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Recent longitudinal studies have indicated that affective and behavioral dysregulation in childhood is
associated with an increased risk for various negative outcomes in later life. However, few studies to date
have examined early mechanisms preceding dysregulation during early childhood. Aim of this study was
to elucidate early mechanisms relating to dysregulation in later life using data from an epidemiological
cohort study on the long-term outcome of early risk factors from birth to adulthood. At age 3 months,
mothers and infants were videotaped during a nursing and playing situation. Maternal responsiveness

ge}; iorjlsa:tion was evaluated by trained raters. Infant regulatory problems were assessed on the basis of a parent
Cgild}%ood interview and direct observation by trained raters. At age 8 and 11 years, 290 children (139 males) were

Infant regulatory problems rated on the Child Behavior Checklist (CBCL). Additionally, participants were genotyped for the dopamine
Parenting quality D4 receptor (DRD4) exon 3 VNTR polymorphism. A significant three-way interaction between maternal
DRD4 responsiveness, DRD4 genotype and infant regulatory problems was detected predicting the CBCL-
Gene—environment interaction dysregulation profile (CBCL-DP). Carriers of the DRD4 7r allele with regulatory problems at age 3
months showed significantly more behavior problems associated with the CBCL-DP during childhood
when exposed to less maternal responsiveness. In contrast, no effect of maternal responsiveness was
observed in DRD4 7r carriers without infant regulatory problems and in non-carriers of the DRD4 7r
allele. This prospective longitudinal study extends earlier findings regarding the association of the CBCL-
DP with early parenting and later psychopathology, introducing both DRD4 genotype and infant regu-

latory problems as important moderators.
© 2015 Elsevier Ltd. All rights reserved.
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adolescents is a concept associated with both internalizing
(anxious-depressed) and externalizing (disruptive) features. Dys-
regulation has recently been identified as a major risk for a variety
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of negative outcomes (Ayer et al., 2009; Biederman et al., 2009;
Holtmann et al., 2011; Meyer et al., 2009). Problems with dysre-
gulation are captured by a profile on the Child Behavior Checklist
(Achenbach, 1991), the so called CBCL-dysregulation profile (CBCL-
DP; Biederman et al., 2009; Holtmann et al., 2008) defined by
peaks in the CBCL subdomains of attention, anxiety and aggressive
behavior. This specific pattern of problems is suggested to be
heritable (Hudziak et al., 2005) and quite stable throughout
childhood (Althoff et al.,, 2006; Boomsma et al., 2006). Several
studies have highlighted the significance of the CBCL-DP for psy-
chopathology in demonstrating an increased risk for mood disor-
ders, suicidality, substance abuse, personality disorders and
disruptive behavior in affected children and adolescents (Ayer
et al., 2009; Biederman et al., 2012; Holtmann et al., 2011; Meyer
et al, 2009). In a cross-sectional study, Jucksch et al. (2011)
found significant associations of the CBCL-DP with psychosocial
adversities and impairment. Despite strong evidence for the
prognostic and phenomenological value of the CBCL-DP, one major
gap in current research is that there is hardly any information on
early precursors or risk factors for the development of dysregula-
tion. One of the few studies to date conducted in younger age
groups (Kim et al., 2012) demonstrated that preschool children
with the CBCL-DP displayed more negative temperament charac-
teristics like high negativity and low effortful control and were
exposed to more maladapted parenting compared to those without
CBCL-DP. In a prospective, population-based study, Basten et al.
(2013) found associations between dysregulation at age 5—7
years and higher levels of parental psychopathology and hostility
at age 3 years, suggesting a strong role for parents' psychological
problems and parenting style for the development of dysregula-
tion in the offspring.

In general, parenting quality constitutes an important source of
influence on behavioral outcome in their children. In particular,
negative parenting including low responsiveness has been impli-
cated in the later development of both externalizing and internal-
izing disorders (Campbell, 2002; Campbell et al., 2000; Laucht et al.,
2001; Schmid et al., 2011). Maternal responsiveness, defined as the
consistent and adequate response to infant's signals, is considered
as a key parenting dimension that can serve as a powerful pro-
tective factor (Pasalich et al., 2011; Shaw et al., 2003). Moreover,
evidence from recent research suggests that the association be-
tween rearing experiences and behavioral problems may be
particularly pronounced in those children with adverse tempera-
ment characteristics. When exposed to negative, unresponsive or
harsh parenting, so called “difficult” children were reported to be at
risk for a broad range of behavior problems including disturbed
self-regulation, conduct disorder, and aggressive behavior (Bates
et al., 1998; Gilliom and Shaw, 2004; Kim and Kochanska, 2012;
Lahey et al., 2008). Unresponsive parenting was shown to in-
crease the risk for behavioral problems in temperamentally difficult
children, while the risk was buffered in those children exposed to
more responsive parenting (Kochanska and Kim, 2013). In this line,
Keenan et al. (1998) suggested negative temperament traits to be
the earliest measurable problem behavior in infants, with a high
continuity to internalizing disorders in later life. The clinical clas-
sification system for infants (Zero to Three, DC 0—3R) subsumes
these early observable, adverse temperament traits under the
concept of regulatory problems (RP, Zero to Zero to Three, 2005).
Infants with RP have difficulties with self-regulation and exhibit
fussiness, irritability, poor self-calming or under-reactivity to
stimuli as well as feeding and sleeping difficulties. In a recent meta-
analysis, Hemmi et al. (2011) reported a strong association of RP in
infancy with later externalizing and internalizing problems and
ADHD, particularly in families with a high range of multiple risk
factors. Schmid and Wolke (2014) suggested a cascade model in

which early RP represent the starting point of a trajectory of dys-
regulation through time, with persistent RP indicating a “general
dysregulation syndrome”.

Another powerful factor rendering children more or less
vulnerable to their environment seems to be their genetic makeup
(e.g., Caspi et al., 2002). Genetic variation in dopaminergic neuro-
transmission has been suggested to act as a susceptibility factor for
behavior problems (Bakermans-Kranenburg and van Ijzendoorn,
2006, 2007), implying a moderating effect of gene poly-
morphisms on the associations between rearing environments and
developmental outcome. The DRD4 gene has been investigated
specifically with regard to a wide range of issues associated with
regulation problems, like ADHD and impulsivity (Congdon et al.,
2008; Faraone et al., 2005; Swanson et al., 2000), infant tempera-
ment (De Luca et al., 2001), aggression (Benjamin et al., 2002;
Schmidt et al., 2002) and self-regulation (Berry et al., 2014).

Located on chromosome 11p14, the DRD4 gene contains a var-
iable number of tandem repeats (VNTR) polymorphism in exon 3.
One allelic variant of this polymorphism, the exon 3 7-repeat (7r)
allele, has been associated with lower dopamine reception effi-
ciency and, in this line, with decreased attention and reward
sensitivity (Robbins and Everitt, 1999), resulting in higher rates of
mainly externalizing psychopathology during childhood. Investi-
gating the joint contribution of DRD4 and environmental influences
in the development of childhood behavioral problems, Bakermans-
Kranenburg and van Ijzendoorn (2006) found carriers of the DRD4
7r allele to display greater levels of externalizing behaviors in
preschool years when exposed to insensitive parenting compared
to non-carriers (Bakermans-Kranenburg and van Ijzendoorn,
2006). In our own sample, results by Becker et al. (2010) demon-
strated that variation in the DRD4 gene moderated the association
of RP in infancy with later ADHD symptoms. According to these
results, RP in infancy represented a risk factor for the development
of ADHD later in life, but only if the genetic risk variant of DRD4 7r
was present.

The majority of gene x environment (GXE) studies on children's
genotypes and maternal responsiveness has been investigated us-
ing two-way interactions (see Kochanska et al., 2011). By contrast,
studies involving two-way interactions which vary across levels of a
third variable, like interactions between genotype, parental care
and other factors with a proposed role in the development of later
psychopathology are still rare in GXE research. However, recent
studies suggest such complex patterns of interaction. For example,
Cleveland et al. (2015) showed that a prevention program for
alcohol use in adolescents reduced drinking risk, but only in DRD4
7r carriers with high levels of maternal involvement. Cicchetti et al.
(2014) found that genetic variants associated with greater risk for
borderline symptomatology after maltreatment experience were
additionally moderated by gender, thus providing important im-
plications for understanding variability in early predictors of
psychopathology.

Following up our own findings on a cohort of children at risk
(Becker et al., 2010, 2007; Holtmann et al., 2011; Laucht et al.,
2001), we aimed to examine the complex interplay of maternal
responsiveness, DRD4 gene and infant RP relating to later dysre-
gulation in a prospective study since birth. We focused on
maternal responsiveness, as this constitutes one of the most
important factors in early self-regulation, with low responsive-
ness being associated with poor behavioral control in infancy
(Cerezo et al., 2008). Based on the literature reviewed above, we
hypothesized the presence of a three—way interaction, such that
carriers of the DRD4 7r allele would show higher scores on the
CBCL-DP during childhood, when exposed to low maternal
responsiveness and that this effect would be more pronounced in
children with RP than in those without.
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