factors of the subcategories (a) characteristics and framework of the family
and (c) intrafamilial interactions and relationships, but did not include the subcategory (b) mental
health of the family members. Regarding outcomes, Claussen et al. (2022) provided separate
information for ADHD diagnoses (dichotomous effect size) and ADHD symptoms (continuous effect
size) where possible. In the following discussion, however, only the continuous effect sizes reported
are addressed. In terms of (a) characteristics and framework of the family, Claussen et al. (2022)
reported a small positive correlation between parental divorce and ADHD symptoms (r=.11). Although
the operationalizations differ between the two reviews, the two related correlation coefficients in our
review can be considered comparable in terms of the direction, size, and significance of effects (single-
parent family: r = .10; broken parental partnership: r = .19). Interestingly, Claussen et al. (2022)
reported a small positive correlation for a further familial factor, for which we were unable to include
studies in our review: parental incarceration (r =.10). With respect to (b) intrafamilial interactions and
relationships, the findings of the two reviews diverge: While Claussen et al. (2022) reported a
significant negative association between positive parenting practices and ADHD symptoms (r = -.14),
our analyses resulted in a non-significant correlation coefficient. For negative parenting behaviors, by
contrast, both reviews revealed significant correlations, which are also comparable regarding direction
and size (both r = .19). In terms of the relationship between child maltreatment or critical life events
and ADHD symptoms, both reviews found a significant positive association. However, the size of the
correlation differed slightly, with a moderate coefficient in the review by Claussen et al. (2022; r =.30)
and a small coefficient in our review (r = .16; Jendreizik, von Wirth, et al., 2022). Regarding the familial
factors positive parenting behaviors and maltreatment or critical life events, it should be considered
that the confidence intervals of the correlations identified by the two working groups overlap in each
case. Moreover, it should be noted that the varying strengths of the correlation coefficients for the
association between positive parenting behaviors and ADHD symptoms, and the association between
maltreatment or critical life events experiences and ADHD symptoms, may be due to the differing

characteristics of the primary studies evaluated (study design and study sample). Thus, it is conceivable
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that the associations between maltreatment or critical life events experiences and ADHD symptoms
are more prominent within, for example, a school class (community sample) than within a group of
children with ADHD (clinical sample). Consequently, it might be assumed that the children in the
community sample have considerably fewer risk factors for ADHD than those in the clinical sample,
and that the aggregate of many (genetic, biological, and psychosocial) risk factors within the children
in the clinical sample blurred the observed association between maltreatment or critical life events
experiences and ADHD symptoms. Finally, of course, different operationalizations of the familial
factors may lead to the varying strengths of the correlation coefficients.

Research question 2: Are adverse family circumstances associated with more pronounced
parental psychopathology, and is parental psychopathology in turn associated with more negative
parenting behaviors and less positive parenting behaviors in children diagnosed with ADHD (cf.
Jendreizik, Hautmann, et al., 2022)?

In line with the ecological systems theory (Bronfenbrenner, 1992) and the family stress model
(Conger et al., 1992), the model proposed in the second study arranged the familial factors by their
proximity to the child (cf. Jendreizik, Hautmann, et al., 2022). The proposed model showed a good
model fit. In contrast, the alternative model consisting of the familial factors with a different sequence
resulted in an unacceptable model fit (Jendreizik, Hautmann, et al., 2022). The interrelationships of
the familial factors were in line with expectation: Family adversity was positively associated with
parental mental health problems, which were in turn associated with a higher rate of negative and a
lower rate of positive parenting behaviors (Jendreizik, Hautmann, et al., 2022). The strengths of the
relationships were broadly comparable to the findings of previous studies examining the postulates of
the family stress model (Pachter et al., 2006; Rijlaarsdam et al., 2013; Sun et al., 2015) and were rated
as small to moderate (8 = .16 - .47; Jendreizik, Hautmann, et al., 2022).

Research question 3: Are the familial factors (family adversity, parental psychopathology,
positive parenting practices, and negative parenting practices) indirectly or directly related to ADHD
symptoms and ODD symptoms in children diagnosed with ADHD (cf. Jendreizik, Hautmann, et al.,
2022)?

Based on the SEM analyses conducted within the second study, family adversity was indirectly
rather than directly linked to more pronounced externalizing behaviors in children diagnosed with
ADHD. Parental psychopathology was directly associated with higher levels of both ADHD and ODD
symptoms and indirectly related to higher levels of ODD symptoms in children. Negative parenting
practices were directly related to more ODD symptoms but not to more ADHD symptoms in children
(Jendreizik, Hautmann, et al., 2022). The respective directions of the identified effects were consistent
with theoretical assumptions. The indirect impact of family adversity on child externalizing behaviors

can be described as follows: Adverse family characteristics were related to more pronounced parental
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mental health problems, which were in turn linked to more pronounced ADHD and ODD symptoms in
children. Additionally, the potential serial indirect effect of adverse family characteristics on child
symptoms of ODD can be described as follows: Family adversity was related to parental mental health
problems, which were related to a higher rate of negative parenting behaviors, and ultimately more
child symptoms of ODD. Viewed from another perspective, two out of the four familial factors (family
adversity, parental psychopathology) significantly impacted ADHD symptoms (Jendreizik, Hautmann,
et al., 2022). Three out of the four familial factors (family adversity, parental psychopathology,
negative parenting practices) showed a considerable impact on child symptoms of ODD (Jendreizik,
Hautmann, et al., 2022). About 12.6 % of the variance in comorbid oppositional symptoms, and 7.5 %
of the variance in ADHD symptoms in children, was explained by the four familial factors. Interestingly,
a higher rate of positive parenting behaviors was not related to less pronounced externalizing
behaviors among children (Jendreizik, Hautmann, et al., 2022).

The following section discusses the substantive meaning, possible causation, and implications
of the relationships among familial factors and the effects of familial factors on externalizing behaviors
in children found in the second study. However, it should be noted in the following discussion that the
study design does not allow for firm conclusions about the direction of the relationships (for more
information: see: 3.2). Therefore, the direction of relationships was hypothesized and discussed on a
theoretical basis. Consistent with the ecological systems theory (Bronfenbrenner, 1974, 1977, 1979,
1992) and extending the family stress model (Conger et al., 1992), parents who experienced economic
or (psycho-)social adversity (e.g., raising a child alone, having a conflict-laden parental relationship, or
having experiences with breaking the law) reported more pronounced mental health problems
(Jendreizik, Hautmann, et al., 2022). It can be assumed that this association is true for both
internalizing (e.g., depressive and anxiety symptoms and increased stress) and externalizing (e.g., inner
restlessness, distractibility, irritability, argumentativeness, or aggression) parental symptoms
(Jendreizik, Hautmann, et al., 2022; Silva et al., 2016). Furthermore, children’s externalizing symptoms
were increased with a higher extent of parental mental health problems (Jendreizik, Hautmann, et al.,
2022). It can be assumed that the parental experience of economic or (psycho-)social stress or mental
health problems is associated with impaired parenting. Thus, parents with limited financial and
psychosocial resources or with mental health problems may be more likely to respond ineffectively or
inconsistently to their child (Cheung & Theule, 2016; Chronis-Tuscano et al., 2017). Notably, in families
with economic and psychosocial burdens, parents may have less time to spend with their children on
average, as they have to work more and thus have fewer opportunities to carry out relationship-
building activities with their children (Bundesministerium fir Familie, Senioren, Frauen und Jugend,
2021; Heinrich, 2014). In families affected by unemployment, the parent-child relationship may

deteriorate due to severe parental psychosocial stress and loss of psychosocial resources (e.g., loss of
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social contacts and leisure activities; Heinrich, 2014). Furthermore, parents with mental health
problems may have a limited ability to perceive and respond sensitively to their children’s immediate
needs (Cheung & Theule, 2016; Chronis-Tuscano et al., 2017), thereby reinforcing externalizing
behaviors in children. Additionally, it can be assumed that families with limited financial resources
have less money to pay, for instance, for sporting activities or other leisure activities that allow for
physical activity and stabilization of self-esteem in children (Grima et al., 2017). It is also conceivable,
on the other hand, that the child's externalizing symptoms may condition or exacerbate parental
overwhelm, reinforcing negative parenting behaviors or daily parental feelings of failure and thus also
parental psychological symptoms (e.g., parental depression; for more information see: 3.2). In fact,
two exciting findings were noted in the two studies: First, negative parenting behaviors were
associated with more externalizing, especially comorbid oppositional behaviors, but positive parenting
behaviors were not associated with fewer externalizing behaviors in children (Jendreizik, Hautmann,
et al., 2022; Jendreizik, von Wirth, et al., 2022). Although the overall evidence base is somewhat
inconclusive, previous studies from our research group have yielded corresponding findings.
Specifically, in these intervention studies, changes in negative, but not positive, parenting practices
were associated with symptom reduction (Dose et al., 2021; Hanisch et al., 2014; Pinquart, 2017).
Accordingly, one might conclude that positive parenting behaviors are necessary but insufficient to
deal with clinically significant oppositional symptoms in children. Instead, refraining from negative
parenting behaviors appears to be relevant for reducing comorbid oppositional behaviors in children.
Second, familial factors were more strongly related to ODD symptoms than to ADHD symptoms in
children (Jendreizik, Hautmann, et al., 2022). Previous research reported corresponding results in this
regard, but further evidence is needed (Azeredo et al., 2018; Coolidge et al., 2000). One possible
conclusion from this finding is a greater importance of the child’s environment, including the family
environment, and a lesser importance of genes for ODD symptoms compared to ADHD symptoms (cf.
Jendreizik, Hautmann, et al., 2022).

In the following section, based on the results of the first and second study, statements will be
made as to which therapeutic and governmental support services could be offered to families. The first
study pointed out that nine familial factors (including adverse family circumstances, parental mental
health, and negative parenting behaviors) are significantly associated with child ADHD symptom
severity (Jendreizik, von Wirth, et al., 2022). The second study supported the findings that family
adversity, parental psychopathology, and negative parenting practices are linked to externalizing
symptoms in children (Jendreizik, Hautmann, et al., 2022). Accordingly, the following
recommendations can be made for therapeutic practice: Family characteristics should be part of a
detailed diagnostic assessment, and interventions should be tailored to the individual family’s needs.

In detail, it seems valuable to expand child-centered interventions to parent-centered interventions to
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manage parental mental health problems, couple-centered interventions to improve the relationship
between parents, and family-centered interventions to reduce negative parenting behaviors (Dose et
al., 2021; Hanisch et al., 2014; Jendreizik, von Wirth, et al., 2022). Undisputedly, moreover, socially
organized support to enable (in particular) families with limited financial and psychosocial resources
to cope with raising children and prevent child psychopathologies is both sensible and morally
necessary. This could include, for example, financial support and relief for families, the expansion of
all-day care including personnel qualification opportunities, the expansion of preventive, supportive
services, and easier access to intervention services (Bundesministerium fiir Familie, Senioren, Frauen
und Jugend, 2021). Although the findings of the present thesis provide preliminary indications for
prevention and intervention approaches, further research is required for the formulation of more
specific recommendations. Based on the results of the second study, it appears that parental mental
health problems are directly related to child ADHD symptoms and both directly and indirectly (via
parenting practices) related to child ODD symptoms (Jendreizik, Hautmann, et al., 2022). Therefore,
when treating children with ADHD, a thorough assessment of parental mental health before the start
of treatment seems clearly recommendable. If deemed necessary, the parents could then be provided
with (pharmacological or psychotherapeutic) treatment for their mental health problems. A
consequent reduction in parental symptoms would be expected to be accompanied by a decrease in
child symptoms. As such, this parental treatment could occur instead of or in addition to the child’s
treatment in order to optimize the treatment effects for both parties. In a review examining the
associations of parental ADHD with treatment outcomes for children with ADHD, Chronis-Tuscano et
al. (2017) reported that parental ADHD is associated with worse outcomes following psychosocial and
pharmacological treatment of the child, and that treatment of parental ADHD has positive effects on
parenting. Moreover, the authors pointed out that for parents with clinical ADHD, changes in the
duration, pace, and delivery format of psychotherapeutic interventions could lead to clinical benefits
(Chronis-Tuscano et al., 2017). In line with this, a first study found that treatments targeting parental
psychopathology, here maternal depression, yield additional benefits for children with ADHD
compared to usual care approaches (Chronis-Tuscano et al., 2013). Another study, which examined
the potential of supplemental multimodal therapy for parental ADHD to improve the effectiveness of
parent-child training for children with ADHD, yielded mixed results: While the response after combined
treatment (maternal treatment & parent-child training) was independent of the intensity of maternal
treatment, greater improvements in (mother-rated) disruptive behaviors was found with more
intensive maternal treatment prior to the initiation of parent-child training (Hautmann et al., 2018;
Jansetal., 2015). To date, however, there is a lack of randomized controlled trials comparing treatment
outcomes between a combined parent and child treatment approach for child ADHD and a parent or

a child treatment alone. Results are eagerly awaited from a SMART (Sequential Multiple
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Randomization Trial; Chronis-Tuscano et al., 2016) study that is investigating the combination of
parental and child ADHD treatment for mothers with ADHD and their young children with elevated
ADHD symptoms.

Research question 4: Are the associations of familial factors (family adversity, parental
psychopathology, positive parenting practices, and negative parenting practices) with externalizing
symptoms in children moderated by the age or gender of the affected children (cf. Jendreizik,
Hautmann, et al., 2022)?

Based on the multi-sample SEMs performed within the second study, no significantly different
(total or direct) effects on child externalizing symptoms were found for family adversity, parental
psychopathology, and parenting practices in the age-based subsamples (Jendreizik, Hautmann, et al.,
2022). It should be noted, however, that all of the children studied were between six and 12 years old.
Therefore, it would be informative to examine the moderating effects of children's age in a study
sample encompassing a wider age range (e.g., 3 - 18 years). For example, it would be interesting to
investigate the potentially differing importance of (positive and negative) parenting behaviors at
preschool age and during adolescence.

Furthermore, the second study found no significant differences between boys and girls
regarding (total, direct) effects of family adversity and parental psychopathology on externalizing
symptoms, but did reveal such effects for negative parenting practices (Jendreizik, Hautmann, et al.,
2022). Specifically, the association between inconsistent, impulsive and rigid parenting practices and
child externalizing symptoms was stronger in girls than in boys. As such, the study supported previous
findings that negative parenting practices might have a weaker impact on externalizing behaviors in
boys than in girls (Granero et al., 2015; Javo et al., 2004). However, as other research reported no
moderating effect or a stronger association in boys than in girls, further investigation is essential in
order to interpret this finding (Pinquart, 2017; Tung et al., 2012).

3.2 Limitations

Some limitations should be considered when interpreting the presented findings. First, one of
the main limitations of both studies is that (almost exclusively) cross-sectional data were analyzed (cf.
Jendreizik, Hautmann, et al., 2022; Jendreizik, von Wirth, et al., 2022). Of the 48 primary studies whose
findings were synthesized in the first study, only one had a longitudinal design and contributed
longitudinal data to the meta-analysis and supplemental review. All other synthesized primary studies
had a cross-sectional or longitudinal design, but only cross-sectional data were considered.
Consequently, no statements regarding the direction of the relationships can be derived from the
bivariate correlations determined in the first study (Jendreizik, von Wirth, et al., 2022). The second
study analyzed data from the initial phase of a multicenter intervention study for school-aged children

with ADHD. Accordingly, both the familial factors (family adversity, parental psychopathology,
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parenting practices) and symptoms (ADHD, ODD) of the 555 children with ADHD were recorded before
treatment started. Therefore, no definitive conclusions can be drawn regarding the direction of the
association in the second study either (Jendreizik, Hautmann, et al., 2022). Greater certainty about the
direction of the relationship can be obtained primarily through the use of a longitudinal study design
(Kline, 2015). Nevertheless, to find further indications about the direction of the associations, the
second study contrasted the postulated model (family adversity, parental psychopathology, parenting
practices, child symptoms) with an alternative model encompassing a different order of familial factors
(parental psychopathology, family adversity, parenting practices, child symptoms; cf. Jendreizik,
Hautmann, et al., 2022). Even though this alternative model showed an unacceptable model fit and
was thus clearly inferior to the postulated initial model, the assumed direction of the relationships
remains to be determined (Jendreizik, Hautmann, et al., 2022). Specifically, for example, raising a child
with high physical agitation, a tendency toward chaos, and oppositional behavior may require
increased parental support. As a consequence of this, parents may be more often exhausted or
overwhelmed, their mental health may be more impaired, more parental conflicts may occur, parents
may divorce, and it might even be the case that parental working hours have to be reduced to ensure
the child’s care. The attentive reader will have noticed that the direction of the latter description of
the associations (child mental health 2 parenting & parental mental health = family circumstances)
differs from the direction of descriptions in the previous section (family circumstances = parental
mental health = parenting = child mental health; see also: 3.1). In summary, while the association
was confirmed, the direction of the influence remains unclear. Furthermore, it is possible that other
familial factors, which were not examined, mediate the reported relationships or that the relationships
among familial factors are bidirectional rather than unidirectional. In particular, some studies suggest
that maternal depression and parenting behaviors or parenting behaviors and child symptoms
influence each other reciprocally rather than unilaterally (Patterson et al., 2004; Pinquart, 2017,
Shaffer et al., 2013).

Second, a considerable limitation of both studies in the current thesis is the intense focus on
(biological) parents as informants. In particular, in common with the literature in the area of
developmental psychopathology (Parent et al., 2017), the two studies mainly consider ratings from
mothers and only a very limited number of ratings from fathers or other caregivers (cf. Jendreizik,
Hautmann, et al., 2022; Jendreizik, von Wirth, et al., 2022). Moreover, the assessment of both familial
factors and child symptoms by parents entails two limitations: On the one hand, it is still unclear to
what extent parents are suitable as exclusive informants for ADHD symptom presentations in different
settings (e.g., home, school, peer contact). For example, research has shown low to moderate
agreement between parent and teacher ratings (De Los Reyes et al., 2015; Narad et al., 2015). The

current debate is whether the informants themselves are the source of these discrepancies, leading to
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the assumption of reporter bias, or whether the discrepancies reflect different symptom presentations
in different settings (e.g., at home, in school) and thus provide valuable information for diagnostic
purposes (De Los Reyes et al., 2015; Narad et al., 2015). To recall, the first study almost exclusively
considered parent ratings of child ADHD symptom severity (cf. Jendreizik, von Wirth, et al., 2022).
Correspondingly, associations between familial factors and teacher-rated severity of ADHD symptoms,
for example, which might reflect symptom severity in the school context, were not investigated. In the
second study, both parents and clinicians were used as informants to assess children’s externalizing
symptoms (cf. Jendreizik, Hautmann, et al., 2022), meaning that again, teachers’ assessments were
lacking. Unfortunately, the initial plan to include all three ratings (clinician, parent, teacher) as
indicators of the two latent factors of child symptoms (ADHD, ODD) in the second study had to be
discarded due to the small number of participating teachers (56%; Jendreizik, Hautmann, et al., 2022).
Moreover, in the second study, the clinician assessed the child’s symptoms primarily using a semi-
structured clinical interview with parents (cf. Jendreizik, Hautmann, et al., 2022). Therefore, it must
also be assumed that the externalizing symptoms assessed by the clinician broadly reflect symptoms
at home and the perception and evaluation of the parents. In sum, the assessment of ADHD symptoms
in different settings and with the help of different informants seems valuable and necessary to inform
both diagnosis and suitable interventions (De Los Reyes et al., 2015; Deutsche Gesellschaft fiir Kinder-
und Jugendpsychiatrie, Psychosomatik und Psychotherapie, 2016; Deutsche Gesellschaft fiir Kinder-
und Jugendpsychiatrie, Psychosomatik und Psychotherapie et al., 2017). An exclusive reliance on
parents as informants is also problematic because the associations found between familial factors and
child symptoms could be due to same-informant effects. Future studies should counteract such a
potential overestimation of possible associations by using a variety of informants as well as direct
observation (e.g., parenting behaviors) or objective recording of variables (e.g., income via salary
record; De Los Reyes et al., 2015).

Third, it is open to discussion whether it is more useful to investigate individual, concrete
unfavorable family characteristics (cf. Jendreizik, von Wirth, et al., 2022: broken parental partnership,
SES, single-parent family, parental age, number of children) or broader (economic and psychosocial)
disadvantage (cf. Jendreizik, Hautmann, et al., 2022: family adversity index). On the one hand,
demonstrating an association of an individual familial factor with externalizing symptoms is helpful for
deriving what type of support a family requires as well as possible interventions. On the other hand,
regarding child psychopathology in general and externalizing symptoms in particular, there is
increasing evidence that it is not one individual familial factor that has a specific association, but rather
the aggregation of various familial factors that is linked to externalizing symptoms in children
(Biederman et al., 1992; Biederman et al., 2002; Jendreizik, Hautmann, et al., 2022). However, it should

be kept in mind that in models examining various familial factors simultaneously, the inclusion of an
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index of familial adversity appears problematic, as a clear delineation from other familial factors is
complicated by the breadth of the index. Specifically, a significant limitation of the second study is that
the investigated family adversity index encompasses the presence of a parental mental disorder (as
one of five indicators) and thus has a substantive overlap with the latent factor of parental
psychopathology also investigated (cf. Jendreizik, Hautmann, et al., 2022).

Fourth, the present thesis only depicts an excerpt of various familial factors that might be
examined. Although the first study conducted a broad systematic search and included a wide range of
familial factors, some factors also associated with families had to be excluded, such as maternal use of
nicotine, alcohol, or drugs during pregnancy, parental knowledge of ADHD, parental cognitions (e.g.,
about the controllability of ADHD behaviors), and parental attitudes toward ADHD or ADHD medication
(cf. Jendreizik, von Wirth, et al., 2022). Although the association between these factors and symptom
severity in children is undoubtedly also of interest, it seemed necessary to limit the number of factors
included in order to ensure the feasibility of the review. As a result, the literature review reported
associations between mainly psychosocial characteristics of families and child ADHD symptoms, and
neglected biological and cognitive psychological characteristics of families. The second study even
exclusively examined the associations of a few selected familial factors with child externalizing
symptoms (cf. Jendreizik, Hautmann, et al., 2022), which was necessary because the model complexity
is limited by the sample size (Kline, 2015). Additionally, the number of missing values, the psychometric
properties of the measures, and possible overlaps and associations between the factors were
considered when selecting factors. Finally, of course, even among the ESCAschool data, there would
have been further familial factors that would have been interesting to investigate (e.g., critical life
events).

Furthermore, the two studies of the cumulative dissertation have specific limitations, which
have already been addressed in the respective publications (cf. Jendreizik, Hautmann, et al., 2022;
Jendreizik, von Wirth, et al., 2022). In summary, for the first study (meta-analysis and supplemental
review), the interpretation of findings should take into account the search strategy used, the inclusion
and exclusion criteria formulated, the heterogeneity of the included studies, a possible publication
bias, and the quality of the included studies (Jendreizik, von Wirth, et al., 2022). In the second study,
the interpretation of the results should consider the small size of the study sample (especially of girls)
with the high model complexity, as well as the different symptom expressions and variances of
symptoms of ADHD and ODD (Jendreizik, Hautmann, et al., 2022). Moreover, it should be noted that
the relationships between familial factors, such as parental psychopathology, and child
psychopathology revealed in this thesis are understood as caused by genetic transmission,
environmental processes, and their interaction (e.g., Goodman & Gotlib, 1999). Further investigation

of causation was not possible due to the lack of genetic information in the two studies.
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3.3 Strengths

In addition to the limitations, the two studies of this cumulative thesis have various strengths
that are worthy of mention. The analytical procedures of the two studies represented two different,
current, and sophisticated methodological approaches (meta-analysis, SEM) and were applied
independently by the PhD candidate with only limited support (cf. Jendreizik, Hautmann, et al., 2022;
Jendreizik, von Wirth, et al., 2022). The successful publication in peer-reviewed journals relevant to
the field underpins the methodological quality and relevance of the topic and research questions. The
meta-analysis provides researchers and practitioners with a broad overview of relevant family
characteristics regarding the severity of symptoms in children and adolescents affected by child ADHD
and identifies potential targets for psychosocial interventions (cf. Jendreizik, von Wirth, et al., 2022).
Guidelines for reporting systematic reviews (PRISMA; Moher et al., 2009) were applied, and the
methodological approach was of high quality (e.g., two assessors for study selection and study quality).
SEM analyses were conducted in a large sample of school-aged children (6 - 12 years of age) with a
clinical ADHD diagnosis. The quality of the clinical diagnosis is exceptionally high, as it was made by
study staff based on a semi-structured clinical interview at the beginning of the study. The large sample
of 555 children allowed for the investigation of a complex model with three manifest factors (family
adversity, positive parenting practices, negative parenting practices) and three latent factors (parental
psychopathology, child ADHD, child ODD ; cf. Jendreizik, Hautmann, et al., 2022). In sum, this
cumulative thesis presented two studies that combined high methodological quality and high practical
relevance for children and adolescents with ADHD.
3.4 Further Planned Analyses

The ESCAschool study resulted in a large amount of data, the analysis of which is of great
interest. Beyond the planned primary analyses (Dopfner et al., 2017), the PhD candidate intends to
conduct additional investigations of the relationships between familial factors and child symptoms.
First, the SEM analyses of the second study could be partially or fully repeated using longitudinal data
from the ESCAschool study (measurement time points at baseline, after step 1, after step 2, after
follow-up; see Dopfner et al., 2017). Following the approach postulated by Kazdin (2007), negative
parenting practices, for example, could be examined as a possible mediator of behavioral therapy
interventions. It would also be conceivable to combine the data from the parallel sub-trials of ESCAlife
(ESCApreschool, ESCAschool, ESCAadol) and examine related analyses across a more comprehensive
age range (3 - 17 years). Within the ESCAschool study, it would also be interesting to investigate the
associations between experienced critical life events and externalizing symptoms or to examine the
impact of the familial factors studied on child internalizing symptoms or functional impairment. In
addition, it may be illuminating to conduct related analyses in other clinical samples from the

externalizing domain (e.g., children with affective dysregulation). Finally, applying another
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methodological approach, it would be exciting to visually and statistically link a wide variety of adverse
family circumstances (e.g., low parental education, single-parent family, parental conflicts, parental
incarceration) with child externalizing symptoms or child functional impairment within the framework
of network analysis (for an introduction see Borsboom & Cramer, 2013).
3.5 Conclusions

The family, as the immediate environment of children, encompasses risk and protective factors
for child development. In addition to the immediate environments of the child, factors more distant
from the child (e.g., societal factors) may have a (sometimes indirect) influence on the child. For
example, a psychosocial or economic family burden can negatively affect parental mental health and
interactions between parents and children. When treating children and adolescents with a potential
diagnosis of ADHD, a standard assessment of several family characteristics can be recommended and
used to inform the selection of psychosocial interventions (Jendreizik, Hautmann, et al., 2022;
Jendreizik, von Wirth, et al., 2022). It may be recommendable to supplement the widely used child-
centered interventions with parent-centered interventions, couple-centered interventions and/or
family-centered interventions, which address parental mental health problems, interparental
relationships, and negative parenting practices. To test the assumption that child symptoms may be
reduced by modifying familial factors, research involving an individualized selection and a combination

of interventions would be valuable.
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Supplement |
Search Strategy
Operator Search term Type of term

AND
AND

AND
AND
AND

Attention deficit disorder with hyperactivity
Severity

Psychosocial or environment* or

social or socio-economic or “SES” or

home or housing or

famil* or marital or parent* or mother or maternal or father or paternal
or

attachment or “life event” or violence or risk or mistreatment
01.01.1988 - 16.07.2018

German or English

Journal

MeSH / Subject term
All fields
All fields

Date - Publication
Language
Publication Type
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Supplement Il

Assessment of Risk of Bias Within Studies - Criteria

Criteria

Response format

ADHD diagnosis

Representativeness

Sample size
Familial factor

Symptom severity

Scale level

Missing values

Transparency

Do the authors provide details on the procedure used to diagnose
ADHD (reference to ICD or DSM, diagnostic instrument)?

Is the sample studied (sufficiently) representative of the group of
children and adolescents affected by ADHD?

Is the sample size of the (sub-)sample with ADHD sufficient?

Do the authors report information and if required psychometric
details of the measurement of the familial factor they used?

Do the authors report psychometric details of the measurement of
ADHD symptom severity used? Is the measurement suitable?

Is the analysis of the association of interest to the present work
conducted at an appropriate scale level?

Do the authors provide information about the extent of missing
values and how to deal with them?

Are the details on the statistical procedure and the results sufficient
and transparent?

(++, +,-)

(+r _)

(++, +,-)

(++, +,-)

(++, +,-)
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Supplement Il
Summary of Study Characteristics

Studies were conducted in 17 countries on five continents (17 studies from North America, 11
studies from Asia, 11 studies from Europe, eight studies from Australia, and one study from Africa).
Four studies were published before 2000, 19 studies between 2000 and 2009, and 25 studies between
2010 and 2018. Forty-three studies had a cross-sectional design and four studies had a longitudinal
design, but only cross-sectional data were considered. Only one study had a longitudinal design and
contributed longitudinal data to the present work. In 33 studies, recruitment was exclusively clinically
based, in five studies recruitment was exclusively community-based, and ten studies used a combined
recruitment strategy. Sample sizes of children and adolescents with ADHD studied varied between 24
and 4,290. Fifteen studies had a sample size below 100, 19 studies had a sample size between 100 and
200, and 14 studies had a sample size greater than 200. The patients studied had an average age
between five and 13 years. The proportion of male patients ranged from 58 to 100 percent. In 40 of
the 48 studies, the authors explicitly referred to the ICD or DSM criteria in making the ADHD diagnosis.
In three studies, the clinical diagnosis was based on a clinical interview and in three other studies the
diagnoses were requested from the parents. Two studies did not provide information on diagnosis.
Thirty-one studies used a (mostly parent) rating scale, five studies used clinical interviews or diagnostic
checklists, and two studies asked parents using one item to measure ADHD symptom severity. The
findings of 10 studies were based on investigations of two or three subtypes of ADHD. Varying
according to the familial factor, the respective familial factor was recorded using diagnostic checklists
or clinical interviews, rating scales, behavioral observations, specially developed questionnaires, or
simply asked about. Study results were reported using a correlation coefficient in 50% of cases, means
in 25% of cases, event rates in 14% of cases, odds ratios in 10% of cases, Cohen's d in 2% of cases, and
a regression coefficient in one study. In the meta-analysis, averaged means or event rates for the two
ADHD subtypes predominantly inattentive and predominantly hyperactive-impulsive were obtained in
eight cases, to be subsequently contrasted with the means or event rates of the combined ADHD
subtype. In 20 cases, correlation coefficients or event rates were combined for the two ADHD subscales

of inattentive and hyperactive-impulsive.
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Summary of the Assessment of the Risk of Bias Within Studies

As can be seen from the previous table, three aspects of study quality reached the best possible
of three categories for over 75% of the included study findings: “ADHD diagnosis” (clinical diagnosis
based on a recognized diagnostic system), “familial factor” (objectively measurable variable or use of
a reliable and valid measurement instrument), and “transparency” (transparent reporting of the
statistical procedure and the relevant results). While “transparency” was not rated as deficient
(missing information or inconsistencies that made it impossible to take the results into account) for
any of the study findings, “familial factor” was rated as deficient (use of a measurement instrument
with insufficiently proven reliability and validity) for 10% of the study findings, and “ADHD diagnosis”
was rated as deficient (no independent, clinical diagnosis in the study) for 14% of the study findings.

I”

Regarding the “scale level”, only 53% of the study findings reached the best possible of three categories
(analysis of the association using the best possible scale levels). 45% of the study findings were
accompanied by one subsequently dichotomized or categorized variable and 2% of the study findings
were accompanied by two subsequently dichotomized or categorized variables. “Sample size” was
rated in the best possible of three categories (N > 200) in 29% of study findings and in the worst
possible category (N < 50) in 8% of study findings. The “ADHD symptom severity” was assessed in the
best possible of three categories (clinical assessment based on a clinical interview) in 39% of the study
findings and in the middle category (external or self-assessment based on a reliable and valid
measurement instrument) in 52% of the study findings. Only 8% of the study findings used a method
for measuring ADHD for which reliability and validity had not been adequately demonstrated. For the
two two-step quality items, the best possible category was rated for 80% of the study findings
(representativeness) and for 58% of the study findings (missing values), respectively. Accordingly, the
representativeness of the investigated sample for the population of patients with ADHD in childhood

and adolescence was rated as critical for 20% of the study findings. In addition, no (sufficient)

information on missing values was available for 42% of the study findings.
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Supplement VI

Results From Egger’s Regression Test and the Trim-and-Fill Procedure Regarding the Assessment of

Risk of Bias Between Studies

Familial factor Egger’s Trim-and-fill
k 12 r t p ki ra

Socioeconomic status 11 26.33 -.10 1.43 .19 0 -.10
Parental age 0.00 .04 0.58 .67 0 .04
Single-parent family 4 23.22 .10 2.62 12 0 .10
Broken partnership 4 0.00 .19 0.05 .97 0 .19
Number of children 0.00 .04 1.14 .46 2 .03
Critical life events 10 51.89 .16 3.25 .01 4 .10
Parental ADHD 10 36.69 .16 0.25 .81 0 .16
Parental affective psychopathology 8 42.22 .15 1.26 .26 1 13
Parental mental health 8 71.42 .14 0.87 42 0 .14
Parenting stress 9 67.02 .25 1.36 .22 0 .25
Parental QoL 3 94.46 .33 0.78 .58 0 .33
Positive parenting 4 35.60 -.07 2.19 17 0 -.07
Negative parenting 6 43.77 .19 0.74 .50 1 .15

Note. k = number of included studies; k= number of imputed studies; r = effect estimates; r2 = effect estimates as a result
of the imputation of studies according to the trim-and-fill procedure; p = two-tailed p-value.
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Supplement ViI

Results of Sensitivity Analyses

Familial factor

included studies

k 2 r 95% ClI p
Socioeconomic status all 11 26.33 -.10 [-.14, -.05] .001
dimensional ADHD 6 0.00 -.08 [-.13, -.04] .001
Parental age all 3 0.00 .04 [-.06, .13] .45
Single-parent family all 4 23.22 .10 [.02,.18] .02
Broken partnership all 4 0.00 .19 [.12,.27] .001
Number of children all 3 0.00 .04 [-.02, .10] .22
Critical life events all 11 66.41 .14 [.06, .22] .001
without outlier 10 51.89 .16 [.08, .24] .001
dimensional ADHD 58.32 17 [.07,.27] .001
unbiased studies 9 48.22 .15 [.07,.22] .001
Parental ADHD all 10 36.69 .16 [.10,.22] .001
dimensional ADHD 9 35.94 17 [.11,.23] .001
unbiased studies 9 43.71 .16 [.10,.22] .001
Parental affective all 8 42.22 .15 [.08, .22] .001
psychopathology dimensional ADHD 7 2857 .13 .06, .19] .001
Parental mental health all 8 71.42 14 [.03,.25] .02
dimensional ADHD 6 74.35 .16 [.01,.29] .03
unbiased studies 7 65.55 A1 [-.00, .23] .06
Parenting stress all 9 67.02 .25 [.15, .35] .001
dimensional ADHD 5 77.38 .32 [.16, .46] .001
Parental QoL all 3 94.46 .33 [-.18, .70] .20
Positive parenting all 4 35.60 -.07 [-.17, .04] 21
Negative parenting all 7 81.97 A1 [-.04, .26] .15
without outlier 6 43.77 .19 [.10, .28] .001
dimensional ADHD 5 54.38 .19 [.08, .29] .001

Note. k = number of included studies; r = effect estimates; 95% Cl = Confidence Interval (95%).
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Table A4
Model Fit Parameters of the Multi-Sample SEMs for Younger and Older Children and for Boys and

Girls
Model X2 (df) p CFl SRMR RMSEA A ¥2 (df) p
“Age”
Configural invariance  73.11(46) .007 0.981 0.033 0.046
Weak invariance 72.26(50) .021 0.984 0.034 0.041 1.24 (4) 0.87
Strong invariance 86.97 (56) .005 0.978 0.040 0.046 14.96 (6) 0.02
“Gender” (C)
Configural invariance  49.09 (24) .002 0.967 0.033 0.060
Weak invariance 46.98 (26) .007 0.970 0.033 0.054 0.56 (2) 0.75
Strong invariance 63.85(32) .001 0.957 0.041 0.059 18.08 (6) <0.01
“Gender” (P)
Configural invariance 48.95(24) .002 0.968 0.034 0.060
Weak invariance 46.60 (26) .008 0.972 0.034 0.055 0.64 (2) 0.72
Strong invariance 58.69(32) .003 0.964 0.039 0.055 12.27 (6) 0.06

Note. Configural and weak measurement invariance based on SEM 2 was confirmed for younger and older children, but
estimation problems (i.e., negative variances) occurred for boys and girls. Consequently, SEM 2 was simplified, and instead
of the two latent factors with two indicators, two separate SEMs with two manifest factors each were calculated.
Specifically, one multi-sample SEM with clinician-rated child symptoms (DCL-ADHS, DCL-SSV) and one with parent-rated
child symptoms (FBB-ADHS, FBB-SSV) were analyzed under the assumption of weak measurement invariance.

(C) = clinician-rated child symptomes, (P) = parent-rated child symptoms.

CFl = comparative fix index, RMSEA = root mean square error of approximation, SRMR = standardized root mean square
residual.
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