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Abstract

ADHD is among the most common mental disorders in children and adolescents. While most
studies in this field have focused on the genetic and neurobiological underpinnings of the
disorder, research focusing on the family environment as a critical context contributing
towards the manifestation and maintenance of child ADHD symptoms is still less extensive.
Therefore, the aim of this study was to examine longitudinal and bidirectional associations
between child hyperactivity, mother-child negativity, and sibling dyad negativity. Data were
analyzed of up to 4,429 children from the Avon Longitudinal Study of Parents and Children
(ALSPAC), a nationally representative prospective birth cohort study in the United Kingdom,
at three time points (T1-T3, children aged 4, 7, and 8 years). At baseline (T1, n = 4,063) the
child sample (98.8% White ethnic background) comprised of 51.6% males. Child
hyperactivity symptoms, mother-child negativity, and sibling dyad negativity were examined
based on maternal report. The random intercepts cross-lagged panel model was adopted to
parcel out between-family differences from within-family fluctuations and test bidirectional
associations. On the between-family level, families with higher child hyperactivity reported
higher mother-child and sibling dyad negativity. On the within-family level, unidirectional
spillover processes between sibling dyad negativity and mother-child negativity as well as
between mother-child negativity and child hyperactivity emerged. Future work in the area of
child hyperactivity should implement a transactional family systems approach incorporating
both parent-child and sibling subsystems. Interventions to reduce negative interactions
between parents and hyperactive children may offer promising improvements in child
symptoms and thus alleviate family burden.

Keywords: mother-child; siblings; child hyperactivity; family systems; Avon

Longitudinal Study of Parents and Children
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Child hyperactivity, mother-child negativity, and sibling dyad negativity:
A transactional family systems approach

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental childhood-
onset disorder characterized by a persistent pattern of inattention and/or hyperactivity-
impulsivity that interferes with child development in several domains. With prevalence
estimates ranging from 2.2-7.2%, ADHD is among the most common mental disorders in
children and adolescents (Sayal et al., 2018). ADHD is associated with a significant economic
burden, as illustrated by a recent longitudinal study demonstrating that hyperactivity in
childhood was related to a 17-fold increase in overall costs associated with mental health,
social, educational, and criminal justice service use by early adulthood compared to controls
(Chorozoglou et al., 2015). Considering the high heritability of ADHD, it is unsurprising that
a large majority of studies in this field have focused on exploring possible genetic and
neurobiological underpinnings of the disorder (Faraone & Larsson, 2019). In contrast,
research on the family relationships in families of children with ADHD appears less extensive
(Claussen et al., 2022; Johnston & Mash, 2001; Weyers et al., 2019). To understand the
developmental course of the disorder and intervene appropriately, an emphasis on family
dynamics is equally important (Deault, 2010). Therefore, this study aims to examine
bidirectional between- and within-family associations between mother-reported child
hyperactivity symptoms and mother-child as well as sibling relationships across early
childhood.
A Transactional Family Systems Approach to Developmental Psychopathology

Family systems theory (FST; Cox & Paley, 1997; Minuchin, 1974) postulates that
families function as an interdependent system, in which different family subsystems and
relationships (e.g., interparental, parent-child, and sibling) mutually influence one another.
Accordingly, child development should be considered within the context of the whole family

system, incorporating multiple levels of influence within families and across subsystems.
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Transactional models support this notion, further arguing that child development is a product
of the bidirectional interaction between the child and their developmental context (e.g., family
and social context; Sameroff & Mackenzie, 2003). To gain a holistic understanding of
developmental psychopathology, a family systems-informed transactional model has been
highlighted as crucial (Deater-Deckard, 2017). As such, the quality of family relationships
may influence the well-being and functioning of children, and vice versa. Numerous studies
have reported on the spillover between parent-child and sibling relationship negativity (e.g.,
Yu & Gamble, 2008). Moreover, there is robust meta-analytic evidence suggesting a link
between child externalizing problems and parent-child (Pinquart, 2017) or sibling negativity
(Buist et al., 2013). Previous work further suggests a reciprocal relationship between child
externalizing behavior and maternal negativity (Zadeh et al., 2010) as well as sibling dyad
negativity (Pike & Oliver, 2017). Researchers argue that this bidirectionality may extend to
symptoms of mental disorders that are considered as primarily neurodevelopmental in origin,
such as ADHD (Lifford et al., 2009). Indeed, emerging evidence has illustrated such
bidirectional processes between mothers’ parenting behavior and child ADHD symptoms in a
genetically sensitive longitudinal adoption-at-birth sample (Harold et al., 2013).
Family Relationships of Children with ADHD

The family environment has long been proposed as a critical context contributing to
the manifestation, maintenance, and exacerbation of the symptoms and developmental
outcomes of child ADHD (Claussen et al., 2022; Johnston & Mash, 2001; Weyers et al.,
2019). The strain caused by this disorder likely disrupts family relationships, thereby
impairing family functioning (Deault, 2010). For instance, there is robust evidence that
parents of children with ADHD experience higher parenting stress compared to parents of
healthy controls, with symptom severity being directly related to increased levels of parenting
stress (Theule et al., 2013). It has further been found that families of children diagnosed with

ADHD display increased interparental conflict (Weyers et al., 2019) and parent-child conflict
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(Markel & Wiener, 2014). Families of children with subclinical ADHD symptoms have
similarly shown impaired family functioning, including increased mother-child hostility and
conflict (Heckel et al., 2013; Lifford et al., 2009). Symptoms of hyperactivity/impulsivity, but
not inattention, were found to be particularly associated with increased parenting stress and
family conflicts (Graziano et al., 2011). Therefore, the current study focuses on child
hyperactivity as a cardinal symptom of ADHD that is strongly associated with family
relationships.
Sibling Relationships of Hyperactive Children

While the majority of studies addressing family relationships of hyperactive children
have focused primarily on parent-child and interparental relationships, few studies have also
considered sibling relationships (Anastopoulos et al., 2009; Paidipati & Deatrick, 2015).
These studies found that children diagnosed with ADHD experienced their sibling
relationships as more negative and conflict-laden compared to healthy control groups
(Kouvava & Antonopoulou, 2020; Mikami & Pfiffner, 2008). A recent study exploring the
impact of child ADHD on family stress and well-being in everyday life further identified the
sibling domain as a key source of daily family strain, with higher levels of sibling negativity
being related to increased hyperactive-impulsive symptoms (Bauer et al., 2019). Analogous to
the parent-child relationship, studies examining sibling dyads in which one child suffers from
ADHD indicate that the association with sibling conflict is particularly strong in the context
of elevated hyperactivity-impulsivity symptoms, as opposed to inattention (Mash & Johnston,
1983). Accordingly, children involved in sibling bullying perpetration were at increased risk
of presenting clinically elevated hyperactivity problems (Wolke & Samara, 2004).

To our knowledge, only one previous study has examined the link between ADHD and
mother-child and sibling relationship quality simultaneously (Heckel et al., 2013). The study
focused on a sample of 479 children and adolescents aged 6-18 years who had been referred

to a pediatric practice for an ADHD assessment. The findings suggested that children
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diagnosed with ADHD had poorer relationships with their mothers, with stronger effects in
those diagnosed with the combined (hyperactive-impulsive and inattentive) subtype than
those with the pure inattentive subtype. Moreover, the authors reported a link between ADHD
diagnosis and poor sibling relationships, although this was specific to the relationship between
boys diagnosed with the combined subtype and their sisters. Once the quality of family
relationships (mother, father, and sibling) was controlled for in the same model, the severity
of ADHD symptoms was associated with a more disrupted relationship with the child’s sisters
only. However, the generalizability of the findings is limited due to the clinical sample and
the cross-sectional study design.

Gaps in the Current Literature

In sum, there is strong evidence that families of children with high levels of
hyperactivity are characterized by increased negativity in parent-child and sibling dyad
relationships. Nevertheless, four major gaps in the current literature can be identified: First,
studies have primarily considered either the parent-child or (more rarely) the sibling
relationship (Anastopoulos et al., 2009). It is important to study multiple relationships in the
family simultaneously, as they are inextricably and reciprocally interconnected (e.g., Zemp et
al., 2021).

Second, as most previous studies used cross-sectional designs or were descriptive in
nature, the direction of effects between family negativity and child hyperactivity symptoms
remains unclear (Johnston & Mash, 2001). There is thus a pressing need for longitudinal data
allowing us to explore the temporal order of these constructs across child development.

Third, the vast majority of studies did not systematically distinguish between-family
differences from within-family fluctuations. Hence, they provide no insight into the
associations between child hyperactivity and family negativity as they unfold over time within
a given family. To advance our understanding of how changes within families are interrelated,

statistical models that partition the two different sources of variance (within- and between-
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level) are essential (Curran & Bauer, 2011). Recent family research disentangling between-
and within-family variances reported that these processes do not necessarily operate in the
same way (Zemp et al., 2018). We deem the untangling of within-family changes from
between-family differences as a particularly powerful means to test mutual influences
between child hyperactivity and negativity in the mother-child and the sibling relationship,
and how they fluctuate over time within families.

Fourth, many studies have focused on clinical samples of children and adolescents
with a previous diagnosis of ADHD. Given important drawbacks associated with a categorical
approach (e.g., risk of an artificial demarcation between disturbed and ‘normal’ phenomena
that insufficiently reflects individual cases), researchers have argued that ADHD is best
viewed as the extreme end of a continuous trait rather than as a binary manifested disorder,
particularly when exploring the development and course of symptoms in the normal
population (Larsson et al., 2012). Moreover, studies in young children indicate that
hyperactive-impulsive symptoms are temporally unstable and should thus be treated as a
continuum rather than a nominal diagnostic label (Lahey et al., 2005).

The Current Study

The aim of this study was to examine the longitudinal and bidirectional associations
between mother-reported child hyperactivity and mother-child as well as sibling dyad
negativity, while statistically differentiating between-family differences from within-family
fluctuations. For this purpose, we analyzed data of over 4,000 children from a nationally
representative prospective birth cohort study from the UK, the Avon Longitudinal Study of
Parents and Children using three time points (T1, T2, and T3, when the children were 4, 7,
and 8 years old, respectively). The data were based on maternal reports focusing on the cohort
child and their older sibling. Thus, the quality of the mother-child (cohort child and mother)
and sibling dyad (cohort child and older sibling) relationships was assessed from the mother’s

perspective. A novel statistical approach was adopted, namely the random intercepts cross-
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lagged panel model

(R1-CLPM; Hamaker et al., 2015), in order to parcel out between- and within-persons (or
families, respectively) variances. We focused on the dimension of hyperactivity as a
continuum of symptom severity within a community sample.

On the between-family level, we anticipated intercorrelations between child
hyperactivity symptoms, mother-child negativity, and sibling dyad negativity. On the within-
family level, we expected bidirectional longitudinal associations between child hyperactivity
symptoms and negativity in family relationships across the three time points of child
development. Specifically, we hypothesized that higher child hyperactivity levels would
predict greater negativity in the mother-child and sibling dyad relationships at the subsequent
time point within families. Conversely, we assumed that higher levels of family negativity in
the mother-child and sibling dyad relationships would be prospectively linked to greater child
hyperactivity symptoms within families.

Method
Study Design

This study used data from the UK representative prospective birth cohort study
ALSPAC. Pregnant women resident in Avon, UK, with expected dates of delivery from 1st
April 1991 to 31st December 1992 were invited to participate. The initial number of
pregnancies enrolled was 14,541. Of these, 14,062 resulted in live births and 13,988 children
who were alive at 1 year of age. From 1991 onwards, ALSPAC data have been collected
annually and include a broad range of sociodemographic, psychological, and physiological
outcomes. Detailed reports on the recruitment and enrolment processes of the mother and the
cohort child are available in the cohort profiles (Boyd et al., 2013; Fraser et al., 2013). Ethical
approval for the study was obtained from the fromthe ALSPAC Ethics and LawCommittee
(Institutional Review Board No. 00003312) and the local research ethics committees (Bristol

and Weston Health Authority, Southmead Health Authority and Frenchay Health Authority).



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 9

Transparency and Openness

We report how we determined our sample size, all data exclusions, and all measures in
the study. Please note that the study website contains details of all available data through a
fully searchable data dictionary and variable search tool
(http://www.bristol.ac.uk/alspac/researchers/our-data/). The analysis code for this study is
openly available at https://osf.io/e3vxq/. This report’s design and its analysis were not pre-
registered.

Sample

The current sample includes all cohort children whose mothers reported on child
hyperactivity symptoms as well as mother-child and sibling dyad negativity when cohort
children were aged four (T1), seven (T2), and eight (T3) years. Due to our specific interest in
the sibling relationships, we selected an initial starting sample comprising all cohort children
who grew up in a household with at least one older sibling (n = 4,429). Information about the
sibling relationships was limited to the sibling dyad consisting of the cohort child and their
older sibling closest in age. Our final sample included 4,063 mother-child dyads at T1, 4,415
mother-child dyads at T2, and 3,582 mother-child dyads at T3. Data points across all time
points were available for 3,406 mother-child dyads. Data from simulation studies have led to
the recommendation that longitudinal studies with three time points should employ a sample
size of N > 2,500 (Hecht & Zitzmann, 2021) to ensure very good model performance; thus,
our sample size was deemed sufficiently large.

Demographic characteristics of mothers and cohort children at baseline (T1) were as
follows: The child sample comprised 2,098 (51.6%) males. The mothers’ age ranged from 16
to 44 years (M = 29.99, SD = 4.27). The majority of families were from a White ethnic
background (n = 3,923; 98.8%). A total of 2,957 (74.3%) of mothers had at least ordinary-
level qualifications (35% ordinary-level qualifications; 24.2% advanced-level qualifications;

14.2% university degree), and 3,155 (78.6%) of mothers reported being married.
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Measures

Child hyperactivity. Child hyperactivity symptoms were assessed using five items taken from
the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) according to maternal
reports at T1, T2, and T3. Mothers were asked to think about their child’s behavior over the
last six months and indicate to what extent each statement applied to their child. Hyperactivity
symptoms included: (1) “she/he has been restless, overactive, cannot stay still for long”; (2)
“she/he is constantly fidgeting or squirming”; (3) “she/he is easily distracted, her/his
concentration wanders”; (4) “ she/he thinks things out before acting” (reverse-coded); (5)
“she/he sees tasks through to the end, has good attention” (reverse-coded). Responses were
given on a 3-point Likert scale, with 0 = doesn 't apply/not true, 1 = applies
somewhat/somewhat true, and 2 = certainly applies/certainly true. Child hyperactivity was
treated as a continuous construct, thus a sum score was computed to reflect child hyperactivity
symptoms on a continuum from 0 to 10, with higher scores indicating greater symptom
severity. Cronbach’s a ranged from .78 to .82 across the three waves (T1 through T3) in the
current study.

Mother-child negativity. Items assessing mother-child negativity were adapted from a
previously published measure reflecting mother-child relationship quality (comprising two
subscales: mother-child positivity and mother-child negativity), which has demonstrated high
face and predictive validity (Dunn et al., 1999; Oliver & Pike, 2018). The present study
exclusively focused on mother-child negativity. Mothers were asked to report on the negative
aspects of their relationship with the cohort child using four items at each of the three time
points (T1, T2, T3): (1) ““ I often get very irritated with this child”; (2) “I dislike the mess and
noise that surrounds this child”; (3) “I have frequent battles of will with this child”; (4) “this
child gets on my nerves”. Items were rated dichotomously with 0 = no and 1 = yes. A mean

score from 0-1 was computed across the time points, with a higher score reflecting greater
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mother-child negativity. Cronbach’s a ranged from .64 to .70 across the three waves (T1
through T3) in the current study.
Sibling dyad negativity. Items pertaining to sibling relationship negativity were adapted from
a previously validated measure to assess sibling relationship quality (Dunn et al., 1999).
Previous studies have identified two underlying factors within this scale: sibling positivity and
sibling negativity (Dunn et al., 1999; Pike & Oliver, 2017). The present study exclusively
focused on sibling negativity. Sibling relationship negativity was assessed using eight items
according to maternal reports at T1, T2, and T3. Mothers were asked to report on negative
aspects of the dyadic relationship between the cohort child and their older sibling (nearest in
age to the cohort child). Mothers reported how frequently the cohort child: (1) “quarrels with
this older child”; (2) “is unhappy/jealous if [they] do things just with this older child”; (3) “is
unhappy/jealous if [their] partner does things just with this child”; (4) “teases/needles this
older child”. Subsequently, mothers rated the same four items for the cohort child’s sibling.
Items were rated on a 3-point Likert scale: 0 = rarely/never; 1 = sometimes; 2 = frequently. A
collective mean score reflecting maternal reports of the dyadic relationship was computed
(encompassing ratings of the cohort child and of the older sibling) ranging from 0-2 across all
time points, with higher scores reflecting greater sibling dyad negativity. Cronbach’s a ranged
from .83 to .85 across the three waves (T1 through T3) in the current study.
Control variable: As boys are consistently found to present higher levels of hyperactivity than
girls (Sayal et al., 2018), child gender is a potential confounder to consider when studying
child hyperactivity. Therefore, we included child gender as a control variable.
Missing Data

Longitudinal designs are prone to missing data due to attrition over time. A total
sample size of 3,406 (76.9% of the total starting sample) was retained across the four-year
span of this study. We performed a dropout analysis to compare non-completers (mother-child

dyads who did not participate across all three time points; n = 1,023; 23,1%) to those who
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completed all three time points (completers; n = 3,406) regarding demographic characteristics
and the main study variables using independent sample t-tests for continuous variables and y?-
tests for categorical variables (see supplemental material; Table S1). Compared to the non-
completers, the mothers in the completer group were significantly older. Moreover, the
completers were more likely to be in their first marriage and to have a white ethnic
background as well as a higher educational status. Completers further reported lower levels of
child hyperactivity, mother-child negativity, and sibling dyad negativity at T1 compared to
non-completers.

To account for the missing data due to attrition across the three time points, we used
full information maximum likelihood (FIML) estimation in Mplus (Muthén & Muthén, 1998
2017) and were thus able to use the complete starting sample size throughout our analyses.
FIML uses all available information in the variance/covariance matrix to compute model
parameters and is therefore able to produce less biased estimates compared to listwise or
pairwise deletion or listwise substitution (Johnson & Young, 2011).
Statistical Analysis

Preliminary data analysis was conducted using IBM SPSS Statistics 25.0. All
statistical modeling was conducted with Mplus 8.1. (Muthén & Muthén, 1998-2017) using
FIML estimation to handle missing data. Global model fit was evaluated using the y*-test, the
root mean square error of approximation (RMSEA), the comparative fit index (CFl), the
Tucker—Lewis Index (TLI), and the standardized root mean square residual (SRMR). A non-
significant ¥?, CFl and TLI values greater than .95, and RMSEA and SRMR values smaller
than .06 and .08, respectively, are common criteria indicating good model fit (Little, 2013).

To disentangle between- and within-family fluctuations, we utilized the random
intercept cross-lagged panel model (RI-CLPM) to analyze our data (Hamaker et al., 2015).
Stable between-person variance is captured by a random intercept that is regressed on the

construct at all time points. Residual variance in the construct not captured by the random
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intercept reflects within-family fluctuations. Figure 1 provides a conceptual illustration of this
model as applied to the current study. On the between-family level, associations between
intercept variables reflect between-person differences (e.g., children display greater mother-
reported hyperactivity in families with higher mother-child negativity compared to families
with lower mother-child negativity). On the within-family level, cross-lagged relationships
reflect how within-family deviations from a stable level of one construct (e.g., elevated
mother-child negativity at one time point, controlling for the typical level of this particular
family) is linked to subsequent within-family deviations in another construct (e.g., more
severe child hyperactivity symptoms at the next time point, compared to the given child’s
usual symptom level). By examining cross-lagged relationships at the within-family level,
while controlling for differences at the between-family level and autoregressive paths across
time points, the model provides a particularly powerful basis for studying temporal order in
longitudinal data (Zemp et al., 2018).

[Figure 1]

Results

Descriptive statistics and the correlation matrix across the main study variables are
illustrated in Table 1. Table 2 depicts the results of our RI-CLPM. The RI-CLPM fit the data
well, as indicated by the model fit indices presented in the respective table.

[Table 1]
[Table 2]
Between-Family Associations

Associations between the random intercept variables reflect how stable between-
family differences in one construct are associated with stable between-family differences in
another construct. Mothers who reported higher child hyperactivity also reported higher levels
of both mother-child and sibling dyad negativity (see Table 2). Moreover, mothers who

reported higher mother-child negativity overall reported higher sibling dyad negativity.
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Within-Family Associations

Autoregressive effects provide information about how prior deviations from a family’s
or child’s typical level of one construct are associated with fluctuations in that same construct
at the next time point. We found that mothers reporting higher than average mother-child
negativity or sibling dyad negativity at T2 reported higher than usual levels of mother-child
negativity and sibling dyad negativity at T3, respectively (see Table 2). Similarly, children
who showed higher than average levels of child hyperactivity at T2 were also more likely to
show higher than average levels of child hyperactivity at T3. There were no significant
autoregressive effects from T1 to T2.

Cross-lagged pathways capture how fluctuations in a family’s or a child’s typical level
of one construct are associated with future fluctuations in another construct in this given
family or child. The findings revealed that higher than usual sibling dyad negativity at T2
predicted higher than average mother-child negativity at T3. Moreover, the findings showed
that elevated mother-child negativity at T2 (controlling for the usual level of this particular
family) predicted higher than average child hyperactivity at T3 (but not at T1 and T2). We
found no bidirectional within-family associations between child hyperactivity and mother-
child as well as sibling dyad negativity at any time point.

Control Variable

We included the cohort child’s gender in the analysis by regressing it onto the random
intercepts of our three main constructs. Mothers of boys reported higher child hyperactivity
and lower sibling dyad negativity as compared to mothers of girls (Table 2).

Discussion

There is consistent evidence suggesting that family relationships represent an
important developmental context for the manifestation and maintenance of child ADHD
symptoms (Johnston & Mash, 2001). However, existing studies have primarily focused

exclusively on aspects of the parent-child (Lifford et al., 2009) or the interparental



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 15

relationship (Weyers et al., 2019), thus neglecting the potential additional influence of the
sibling relationship. Moreover, a large majority of previous studies were based on cross-
sectional data, rendering it difficult to draw temporal conclusions. The current study aimed to
address these shortcomings by examining the longitudinal and bidirectional associations
between child hyperactivity symptoms, mother-child negativity, and sibling dyad negativity
across early childhood. Additionally, our study is the first to parcel out between-family
differences from within-family fluctuations. In line with previous studies (Zemp et al., 2018),
we found that separating between- and within-family variances resulted in contrasting and in
part unexpected results pertaining to the intricate dynamics between child hyperactivity and
mother-child and sibling dyad interactions.

On the between-family level, we found that all of our constructs were intercorrelated
with one another. Specifically, mothers reporting higher levels of child hyperactivity also
reported higher levels of mother-child and sibling dyad negativity compared to mothers
reporting lower levels of child hyperactivity. Additionally, mothers reporting higher mother-
child negativity also reported more sibling dyad negativity compared to those with lower
mother-child negativity. Our findings correspond to previous studies reporting positive links
between parent-child conflict or negativity and child hyperactivity symptoms in families of
children with subclinical manifestations of ADHD (Lifford et al., 2009), as well as in families
of children diagnosed with ADHD (Harold et al., 2013). They further resonate with sibling
research demonstrating that children with ADHD grow up with more negative and conflict-
laden sibling relationships (Kouvava & Antonopoulou, 2020; Mikami & Pfiffner, 2008).

Turning to within-family fluctuations, unlike past research (Heckel et al., 2013), we
did not find any bidirectional links between child hyperactivity and mother-child negativity.
Thus, higher than usual levels of child hyperactivity did not predict increases in mother-child
negativity within families. We did however find unidirectional spillover processes between

mother-child negativity and child hyperactivity. Specifically, families with higher than usual
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mother-child negativity within a given family at the child’s age of seven predicted increases
in child hyperactivity at age eight. These findings are partially in line with a transactional
model of developmental psychopathology (Sameroff & Mackenzie, 2003), which postulates
that child behavior is the product of the dynamic and reciprocal interaction between the child
and their developmental (e.g., family and social) context. In the quest to unravel how the
gene-environment interaction may fuel the development of child ADHD, researchers have
called for the integration of a transactional family systems approach (Deater-Deckard, 2017).
According to a diathesis-stress model of ADHD, the family environment is often not
considered a primary etiological factor but is rather seen as a secondary driver involved in the
manifestation, maintenance, and exacerbation of ADHD symptoms in genetically vulnerable
children (Zemp, 2018). Our results resonate with this theoretical perspective, as we assume
that negative family interactions play a crucial role in this vicious cycle of symptom
aggravation.

We may speculate why we did not find any spillover from child hyperactivity onto
mother-child negativity. Our study employed a continuous assessment of ADHD symptoms,
thereby neglecting the categorical approach inherent to the clinical diagnosis of ADHD. It
may be that bidirectional linkages are especially pronounced in a subgroup of families most
burdened with children on the severe end of the symptom spectrum. The presentation of
clinically severe child ADHD symptoms has, for instance, been shown to evoke higher levels
of parenting stress and to especially distress family relationships (e.g., Theule et al., 2013),
thus maintaining or enhancing children’s symptoms and problem behavior (Johnston & Mash,
2001). Future studies including a clinical diagnosis of ADHD, in addition to a continuous
assessment of ADHD symptoms, may allow conclusions to be drawn about possible
bidirectional relationships between child ADHD symptoms and family relationships in the

presence of a confirmed diagnosis.
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Furthermore, the current study revealed a within-family association between sibling
dyad negativity at age seven and mother-child negativity at age eight, suggesting spillover
effects from sibling dyad negativity onto mother-child negativity. Importantly, however, the
significant cross-lagged effects consistently emerged only between the time points T2 and T3
(when children were seven and eight years of age) and not between the first two time points
(when children were four and seven). These differences suggest that in order to truly capture
developmental processes as they unfold over time within a given family, it may be necessary
to incorporate shorter time lags. Indeed, simulation studies exploring the selection of optimal
time lags in panel studies argue that time lags of several months or years may be too long, and
instead recommend supplementing research with “shortitudinal” and intensive longitudinal
data (e.g., diary studies; Dormann & Griffin, 2015).

Surprisingly, there were no associations between sibling dyad negativity and child
hyperactivity at any time point, in either direction of effect. Taken together, our pattern of
results suggest that mother-child interactions may be more central to the manifestation or
maintenance of child hyperactivity symptoms than sibling dyad interactions on the within-
family level. The question thus arises of why, within a given family, the role of sibling dyad
negativity might be less important for future child hyperactivity, or vice versa, compared to
mother-child negativity. Several potential explanations may be put forward. First, it is
important to consider the age of the cohort children in the current sample. According to
attachment theory, the parent-child relationship is seen as central for child development across
early childhood (Bowlby, 1969). Parents, and in particular mothers, are found to spend
proportionately higher amounts of time with their children in the early years, with general
declines observed across the course of development from middle to late childhood (Lam et al.,
2012). While siblings too play an important role in early childhood, they are found to take on
an especially salient role in children’s lives around middle childhood; indeed, time spent with

siblings has been found to surpass time spent with parents during this period (McHale &
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Crouter, 1996). Thus, the stronger influence of mother-child negativity on child hyperactivity
in this sample of young children is plausible. Second, sibling dyad negativity was assessed by
mother-reports only. Mothers may be more reliable raters of and more perceptive towards
their own interaction with their child, as opposed to the child’s interaction with the siblings.
This methodological circumstance could have amplified the effects regarding mother-child
negativity at the expense of sibling dyad effects. Third, although aspects of the mother-child
and sibling dyad subsystem were considered simultaneously, it was not possible to test for
possible mediation effects across the key variables. As suggested by FST (Cox & Paley, 1997;
Minuchin, 1974), it is crucial to understand family relationships as interdependent subsystems
that are reciprocally interlinked. Considerable evidence points at a spillover mechanism
across sibling dyad and mother-child negativity (Yu & Gamble, 2008), a finding which was
also mirrored in our results. Thus, it is possible that mothers exhibit more negativity in
response to increased sibling dyad negativity, in turn enhancing child hyperactivity (Buist et
al., 2013), or vice versa. Lastly, it should be noted that sibling dyad negativity was correlated
with both mother-child negativity and child hyperactivity. It is therefore possible that there
was not enough variance for effects to emerge (i.e., due to collinearity) or that a suppression
effect may have occurred (i.e., sibling dyad negativity acting as a suppressor variable,
increasing the predictive power of mother-child negativity). Future studies should therefore
incorporate mother-child negativity as a possible mediator between child hyperactivity and
sibling dyad negativity, as this may help elucidate the complexity of their interplay.
Practical Implications

Our findings have several clinical and practical implications. The central role of
mother-child negativity as a temporal precursor of child hyperactivity underlines the potential
for interventions tailored at improving parenting practices with the goal of alleviating child
ADHD symptoms. As such, parents might be trained to better identify early child behavior

that evokes child-directed negativity, thus preventing an increase in child hyperactivity and
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consequently alleviating the family burden associated with the child’s symptoms (Harold et
al., 2013). There is considerable evidence to support the effectiveness of parenting training in
the treatment of ADHD, especially in young children (e.g., Rimestad et al., 2019). Studies
have further found that beginning the treatment with behavioral parenting training, as opposed
to medication, may yield better treatment outcomes overall (Pelham et al., 2016). Hence, an
emphasis on enhancing family relationships by reducing negative interactions between
parents and hyperactive children, as the current study revealed, can be seen as important and
highly promising.

Moreover, although this study did not reveal any within-family effects of sibling dyad
negativity on child hyperactivity, we did find associations on the between-family level. Our
findings thus emphasize the importance of considering sibling relationships in the treatment
of children’s ADHD symptoms. Along these lines, a recent pilot study found that sibling dyad
behavioral interventions for children with ADHD may be effective in reducing sibling dyad
negativity (Rosenthal et al., 2022). Thus, future work should incorporate the important
developmental context of the sibling relationship in order to enhance our understanding of the
reciprocal associations between child hyperactivity and multiple family relationships (Heckel
etal., 2013).

Limitations

The present findings should be interpreted with some limitations in mind. First, as all
measures were based on maternal reports only, a possible bias due to common-method
variance cannot be excluded. Future work should thus employ a multi-rater approach.
Incorporating child self-reports of sibling dyad negativity may be particularly important given
that sibling bullying usually occurs without the parents’ knowledge (Dantchev & Zemp,
2022). Moreover, the inclusion of paternal or other parental figures’ reports could
complement a transactional family systems approach. The addition of observational data,

which are among the most valid methods for studying aspects of family negativity, would also
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strengthen respective study designs. Furthermore, the current sample lacked information
regarding the sibling dyad composition (in terms of age and gender). Other studies have
reported differential effects between sibling negativity and ADHD once age and gender were
accounted for (Heckel et al., 2013).

Second, the time points included in our analysis were unevenly spaced and our time
lags were long (i.e., three years and one year, respectively). Unfortunately, no data were
available at other time points, and we were therefore unable to capture family processes as
they unfold on a shorter (e.g., daily) basis. Due to this issue, it is also difficult to draw causal
conclusions from our data, because numerous factors occurring between the time points may
have influenced the examined associations. Future work should incorporate daily diary studies
using ambulatory assessment. This approach minimizes retrospective biases and allows for
the collection of ecologically valid data on daily experiences as they occur in real time of
everyday family life (Trull & Ebner-Priemer, 2013).

Third, we were unable to control for parental ADHD. Meta-analytic evidence has
revealed that genetic factors of ADHD account for around 70% of the variance in symptoms
(Faraone & Larsson, 2019), reflecting the high heritability of the disorder. Given that parental
negativity is particularly pronounced in families with parental ADHD (Park et al., 2017), and
as parental ADHD may further lead to reporting bias of child ADHD symptoms (Faraone et
al., 2003), the lack of assessment of and control for parental ADHD is an important weakness
of this study.

Fourth, we assessed ADHD symptoms using a dimensional approach and we did not
test group differences using a confirmed ADHD diagnosis due to the low prevalence in our
sample. Thus, we cannot make any specific claims about family interactions of children
diagnosed with ADHD. Although it has been argued that dimensional approaches are
especially useful in normal populations (Larsson et al., 2012) and young children (Lahey et

al., 2005), it might be important for future studies to additionally employ a categorical
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approach, as this may shed light on specific processes observed in families most burdened by
child hyperactivity symptoms. Moreover, the exclusive reliance on mother-reported
hyperactivity based on the SDQ does not adequately reflect clinical practice. It would be
useful for future work to include independent raters outside the family (e.qg., clinicians or
teachers), considering the importance of integrating ratings from multiple informants in the
clinical presentation of ADHD.

Finally, it is important to note that we examined an ethnically homogeneous sample
with low diversity, thus limiting the generalizability of the current findings. Future work
should seek to replicate our findings in more diverse samples representing ethnic minorities,
sexual or gender minorities, families with low socioeconomic status, or otherwise at-risk
populations.

Conclusion

ADHD is a family affair. Our study contributes to this notion by adopting a novel
statistical approach to parcel out between-family differences from within-family fluctuations,
allowing for a particularly powerful methodology to test mutual influences of family
interactions. In summary, the current findings suggest that supporting families to reduce
negative interactions between mothers and hyperactive children holds promise for reducing
the expression of hyperactivity in children. This, in turn, would likely alleviate the burden
associated with the child’s symptoms for all family members. It is of central importance to
incorporate the developmental context of the whole family system — including the parental,

parent-child, and sibling relationships — both in future research and in clinical practice.



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 22

References

Anastopoulos, A. D., Sommer, J. L., & Schatz, N. K. (2009). ADHD and family functioning.
Current Attention Disorders Reports, 1(4), 167—170. https://doi.org/10.1007/s12618-
009-0023-2

Bauer, N. S., Ofner, S., Moore, C., Lynch, D., Wiehe, S. E., Downs, S. M., Carroll, A. E., &
Kronenberger, W. G. (2019). Assessment of the effects of pediatric attention deficit
hyperactivity disorder on family stress and well-being: Development of the IMPACT
1.0 Scale. Global Pediatric Health, 6, €2333794X19835645.
https://doi.org/10.1177/2333794X19835645

Bowlby, J. (1969). Attachment and loss: Attachment (Vol. 3). Basic Books.

Buist, K. L., Dekovié, M., & Prinzie, P. (2013). Sibling relationship quality and
psychopathology of children and adolescents: A meta-analysis. Clinical Psychology
Review, 33(1), 97-106. https://doi.org/10.1016/j.cpr.2012.10.007

Claussen, A. H., Holbrook, J. R., Hutchins, H. J., Robinson, L. R., Bloomfield, J., Meng, L.,
Bitsko, R. H., O’Masta, B., Cerles, A., Maher, B., Rush, M., & Kaminski, J. W.
(2022). All in the family? A systematic review and meta-analysis of parenting and
family environment as risk factors for attention-deficit/hyperactivity disorder (ADHD)
in children. Prevention Science. https://doi.org/10.1007/s11121-022-01358

Chorozoglou, M., Smith, E., Koerting, J., Thompson, M. J., Sayal, K., & Sonuga-Barke, E. J.
S. (2015). Preschool hyperactivity is associated with long-term economic burden:
Evidence from a longitudinal health economic analysis of costs incurred across
childhood, adolescence and young adulthood. Journal of Child Psychology and
Psychiatry, 56(9), 966-975. https://doi.org/10.1111/jcpp.12437

Coghill, D., & Sonuga-Barke, E. J. S. (2012). Annual research review: Categories versus
dimensions in the classification and conceptualisation of child and adolescent mental

disorders — implications of recent empirical study. Journal of Child Psychology and



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 23

Psychiatry, 53(5), 469—489. https://doi.org/10.1111/j.1469-7610.2011.02511.x

Cox, M. J., & Paley, B. (1997). Families as systems. Annual Review of Psychology, 48(1),
243-267. https://doi.org/10.1146/annurev.psych.48.1.243

Curran, P. J., & Bauer, D. J. (2011). The disaggregation of within-person and between-person
effects in longitudinal models of change. Annual review of psychology, 62, 583—619.
https://doi.org/10.1146/annurev.psych.093008.100356

Dantchev, S., & Zemp, M. (2022). Does bullying occur behind closed doors? Agreement of
bullying reports between parents and children and its differential associations with
child outcomes. Children, 9(10), 1440. https://doi.org/10.3390/children9101440

Deater-Deckard, K. (2017). Parents’ and children’s ADHD in a family system. Journal of
Abnormal Child Psychology, 45(3), 519-525. https://doi.org/10.1007/s10802-017-
0276-7

Deault, L. C. (2010). A systematic review of parenting in relation to the development of
comorbidities and functional impairments in children with attention-
deficit/hyperactivity disorder (ADHD). Child Psychiatry & Human Development,
41(2), 168—192. https://doi.org/10.1007/s10578-009-0159-4

Dormann, C., & Griffin, M. A. (2015). Optimal time lags in panel studies. Psychological
Methods, 20(4), 489-505. https://doi.org/10.1037/met000004 1

Dunn, J., Deater-Deckard, K., Pickering, K., & Golding, J. (1999). Siblings, parents, and
partners: Family relationships within a longitudinal community study. Journal of Child
Psychology and Psychiatry, 40(7), 1025-1037. https://doi.org/10.1111/1469-
7610.00521

Faraone, S. V., Monuteaux, M. C., Biederman, J., Cohan, S. L., & Mick, E. (2003). Does
parental ADHD bias maternal reports of ADHD symptoms in children? Journal of
Consulting and Clinical Psychology, 71(1), 168—175. https://doi.org/10.1037/0022-

006X.71.1.168



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 24

Faraone, S. V., & Larsson, H. (2019). Genetics of attention deficit hyperactivity disorder.
Molecular Psychiatry, 24(4), 562—575. https://doi.org/10.1038/s41380-018-0070-0

Goodman, R. (1997). The Strengths and Difficulties Questionnaire: A research note. Journal
of Child Psychology and Psychiatry, 38(5), 581-586. https://doi.org/10.1111/j.1469-
7610.1997.tb01545.x

Graziano, P. A., McNamara, J. P., Geftken, G. R., & Reid, A. (2011). Severity of children’s
ADHD symptoms and parenting stress: A multiple mediation model of self-regulation.
Journal of Abnormal Child Psychology, 39(7), 1073. https://doi.org/10.1007/s10802-
011-9528-0

Hamaker, E. L., Kuiper, R. M., & Grasman, R. P. P. P. (2015). A critique of the cross-lagged
panel model. Psychological Methods, 20(1), 102—116.
https://doi.org/10.1037/a0038889

Harold, G. T., Leve, L. D., Barrett, D., Elam, K., Neiderhiser, J. M., Natsuaki, M. N., Shaw,
D. S., Reiss, D., & Thapar, A. (2013). Biological and rearing mother influences on
child ADHD symptoms: Revisiting the developmental interface between nature and
nurture. Journal of child psychology and psychiatry, and allied disciplines, 54(10),
1038-1046. https://doi.org/10.1111/jcpp.12100

Hecht, M., & Zitzmann, S. (2021). Sample size recommendations for continuous-time models:
Compensating shorter time series with larger numbers of persons and vice versa.
Structural Equation Modeling: A Multidisciplinary Journal, 28(2), 229-236.
https://doi.org/10.1080/10705511.2020.1779069

Heckel, L., Clarke, A. R., Barry, R. J., McCarthy, R., & Selikowitz, M. (2013). Child AD/HD
severity and psychological functioning in relation to divorce, remarriage, multiple
transitions and the quality of family relationships. Emotional and Behavioural
Difficulties, 18(4), 353—373. https://doi.org/10.1080/13632752.2013.769708

Johnson, D. R., & Young, R. (2011). Toward best practices in analyzing datasets with missing



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 25

data: Comparisons and recommendations. Journal of Marriage and Family, 73(5),
926-945. https://doi.org/10.1111/j.1741-3737.2011.00861.x

Johnston, C., & Mash, E. J. (2001). Families of children with attention-deficit/hyperactivity
disorder: Review and recommendations for future research. Clinical Child and Family
Psychology Review, 4(3), 183-207. https://doi.org/10.1023/A:1017592030434

Kouvava, S., & Antonopoulou, K. (2020). Sibling and friendship relationships of children with
attention-deficit/hyperactivity disorder and typical development. Early Child
Development and Care, 190(6), 935-947.
https://doi.org/10.1080/03004430.2018.1503255

Lahey, B. B., Pelham, W. E., Loney, J., Lee, S. S., & Willcutt, E. (2005). Instability of the
DSM-1V subtypes of ADHD from preschool through elementary school. Archives of
General Psychiatry, 62(8), 896-902. https://doi.org/10.1001/archpsyc.62.8.896

Lam, C. B., McHale, S. M., & Crouter, A. C. (2012). Parent-child shared time from middle
childhood to late adolescence: Developmental course and adjustment correlates. Child
Development, 83(6), 2089-2103. https://doi.org/10.1111/j.1467-8624.2012.01826.x

Larsson, H., Anckarsater, H., Rastam, M., Chang, Z., & Lichtenstein, P. (2012). Childhood
attention-deficit hyperactivity disorder as an extreme of a continuous trait: A
quantitative genetic study of 8,500 twin pairs. Journal of Child Psychology and
Psychiatry, 53(1), 73-80. https://doi.org/10.1111/j.1469-7610.2011.02467.x

Lifford, K. J., Harold, G. T., & Thapar, A. (2009). Parent-child hostility and child ADHD
symptoms: A genetically sensitive and longitudinal analysis. Journal of Child
Psychology and Psychiatry, 50(12), 1468—1476. https://doi.org/10.1111/j.1469-
7610.2009.02107.x

Little, T. D. (2013). Longitudinal Structural Equation Modeling. Guilford Press.

Markel, C., & Wiener, J. (2014). Attribution processes in parent—adolescent conflict in

families of adolescents with and without ADHD. Canadian Journal of Behavioural



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 26

Science / Revue Canadienne Des Sciences Du Comportement, 46(1), 40—48.
https://doi.org/10.1037/a0029854

Mash, E. J., & Johnston, C. (1983). Sibling interactions of hyperactive and normal children
and their relationship to reports of maternal stress and self-esteem. Journal of Clinical
Child Psychology, 12(1), 91-99. https://doi.org/10.1080/15374418309533116

McHale, S. M., & Crouter, A. C. (1996). The family contexts of children’s sibling
relationships. In Sibling relationships: Their causes and consequences (pp. 173—195).
Ablex Publishing.

Mikami, A. Y., & Pfiffner, L. J. (2008). Sibling relationships among children with ADHD.
Journal of Attention Disorders, 11(4), 482-492.
https://doi.org/10.1177/1087054706295670

Minuchin, S. (1974). Families and family therapy. Harvard University Press.
https://doi.org/10.2307/j.ctvjz83h8

Muthén, L. K., & Muthén, B. O. (1998-2017). Mplus user's guide: Statistical analysis with
latent variables (8" Ed.). Muthén & Muthén.

Oliver, B. R., & Pike, A. (2018). Mother-child positivity and negativity: Family-wide and
child-specific main effects and interactions predict child adjustment. Developmental
Psychology, 54(4), 744-756. https://doi.org/10.1037/dev0000467

Paidipati, C. P., & Deatrick, J. A. (2015). The role of family phenomena in children and
adolescents with attention deficit hyperactivity disorder. Journal of Child and
Adolescent Psychiatric Nursing, 28(1), 3—13. https://doi.org/10.1111/jcap.12097

Park, J. L., Hudec, K. L., & Johnston, C. (2017). Parental ADHD symptoms and parenting
behaviors: A meta-analytic review. Clinical Psychology Review, 56, 25-39.
https://doi.org/10.1016/j.cpr.2017.05.003

Pelham, W. E., Fabiano, G. A., Waxmonsky, J. G., Greiner, A. R., Gnagy, E. M., Pelham, W.

E., 1IL., Coxe, S., Verley, J., Bhatia, 1., Hart, K., Karch, K., Konijnendijk, E., Tresco,



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 27

K., Nahum-Shani, I., & Murphy, S. A. (2016). Treatment sequencing for childhood
ADHD: A multiple-randomization study of adaptive medication and behavioral
interventions. Journal of Clinical Child & Adolescent Psychology, 45(4), 396-415.
https://doi.org/10.1080/15374416.2015.1105138

Pike, A., & Oliver, B. R. (2017). Child behavior and sibling relationship quality: A cross-
lagged Analysis. Journal of Family Psychology, 31(2), 250-255.
https://doi.org/10.1037/fam0000248

Pinquart, M. (2017). Associations of parenting dimensions and styles with externalizing
problems of children and adolescents: An updated meta-analysis. Developmental
Psychology, 53(5), 873-932.
https://doi.apa.org/doiLanding?doi=10.1037%2Fdev0000295

Rimestad, M. L., Lambek, R., Zacher Christiansen, H., & Hougaard, E. (2019). Short- and
long-term effects of parent training for preschool children with or at risk of ADHD: A
systematic review and meta-analysis. Journal of Attention Disorders, 23(5), 423-434.
https://doi.org/10.1177/1087054716648775

Rosenthal, E., Franklin-Gillette, S., Feinberg, M., & DuPaul, G. J. (2022). Sibling conflict and
ADHD: Initial efficacy of the adapted “Siblings Are Special” program. The ADHD
Report, 30(4), 1-6. https://doi.org/10.1521/adhd.2022.30.4.1

Sameroff, A. J., & Mackenzie, M. J. (2003). Research strategies for capturing transactional
models of development: The limits of the possible. Development and Psychopathology,
15(3), 613—-640. https://doi.org/10.1017/S0954579403000312

Sayal, K., Prasad, V., Daley, D., Ford, T., & Coghill, D. (2018). ADHD in children and young
people: Prevalence, care pathways, and service provision. The Lancet Psychiatry, 5(2),
175-186. https://doi.org/10.1016/S2215-0366(17)30167-0

Theule, J., Wiener, J., Tannock, R., & Jenkins, J. M. (2013). Parenting stress in families of

children with ADHD: A meta-analysis. Journal of Emotional and Behavioral



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 28

Disorders, 21(1), 3—17. https://doi.org/10.1177/1063426610387433

Trull, T. J., & Ebner-Priemer, U. (2013). Ambulatory assessment. Annual Review of Clinical
Psychology, 9, 151-176. https://doi.org/10.1146/annurev-clinpsy-050212-185510

Weyers, L., Zemp, M., & Alpers, G. W. (2019). Impaired interparental relationships in
families of children with attention-deficit/hyperactivity disorder (ADHD): A meta-
analysis. Zeitschrift fiir Psychologie, 227(1), 31-41. https://doi.org/10.1027/2151-
2604/a000354

Wolke, D., & Samara, M. M. (2004). Bullied by siblings: Association with peer victimisation
and behaviour problems in Israeli lower secondary school children. Journal of Child
Psychology and Psychiatry, 45(5), 1015-1029. https://doi.org/10.1111/j.1469-
7610.2004.t01-1-00293.x

Yu, J. J., & Gamble, W. C. (2008). Pathways of influence: Marital relationships and their
association with parenting styles and sibling relationship quality. Journal of Child and
Family Studies, 17(6), 757-778. https://doi.org/10.1007/s10826-008-9188-z

Zadeh, Z. Y., Jenkins, J., & Pepler, D. (2010). A transactional analysis of maternal negativity
and child externalizing behavior. International Journal of Behavioral Development,
34(3), 218-228. https://doi.org/10.1177/0165025409350953

Zemp, M. (2018). Die elterliche Paarbeziehung in Familien mit Kindern mit ADHS:
Wechselwirkungen zwischen Partnerschaftsstorungen und kindlicher
Symptomatik [The interparental relationship in families with children with ADHD:
Interactions between couple distress and child’s symptoms]. Zeitschrift fiir Kinder- und
Jugendpsychiatrie und Psychotherapie, 46(4), 285-297. https://doi.org/10.1024/1422-
4917/a000558

Zemp, M., Friedrich, A. S., Schirl, J., Dantchev, S., Voracek, M., & Tran, U. S. (2021). A
systematic review and meta-analysis of the associations between interparental and

sibling relationships: Positive or negative? PLOS ONE, 16(9), €0257874.



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY 29

https://doi.org/10.1371/journal.pone.0257874
Zemp, M., Johnson, M. D., & Bodenmann, G. (2018). Within-family processes: Interparental
and coparenting conflict and child adjustment. Journal of Family Psychology, 32(3),

299-309. https://doi.org/10.1037/fam0000368



HYPERACTIVITY, MOTHER-CHILD AND SIBLING NEGATIVITY

Table 1

Correlations, means, and standard deviations of focal study variables

30

Variable (time point) M SD Bivariate correlations
1 2 3 4 5) 6 7 8 9
1. Child hyperactivity (T1) 3.99 2.39 -
2. Child hyperactivity (T2) 3.29 2.36 59* -
3. Child hyperactivity (T3) 3.22 2.49 S57* 3% -
4. Mother-child negativity (T1) 0.30 0.30 .39* 29* .30* -
5. Mother-child negativity (T2) 0.23 0.30 32* .36* .36* 52* -
6. Mother-child negativity (T3) 0.23 0.30 31* 33* A41* 53* .66* -
7. Sibling dyad negativity (T1) 2.01 0.42 .26* 21% 22% .35* .30* 32* -
8. Sibling dyad negativity (T2) 2.05 0.42 23% 25% 25% 31* 40* 37* 58* -
9. Sibling dyad negativity (T3)  1.96 0.42 23* 22% 25% 30* 34* 39% 57* 68* -

Note: Child hyperactivity scores ranged from 0-10. Mother-child negativity scores ranged from 0-1. Sibling dyad negativity scores ranged

from 0-2. *p < .01 (two-tailed).
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Table 2

Saturated RI-CLPM for child hyperactivity, mother-child negativity, and sibling dyad negativity (n = 4,423)

Intercept associations (R) Unstandardized Coefficient SE p
Hyperactivity <> Mother-child 223* 012 <.001
Hyperactivity < Sibling dyad 241* 016 <.001
Mother-child < Sibling dyad .039* .002 <.001

Control variables Unstandardized Coefficient SE p
Gender — Intercept of hyperactivity .818* .062 <.001
Gender — Intercept of mother-child .007 .008 .356
Gender — Intercept of sibling dyad -.024* 011 .035

Autoregressive paths (I3) T1-2 SE p T2—3 SE p
Hyperactivity -.058 .050 254 .361* .031 <.001
Mother-child -.032 .039 408 236* .031 <.001
Sibling dyad .035 .044 421 .256* .033 <.001

Cross-lagged effects (13) T1 -2 SE p T2—3 SE p
Hyperactivity — Mother-child .001 .005 .823 .003 .004 481
Hyperactivity — Sibling dyad -.003 .007 .653 -.009 .006 .106
Mother-child — Hyperactivity -.305 270 .258 T711* 215 .001
Mother-child — Sibling dyad .040 .046 .387 .039 043 .363
Sibling dyad — Hyperactivity -.415 222 .062 173 154 .261
Sibling dyad — Mother-child -.031 .028 270 .055* .055 .009

Model Fit-Indices

72(9) = 33.83; RMSEA = .025 (.016-.034); CFI = .998; TLI = .991; SRMR = .009

Note: Reported coefficients reflect the unstandardized model results. *p < .05 (two-tailed).
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Figure 1
Conceptual depiction of the RI-CLPM examining associations between child hyperactivity,

mother-child negativity, and sibling dyad negativity

4 years (T1) 7 years (T2) 8 years (T3)
Intercept child
hyperactivity
Child hyperactivity Child hyperactivity Child hyperactivity
Intercept
mother-child
negativity
Mother-child Mother-child Mother-child
negativity negativity negativity
Intercept
sibling dyad
negativity
Sibling dyad Sibling dyad Sibling dyad
negativity negativity negativity

Note: Within-time covariances among construct residuals were included in the model, as were
covariances between residuals of child hyperactivity, mother-child negativity, and sibling
dyad negativity within and across time, but are not depicted for the sake of clarity. The
autoregressive cross-lagged paths were computed using the residual variance variables for
each construct but are not depicted for the sake of clarity. Factor loadings for the intercept
variables were set to one. Additional details on the computation of the RI-CLPM can be found

in Hamaker et al. (2015).
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Table S1

Dropout analysis comparing completers to non- completers across the key demographic and focal sturdy variables

Completers® n (%) or  Non-completers n (%) or  X?-value or t-value df p
M (SD) M (SD)
Maternal age 28.85 (4.56) 30.33 (4.18) -9.68 4427 .007
White ethnic background 922 (21.8) 3312 (78.2) 22.94 1 <.001
Maternal highest education 619 (19.5) 2554 (80.5) 51.84 1 <.001
1t Marriage 729 (22.7) 2690 (77.3) 15.92 1 <.001
Child hyperactivity T1 0.63 (0.48) 0.99 (0.06) -42.74 4427 <.001
Mother-child negativity T1 0.59 (0.49) 0.94 (0.23) -31.68 4427 <.001
Sibling dyad negativity T1 0.59 (0.49) 0.95 (0.21) -33.85 4427 <.001

Note: *Completers: Mother-child dyads who did not participate across all three time points. "Non-completers: Mother-child dyads who participated across all
three time points.



