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1.
General introduction
Child Externalizing Problems
in the Era of Genetics

General Introduction

disruptive, hyperactive, and aggressive behaviors, which have negative effects on children’s
social environment and impair their daily functioning. Although childhood externalizing
problem behaviors are relatively common, an early onset of such behavior is known to
be a strong predictor of comorbid developmental difficulties and of psychopathological
outcomes later in life (Jokela, Ferrie, & Kivimäki, 2009; Von Stumm et al., 2011). Therefore,
it is important to intervene when this behavior develops. In order to effectively do so, we
need to know which factors contribute to the development and maintenance of externalizing
problems. Externalizing problems are a very heterogeneous cluster that can be preceded by
many different developmental trajectories (Frick, 2012). Studies conducted within different
scientific disciplines identified important predictors of externalizing behavior, among which
environmental, neurobiological, and genetic risk factors. All of these risk factors are well
supported by empirical data. Meta-analytical studies have shown that—amongst others—
harsh parenting strategies (e.g., coercive control, corporal punishment, Gershoff, 2002; a
lack of parental responsiveness, Rothbaum, & Weisz, 1994), deficits in executive functioning
(Schoemaker, Bunte, Espy, Deković, & Matthys, 2014), and variance in dopamine and
serotonin related genes (Byrd & Manuck, 2014; Ficks & Waldman, 2014) are all salient
predictors of the development of externalizing behaviors problems.

Parenting
Parenting is one of the most well-studied and documented contributors to the development
of child externalizing problems, as well as an important target for interventions aimed at
reducing this behavior (for an overview see Tolan & Leventhal, 2013). Negative parenting
techniques, such as inconsistent discipline, harshness, and psychological control, have
been positively related to child negative and externalizing behavior (e.g., Bor, Sanders, &
Markie-Dadds, 2002; Collins, Maccoby, Steinberg, Hetherington, & Bornstein, 2000; Ge,
Brody, Conger, Simons, & Murry, 2002; Karreman, Van Tuijl, Van Aken, & Dekovic, 2006;
Rothbaum & Weisz, 1994). Whereas, positive parenting techniques, such as appropriate
discipline, responsiveness, and limit setting have been related to less externalizing and more
socially desirable behavior (e.g., Zahn-Waxler, Iannotti, Cummings, & Denham, 1990).
Moreover, besides actual parenting behavior parental affect, such as warmth, acceptance
and joy, and on the other hand irritability, rejection, and anger, might be key mechanism
in the development of externalizing problems. Specifically, parental negative affect might
contribute to escalating coercive interaction patterns within families that maintain child
externalizing problems (Duncombe, Havighurst, Holland, & Frankling, 2012; Granic,
O’Hara, Pepler, & Lewis, 2007; Isley, O’Neil, Clatfelter, & Parke, 1999; Rudy & Grusec,
2006).
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Externalizing problems refer to behavior patterns, including-amongst others-oppositional,
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However, parental behavior and affect might not have an equally large impact on the
development of externalizing problems in all children. We know that children differ in how
(strongly) they react to what goes on around them (Belsky & Pluess, 2009). Specifically,
we know that children differ in their reactivity to certain parenting behaviors (e.g., Pluess
& Belsky, 2010; Scott & O’Connor, 2012). These individual differences already express
themselves at an early age and might be partly heritable. Over the last decade we have
learned much about how children’s genes contribute to such differences in reactivity to
parenting (see for overviews Bakermans-Kranenburg & Van IJzendoorn, 2011; Belsky &
Pluess, 2009; Van IJzendoorn, Belsky, & Bakermans-Kranenburg, 2012). Specifically, much
attention was paid to the contribution of candidate genes that might influence dopamine
and serotonin regulation and in turn contribute to individual differences in reactivity to the
environment.

(Candidate-)Genes
The term ‘candidate gene’ refers to a specific gene that may be directly, and/or in interaction
with the environment, related to psychopathology (including the DRD4, DRD2, DAT1,
5-HTT, MAOA and COMT). These genes have common variations, polymorphisms, which
influence the expression of this gene. Specifically, studies have been interested in Single
Nucleotide Polymorphisms (SNP’s), a variation in a single nucleotide (i.e., DNA building
block), and Variable Number Tandem Repeat Polymorphisms (VNTR’s), a variation in which
a short nucleotide sequence is repeated a variable number of times between individuals.
An example of a SNP is a polymorphism of the COMT gene, coding for the catechol-Omethyltransferase enzyme, which breaks down neurotransmitters such as dopamine. The
COMT Val/Met polymorphism results in a valine (i.e., Val, high activity) to methionine (i.e.,
Met, low activity) mutation. An example of a VNTR is a polymorphism of the serotonin
transport gene (SLC6A4). This gene codes for serotonin transporters involved in the active
clearance and termination of synaptic serotonin and has a linked polymorphic region: The
5-HTTLPR. The 5-HTTLPR polymorphism has two common variants typically defined as
a “short-allele” (i.e., S-allele, low expressing) comprising 14 copies and a “long-allele” (i.e.,
L-allele, high expressing) comprising 16 copies.

Candidate Gene-by-Environment Interactions
There is increasing evidence that environmental and genetic risk factors work together in
shaping behavior and development (Rutter, 2007; 2012; Rutter et al., 2003; Rutter, Moffit &
Caspi, 2006). Therefore, the nature versus nurture debate has been put to rest and has made
way for research on the interplay between nature and nurture. For example, we know that
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function as a predisposition for how strongly children respond to environmental adversity
and environmental risk factors can “get under the skin” and alter children’s neurobiological
functioning. Nevertheless, these predictors have long been studied separately, leaving a trail
of disconnected clues on how differential pathways to externalizing behaviors are shaped.
One effort to change this is the investigation of candidate-gene-by-environment interactions
(cG×E), which has created both a lot of excitement and criticism.
Theoretically, cG×E interactions can be seen as representations of the differential
impact of the environment on child behavior and can take different “forms”. One hypothesis
on such a specific form has gained a lot of scientific attention: The differential susceptibility
hypothesis (Belsky, 1997). The differential susceptibility hypothesis states that some
individuals are more susceptible to environmental conditions in a “for better and for worse”
manner, where the most ‘‘susceptible’’ individuals are disproportionately affected by both
positive and negative environmental conditions. Such a crossover interaction distinguishes
itself from other forms of interaction-effects, including ‘‘dual risk” and “vantage sensitivity”.
Duals risk arises when we assume a cumulative risk of environmental and child factors,
where the most ‘‘vulnerable’’ individuals are disproportionately affected in an adverse
manner by a negative environment but do not also benefit disproportionately from positive
environmental conditions. Vantage sensitivity arises when we assume a cumulative
beneficial effect of environmental and child factors, where the most ‘’sensitive’’ individuals
are disproportionately affected in a vantage manner by a positive environment but do not
also suffer disproportionately from negative environmental conditions (Pluess, 2015; Pluess
& Belsky, 2013). To date, most studies on externalizing behavior focus on the cumulative
negative effects of environmental risk, such as harsh parenting, and child characteristics,
such as carrying the low activity allele of the MAOA gene. Therefore, these studies are unable
to rule out that found cG×E represent differential susceptibility rather than dual risk. From
an empirical perspective, this might mean that we wrongly label susceptible children as
merely vulnerable. From a clinical perspective, this might mean that we miss important
information on individual differences in susceptibility to environmental enrichment in the
form of interventions (i.e., what works for whom), possibly causing under- or overestimation
of intervention effectiveness.

Limitations of the Current Literature
Over the last decade and a half many interactions between, specifically dopaminergic
and serotonergic, candidate genes and the environment have been reported in predicting
externalizing problems (see for an overview, Bakermans-Kranenburg & Van IJzendoorn,
2011;Belsky & Pluess, 2009; Duncan & Keller, 2011; Van IJzendoorn et al., 2012; Van
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IJzendoorn et al., 2011). Although these findings are very intriguing, they also raised much
criticism. The field has been plagued by replication issues, publication bias, and critiques on
the study designs used to test cG×E. One of the most important critiques is that most studies
use a correlational design, which does not permit causal inferences and leaves us unable
to rule out alternative explanations for the interactions found. For example, genotype and
environment might be confounded (i.e., gene-environment correlation or rGE). Because
children and parents partly share their genetics, harsh parenting and child externalizing
behavior might be explained by the same (inherited) underlying genetics. Alternatively,
children might evoke specific parenting strategies due to certain biological tendencies.
Such alternative explanations can only be ruled out using an experimental design, in
which children are randomly assigned to a certain environmental condition. Moreover,
by manipulating the environment such designs increase differences between children in
different experimental conditions and in turn power to detect possible cG×E interactions.
Besides limitations due to study design, a lack of insight into how cG×E interactions
work (i.e., the underlying mechanisms) makes the implications of the earlier findings
unclear. At present, looking at cG×E findings is like looking at a “black box”, in that we
are only aware of what goes in and what comes out. Insights into ‘how genes get outside
the skin’, (Reiss & Leve, 2007) are of great empirical and clinical importance. From an
empirical perspective, it can increase our knowledge of differential (biological) pathways
leading to externalizing problems. From a clinical perspective, this knowledge could be used
to tailor interventions by indicating the needed clinical focus, increasing their effectiveness
(Matthys, Vanderschuren, Schutter, & Lochman, 2012).

The Current Dissertation
The aims of this dissertation are (1) to create an overview of literature on cG×E between
family adversity and polymorphisms of the candidate genes MAOA, DRD4, DRD2, DAT1,
5-HTT, and COMT in externalizing behavior problems and to extend previous findings
on cG×E using a randomized controlled trial (the ORCHIDS study; Chapters 3-6); (2) to
form theoretically based hypotheses on mechanisms underlying cG×E in externalizing
behavior problems and; (3) to experimentally test these hypotheses. Chapter 2 presents
a systematic review of the literature on cG×E in externalizing behavior problems. In the
same paper extant literature on genetics, (neuro)biology, and psychology will be used to
form hypotheses on possible underlying mechanisms. In order to test such mechanisms
a randomized trial and an experiment will be conducted using two independent samples.
In both samples buccal swaps will be collected from children in order to genotype several
candidate polymorphisms.
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the Observational Randomized controlled trial of CHIldhood Differential Susceptibility
(ORCHIDS study) in which 387 parent-child dyads will participate in a randomized controlled
trial. The trial has been registered in the Netherlands Trial Registry (NTR-TC-3594).
Families with children between 4 and 8 years (Mage = 6.21 years; 55.30 % boys) old will be
screened for child externalizing behavior problems. Eligible families (i.e., scoring at or above
the 75th percentile of their cohort) will be randomized into a control (i.e., care as usual) or
intervention group (i.e., The Incredible Years or IY program). Parent and child behavior will
be reported on by parents as well as observed during recorded parent-child interactions.
Chapter 3 presents the study protocol published before conducting the trial. In Chapter 4
we will answer the question whether IY is effective in decreasing child externalizing problem
behavior and negative parenting and increasing child socially desirable behavior and
positive parenting, and whether the intervention effects are moderated by putative sociodemographical and intervention-factors. This chapter includes a comprehensive description
of our procedure and sample. Chapter 5 focuses on praise and dopamine related reward
sensitivity. In this Chapter we will answer the question whether previously found gene-byintervention effects (G×I) can be explained by differential effects of parents’ use of praise.
Chapter 6 focuses on parental affect and serotonin related emotional reactivity. In this
Chapter we will answer the question whether the intervention effect tested in Chapter 3
is mediated by changes in parental affect and behavior. Furthermore, we will test whether
these mechanisms of change are more important for some children than others due to their
temperament or 5-HTTTLPR genotype.
Second, concerning the experiment, in Chapter 7 we will answer the question whether
the 5-HTTLPR polymorphism is related to individual differences in children’s general
emotional reactivity. To this end, an experimental study will be conducted including 521
parent-child dyads recruited at science center NEMO in Amsterdam. Children aged 7 to
12 (Mage = 9.72 years; 52.5% boys) will be randomized and exposed to angry, happy or
neutral dynamic facial expressions and vocalizations. Children’s self-reported affective and
measured motor emotional reactivity (fEMG measure) will be assessed. Parents will report
on the emotional family climate through report on positive and negative parenting behavior.
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First, concerning the randomized controlled trial, Chapters 3 through 6 are based on

2.
Underlying Mechanisms
of Gene-Environment
Interactions in Externalizing
Behavior: A Systematic
Review and Search for
Theoretical Mechanisms
Weeland, J., Overbeek, G., Orobio
de Castro, B., & Matthys, W. (2015).
Clinical Child and Family Psychology
Review, 18(4), 413-442.

Chapter 2

Abstract
Over the last decade several candidate genes (i.e., MAOA, DRD4, DRD2, DAT1, 5-HTTLPR,
and COMT) have been extensively studied as potential moderators of the detrimental effects
of postnatal family adversity on child externalizing behaviors, such as aggression and
conduct disorder. Many studies on such candidate gene-by-environment interactions (i.e.,
cG×E) have been published and the first part of this paper offers a systematic review and
integration of their findings (n = 53). The overview shows a set of heterogeneous findings.
However, because of large differences between studies in terms of sample composition,
conceptualizations, and power, it is difficult to determine if different findings indeed
illustrate inconsistent cG×E findings, or if findings are simply incomparable. In the second
part of the paper, therefore, we argue that one way to help resolve this problem is the
development of theory driven a priori hypotheses on which bio-psychosocial mechanisms
might underlie cG×E. Such a theoretically based approach can help us specify our research
strategies, create more comparable findings, and help us interpret different findings between
studies. In accordance, we describe three possible explanatory mechanisms, based on extant
literature on the concepts of 1) emotional reactivity, 2) reward sensitivity, and 3) punishment
sensitivity. For each mechanism, we discuss the link between the putative mechanism and
externalizing behaviors, the genetic polymorphism, and family adversity. Possible research
strategies to test these mechanisms, and implications for interventions, are discussed.
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In 2002 Caspi and colleagues found the adverse effect of maltreatment on antisocial
behaviors to be moderated by a functional polymorphism in the monoamine oxidase
A (MAOA) gene. Following this exciting discovery, a fast-paced research field emerged
findings have been replicated, as well as extended to interactions between a broad
variety of candidate genes and environmental risk factors in predicting different forms of
externalizing behaviors. These findings have taught us much about the interplay of genes
and environment in the development of externalizing behaviors. However, the literature
has also raised some criticism and important growing pains of the field are difficulties with
replication and contradictory findings, which complicates creating a consistent picture (e.g.,
Dick et al., 2015; Duncan & Keller, 2011; Jaffee, Price, & Reyes, 2013; Rutter, 2007; 2012).
Multiple meta-analyses on cG×E in externalizing behaviors have already been published,
but these have mostly focused on the MAOA gene (Byrd & Manuck, 2014; Kim-Cohen et al.,
2006; Taylor & Kim-Cohen, 2007). A complete overview of all studied cG×E in externalizing
behaviors is missing (for a general overview of cG×E in psychopathology see Duncan &
Keller, 2011). In part one of this paper, we therefore try to create a comprehensive overview
and integration of the findings so far, by reviewing 53 published cG×E studies including
interactions between the six most studied candidate genes (i.e., the monoamine oxidase-A
(MAOA), the dopamine receptors D4 (DRD4) and D2 (DRD2), the dopamine transporter 1
(DAT1), the 5’ serotonin transporter linked polymorphic region (5-HTT), and the catecholO-methyltransferase (COMT)) and postnatal family adversity in externalizing behaviors,
such as aggression, and conduct disorder.
Another issue concerning cG×E is that there is a lack of insight into bio-psychosocial
mechanisms that underlie such interactions (see also Battaglia, 2012; Dodge, 2009;
Salvatore & Dick, 2015). At present, looking at cG×E findings is like looking at a “black
box”, in that we are only aware of what goes in and what comes out. However, insights
into how these G×E interactions work (i.e., ‘how genes get outside the skin’, Reiss & Leve,
2007) is of great empirical and clinical importance. From an empirical perspective, it might
help us form specific theory-based hypotheses that can specify our research strategies. From
a clinical perspective, information on working mechanisms will increase our insight into
which proximal variables (i.e., neurobiological and psychological characteristics, rather than
genotypes) moderate the effects of family adversity on specific externalizing behaviors. Also,
it can increase our knowledge of differential (biological) pathways leading to externalizing
problems. This knowledge could in turn be used to tailor interventions by indicating the
needed clinical focus, increasing their effectiveness (Matthys et al., 2012). In part two of this
paper, we therefore put forward three possible, and complementary, theoretical mechanisms
underlying G×E. These proposed mechanisms are based on extant literature about genetic,
neurobiological, psychological, and environmental factors within externalizing behaviors.
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focusing on candidate gene-by-environment interactions (cG×E). Since then the original
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PART 1. Genes, Postnatal Family Adversity, and Externalizing
Behaviors: A Systematic Review of G×E Findings
Methods
This systematic review considers candidate genes that are studied most extensively in the
context of externalizing behaviors, namely polymorphisms regulating the activity of the
neurotransmitters dopamine and serotonin, which are associated with various aspects of
human behavior: the MAOA, DRD4, DRD2, DAT1, 5-HTTLPR, and COMT Val/Met. We
conducted a literature search for studies on interactions between these polymorphisms and
indices of postnatal family adversity in predicting externalizing behaviors (i.e., aggression,
behavioral problems, antisocial behavior, ODD, CD, delinquency, psychopathy). Our
review focus is on externalizing behavior, because these behaviors are relatively common
in childhood, and a childhood onset of such problem behavior is known to be a strong
predictor of psychopathological outcomes later in life (e.g., Jokela et al., 2009; Von Stumm
et al., 2011). However, externalizing behavior is a very heterogeneous behavioral cluster,
which has different etiologies in different children and across symptoms (e.g., Frick,
2012). Specifically, ADHD might be a distinct disorder in symptomatology (i.e., attention
deficits) and etiology (e.g., stronger heritability than other externalizing disorders, Burt,
2009). Therefore, to narrow the scope of our review, we did not include studies that focused
specifically and solely on ADHD as an outcome variable, but did include studies that included
ADHD as one of multiple (comorbid) outcome measures. Family adversity (i.e., family and
parental characteristics that are associated with increased risks of child maladjustment) is
one of the most well-studied and documented contributors to child externalizing behaviors,
as well as an important target for interventions aimed at reducing externalizing behaviors
(for an overview see Tolan & Dodge, & Rutter, 2013)
We searched digital databases (i.e., PsycINFO, PubMed, google scholar) for peer
reviewed papers between January 2002 and May 2015 using the terms: adverse family
environment, SES, parent* (the asterisk indicates that the search contained that word
base), maltreatment, and psychosocial (environmental factors); G×E, gene-environment,
DRD4, DRD2, MAOA, 5-HTT*, DAT1 and COMT (genetic factors); and all combinations of
these factor terms. Also, we searched reference lists of published studies, meta-analyses and
review articles, and contacted authors for possible additional studies. The last search took
place on May 1st, 2015.
After our original search 102 studies were selected, of which 49 were excluded because
they did not report on externalizing behaviors as defined above as an outcome (e.g., but on
ADHD or on externalizing behavior related constructs such as behavioral disinhibition);
did not address postnatal family adversity (e.g., but prenatal adversity such as maternal
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smoking, or risk factors outside the family such as neighborhood); reported exclusively on
beneficial family environments, or enrichment of this environment (e.g., maternal warmth
or intervention: for an overview of RCT’s testing cG×E see Van IJzendoorn & Bakermanseffects only. We did include studies that addressed multiple genes, and findings for all genes
were reviewed separately. We also included studies that addressed genetic differential
susceptibility rather than genetic risk (i.e., “for better and for worse” interactions; Belsky,
2005), It has been hypothesized that the same genetic markers causing children to be
relatively vulnerable, and in consequence do worse under environmental adversity (e.g.,
develop externalizing behaviors), might also cause them to be also relatively susceptible,
and in consequence do better under environmental enrichment (e.g., develop prosocial
behavior), compared to children without this marker (Belsky, Bakermans-Kranenburg, &
Van IJzendoorn, 2007). Moreover, under some supportive environmental circumstances
these same markers might even point to a genetic advantageous for children’s development
(i.e., vantage sensitivity, (Pluess & Belsky, 2013). However, because most studies test
the cumulative aversive effects of genotype and environment (i.e., dual risk), rather than
differential susceptibility or vantage sensitivity, we solely reviewed findings involving
environmental adversity (i.e., the “for worse” part). For example, when a study assessed both
high (i.e., beneficial) and low (i.e., aversive) responsive maternal caregiving (Nikitopoulos
et al., 2014), we only reviewed G×E involving low responsive maternal caregiving. After
inclusion we contacted corresponding authors of the studies in order for them to check
the included information, and ask them for possible other studies to include. A limitation
of our overview is that we were unable to fully control for a possible “file drawer effect”.
Unpublished studies may on average report different results from published studies.

Results
Our review includes 53 studies. We will discuss the results of the review by polymorphism,
starting with a short introduction of the polymorphism in question, stating the number of
included studies on this polymorphism and using a “vote counting” procedure for describing
the findings (i.e., clustering results in the same direction). Integration of the findings will
follow after each results paragraph and in the discussion of part 1. A list of included studies
and how they were coded is provided in Table 2.1.

MAOA
The MAOA gene codes for the monoamine oxidase A enzyme, which is involved in the
degradation of dietary amines and neurotransmitters, such as serotonin and dopamine.
Then gene is located on the X-chromosome, this means that women have two alleles and
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Kranenburg, 2015); or reported on interactions that were based on cumulative or polygenic
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men have only one. The MAOA polymorphism is a Variable Number Tandem Repeat (i.e.,
VNTR polymorphism) in the promoter region of the gene starting 43,515,409 basepairs from
the end of the chromosome (pter), comprising a 30-basepair repeat sequence present in 2,
2.5, 3, 3.5, 4, 5, or 6 copies (Sabol, Hu, & Hamer, 1998). The 2 and 3-repeats are indicated as
“low-activity variant” and the 3.5 and 4-repeat sequences as “high-activity variant”. Although
distribution varies among different populations, the 3 and 4-repeats are usually the most
prevalent. To date, there is no consensus on the activity level of the less prevalent 2.5 and
5-repeat (see Deckert et al., 1999) and the 6-repeat has not been functionally characterized.
The high-activity alleles code for higher transcription of monoamine oxidase A, resulting in
an increased degradation –and thus decreased concentrations– of dopamine and serotonin
in the brain (Denney, Koch, & Craig, 1999; Sabol et al., 1998). Dopamine is involved in,
amongst others, motivation, motor control, and cognition (Missale, Nash, Robinson, Jaber,
& Caron, 1998) and serotonin in memory, learning, and mood (Pezawas et al., 2005). A
decreased concentration of dopamine and serotonin is linked to impulsivity, antisocial
behavior, and alcoholism (e.g., Eme, 2013; Schmidt et al., 2000). Furthermore, the MAOA
polymorphism has also been directly related to antisocial behavior (for a meta-analysis
see Ficks & Waldman, 2014). See for an overview of dopamine related cG×E BakermansKranenburg & Van IJzendoorn (2011).
We found 31 studies including the MAOA polymorphism, family adversity, and
externalizing behaviors (Table 2.1). The original Caspi et al. (2002) finding that the effect of
family adversity on externalizing behaviors is larger among low-activity allele carriers has
been replicated 16 times. We found four studies that reported this effect to be larger among
high-activity allele carriers and we found ten null findings (i.e., no interaction effect). It
is important to note, however, that studies replicating the original interaction differed in
how they operationalized the low-activity allele −sometimes as 3; as 2 and 3; as 2.5 and
3; or as 2, 3, and 5-repeat sequences. A recent meta-analysis of Byrd and Manuck (2014)
shows a moderately consistent interaction between the low-activity allele and maltreatment
in predicting conduct problems in males. For other environmental adversities, however, the
interaction was found to be less consistent. This might indicate that specific polymorphisms
interact with specific environmental factors, in predicting specific externalizing behavior.
For example, the MAOA might interact with harsh parenting and maltreatment (e.g.,
Weder et al., 2009), through a specific mechanism of vulnerability predicting antisocial and
aggressive behavior, but might not necessarily interact with other environmental factors
such as poverty (e.g., Hart & Marmorstein, 2009), and might not necessarily predict other
forms of externalizing behavior (e.g., psychopathic traits, Sadeh, Javdani, & Verona, 2013).
Opposed to male populations, in female populations there was a significant interaction
found between environmental adversity and the high-activity allele in predicting
externalizing behaviors. We know little about how these sex differences might be explained,
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although the literature does suggests different possibilities. First, the differences might
be partly due to the fact that the MAOA is an X-linked polymorphism. The role of MAOA
genotype on MAOA expression might be more unpredictable for women than for men (e.g.,
might be affected by sex-hormones such as testosterone (Ou, Chen, & Shih, 2006; Sjöberg
et al., 2007). High testosterone levels may lead to lower transcription of MAOA and lower
MAOA levels. Because of higher testosterone levels, men might show lower levels of MAOA
in general, which in turn might have larger effects on dopamine availability and in turn
behavior, compared to women. This explanation might be specifically interesting for
studies addressing adolescence, when testosterone levels are particularly high. Third, the
effect or prevalence of the environmental risk factor, and/or the mechanism underlying
the interaction between environmental risk and MAOA genotype, might be different for
boys than for girls (Beach, Bordy, Gunter et al., 2010). For example, within the broad
measure of childhood maltreatment, neglect might be a particularly important risk factor
for externalizing behavior in boys, while sexual abuse is more important for girls.

DRD4
The DRD4 gene codes for the D4 subtype of dopamine receptors (i.e., dopamine binding
sites) in the brain. The DRD4 polymorphism is a VNTR in exon 3 of the gene starting 637,293
basepairs from pter, comprising a 48 nucleotide repeat sequence ranging from 2 to 11 copies
(Van Tol et al., 1992). The common 2-5 repeats are indicated as “short” and 6-10 repeats as
“long” variants of the polymorphism. The long-allele is associated with significantly reduced
amounts of D4 receptors in the brain (Asghari et al., 1995). Specifically, the relatively
common 7-repeat allele is related to a blunted dopamine response (Schoots & Van Tol,
2003), which has been related to a reduced reward processing (for a review see (Comings &
Blum, 2000). Lower amounts of dopamine receptors have been consistently found in people
suffering from substance abuse (Li et al., 1997; Volkow et al., 1997). Polymorphisms coding
for lower amounts of dopamine receptors seem to moderate the effects of environmental
adversities on the development of different forms of psychopathology (for a meta-analysis
see Bakermans-Kranenburg & Van IJzendoorn, 2011).
We found 14 studies including the DRD4 polymorphism, family adversity, and
externalizing behaviors (Table 2.1). Nine studies found the effect of family adversity on
externalizing behaviors to be larger among carriers of the long-allele, of which seven studies
found this specifically for the 7-repeat allele. Two studies found this effect to be larger among
carriers of the short-allele, of which one study found this specifically among 4-repeat allele
carriers and one study among carriers of the short-allele operationalized as 2-6-repeats.
Three null findings have been published. Some of these inconsistencies between findings
might be due to differences in sample composition between studies, specifically differences
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in sample age. The mean sample age of studies on the DRD4 varies between 10 months at
the first time point of a longitudinal study and around 16.5 years at the last measurement
point of a longitudinal study. It might be that certain cG×E are age specific: There might
be critical (i.e., restricted developmental periods in which influences of a particular G×E
occurs) and sensitive (i.e., developmental periods in which influences of a particular G×E
are more likely to occur) periods (see for a critical discussion and examples, Reiss, Leve,
& Neiderhiser, 2013). For example, Windhorst and colleagues (2015) found the DRD4
genotype to moderate the relation between maternal insensitivity at 14 months and
externalizing behavior at 18 months, but not at 48 months (i.e., at the ages of 48 months
and up maternal insensitivity predicted child externalizing behavior, independent of DRD4
genotype). Moreover, for different age groups, different assessment tools exist. Therefore,
such age differences might bring about differences in the measurements used to assess the
environment and/or behavioral outcomes.
Sex differences have also been reported. Opposite effects of the DRD4 polymorphism
have been found for boys and girls (i.e., protective model for boys and dual risk model
for girls; Nederhof, Belsky, Ormel, & Oldehinkel, 2012). It might very well be that the
mechanisms underlying such interactions are different for boys and girls. Another
explanation might be that some cG×E are explained by confounding effects of covariates
such as gender, ethnicity, or social economic status (see for examples Keller, 2014). For
example, Dmitrieva, Chen, Greenberger, Ogunseitan, & Ding, 2011) found that the genderspecific direct effects of the DRD4 on externalizing behavior were explained by differences
in exposure to family adversity (i.e., poor parental monitoring and exposure to violence).
Some cG×E regarding the DRD4 might therefore be explained by a gender-by-adversity
or a gender-by-DRD4 interaction. In the case of monitoring, the literature suggests that
parental monitoring is a stronger predictor of externalizing behavior in boys, than in girls
(Jacobson & Crockett, 2010), and that boys receive less parental monitoring than girls (e.g.,
Webb, Bray, Getz, & Adams, 2002), specifically when they carry the DRD4 7-repeat allele
(Dmitrieva et al., 2011).

DRD2
The DRD2 gene codes for the D2 subtype of the dopamine receptors. The Taq1A DRD2
polymorphism is a Single Nucleotide Polymorphism (SNP) (rs 1800497) of the gene,
resulting in a cytosine (C) to thymine (T) substitution. The less frequent A1-allele (T) is
associated with significantly reduced amount of D2 receptors in the brain compared to the
A2-allele (C) (Noble, Blum, Ritchie, Montgomery, & Sheridan, 1991), which might result
in a blunting of dopamine signals. The A1-allele is associated with impulsivity (Eisenberg
et al., 2007). However, more recently, this polymorphism has been more precisely located
within the coding region of a neighboring gene (10 kb downstream the DRD2 gene), named
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ANKK1. ANKK1 activity may provide an alternative explanation for previously described
associations between the DRD2 and neuropsychiatric disorders (Neville, Johnstone, &
Walton, 2004).
externalizing behaviors (Table 2.1). One study reported a null finding. Three studies found
a significant interaction effect, in which the effects of family adversity were larger among
carriers of the A1 allele. The three significant findings all related to interactions between
the DRD2 and family dysfunctioning on adolescent delinquency (Beaver, Gibson, DeLisi,
Vaughn, & Wright, 2012; Boardman et al., 2014; DeLisi, Beaver, Vaughn, & Wright,
2009). One study that did not find a significant interaction focused on the interaction
between the DRD2 and early parental separation on externalizing behavior (i.e., YSR,
Nederhof et al., 2012). The different findings between these studies might therefore be
explained by differences in the conceptualization of family adversity and/or externalizing
behavior outcome. Children’s DRD2 genotype might not affect the relation between
parental separation –which might not necessarily correlate with the experience of family
dysfunctioning– and externalizing behavior, whereas it does affect the relation between
family adversity measures, such as the experience of having an incarcerated father or a lack
of family closeness, and delinquency. Alternatively, the DRD2 might interact with family
adversity in predicting adolescent delinquency, but not in predicting other or broader forms
of externalizing behavior.

DAT1 (SLC6A3)
The DAT1 gene regulates the uptake of dopamine by influencing the quantity of dopamine
available in the synapses in the brain (i.e., striatum, prefrontal cortex, and hypothalamus).
The DAT1 polymorphism is a VNTR on the 3’-untranslated region of the gene starting
1,392,905 basepairs from pter, comprising a 480 basepair repeat sequence varying between
3 and 11 copies. The 9 and 10-repeat are the most common variants (VanNess, Owens, &
Kilts, 2005). Lower expression of the DAT1 is related to lower dopamine availability in the
synapses of the brain. There are conflicting findings regarding the expression levels of the
9-repeat and 10-repeat alleles (e.g., Heinz et al., 2000; Van Dyck et al., 2005). The 9-repeat
is (population specifically) associated with addiction (Bhaskar, Thangaraj, Wasnik, Singh,
& Raghavendra Rao, 2012), whereas the 10-repeat allele is associated with impulsivity (for
a meta-analysis see Yang et al., 2007).
We found four studies including the DAT1 polymorphism, family adversity, and
externalizing behaviors: Two studies reported a null-finding and two studies found a
significant interaction (Table 2.1). These latter two studies, however, both reported larger
effects of family adversity among carriers of different DAT1 variants (i.e., the 10-repeat
allele or the 9-repeat allele). Again, an explanation might be found in the large differences
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in family adversity measures, which ranges from parental expressed criticism, and global
institutional deprivation, to family closeness. Studies might be incomparable because they
simply test relations between different constructs. It is questionable if similar outcomes
are to be expected between studies testing interactions with such different environmental
adversity and outcome measures.

COMT
The COMT gene codes for the catechol-O-methyltransferase enzyme, which breaks down
catecholamines including dopamine, thus clearing them from the synapse. The COMT
polymorphism is a SNP (rs 4680) resulting in a valine (i.e., Val) to methionine (i.e., Met)
mutation. The Val-allele is related to higher activity than the Met-allele - with differences
up to 400% - leading to lower synaptic dopamine levels (e.g., Chen et al., 2004; Lotta et
al., 1995). This polymorphism is related to individual differences in emotional processing
(stronger activation of the prefrontal cortex in Met-allele carriers), and cognitive processing
(reduced pre-frontal cortex efficiency for Val-carriers) (for a meta-analysis see Mier, Kirsch,
& Meyer-Lindenberg, 2009). A meta-analysis showed no direct associations between
the COMT polymorphism and externalizing psychopathology (Munafo, Bowes, Clark, &
Flint, 2005), but did find indications that heterozygosity serves as a protective factor for
psychopathology (Costas et al., 2011).
We found four studies including the COMT polymorphism, family adversity, and
externalizing behaviors (Table 2.1). Two studies found the effect of family adversity to be
larger among carriers of the Met-allele and two studies among carriers of the Val-allele. For
example, Wagner and colleagues (2010) showed that women who carried the Val-allele
−and had been maltreated during their childhood– manifested more hostile antisocial
behavior compared to non-carriers. In contrast, Thompson and colleagues (2012) found the
effects of maternal stress on externalizing behavior to be larger for children homozygous for
the Met-allele than for children with the Val-allele. In the case of the COMT polymorphism
this seemingly contradiction might be explained by a cognitive/emotional trade-off (i.e.,
the warrior-worrier hypothesis, Goldman, Oroszi, & Ducci, 2005), in which the Val-allele
is associated with an advantage in emotional processing and the Met-allele in cognitive
processing (see Mier, et al., 2009). The Met-allele (i.e., the worrier) has been associated
with an advantage for prefrontal cortex –and related cognitive– functioning. However,
at the same time this allele might form a genetic predisposition for heightened emotional
arousal and affective responses, and lower emotional control, which might contribute to
emotional dysregulation, an irritable mood and externalizing behavior reported in Met/Met
individuals (e.g., negative mood, irritability and affective disorders; Drabant et al., 2006;
Thompson et al., 2012; Williams et al., 2010). The Val-allele (i.e., the warrior) has been
associated with better stress and anxiety resistance, but lower executive functions (Wishart
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et al., 2011) and cognitive control (Kilford, Dumontheil, Wood, & Blakemore, 2014), which
might contribute to deficits in response inhibition, and substance dependence in Valcarriers (e.g., Gratacòs et al., 2007; Nobile et al., 2010). The two different alleles might
adversity.

5-HTTLPR
The 5-HTT gene (SLC6A4) codes for serotonin transporters, which are involved in the
active clearance and termination of synaptic serotonin. The 5-HTT gene linked polymorphic
region, or 5-HTTLPR, is a polymorphism in the promoter region of the gene. The 5-HTTLPR
starts 28,521,337 basepairs from pter and consists of a 20-23 basepair repeat sequence. The
two most common variants of the polymorphism are typically defined as a “short-allele”
(i.e., S-allele, low expressing) comprising 14 copies and a “long-allele” (i.e., L-allele, high
expressing) comprising 16 copies. The S-allele has been related to significantly lower 5-HTT
mRNA and protein, lower uptake and consequently higher and less stable concentrations
of serotonin in the synaptic cleft, compared to the L-allele (e.g., Greenberg et al., 1999;
Lesch et al., 1996, but for contrasting findings see Naylor et al., 1998). Serotonin is indicated
as an important modulator of neural circuitry that controls a wide range of behavioral
and physiological processes including mood (e.g., Pezawas et al., 2005). The 5-HTTLPR
polymorphism is intensely studied in association with internalizing problems (e.g., Uher
& McGuffin, 2007), but has also been related to other forms of child and adolescent
psychopathology (see Van IJzendoorn et al., 2012).
We found 12 studies including the 5-HTTLPR polymorphism, family adversity, and
externalizing behaviors (Table 2.1). Four studies found the effect of family adversity to be
larger among carriers of the S-allele. In contrast, four studies found this to be larger among
carriers of the L-allele. These findings might indicate that both the 5-HTTLPR S-allele and
the L-allele might contribute to externalizing behavior after exposure to family adversity,
through different pathways. The S-allele might be related to increased neural activity (e.g.,
Murphy et al., 2013), affective and physiological reactivity (e.g., Gyurak et al., 2013 but
for contrasting findings see Weeland, Slagt, et al., 2015), and lower levels of positive affect
(Hankin et al., 2011), after exposure to negative emotions. This heightened emotional
reactivity might form a risk for irritability and reactive aggression when exposed to negative
emotions (e.g., Cicchetti, Rogosch, & Thibodeau, 2012). Whereas the L-allele might be
related to emotional hypo-reactivity and punishment insensitivity (for a review see Glenn,
2011), and might therefore be a risk for proactive and predatory behavior when socialization
is mainly based on punishment (e.g., Sadeh et al., 2010).
Four studies reported a null finding. However, this number might be misleading
since it has been show that, specifically the literature on the 5-HTTLPR in externalizing
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behavior might suffer from a publication bias in favor of statistically significant findings
(Ficks & Waldman, 2014). Also, ethnic differences have been found. Specifically, Davies
and Cicchetti (2013) found that African American 2-year olds −but not 2-year olds from
other ethnic subgroups− homozygous for the L-allele were more susceptible to maternal
unresponsiveness in developing externalizing behaviors. The L-allele has been shown to be
more common among African Americans, compared to other ethnic groups (Enoch, Shen,
Xu, Hodgkinson, & Goldman, 2006). Such differences in allele frequency might be important
for several reasons. First, it might bring about differences in group-sizes regarding the
relevant genotypes (e.g., a relative larger group of L-carriers in African American samples
than equally large samples of other ethnicity), and therefore power, between studies with
different sample compositions. Second, due to possible gene-environment or gene-behavior
correlations, it might cause differences between study-samples in the prevalence of the
specific environmental risk factor and/or outcome behavior.
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MAOA

Haberstick et al.
(2006)

-

+ (white
subsample)/
- (other
subsample)

-1

+

+

774

631

721

514

114

398

399

N

Followed
from 16 to
22 years

Adults

8-17 years;
M = 11.24

8- 17 years;
M = 12.23

5- 15 years;
M = 9.7

Followed
from 15 to
30 years

Followed
from 15 to
30 years

Age

Low-activity
(2.5 and 3
repeats)

Low-activity
(2.5 and 3
repeats)

N.A

Low-activity
(2, 3, and 5
repeats)

M

N.A.

M/F Low-activity
(males with one
or females with
two 3-repeat)

F

M

M/F Low-activity
(2, 3, and 5
repeats)

M

M

Sex Risk allele

Initial interaction-effect with the high activity allele (3.5 and 4 repeat) was no longer significant after adjusting for sample sizes at each level of childhood adversity

Conduct problems (measure
of DSM-IV criteria,
self-report, and violent
convictions)

Violent and antisocial
behavior (number of arrests,
self-report, and psychiatric
interview)

Conduct disorder (multiinformant Child and
Adolescent Psychiatric
Assessment)

Conduct disorder (multiinformant Child and
Adolescent Psychiatric
Assessment)

Aggressive behavior (TRF)

+

+

G×E
(+/-)
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1

Neglect and abuse (official records)

MAOA

Widom &
Brzustowicz
(2006)

Maltreatment (child-report)

Childhood adversity (parental
neglect; parent-report and
exposure to interparental violence
or inconsistent parental discipline;
child-report)

Prom-Wormley et al. MAOA
(2009)

Adverse childhood environment
(parental neglect; parent-report and
exposure to interparental violence
and inconsistent parental discipline;
child-report)

Trauma (Multi-informant Total
Trauma Exposure Score)

MAOA

Weder et al.
(2009)

Property offending (selfreport); violent offending
(self-report); convictions for
property/violent offending
(official records); conduct
problems (self-report);
hostility (SCL-90; self-report)

Childhood abuse or either
regular or harsh/severe levels of
physical punishment (child-report);
Interparental violence (Conflict
Tactics Scale; child-report)

Outcome

Fergusson, Boden, MAOA
Horwood, Miller, &
Kennedy
(2011)

E

Adverse childhood circumstances
Antisocial behavior (self(e.g., childhood maltreatment, family report) and criminal
material deprivation; child-report)
offending (official records)

G

Fergusson, Boden, MAOA
Horwood, Miller, &
Kennedy
(2012)

Authors
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Maltreatment (child-report)

2
3
4

Behavior problems (CBCL,
TRF, and child-report)

Antisocial behavior and
conduct disorder (Lifetime
prevalence and symptom
count; DSM-IV)

Life-course problem behavior
and violence and composite
index of antisocial and
violent behavior: (1) Conduct
disorder; DSM-IV, (2)
arrests; official records and
self-report, (3) disposition
to violence; self-report (4)
sAntisocial personality
disorder; self-report and
parent/spouse report

Antisocial behavior (using
indicator variables; selfreport)

Composite index of
antisocial behavior: (1)
Conduct disorder; DSM-IV,
(2) convictions for violent
crimes; official records, (3)
disposition toward violence;
self-report; (4) sAntisocal
personality disorder; friend/
family report

Outcome

Multiple Birth Cohort
Significant G×E only with sexual abuse and MAOA in predicting antisocial behavior and conduct disorder symptoms
Significant G×E only with physical abuse

MAOA

Maltreatment (child-report)

MAOA

Huizinga et al.
(2006)

Childhood adversity (child-report)

Kim-Cohen et al.
(2006)

MAOA

Prichard,
Mackinnon, Jorm,
& Easteal
(2008)

Maltreatment (behavioral
observations of e.g., harshness,
parental reports, and retrospective
reports)

Harsh discipline and sexual abuse
(child-report)

MAOA

Caspi et al.
(2002)

E

Derringer, Krueger, MAOA
Irons, & Iacono
(2010)

G

Authors
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+4

+3

-

-

+

G×E
(+/-)

975

841

277

1002

442

N

M

M

M

N.A.

N.A.

Low-activity
(2 or 3 repeats)

Sex Risk allele

7 years

M

Low-activity
(2, 3, and 5
repeats)

M/F Low-activity
Followed
(2, 3 or 5 repeats)
from 11
(cohort 1) or
17 (cohort 2)

Followed
from 11 to
282 years

Adults

Followed
from 3 to 26
years

Age
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G

MAOA

MAOA

MAOA

MAOA

MAOA

MAOA

MAOA

MAOA

Authors

Åslund et al.
(2011)

Van der Vegt et al.
(2009)

Ducci et al.
(2007)

Young et al.
(2006)

Frazzetto et al.
(2007)

Sjöberg et al.
(2007)

Beach et al.
(2010)

Nilsson et al.
(2005)

Externalizing behavior
(CBCL)

Delinquency (self-report)

Outcome

Conduct disorder (DISC;
self-report)

Antisocial personality
disorder (lifetime symptom
levels of antisocial personality
disorder: DSM–III–R;
SSAGA–II)

Psychosocial factors: type of housing Criminal activity (self-report)
and experiences of childhood sexual
abuse (child-report)

Maltreatment (child-report)

Psychosocial factors: type of housing Criminal activity (self-report)
and experiences of childhood sexual
abuse (child-report)

Early traumatic life events (related to Physical agression (selffamily environment; child-report)
report)

Maltreatment (Colorado Adolescent
Rearing Inventory; child-report)

Childhood sexual abuse (psychiatric Antisocial Personality
interview and medical records child) disorder (DSM-IV) or
sAntisocial personality
disorder (Schedule for
Affective Disorders and
Schizophrenia-Lifetime
version)

Early maltreatment (before adoption
reported by adoptive parents)

Maltreatment (summation index;
child-report)

E

+

+

+

+ (Males)/ (Females)

-

+

-

+

G×E
(+/-)

81

538

119

90

247

291

239

1825

N

16 or 19
years

Adults

16 or 19
years

Adults

12–18 years

Adults

10-15 years

17 or 18
years

Age

N.A.

Low-activity
(homozygous)

N.A.

High-activity
(4 repeat)

M

Low-activity
(3 repeat)

M/F Low-activity
(3 repeat)

F

M/F Low-activity
(2, 3 and 5 repeat)

M

F

M

M/F Low-activity
(boys: 2 or 3
repeats)/
High-activity
(girls: 3.5, 4, or
5 repeats and
heterozygous:
low/high)

Sex Risk allele
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MAOA

MAOA

MAOA

MAOA

MAOA

MAOA

Edwards et al.
(2010)

Hart &
Marmorstein,
(2009)

McGrath et al.
(2012)

Reti et al.
(2011)

Kinnally et al.
(2009)

Choe, Shaw,
Hyde, & Forbes
(2014)

6
7
8

Externalizing behavior
(CBCL, YSR/YASR, and TRF)

Psychiatric diagnosis:
Kiddie-Schedule for Affective
Disorders and Schizophrenia
(mother and child-report)

Outcome

Maternal punitiveness (Early
Parenting Coding System;
observation). Parental punitive
discipline (Child Misbehavior
Questionnaire; parent-report).

Parental care (parental bonding
instrument) and early life stressors
(clinical assessment Interview, childreport)

Childhood physical abuse (childreport)

Childhood physical maltreatment
(Childhood Trauma Questionnaire;
child-report)

Violent attitudes (Attitudes
Towards Violence Scale; selfreport), Antisocial behavior
(Delinquency Questionnaire;
peer- and self-reports)

Impulsivity and aggression
(Brown-Goodwin Aggression
Inventory; self-report, Barratt
Impulsivity Scale; self-report,
and BDHI; self-report)

Antisocial personality
(International Personality
Disorder Examination)

Problem Behavior Factors:
(1) Conduct Problems
(self-report); (2) Impulsive
Sensation-Seeking (selfreport); (3) Interpersonal
Aggression (self-report)

Neighborhood poverty (i.e., the
Aggression (self-report)
percentage of individuals in the
census tract living in households with
incomes below the federal poverty
level)

Physical discipline (Conflict Tactics
Scale; mother-report)

Parenting (Child Assessment of
Parental Involvement and Behavior)

E

+

+8

+

+7

-

+6

+5

G×E
(+/-)

189

159

742

192

579

186

144

N

Followed
from 1.5 to
20 years

Adults

Adults

Adults

11–21 years

Followed
from 6 to
22 years

Followed
from 10 to
19 years

Age

High-activity
(3.5 and 4
repeats)

N.A.

Low-activity
(2, 3, or 5
repeats)

High-activity
(3.5 and 4
repeats)

M

F

Low-activity
(3 repeat)

High-activity
(3.5 or 4 repeat)

M/F Low-activity
(2, 5, or 3
repeat)

F

M

M

M

Sex Risk allele

The G×E interaction was detected for CD using stratified analyses, conducted in the genotypic classes separately, in the absence of the main genotype effect. The strength and direction of
relationships depended on the parental sex
Significant G×E only on delinquency scale
Significant G×E only with MAOA and physical maltreatment on Conduct Problems
E × E × G: Better perceived parental care offset the effects of life stressors in carriers of the low-activity allele, but not in carriers of the high-activity allele

MAOA

Vanyukov et al.
(2007)

5

G

Authors
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11

Externalizing symptoms
(K-SADS, parent and
adolescent interview);
Psychopathic behaviors
(The Psychopathy Screening
Device, parent report)

+

+11

+

296

548

2230

548

169

Followed to
15 years

6-18 years;
M = 11.67

Followed
from 10 to
16 years
(T1 10-12;
M = 11.09)

Followed
14 months
to 5 years

Followed
from 3 to
30 months

Followed
from 11 to
16 years

10 months
(maternal
sensitivity);
29 months
(CBCL)

47

580

Age

N

M/F 7-repeat

M/F Long
(homozygous)

M/F 4-repeat

M/F 7-repeat

M/F Short
(2 to 6 repeats)

M/F 7-repeat

M/F 7-repeat

Sex Risk allele

Replicated in twin siblings
Significant interaction with sensitivity at age 14 months only: differential susceptibility for externalizing behavior at 18 months, but contrastive effects for 7-repeat carriers and non-carriers at
36 months
Significant G×E only on ADHD diagnosis

Early maternal care (observed and
coded using Category System for
Microanalysis of Early Mother-Child
Interaction)

DRD4

Nikitopoulos et al.
(2014)

ADHD or ODD; sADHD
(parent and teacher report on
the ADHD Rating Scale);
ODD symptoms (teacher-report)

Externalizing problems (CBCL
and YSR)

+10

+ (AfricanAmerican
subsample/
- (other
subsamples)

+

+
9

G×E
(+/-)
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9
10

Externalizing problems
(CBCL)

Aggressive behavior
problems (CBCL)

Externalizing behavior
(CBCL)

Outcome

Externalizing behavior
Maternal sensitivity (Ainsworth’s
rating scales at 14 months/ Erickson (CBCL)
scales at 36 and 48 months;
observation)

Parenting (APQ; parent-report) and
Child Perception of Inter-parental
Conflict (child-report)

DRD4

Windhorst et al.,
(2015)

Parenting quality (observation
of sensitivity/ responsiveness,
detachment/disengagement)

DRD4

DRD4

Propper,
Willoughby,
Halpern, Carbone,
& Cox
(2007)

Maternal hostility (child-report)

Martel et al.
(2011)

DRD4

Schlomer et al.
(2015)

Maternal insensitivity (Ainsworth’s
rating scale)

Parental rearing practices (EMBU-C;
parent-report)

DRD4

BakermansKranenburg & Van
IJzendoorn
(2006)

E

DRD4
Marsman,
Oldehinkel, Ormel,
& Buitelaar
(2013)

G

Authors
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COMT

COMT

COMT

5-HTTLPR Study 1: Disadvantaged
environments (composite SES index:
annual family income and parental
occupation scores)

Thompson et al.
(2012)

Nobile et al.
(2010)

Wagner et al.
(2010)

Sadeh et al.
(2010)

5-HTTLPR Maternal Unresponsiveness
(Adult–Adolescent Parenting
Inventory; maternal report and Iowa
Family Interaction Rating Scales;
observation)

5-HTTLPR Maltreatment (child-report)

Davies & Cicchetti
(2013)

Li & Lee
(2010)

Antisocial behavior (selfreport)

Externalizing behavior
(California Child Q-Set and
Caregiver–Teacher Report
Form; experimenter-report)

Externalizing behavior
(CBCL)

Callous unemotional traits
(Inventory of CallousUnemotional Traits; selfreport)

Psychopathic tendencies
(APSD; self-report)

Aggression (BDHI; selfreport)

ADHD, ODD and CD
problems (CBCL)

Null findings (not shown in paper) were found for African American males, Caucasian males and females
Significant G×E only on ADHD problems
Significant G×E only on Callous Unemotional and Narcissistic scales

5-HTTLPR Maternal stress and depression (The
Edinburgh Postnatal Depression
Scale; Life Stress Score)

Study 2: Composite SES index:
annual family income (continuous),
mother’s educational attainment,
and father’s educational attainment.

Physical maltreatment, rape and
childhood sexual abuse (self-report)

SES (i.e., parental employment
according to the Hollingshead scale
for parental occupation)

Agnafors et al.
(2013)

12
13
14

Delinquency: police contacts
and self-report on serious
and violent delinquency

Outcome

Maternal stress (The Perceived Stress Externalizing behavior (SDQ;
Scale; mother-report)
parent-report)

Criminal father (respondent’s
biological father had ever been
incarcerated yes/no)

DRD2

DeLisi, Beaver,
Vaughn, & Wright,
(2009)

E

G

Authors
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+

+ (AfricanAmerican
subsample)/
- (other
subsamples)

-

+

+14

+

+13

+

+12

G×E
(+/-)

2488

201

889

178

118

112

172

546

232

N

Followed
from 12 to
27 years
(T1 12-20;
M = 15.6)

2 years

Followed to
12 years

8-15 years;
M = 10.8

9-17 years;
M = 14.3

Adults

11-14 years

Followed
from 1- 11
years

12-17 years
(T1); 13.5 –
18.5 (T2)

Age
A1

Val (homozygous)

M/F S

M/F L (homozygous)

M/F N.A.

M/F L (homozygous)

M/F L (homozygous)

F

M/F Val (homozygous)

M/F Met
(homozygous)

F

Sex Risk allele
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Maltreatment (MCS; all available
MAOA
information coded by research
(boys
only),
assistants)
5-HTTLPR

DRD4,
Social environment (Harsh
5-HTTLPR parenting; self-report)

Cicchetti, Rogosch,
& Thibodeau
(2012)

Simons et al.
(2011)
Aggression (DISC; selfreport at wave 1 and Elliott’s
Instrument self-report at
wave 5).

Antisocial behavior (TRF, peer
rating, and The Pittsburg
Youth Survey; self-report)

Habitual aggressive and
violent behavior (expert
consensus)

Outcome

Psychopathic traits (The
Psychopathy Checklist:
Screening Version; selfreport)

Rule-breaking and aggressive
Behavior (CBCL)

Externalizing behavior (YSR)

5-HTTLPR × maltreatment on all outcomes; MAOA × maltreatment on self-report conduct symptoms in boys only
Only cumulative genetic effects were found
Opposite effects for boys and girls (protective model boys, dual risk model girls)

MAOA,
Childhood abuse (The Childhood
5-HTTLPR Trauma Questionnaire)

Sadeh, Javdani, &
Verona
(2013)

15
16
17

DRD4,
Social Economic Status
5-HTTLPR (Hollingshead scale for parental
occupation)

Nobile et al.
(2007)

Parental separation/divorce before
the age of 16

COMT,
DRD4,
DRD2

Nederhof,
Belsky, Ormel, &
Oldehinkel
(2012)

Parental expressed criticism (coded
Conduct problems (SDQ;
Sonuga-Barke et al. DAT1,
DRD4,
by researchers using codings
parent and teacher-report)
(2009)
5-HTTLPR derived from the Camberwell Family
Interview)

MAOA,
Adverse childhood environment:
DAT1,
social status, family structure,
5-HTTLPR emotional family climate, social
integration, and school education
(rated by independent investigator)

Reif et al.
(2007)

E

G

Authors

-

+

+
(COMT,
DRD4) /
- (DRD2)

+ (DAT1,
5-HTTLPR)/
-(DRD4)

-16

+15

+
(5-HTTLPR)/
-(MAOA,
DAT1)

G×E
(+/-)

237

589

1134

673

505

627

184

N
M

S

Sex Risk allele

9-repeat (DAT1)/
S (5-HTTLPR)

M/F Met (COMT)/
7-repeat17 (DRD4)

M

M/F N.A.

Adults

M

N.A.

10-14 years; M/F L (homozygous)
M = 12.0
(5-HTTLPR)/
(boys)/
L (DRD4; 6-8
M = 12.13
repeats)
(girls)

16 years

5 – 17 years

Followed
from 12 to
21 years

10-12 years; M/F Low-activity
M = 11.27
(MAOA; 2, 3
and 5 repeats)/
S homozygotes
(5-HTTLPR)

Adults

Age
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DAT1,
DRD2

Boardman et al.
(2014)

Family closeness (reversed coded,
self-report)

Serious and violent
delinquency (self-report)

Antisocial behavior (SDQ,
parent- and self-report)

Childhood externalizing
psychopathology (Diagnostic
Interview Schedule for
Children–Parent Scale—
Young Child (DISC-YC);
Child Symptom Inventory
(CSI); Eyberg Child Behavior
Inventory (ECBI); parent
report)

Violent delinquency (selfreport)

Outcome

+

-

+
(5-HTTLPR)
19
/ - (DRD4,
MAOA)

+

G×E
(+/-)
Age

Sex Risk allele

724

366

175

12-17 years
at timepoint
1 (followed
27 years)

8-28 years;
M = 17.11

M/F 10R (DAT1)/ A1
(DRD2)

M/F N.A.

4-5 years; M M/F L (homozygous)
= 4.40

1026 12–21 years; M/F 7-repeat (DRD4)/
M = 16.1
A1 (DRD2)

N

Note. Some studies included multiple environmental and/or outcome measures. Only details and findings on postnatal family adversity and externalizing behavior were used in this table.
All reviewed studies can be found in the reference list marked with an asterisk.

Social and economic adversity
5-HTTLPR × family stress only

5-HTTLPR, Maternal expressed criticism (rated
DRD4,
by interviewer)
DAT1

Richards et al.
(2015)

18
19

5-HTTLPR, Risk factors: Social Economic Status
DRD4,
(Hollingshead Four-Factor Index
of Social Status), Parental stress
MAOA
(Perceived Stress Scale; Parenting
Stress Index Short Form, parent
report), Family conflict, Caretaker
depression, Parental support and
hostility, Support/scaffolding
(observation)

Lavigne et al.
(2013)

Neighborhood disadvantage 18
((a) the proportion of households
that were single-parent headed (b)
the proportion of households with
an income <US$15,000 (c) the
proportion of households receiving
public assistance (d) the proportion
Black and (e) the unemployment
rate)

DRD4,
DRD2

Beaver, Gibson,
DeLisi, Vaughn,
& Wright
(2012)

E

G

Authors
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Discussion
The initial stage of the cG×E research field has yielded an interesting set of results,
externalizing behaviors. Our review of this literature shows a large set of studies that feature
mixed results (see Table 2.1). To illustrate, for the 5-HTTLPR VNTR polymorphism, null
findings (4 out of 12) as well as interactions with both the S-allele (4 out of 12) and L-allele
(4 out of 12) as “risk allele” have been reported. Furthermore, heterogeneity of results might
be underestimated due to a publication bias in this field favoring statistically significant
findings over non-significant findings (see Duncan & Keller, 2011; Ficks & Waldman, 2014).
Based on this one might conclude that cG×E has failed to deliver conclusive evidence for
specific cG×E. However, our review also makes clear that -even though we specified our
search terms by means of a specific environmental factor and outcome- most studies have
large methodological differences, which makes it difficult to make cross-study comparisons
on findings. Findings on cG×E concerning the MAOA polymorphism seem to be an
exception, showing a relatively consistent pattern. This might be partly explained by the
fact that studies on this polymorphism have been using –more so than studies on other
polymorphisms– more similar measures for family adversity (i.e., abuse and maltreatment)
and outcome behavior (i.e., antisocial behaviors and conduct disorder).
The methodological differences between studies largely fall under three categories,
namely sample size and composition, conceptualization, and power. These differences
have been addressed extensively before (see for a critical review Dick et al., 2015; Jaffee
et al., 2013) and therefore we will only discuss them briefly. First, our table shows that
both sample size (i.e., the N ranged from 47 to 2488) and composition –in terms of sex,
ethnicity/geography, and age− vary strongly between studies. This is important, given that
differential genetic effects should be expected by sex (e.g., Nordquist & Oreland, 2010) and
ethnicity or geography, the latter based on population stratification (e.g., Enoch et al., 2006;
Manica, Prugnolle, & Balloux, 2005). Some of the inconsistencies between findings might be
explained by ethnic differences in allele frequency (e.g., Enoch et al., 2006), or sex and/or
ethnic differences in the prevalence of specific externalizing behaviors and environmental
risk factors (e.g., Miner & Clarke-Stewart, 2008), or differences in the mechanisms
underlying externalizing behavior (see Deater-Deckard & Dodge, 1997). Therefore, specific
cG×E found in one population might not necessarily be replicated in another. Age also
plays an important role, given that across age groups different tools are being used to
assess the environment and behavioral outcomes. Moreover, different predictors play a key
role across different developmental stages (Moffitt, Caspi, & Rutter, 2006). Thus, again a
specific cG×E found within one developmental period might not necessarily be replicated
in another. This is especially relevant in light of the fact that previous longitudinal cG×E
studies have targeted samples within a broad range of different developmental periods.
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More specifically, it might be that there are sensitive periods for specific cG×E (Belsky &
Pluess, 2013; Reiss et al., 2013). An example of such “timing effects” for cG×E involving
the MAOA can be found in Choe, Shaw, Hyde, and Forbes (2014) and involving the DRD4
in Windhorst and colleagues (2015). Moreover, it has also been found that the effects of a
polymorphism on brain function might be age dependent (e.g., Meyer et al., 2016). Future
research should therefore not only focus on if and how specific cG×E occurs, but also on the
timing of specific cG×E (i.e., when it occurs).
Second, our review shows that studies on cG×E are characterized by a large diversity
in the conceptualization of, and type of measures used to assess, both family adversity and
externalizing behaviors (e.g., present vs. retrospective; self-reported vs. observed behavior).
Moreover, disparate concepts are sometimes described using the same terminology. To
illustrate, antisocial behavior has been assessed with the number of arrests, as well as the
amount of DSM related symptoms. This issue is not specific to literature on cG×E. However,
although it is important that original findings are extended by broadening the scope of
predictors, outcomes, and populations, these large differences between studies makes it
difficult to make cross-study comparisons. This is important since new hypotheses on G×E
are often based on previous findings regardless of these differences. This approach might
not be specific enough, leading to hypotheses based on inadequate literature or theory.
Also, this diversity raises a fundamental question within the field of G×E: Do we expect a
polymorphism to be related to individual differences in susceptibility to the environment
in general, or to individual differences in susceptibility to specific environmental factors
through specific risk mechanisms? And also, do G×E underlie psychopathology in general or
do they underlie specific psychopathological outcomes? The inconsistent findings between
different studies seem to suggest specific rather than general interactions. Moreover, which
allele of a specific polymorphism should be considered the “risk” allele for externalizing
behavior might be dependent on the specific study population, adversity measure, and
outcome measures used. We gave specific examples of how both alleles of the COMT and
5-HTTLPR polymorphisms, through different mechanisms, might form a risk factor for
different externalizing behaviors. Moreover, some alleles might even form a “risk” factor
for specific externalizing behavior when exposed to certain environmental adversity, while
at the same time being “advantageous” when exposed to other environmental factors (e.g.,
the emotional/cognitive trade-off in case of the COMT). Third, the described differences
in sample size and conceptualization bring about differences in statistical power (see
Caspi, Hariri, Holmes, Uher, & Moffitt, 2010; Duncan & Keller, 2011), affecting the a priori
likelihood that studies will come up with significant and replicable cG×E findings (see also
Simmons, Nelson, & Simonsohn, 2011).
Given these large methodological differences between the studies, different findings are
simply to be expected and do not necessarily illustrate that findings are contradictory. One
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way to help build a more consistent literature base, to establish better comparable findings,
and to consequently draw more solid conclusions about the role of cG×E in externalizing
behaviors might be through specifying a priori hypotheses: How do specific family adversity
specific samples, and in turn by stating our research strategies accordingly. This approach
will also reduce the chance of spurious findings due to chance capitalization (Type I errors)
and will allow scholars to conduct a priori power analyses, reducing chances of false negatives
(Type II errors). To be able to state adequate hypotheses however, we need to move away
from the exploratory phase and form a more biologically informed understanding of these
interactions. Insight into mechanisms underlying G×E might help us form theory-based
hypotheses. For example, by using assumptions on the biological functions of specific
genetic markers in choosing which marker is likely to interact with a specific environment in
predicting a specific outcome. Thus, complementary to an inductive strategy –in looking for
underlying mechanisms after a cG×E interaction has been robustly identified, as proposed
by Dodge (2009)- we propose a deductive strategy.

PART 2: Towards a Theoretical Framework: Three Possible
Underlying Mechanisms
We are not the first to stress the importance of theories about mechanisms underlying cG×E
(e.g., Reiss & Leve, 2007; Rutter et al., 2006; Salvatore & Dick, 2015), but to date only few
scholars have elaborated on specific hypotheses on such mechanisms (see Calkins, Propper,
& Mills-Koonce, 2013; Davies & Cicchetti, 2013; Dodge, 2009). Here, we put forward three
possible, non-exclusive, explanatory mechanisms underlying G×E in the development of
externalizing behaviors. These mechanisms concern serotonin-related emotional reactivity,
dopamine-related reward sensitivity, and serotonin-related punishment sensitivity, and are
based on associations previously established in the literature. Each mechanism takes the
form of a mediated moderation model (i.e., the interaction between two variables affecting
the mediator, which then affects a dependent variable (Morgan-Lopez & Mackinnon, 2006;
Muller, Judd, & Yzerbyt, 2005) in which moderation by genotype is (partly) explained by
a mediating process. The mediator is a partly heritable biopsychosocial function, which is
shaped by countless previous interactions with the environment during early development
(i.e., an entrained biopsychosocial trait, Dishion & Patterson, 2006). Individual differences
in these functions can both directly contribute to the development of externalizing behavior
(e.g., as symptoms part of a diagnosis, such as impulsivity, irritability), as well as indirectly
through the way children react to environmental adversity (e.g., heightened emotional
reactivity to anger, lowered sensitivity to reward). In the case of G×E we assume that genetic
make-up strengthens or weakens the effect of family adversity on externalizing problem
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behaviors, which is explained by individual differences in biopsychosocial functioning shaped
by a combination of genetic predisposition and environmental adversity (see Figure 2.1).
Conform suggestions by Caspi and Moffitt (2006), for each mechanism we separately
discuss evidence for the link between 1) externalizing behaviors (outcome) and the proposed
mechanism, 2) genetics (G) and the proposed mechanism, and 3) family adversity (E) and
the proposed mechanism.

Figure 2.1 / Conceptual Model of Gene-Environment Interaction and Underlying Mechanism
Note. Upper line: The effect of the environment on behavioral outcomes is strengthened or weakened
by genotype. Bottom line: This moderation is in turn explained –or mediated– by a biopsychosocial trait
(e.g., emotional reactivity): A trait which has been shaped by a combination of genetic predisposition and
environmental adversity.

Emotional Reactivity
Externalizing behavior and emotional reactivity
Individual differences in the form and intensity of reactions to emotional stimuli are at
the core of temperament and personality research (Derryberry & Rothbart, 1988) and
are known risk factors in the development of externalizing behaviors (Scott & O’Connor,
2012). Heightened emotional reactivity can function as an emotional liability that makes
people more sensitive to negative emotional family environments (Sheese, Voelker, Posner,
& Rothbart, 2009). Specifically, it may make people more likely to respond in affectively
intense ways under stress. Indeed, in young children heightened emotional reactivity
predicts temper tantrums (Giesbrecht, Miller, & Müller, 2010). Research also shows that
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children’s irritable temperament is significantly associated with their angry reactivity to
parental conflict and eventually to externalizing symptoms (Davies, Cicchetti, & Martin,
2012). Finally, differences in reactivity to emotional stimuli have been associated with
Goudena, & Matthys, 2006).

Polymorphisms and emotional reactivity
Emotional reactivity is often referred to as an individual’s characteristic threshold, intensity,
and duration of affective arousal (Rothbart & Derryberry, 1981). In the neurobiological
processing of emotional stimuli the amygdala plays an important role (for a meta-analysis
see Costafreda, Brammer, David, & Fu, 2008). Differences in amygdala activity in reaction
to emotional stimuli are associated with differences in imitation of emotional expressions,
memory of emotional events, and social behavior (Decety, 2010; Hare et al., 2008; Hariri &
Holmes, 2006; Pfeifer, Iacoboni, Mazziotta, & Dapretto, 2008). The connectivity between
the amygdala and the feedback circuit critical for emotion regulation is in turn shaped by
variation in serotonin signaling (e.g., Pezawas et al., 2005).
Polymorphisms related to lower serotonin transport and uptake (specifically, the
5-HTTLPR S-allele) –and therefore higher serotonin availability– have been associated
with heightened amygdala activity in response to emotional stimuli (see for meta-analyses
Munafò, Brown, & Hariri, 2008; Murphy et al., 2013). Although the exact mechanisms by
which these polymorphisms are linked to amygdala response are unknown (Kobiella et al.,
2011), one possibility is that these polymorphisms are related to diminished regulation
and therefore higher and less stable availability of serotonin, causing higher increases
in neuronal activity −and therefore higher arousal− during activation (for a review see
Yildirim & Derksen, 2013). These polymorphisms might thus, through biological translation
and transcription pathways, ultimately contribute to a heightened neuronal reactivity to
emotional stimuli. People carrying such polymorphisms might experience more intense
and prolonged arousal when processing emotional stimuli than people without these
polymorphisms. In the long run, this may lead to an up-regulated sensitivity for the effects of
negative emotional stimuli and eventually lead to anger and irritability and the development
of impulsive or reactive externalizing behavior (Miczek, Fish, Joseph, & De Almeida, 2002).
Considering that this heightened emotional reactivity might manifest in irritable behavior
in reaction to the environment, there is an important overlap with research on internalizing
child behaviors. Irritability might therefore be, through emotional reactivity, an important
underlying endophenotype to both oppositional behavior and child depression (Copeland,
Shanahan, Costello, & Angold, 2009; Stringaris, Zavos, Leibenluft, Maughan, & Eley, 2012).
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Family adversity and emotional reactivity
Environmental adversities such as harsh family emotional climates may also contribute
to individual differences in emotional reactivity. The family is usually the first and most
important context in which children learn how to recognize, interpret and manage other
people’s emotions (Dunn, Brown, & Beardsall, 1991; Dunn & Brown, 1994). Negative
parental emotional expressivity was found to be negatively related to children’s socioemotional competence and positively correlated with children’s externalizing problems
(Isley et al., 1999). Children’s observations of marital conflict, for example, can lead to an
increased sensitivity to anger cues (El-Sheikh, Cummings, & Reiter, 1996). A recent metaanalysis found gray matter abnormalities in individuals exposed to childhood maltreatment,
specifically in regions that are related to affect (Lim, Radua, & Rubia, 2014). Moreover, a
whole-brain analysis showed that early family adversities differentially modify neural (i.e.,
amygdala and cortical) reactivity to emotional stimuli depending on 5-HTTLPR-genotype
(Walsh et al., 2012). It might therefore be that repeated exposure to negative family emotional
climates increases neurological arousal to such emotional stimuli, in some children more
than in others. Furthermore, such climates might cause changes in neuropsychological (e.g.,
emotion and behavior regulation), and attention processes (Davies, Sturge-Apple, Winter,
Cummings, & Farrell, 2006). It has been shown that negative environmental cues might
differentially alter activity in brain regions related to emotional processing: Amygdala and
hippocampus activation at rest was correlated positively with life stress in carriers of the
S-allele, but negatively in LL-genotypes (Canli & Lesch, 2007).
In sum, the literature reviewed shows that: 1) high emotional reactivity is a risk factor
for irritable, oppositional, and reactively aggressive behavior; 2) serotonin might be an
important regulator of neuronal reactivity to emotional stimuli, with a low regulating
serotonergic system (or high and unstable levels of serotonin) relating to high emotional
reactivity, and 3) a negative emotional family climate might contribute to a heightened
emotional reactivity. Thus, exposure to negative family emotional climates might increase
neurological arousal by emotional stimuli, specifically in children with higher and less
stable serotonin availability (e.g., 5-HTTLPR S-allele; MAOA low-activity allele). In turn,
children experiencing such dual risk might develop a heightened emotional reactivity. As
a consequence, they might show more symptoms of angry/irritable mood (see symptom
clusters of oppositional defiant disorder in DSM-5, American Psychiatric Association,
2013) and reactive aggression, compared to children growing up without this genetic risk,
specifically when they are exposed to negative emotions and/or a negative family emotional
climate (i.e., in line with frustration-aggression model; Berkowitz, 1989). We know little
about whether such a heightened emotional reactivity is specific to negative emotions, or
might be a general heightened reactivity to both positive and negative emotions. In case
of the latter, these children might benefit specifically from interventions targeting the
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family emotional climate (e.g., teaching parent’s emotion-regulation strategies or targeting
marital conflict). Also, because these children experience increased emotional arousal, they
might specifically benefit from interventions targeting emotion regulation. Or, in case of
anger management techniques.
All hypothesis discussed in this paper are best tested using a triangulation of research
strategies (Dick, 2011). Longitudinal designs can be used to disentangle the prospective
relationships between specific family adversity (e.g., parental stress, warmth/harshness),
the mechanisms (e.g., sensitivity to anger cues), and externalizing behavior (e.g., irritability
and aggression), using specific measures for the environmental and behavioral variables.
Dopaminergic or serotonergic regulation can serve as a moderator variable to test whether
these relations are indeed stronger for some individuals than others (see Davies & Cichetti,
2013). In the case of the mechanism of emotional reactivity, the reviewed literature
suggests that genetic markers that are specifically related to less efficient regulation of
serotonin (i.e., high and unstable levels of serotonin) might be important measures of such
differences in emotional stimuli. It might therefore be necessary to use multiple genetic
markers, haplotypes or genetic pathways (e.g., using not only genetic variation in the
serotonin transporter gene, but also including genes coding for the synthesis and reuptake
of serotonin such as the TPH1, HTR1A, and HTR2C) as constructs of genetic moderation.
Findings should be replicated in independent samples (see also Asherson & Price, 2012).
Simultaneously, more focused designs could be used to further investigate the
mechanisms on a micro level (see also Howe, Beach, & Brody, 2010). In case of the mechanism
of emotional reactivity, experimental designs could be used to observe children’s emotional
-and in turn behavioral- reactions to different emotional climates when interacting with
their caregiver(s) (for an overview on experimental studies on cG×E see BakermansKranenburg & Van IJzendoorn, 2015). For example, using facial electromyography (fEMG;
e.g., Deschamps, Coppes, Kenemans, Schutter, & Matthys, 2013) or functional magnetic
resonance imaging (fMRI, e.g., Canli et al., 2001) to measure the strength of children’s
reaction to emotional stimuli.

Reward Sensitivity
Externalizing behavior and reward sensitivity
Reward insensitivity is related to externalizing behaviors through two different nonexclusive pathways. First, it is an important mechanism underlying differences in sensitivity
to behavioral conditioning (Steinberg, 2007). Insensitivity to reward might cause a lack of
motivation to obtain ordinary or delayed rewards, resulting in an impaired social learning
by stimulus-reward (Buckholtz et al., 2010). For example, aggressive boys with conduct
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problems have been found to show cardiac pre-ejection period (PEP) non-reactivity to
monetary incentives, presumably indicating lowered reward sensitivity (Beauchaine, Hong,
& Marsh, 2008). Second, low reward sensitivity may be related to excessive stimulation
seeking (i.e., thrill- and sensation seeking) and egocentrically driven behavior (Quay, 1988)
as reaction to difficulties achieving a pleasant level of stimulation through regular sources
(Matthys, Vanderschuren, & Schutter, 2013). Reward insensitivity might thus cause people
to actively seek more powerful rewarding cues in their environment, ignoring negative cues,
and not foreseeing long-term negative effects. In turn, this may be related to risk-taking and
thrill seeking behaviors and an increased risk for addiction (Robinson & Berridge, 2008;
Volkow et al., 1997).

Polymorphisms and reward sensitivity
Low reward sensitivity might be related to a blunted response to ordinary reward cues in the
brain. The perceived value of reward is regulated by dopamine, in that dopamine activity has
direct rewarding effects (Pessiglione, Seymour, Flandin, Dolan, & Frith, 2006; Schultz, 2010).
Specifically, the number of available dopamine receptors affects the level of stimulation by
dopamine after it is released. Lower amount of receptors could therefore result in a reduced
salience of positive environmental stimuli, making people less able to derive reward from
ordinary, everyday activities (Buckholtz et al., 2010; Sevy et al., 2006). Furthermore,
low uptake of dopamine might reduce effects of rewards on decisions (i.e., reward based
learning), but also decrease valence of delayed rewards in both rodents and humans (for a
review see Comings & Blum, 2000). It might be that people carrying polymorphisms related
to lower density of dopamine receptors in the brain are less aroused when dopamine is
released in reaction to (anticipated) reward stimuli. Polymorphisms regulating dopamine
availability and uptake predict interpersonal differences in neurological reactivity to
reward cues (Dreher, Kohn, Kolachana, Weinberger, & Berman, 2009; Lancaster, Linden,
& Heerey, 2012). Also, when looking at multilocus composite scores (which theoretically
identify dopamine signaling capacity in reward regions) there is support for low reward
activity in people with low dopamine signaling capacities (Stice, Yokum, Burger, Epstein,
& Smolen, 2012). Additionally, it has been shown that children carrying a dopamine
transporter genotype composite score related to lower transcriptional efficacy (and thus
lower dopamine availability in the synapse), show more behavioral problems when mothers
are unresponsive, than children carrying other genotypes, specifically because they show
more behavioral disinhibition (Davies, Cicchetti, & Hentges, 2015). Polymorphisms related
to low dopamine activity might thus, through biological translation and transcription
pathways, ultimately contribute to a lower sensitivity to ordinary or delayed rewards,
causing a need for continuous, direct, and more salient reinforcers to control behavior
(Kobayashi & Schultz, 2008).
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Family adversity and reward sensitivity
Environments in which rewarding stimuli are less available (e.g., lack of positive parenting,
abusive families, social or economic deprivation) might also contribute to differences in
parenting seemed less able to learn from rewards (Pryce, Dettling, Spengler, Schnell, &
Feldon, 2004). In humans we see that growing up in families with a low social economic
status may trigger a preference for immediate rewards eventually predicting risky behaviors
(Griskevicius, Tybur, Delton, & Robertson, 2011). Also, people coping with addiction often
have a history of abuse and maltreatment as children (Masten, 2007). It might therefore be
that the absence or scarcity of rewarding stimuli, in relation to behavior learning, lowers
sensitivity to daily rewards, for some children more than for others. This might cause a
need for more direct and larger rewards and therefore impaired social learning by stimulusreward and active reward seeking behaviors.
In sum, the reviewed literature shows that: 1) lowered reward sensitivity can be a risk
factor for specifically noncompliant, antisocial, risky, thrill seeking behaviors 2) lower
dopamine uptake after it is being released is associated with a reduced salience of positive
stimuli, and 3) a preference for fast and powerful rewards can be triggered by environments
in which rewarding cues are less available. Thus, the absence or scarcity of rewarding
stimuli might lower children’s sensitivity to daily rewards, specifically in children with
low dopamine activity (e.g., COMT Val-allele, MAOA high-activity allele, DRD4 7-repeat
allele, DRD2 A1-allele, and DAT 10-repeat allele). In turn, children experiencing such dual
risk might develop a low sensitivity to typical environmental reinforcers (i.e., experiencing
them as less rewarding). As a consequence, they might show more noncompliant, risky, and
thrill seeking behavior, compared to children growing up without this genetic, specifically
when the current environment does not offer them the necessary rewarding stimuli (e.g.,
specific praise and tangible rewards) or behavioral monitoring (i.e., short behavioral
monitoring intervals). On the bright side, these children might respond specifically well to
immediate vs. postponed and strong vs. weak reward. Therefore, using sufficient reward
and interventions targeting reward oriented parenting strategies, might be a very effective
strategy to decrease problem behavior in these children. Also, if the emotional significance of
the positive message of praise is less well processed, both verbal and nonverbal enthusiasm,
accompanying praise and reward, would be particular relevant (Matthys et al., 2012).
Furthermore, because these children are at risk for impulsive and risky behavior, these
children might specifically benefit from interventions targeting behavioral control.
Experimental designs could be used to observe children’s behavioral reactions to
parenting practices that focus on reward, and if these reactions are indeed stronger in some
children than in others. For example, using a genetically informed experiment in which
parents are assigned to different conditions and either instructed to use praise or small
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tangible rewards to condition a specific behavior or to use their usual approach (i.e., micro
trial, Howe et al., 2010). The reviewed literature suggests that genetic markers which are
specifically related to low dopamine activity (i.e., less efficient transport, low amount of
receptors) might be important genetic markers of these individual differences in reward
sensitivity, specifically in combination with family adversity. In older children, computer
tasks can be used to measure differences in reward sensitivity between genetic subgroups
(similar designs have been successfully used to study cG×E with different predictors see e.g.,
Gallardo-Pujol, Andrés-Pueyo, & Maydeu-Olivares, 2013). Another promising approach
might be embedding non-genetic biological markers, such as electroencephalography (i.e.,
EEG) measures, to genetic research on externalizing behavior. EEG has received increased
attention over the last few years as potential biomarkers for psychopathology and treatment
response (for a review see Loo, Lenartowicz, & Makeig, 2015). Previous studies indeed
indicate that resting-state brain activity (specifically theta activity) is related to reinforcement
learning, risky decision taking, and might therefore be a marker for specifically reward, but
not punishment, sensitivity (e.g., Massar, Kenemans, & Schutter, 2014).

Punishment Sensitivity
Externalizing behavior and punishment sensitivity
Individual differences in punishment sensitivity are mostly seen as differential
responsiveness to fear conditioning (Eron, 1997; Lykken, 1957). Low punishment sensitivity
may result in a lower concern about consequences of behavior. This may become manifest
as disregard for aversive consequences of response choices (Fontaine, 2006), in rewarddriven behavior, and in difficulties changing one’s behavior in response to punishment cues
(Carlson, Pritchard, & Dominelli, 2012; Santesso, Dzyundzyak, & Segalowitz, 2011). Low
punishment sensitivity is associated with aggression in childhood and criminal behavior in
adulthood (Gao, Raine, Venables, Dawson, & Mednick, 2010). Also, children with ODD are
less likely than controls (and less likely than children with ADHD) to change behavior after
it was punished (Humphreys & Lee, 2011; Matthys, Van Goozen, Snoek, & Van Engeland,
2004). Longitudinal research further found that children with low levels of temperamental
fear are less receptive to discipline techniques that are based upon punishment (Kochanska,
1997). Research indicates that specific aspects of punishment insensitivity, namely low
anxiety and sensitivity to aversive stimuli, and high reward dominance, are evident in
clinical samples of adolescents (for an overview see Dadds & Salmon, 2003).

Polymorphisms and punishment sensitivity
Low punishment sensitivity is a largely heritable factor consisting of a diverse but
overlapping set of propensities including low arousal to aversive stimuli, fearlessness
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and poor avoidance learning (Dadds & Salmon, 2003). Several functional neuroimaging
studies have shown that the amygdala and related structures are important in processing
cues related to threat and fear (for a review see Davis & Whalen, 2001). People high on
negative− emotional stimuli (Blair, 2008; Sterzer, Stadler, Krebs, Kleinschmidt, & Poustka,
2005). This failure to be aroused by and learn from stressful stimuli or punishment may
predispose individuals to deficient conscience development and poorly socialized behaviors
(Kochanska, Aksan, & Joy, 2007).
Serotonin might act as a motivational opponent to dopamine (Daw, Kakade, & Dayan,
2002) by modulating the impact of punishment-related (rather than reward-related) signals
on learning and emotion (Cools, Roberts, & Robbins, 2008). Children and adolescents high
on externalizing behaviors seem to show altered serotonergic functioning (for a review see
Matthys et al., 2013). In contrast to high and less stable serotonin availability underlying a
heightened emotional reactivity, low and stable serotonin availability might underlie reduced
punishment sensitivity. Indeed, 5-HTTLPR L- allele carriers exhibit low amygdala activity
in reaction to emotional stimuli (as low as 3% compared to 28% in S-allele carriers; see
Munafò et al., 2008). Also, 5-HTTLPR L-allele carriers showed impairments in avoidance
learning and show overall lower fear responses, compared to S-carriers (Brocke et al., 2006;
Finger et al., 2006). Low and stable serotonin availability possibly lowers the intensity and
duration of emotional cues, lowering stress-sensitivity in reaction to emotional stimuli (for a
review see Yildirim & Derksen, 2013). These polymorphisms might thus, through biological
translation and transcription pathways, ultimately contribute to lower arousal after aversive
stimuli and therefore insensitivity to punishing cues, such as anger and distress in others,
and aversive consequences following externalizing behavior. Given this possible pathway,
it is not surprising that reduced punishment sensitivity has been suggested as a key factor
in psychopathy (Frick & Ellis, 1999). Parallels exist between research on psychopathy and
the described literature on punishment sensitivity, showing similarities in behavioral traits,
polymorphisms, brain functioning, and neuropsychological indicators (for reviews see
Glenn, 2011; Yildirim & Derksen, 2013).

Family adversity and punishment sensitivity
Although punishment sensitivity is mostly seen as a child factor it also depends on
environmental factors (for an overview see (Dadds & Salmon, 2003). As early as the 1950’s,
it was found that animals raised in deprived environments show less intense reactions to
pain stimuli (Nissen, Chow, & Semmes, 1951) and take longer to learn avoidance of painful
stimuli (Melzack & Scott, 1957). In humans, maltreated children show a disregard for risk
of punishment when responding in a reward-oriented task (Guyer et al., 2006). It might
therefore be that in some children, more than in others, consistent harsh punishment

45 /

Chapter 2

externalizing behaviors possibly show a reduced reactivity of the amygdala to −particularly

Chapter 2

or punishment mixed with reward reduces their reactivity to punishment. This makes it
difficult to further socialize these children through strategies that rely on motivation to
avoid punishment instead of to obtain reward.
In sum, the reviewed literature shows that: 1) low punishment sensitivity is a risk for –
specifically proactive– externalizing behaviors, 2) serotonin acts as a motivational opponent
to dopamine in that it regulates the impact of punishment-related signals in which low/stable
levels of serotonin are related to low punishment sensitivity and 3) harsh or unpredictable
family environments can increase insensitivity to punishment and therefore increase
reward-oriented behaviors. Thus, children experiencing maltreatment, harsh punishment
or punishment mixed with reward might develop a blunted reactivity to negative emotional
arousal and punishment, specifically when they have low and stable levels of serotonin
availability (e.g., the 5-HTTLPR L-allele or MAOA high-activity allele). In turn, children
experiencing such dual risk might be less sensitive to punishment oriented strategies, and
will therefore show more antisocial behavior compared to children growing up without
this genetic risk, specifically when the current environment relies on harsh, unpredictable,
and/or punishment for socialization. Eventually, this low reactivity and poor conditionality
through punishment might induce proactive, instrumental, and maybe even predatory
antisocial behavior later in adulthood, forming a risk factor for antisocial personalities and
psychopathic traits. Also, these children might be at risk for escalating cycles of punishment,
as milder forms of punishment may be less effective and parents might get frustrated. At
the same time, interventions focusing on relabeling inappropriate behaviors into positive
opposites, and using praise and token economy to positively reinforce the appropriate
behaviors, might be especially effective for this group of children (see also Matthys et al.,
2012). Also, because these children might be at risk for deficiencies in emotion recognition,
empathy and perspective taking, they might specifically benefit from cognitive behavioral
treatment.
Randomized controlled trials using a parenting intervention to reduce punishmentoriented strategies can be used. Such RCT’s could be used to explore whether such
interventions have different effects on externalizing behavior between different genetic
subgroups (similar designs have been previously used see Bakermans-Kranenburg, &
Van IJzendoorn, 2015). The reviewed literature suggests that genetic markers which are
specifically related to low and stable levels of serotonin availability (i.e., low levels of
synthesis, high levels of reuptake and degradation) might be important genetic markers
of these individual differences in punishment sensitivity, specifically in combination with
family adversity. Within more focused experimental research, different physiological
measures could be used to assess punishment sensitivity. For example, a previous study
demonstrated the value of startle reactivity measures for differentiating between multiple
mechanisms underlying the development of different externalizing phenotypes (Fanti,
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Panayiotou, Lazarou, Michael, & Georgiou, 2016). Since the amygdala plays a role in
punishment decision-making (e.g., Treadway et al., 2014), fMRI might be a promising
additional measure of individual differences in punishment sensitivity (e.g., Gregory et al.,
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2015).

General Discussion
In part one of our paper we systematically reviewed 53 papers on cG×E in externalizing
behaviors, showing many significant, but also contrasting, findings. Large variations in
methodologies (e.g., sample size and composition) and differences in –the specificity of–
conceptualization of both family adversity and externalizing behaviors make it difficult to
integrate these findings and make cross-study comparisons. This essentially means that
many cG×E studies are oftentimes built on earlier findings of not necessarily comparable
studies and thus not serving to create a coherent base of literature. One way to create more
comparable results, and draw solid conclusions, is by forming a priori hypotheses on how
specific family adversity factors interacting with specific polymorphisms in specific samples,
predict specific behavior. Researchers should be able to justify why they are studying these
specific genes, this environmental risk, this behavioral outcome, and why they measured
it with these specific instruments (see also Dick et al., 2015). Therefore, it is imperative
to move towards a deductive strategy by forming theories on the interaction of genes and
environment, which not only stem from cG×E research, but also from literature on behavior
development, genetics, and neurobiology. The added bonus of working with a sound
theoretical framework is that it might help to diminish publication bias by enabling us to
confirm or reject theory-based hypotheses and thus increase the relevance of “null-findings”
(i.e., non-significant interactions).
In part two of our paper, we therefore tried to contribute to the literature by proposing
three hypotheses on non-exclusive mechanisms underlying cG×E in externalizing behavior.
Concrete evidence emerged from the literature review for the mechanisms of emotional
reactivity, reward sensitivity, and punishment sensitivity. These mechanisms most likely
underlie specific traits rather than diagnoses or complex behavioral clusters. Because of high
comorbidity and overlap in symptomology and etiology, both equifinality and multi-finality
is to be expected. Different genetic and neuropsychological pathways might contribute to
the same diagnosis (i.e., equifinality). For example, CD is associated with cG×E including
the MAOA (Foley et al., 2004), as well as the DAT1 and 5-HTTLPR (Sonuga-Barke et al.,
2009).
At the same time, a single polymorphism may contribute to different behavior clusters
(i.e., multi-finality). For example, the 5-HTTLPR S-allele predicts heightened emotional
reactivity, which includes irritability, a core symptom of both depression and ODD in
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children (Copeland et al., 2009). It could thus be that serotonin-related heightened emotional
reactivity underlies both disorders through the same distinct genetic underpinnings for this
trait (Stringaris et al., 2012). The term “risk” allele is therefore questionable in the context
of cG×E. Indeed, some alleles have even been shown to “protect” from certain adversities
and have been related to children’s heightened susceptibility to parenting interventions
(Bakermans-Kranenburg et al., 2008). Although this paper focused on differential negative
effects of family adversities (i.e., dual risk), the described mechanisms might work both
ways, in such that the same mechanisms might lead to pro-social behavioral outcomes
under environmental enrichment (i.e., differential susceptibility, Belsky, 1997). Also, it is
important to note that the proposed mechanisms should be seen as possible candidates, but
neither as comprehensive frameworks in explaining externalizing behaviors through cG×E
– nor as providing a quick fix to overcome all growing pains of this field. Specifically, the
role of executive functions, meta–cognitive functions, and morality in these mechanisms
needs further elaboration. Deviances in the processing of reward and punishment cues may,
for example, affect cognitive functions such as decision-making (Matthys et al., 2013). A
recent study found that emotion regulation through cognitive reappraisal serves as a buffer
in the association between 5-HTTLPR, environmental stressors, and psychopathology
(Ford, Mauss, Troy, Smolen, & Hankin, 2014). Also, to narrow the scope of our literature
overview, our review focuses solely on family adversity. However, the effects of specific
family adversity might change over time (Choe et al., 2014; Reiss et al., 2013; Windhorst et
al., 2015). Specifically, environmental adversity measures outside the family might become
increasingly important when children grow older. Indeed, a recent study found differential
associations of a polygenetic score with adolescent externalizing behavior when including
different environmental adversities, with stronger effects for peer substance use than for
parental monitoring (Salvatore et al., 2015). Moreover, environmental risk factors are not
independent factors, and together form the broader environmental context children grow
up in (see for a review of this issue Boardman, Daw, & Freese, 2013). Another limitation
of our review paper is that the interplay between genes and the environment might be too
complex to be explained through moderation (or G×E) alone. We need to take into account
that genes might, for example, also control the exposure to certain environments (i.e., geneenvironment correlation, see Plomin & Simpson, 2013).
For example, children low on reward sensitivity might actively seek out risky
environments and children low on punishment sensitivity might evoke harsh parenting
behavior. Furthermore, current knowledge on functional expressions of the polymorphisms
in the human brain is limited (Balciuniene, Emilsson, Oreland, Pettersson, & Jazin, 2002).
Multiple inherited DNA elements can influence transcription and expression of a protein (see
also Rutter, 2007). In the search of underlying mechanisms it might therefore be important
to relate these mechanisms to one or more functional genetic pathways or haplotypes (see
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also Plomin & Simpson, 2013). More recent studies on the functional effects of the MAOA,
for example, showed no significant association of a single polymorphism with expression
levels or enzyme activity in the human brain, but did find such associations with a haplotype
found interactions among multiple candidate genes (often with very different functions). For
example, Simons and colleagues (2011) found an interaction between the DRD4 (coding for
dopamine receptors), 5-HTTLPR (coding for serotonin transporters) polymorphisms and
social conditions in predicting aggression. It is difficult to address functional mechanisms
for such polygenic effects of functionally divers polymorphisms. One possibility is that
such polygenic effects indicate cumulative genetic vulnerability or a complex interplay of
genes on regulation of different neurotransmitters (e.g., they might bring about a certain
balance in neurotransmitter activity). There are however also examples of cumulative effect
of functionally related groups of genes. For example, Stephens and colleagues (2012) found
a direct association between multiple SNP’s in the CHRNA5/CHRNA3/CHRNB4 (i.e.,
neuronal nicotinic acetylcholine receptor) gene cluster and externalizing behavior.
Another important issue for future research is that, specifically in early development,
differential developmental outcomes might be caused by environmental influences that
alter the functional activity of genes without altering the sequence (i.e., epigenetics, see
Roth, 2013). DNA methylation, for example, mediates the relation between a polymorphism
and developmental outcomes by changing the expression of the gene (Van IJzendoorn,
Bakermans-Kranenburg, & Ebstein, 2011). Candidate gene approaches have been criticized
for their rather naïve view on the biological function of single genes (e.g., Szyf & Bick, 2013),
and technological progress enables us to use more advanced strategies to study the role of
genetics in externalizing behavior (e.g., genome wide association studies (GWAS), haplotype
analyses, genetic pathways, epigenetics). These approaches can deepen and extend our
knowledge on the role of genetics in the development of externalizing behavior. However, it
is important to note that these strategies do not necessarily yield more consistent findings
(Aebi et al., 2015; Chabris et al., 2013; Neale et al., 2010).
For example, results of a GWAS study on CD by Dick and colleagues (2011) showed no
overlap with findings of a GWAS study on CD by Anney and colleagues (2008). Also, due to
a lack of knowledge on the functions of many “new” genes, it is sometimes not possible to
interpret findings and describe functional involvement of these genes in the development
of specific behavior (e.g., Dick et al., 2011; Pappa et al., 2015). Moreover, the same
recommendations on using theory based a priori hypothesis apply to studies using more
advanced methods to study genetic effects on human development. Studies on the function,
expression, and effects of single polymorphism can possibly be seen as “links in a chain”,
functioning as important stepping-stones for moving us forward. Polymorphisms having a
functional impact on gene expression can function as markers for more complex processes
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underlying individual differences in reaction to family adversity, and therefore provide us
with clues on possible underlying mechanisms. Such a ‘reversed endophenotype’ (see also
Loo et al., 2015) approach could also help us in the search for less intrusive markers for
differential susceptibility to specific environmental adversity, and in turn give us clues for
research and intervention strategies.

Conclusion
Findings on cG×E in externalizing behaviors are heterogeneous. However, large
methodological differences between studies make it difficult to integrate findings and
draw solid conclusions on the role of cG×E in externalizing behavior. Hypotheses on
underlying mechanisms of cG×E can serve as a conceptual framework for gaining a deeper
understanding of these interactions, specifying our research strategies accordingly, and
substantiate the findings reported so far. Hypotheses that derive from these frameworks
should be tested, using a multidisciplinary (i.e., Play nice in the sandbox, Dick, 2011)
triangulation of research strategies (Overbeek, Weeland, & Chhangur, 2012). Although this
review raised a series of important issues in the field of cG×E that need to be resolved, it also
bears an optimistic message: Insight into the mechanisms can possibly help us interpret
the intriguing, but inconsistent, findings on cG×E and enhance their empirical and clinical
implications. It can point us in the direction of differential pathways leading to externalizing
behaviors. Though not directly implementable, it can provide us with more insight into
individual differences in the development of externalizing behavior. Eventually, knowledge
on specific cG×E and their mechanisms might, for example, enable us to better predict
which children are specifically vulnerable in which developmental period and target them
using personalized interventions not only in terms of clinical focus (i.e., based on specific
mechanisms at work, Matthys et al., 2012), but also of intensity and duration (i.e., based on
differences in susceptibility).
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Abstract
A central tenet in developmental psychopathology is that childhood rearing experiences
have a major impact on children’s development. Recently, candidate genes have been
identified that may cause children to be differentially susceptible to these experiences (i.e.,
susceptibility genes). However, our understanding of the differential impact of parenting
is limited at best. Specifically, more experimental research is needed. The ORCHIDS study
will investigate gene-(gene-)environment (G×(G)×E) interactions to obtain more insight
into a) moderating effects of polymorphisms on the link between parenting and child
behavior, and b) behavioral mechanisms that underlie these G×(G)×E interactions in an
experimental design. The ORCHIDS study is a randomized controlled trial, in which the
environment will be manipulated with an intervention (i.e., The Incredible Years parent
training). In a screening, families with children aged 4-8 who show mild to (sub)clinical
behavior problems will be targeted through community records via two Dutch regional
healthcare organizations. Assessments in both the intervention and control condition will
be conducted at baseline (i.e., pre-test), after 6 months (i.e., post-test), and after 10 months
(i.e., follow-up). This study protocol describes the design of a randomized controlled trial that
investigates G×(G)×E interactions in the development of child behavior. Two hypotheses
will be tested. First, we expect that children in the intervention condition who carry one
or more susceptibility genes will show significantly lower levels of problem behavior and
higher levels of prosocial behavior after their parent(s) received The Incredible Years
training, compared to children without these genes, or children in the control group.
Second, we expect that children carrying one or more susceptibility genes will show a
heightened sensitivity to change, and manifest higher emotional synchronization in dyadic
interchanges with their parents, leading to either more prosocial behavior or antisocial
behavior depending on their parents’ behavior.
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A central tenet in developmental psychopathology is that childhood rearing experiences
have a major impact on children’s development across life (Schaffer, 2000). At the same
time, we know that not all children are equally susceptible to these experiences (Klein
Velderman, Bakermans-Kranenburg, Juffer, & Van IJzendoorn, 2006). Grounded in a
diathesis-stress model, there has been growing attention for research on individuals’
genetic susceptibility to parenting. The diathesis-stress model holds that some children,

Kochanska, Philibert, & Barry, 2009). A typical characteristic of these studies is that they
only examined environmental adversity and negative child outcomes. It may therefore
be that we, for a long time, only studied so-called dandelions; the resilient children that
do well even in the face of severe adversity (Boyce & Ellis, 2005). In doing so, we may
have overlooked the orchids; children who will suffer severely if ignored or maltreated,
but flourish spectacularly when receiving adequate care. This metaphor forms the basis
of an intriguing alternative hypothesis, namely the differential susceptibility hypothesis
which holds that some children, due to a specific susceptibility factor, are more likely to be
affected by environmental factors, “for better and for worse” (Belsky et al., 2007; Belsky
& Pluess, 2009).
Preliminary evidence for this differential susceptibility hypothesis has been
accumulated

over the past years. Previous studies demonstrated, for example, that

children with the dopamine receptor D4 (DRD4) 7-repeat allele showed significantly
more externalizing problem behavior when mothers were insensitive, but also showed
less problem behavior when mothers were highly sensitive, compared to those without
the DRD4 7-repeat allele (Bakermans-Kranenburg et al., 2008). Studies have identified
several candidate genes underlying children’s differential susceptibility (e.g., monoamine
oxidase A (MAOA) gene; dopamine transporter (DAT1) gene, dopamine receptor D4
(DRD4) gene, dopamine receptor D2 (DRD2) gene, serotonin-transporter (5-HTT) gene,
and the catechol-o-methyltransferase (COMT) gene (Cicchetti, Rogosch, & Sturge-Apple,
2007; Kahn, Khoury, Nichols, & Lanphear, 2003; Karayiorgou et al., 1999; Pluess et al.,
2011; Van IJzendoorn, Bakermans-Kranenburg, & Mesman, 2008). However, the tenability
of the genetic differential susceptibility hypothesis is still unclear, for several reasons.
First, most previous studies only measured the presence or absence of environmental
adversity and developmental problems, but not environmental enrichment and children’s
competence. The absence of parental maltreatment, however, is not the same as parental
warmth or sensitivity (Pluess & Belsky, 2010). Only environmental conditions and outcomes
ranging from dysfunction to competence make it possible to avoid ceiling effects in testing
differential susceptibility (Belsky & Pluess, 2009; Klein Velderman et al., 2006; Taylor
et al., 2006). Most importantly, most previous studies used correlational designs (Riley,
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due to a specific vulnerability, are more likely to be negatively affected by environmental
risk, such as with parental harshness, than others (Caspi et al., 2002; Dick et al., 2011;
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2008) and therefore alternative explanations for G×E interactions cannot be ruled out. For
example, children with oppositional behavior may be, genetically, more likely to evoke
harsh parental discipline and to actively select environments that support their problem
behavior.
Trials in which families are randomly distributed across different environmental
conditions offer a solution to this problem (Overbeek et al., 2012; Van IJzendoorn et al.,
2011), because they permit a manipulation of the environment that is independent of
children’s genetic makeup and developmental histories. To our knowledge three randomized
controlled trials on G×E interactions in children’s social emotional development have
been conducted so far (Brody, Beach, Philibert, Chen, & Murry, 2009; Cicchetti et al., 2012;
Pluess & Belsky, 2010).
These pioneering studies delivered important new insights, however their impact
suffered from limitations as well. First, although the trials measured environmental
enrichment the outcome was usually measured as a decrease in adolescent and child
problem behavior, overlooking a possible increase in competent behavior. However, as
argued above, to adequately examine differential susceptibility measurements of both
environment and child behavior should range from dysfunction to competence. Second,
the trials did not examine the possible underlying behavioral mechanism through which
a G×E interaction may lead to different behavioral outcomes. It may be that carriers of
candidate susceptibility genes show heightened behavioral reactivity. For example, children
with low levels of dopaminergic functioning, associated with low reward sensitivity
(Matthys et al., 2013), may improve more during and after parent management training
than those with high levels of dopaminergic functioning associated with high reward
sensitivity due to individualization of use of rewards and praising by parents (Matthys et al.,
2012). Likewise, children with decreased serotonergic functioning (Matthys et al., 2013),
associated with negative affect/mood, may improve strongly during and after parenting
training due to the effect of an increase in positive parental emotions on this affect/mood.
A highly reactive child will likely show an intense, mirroring emotional response to both
negative and positive discipline (Strelau, 1983), which, in turn may lead to emotional
synchronization in parent-child interactions. This congruency in affect may then lead to
the development of either problem or prosocial behavior, depending on either positive
or negative interactions. Therefore, research should also investigate genetic expression
“outside the skin”: the mechanisms through which genetic variation moderates the impact
of environmental influences on individuals’ development. A randomized controlled trial
can test hypotheses about underlying behavioral processes by examining whether certain
mechanisms change in the experimental condition, mediating the intervention effect (Reiss
& Leve, 2007).

54 /

The ORCHIDS study

Aim and Hypotheses
The ORCHIDS study is a genetically informed randomized controlled trial to examine
possible G×E and G×G×E (i.e., polygenetic) interactions in the development of child
behavior. The study examines parenting in its full scope, from both harsh and inconsistent
to positive, sensitive, and appropriate parenting behavior as well as from children’s problem
behavior and difficulties to their skills, competencies, and strengths. The primary aim is
parent training, has more effect on a genetically susceptible subgroup of children, and to
investigate why this may be the case. We expect that the parent training will bring about
an environmental enrichment, leading to behavior changes in the participating parents.
Two hypotheses will be tested. First, we expect differential susceptibility, which means
that children in the intervention condition who carry one or more susceptibility genes (i.e.,
carrying a MAOA low activity (short) allele; DAT 10-repeat allele; DRD4 7-repeat allele;
DRD2 A1 allele; 5-HTTLPR short allele; and or a COMT Val-allele) will show a significantly
higher decrease of problem behavior and increase of prosocial behavior after their parent(s)
received the parent training, compared to children without such susceptibility genes and
children in the control group. In the control group, we expect this same genetic subgroup
to show most behavior problems and least prosocial behavior. Second, we expect that
emotional synchronization in parent-child interactions will mediate the intervention effect.
Specifically, we expect that children who carry one or more susceptibility genes show a
higher synchronization to their parents’ affect than children without these susceptibility
genes. Therefore, we expect these children to benefit most from the increase in parental
positive affect and sensitivity induced by The Incredible Years intervention.

Methods/design
Design
The ORCHIDS study is a randomized controlled trial with an intervention (i.e., The
Incredible Years parent training) and a control condition that tests gene-based differential
susceptibility to changes in parenting. Participants will be 480 families, with children aged
4-8 years who show mild to (sub)clinical externalizing behavior problems. Of those families,
160 will be randomly assigned to the intervention condition and 320 families to the control
condition. After enrollment in the trial and randomization, the baseline assessment (pretest) will be carried out.
The Incredible Years (IY) program will be implemented after these baseline assessments.
Participants in the control condition will receive no intervention, but are allowed –and, in
case needed, are assisted– to seek mental health care and parenting support through
regular services. Post-test and follow-up assessments will be conducted after 6 months and
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to investigate whether enrichment of the environment, based on The Incredible Years (IY)
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after 10 months, respectively. Approval for data collection was obtained from the central
committee on research involving human subjects in The Netherlands (METC UMC Utrecht,
protocol number 11-320/K).

Recruitment
In a first screening (see Figure 3.1), roughly 17.000 families will be targeted through
community records via two Dutch regional health care organizations (estimated response
rate is 52%, see Van Zeijl et al., 2007). All families will receive a personalized information
letter, including the Eyberg Child Behavior Inventory (i.e., ECBI, Eyberg & Pincus, 1999) to
screen for children’s problem behavior. The criterion for inclusion will be score at or above
th
the 75 percentile. This cut-off was chosen so that at-risk families will be selected, without
excluding children and parents with subclinical or even normal-range functioning. Based
on a conservative estimation, 889 families (10%) are expected to be eligible for inclusion.
Additionally, a second screening will take place to check for exclusion criteria: mental
retardation of the parent and/or child (IQ ≤ 70) and not mastering the Dutch language.
Based on estimates from similar procedures followed in previous research (Posthumus,
Raaijmakers, Maassen, Van Engeland, & Matthys, 2012), 480 eligible families are expected
to eventually participate in the ORCHIDS study. These families will receive a second
invitation letter and will be contacted for trial participation.

Randomization
Participants will be informed of the design of the study and will give consent prior to
randomization. Randomization will occur through random selection of a participant
number that is linked to either the intervention or control condition.

Sample size calculation
Power analyses are essential to maximize chances to find significant G×E interactions
(Van der Zwaluw et al., 2009). For this calculation, we used a Fixed Effects ANOVA Power
Analysis in PASS11 (Hintze, 2011). Based on a meta-analysis estimated our targeted
sample size based on a small effect size (d) of .20 of the IY intervention (Menting, Orobio de
Castro, & Matthys, 2013). We assumed a small G×E interaction effect and no main effects
of genes (Rutter et al., 2003; 2006). A sample size of N = 480 families will be required for
investigating our hypotheses in a two-sided test at α = .05 and power (1-β) = .80.
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Figure 3.1

. Study Design (CONSORT schedule).

Recruitment via health: first
screening (estimated n =
17.000 families)
Exclusion criteria
- Not willing to participate in
screening
- Score of < .75 th percentile on ECBI

Chapter 3

Eligible families:
second screening
(estimated n = 889 families)
Exclusion criteria:
- Not willing to participate in trial
- mental retardation (IQ ≤ 70)
- Not mastering the Dutch language
Final sample
(estimated n = 480 families)

Randomisation into intervention or control condition

Intervention condition
(estimated n = 160 families)

Control condition
(estimated n = 320 families)

Pre-test/ baseline assessments

The Incredible Years parent training

Care as usual

Post-test
(6 months after baseline, i.e., directly after intervention)

Follow-up
(10 months after baseline, i.e., four months after intervention)

Figure 3.1 / Study Design (CONSORT schedule).
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Intervention
The IY training is aimed at improving parenting skills in order to reduce child behavioral
problems, such as aggressive behavior, and enhance competent behavior. The IY training
includes 14 to 16 weekly two hour sessions. During these sessions parents watch videovignettes, discuss parenting with each other and practice new techniques in role-plays. Each
group will consist of approximately 10 to 12 parents. IY parent training is different from
most other parent (management) training programs, in that trainers use a collaborative
leading style: They do not instruct, but are part of the group and lead discussions (WebsterStratton, 1994; 2008). Many previous randomized trials have shown the program to be
effective (Hartman et al., 2003; Menting et al., 2013), also in The Netherlands (Posthumus,
Raaijmakers, Maassen, Van Engeland, et al., 2012). Hence, IY parent training is an
evidence-based parent training.

Data collection
An overview of all measurement occasions is given in Table 3.1. Both the recruitment, as
well as the waves of data collection will be conducted in two separate cohorts in 2012/2013
and 2013/2014. The recruitment (i.e., screening) will take place in September-October
2012 and 2013. The pre-tests will take place in November-January 2012 and 2013. Families
will be asked to fill in questionnaires in the presence of a researcher or research assistant
during home visits. Furthermore, parent-child interactions will be videotaped during
structured play situations. This procedure will be repeated twice after the pre-test, namely
at post-test and follow-up. Saliva samples for genotyping will be collected once during
pre-test.

Outcomes
Primary outcomes are the possible moderating effects of child genotype on the IY
intervention effect (i.e., on the decrease in externalizing problems behavior and/or increase
in prosocial behavior of the child). The intervention effect will be assessed with the ECBI,
the Matson Evaluation of Social Skills with Youngsters (MESSY, Matson, Rotatori, &
Helsel, 1983), and the Dyadic Parent-Child Interaction Coding System-Revised (DPICS-R,
Eyberg, Nelson, Duke, & Boggs, 2005; Robinson & Eyberg, 1981), see measures in Table
3.1. Secondary outcomes will be the observed (changes in) emotional synchronization in
parent-child interactions as possible underlying behavioral mechanism to the G ×(G ×)E
interactions.
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Table 3.1 / Overview of Measurements.
Measurement

Screening

Demographic characteristics

Pre-test

Post-test
(6 months
after pre-test)

Follow-up
(10 months
after pre-test)

*

Child behavior
Externalizing behavior (ECBI)

*

*

*

*

*

*

*

Temperament (CBQ)

*

*

*

SDQ

*

*

*

Genotyping
(DRD4, DRD2, DAT1, COMT, 5-HTTLPR, MAOA)

*
*

*

*

*

*

*
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Prosocial behavior (MESSY)

Parent behavior
PPI
Parent-child interaction
DPICS-R

Note. ECBI = Eyberg Child Behavior Inventory. MESSY = The Matson Evaluation of Social Skills with Youngsters. CBQ =
Child Behavior Questionnaire. SDQ = Strengths and Difficulties Questionnaire. DRD4 = dopamine receptor D4 gene. DRD2
= dopamine receptor D2. DAT1 = dopamine transporter gene. COMT =catechol-o-methyltransferase gene. 5-HTTLPR =
serotonin-transporter linked polymorphic region. MAOA = monoamine oxidase A gene. PPI = Parenting Practices Inventory.
DPICS-R = Dyadic Parent-Child Interactive Coding System-Revised.

Discussion
The ORCHIDS study described in this protocol is a genetically informed randomized
controlled trial targeting families with children aged 4-8 years who show mild to (sub)
clinical behavior problems. The primary aim of ORCHIDS is to assess possible G ×(G ×)E
interactions in the development of child behavior in its full scope – that is, from children’s
problem behavior to their competencies. Our large scale randomized controlled trial is one
of the first experimental studies of G×E interactions in social development. Experimental
manipulation of the environment is crucial in understanding G×E interactions, because it
is the only way to prevent confounding gene-environment covariation.
Additional to a single gene approach, we will investigate possible cumulative effects of
multiple candidate genes (i.e., G×G×E or polygenetic interactions, Belsky & Beaver, 2011).
Also, we will make a first attempt to obtain more insight into the behavioral mechanism
underlying these G×E interactions by examining (changes in) emotional synchronization
in observed parent-child interactions. Better insight into individual differences in, for
example, reactivity to positive parenting behavior like praise, associated with dopaminergic
and serotonergic functioning, may help improve the tailoring of behavioral parent training.
This seems necessary as the mean effect size of these interventions is modest (Cohen’s d =
0.47, McCart, Priester, Davies, & Azen, 2006). Individualization of use of rewards and praise
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may help increase the efficiency of these parenting skills. For example, if the emotional
significance of the positive message of praise is less well processed, associated with altered
dopaminergic functioning, both verbal and nonverbal enthusiasm may be particularly
relevant for this specific subgroup of children (Matthys et al., 2012). Thus, instead of
delivering interventions in a standardized way, parenting programs may benefit from an
individualized approach based on insights from results of studies like the present one.
Despite the strengths and innovative aspects of ORCHIDS, there are some issues that
our study is unable to take into account. Differential susceptibility to parenting may also
be caused by environmental influences that alter the effects of genes (i.e., epigenetics),
rather than by specific DNA sequences or a certain number of repeats alone (Szyf, Weaver,
& Meaney, 2007). Human development is an active process powered by a continuous
interaction between the genome and the environment (Meaney, 2010). DNA methylation
(i.e., the biochemical process that involves the addition of a methyl group onto cytosine in
the DNA, regulating the operation of the human genome), for example, has been shown
to mediate the relation between genotype and developmental outcomes (Beach, Brody,
Todorov, Gunter, & Philibert, 2010; Van IJzendoorn et al., 2011).
Once differential susceptibility to the environmental manipulations has been
demonstrated,

a next step will be to further investigate the behavioral as well as

neurobiological underlying mechanisms of genetic differences in sensitivity to change.
Interpreting the intervention effect in this study will be like looking at an “omnibus
effect” that covers a variety of possible environmental effects or change mechanisms; the
environmental change induced by the intervention consists of changes in many different
parent behaviors and child responses. Which of these changes are driving the omnibus
effect cannot be elucidated in a RCT. In order to create a more complete picture of geneenvironment interplay, multiple genetically informed experimental designs should be
used additionally to large scale RCT’s such as micro-trials: small- scale, randomized
experiments using a brief and focused environmental manipulation, designed to suppress
specific risk mechanisms or enhance specific protective mechanisms but not to bring about
full treatment or prevention effects in outcome (Howe et al., 2010).

Conclusion
The ORCHIDS study will investigate possible G×(G×)E interactions in the development
of both positive and negative child behavior by assessing whether an experimental
manipulation of the environment with The Incredible Years intervention is more effective
for a particular genetic subgroup of children than for others. With this study we will
contribute to a further understanding of moderating effects of specific alleles (i.e.,
polymorphisms) on the malleability of child behavior, and the behavioral mechanisms
that may underlie gene- environment interactions. By doing so we gain more insight into
what works for whom and how it works when it comes to interventions targeting child
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Abstract
We tested the effectiveness of the preventive behavioral parent training (BPT) The Incredible
Years (IY) and the effects of previously suggested sociodemographic and intervention-based
moderator variables (i.e., initial severity of externalizing problems, child gender, social
economic status, family composition, and number of sessions parents attended), in a large
scaled randomized-controlled-trial. Using full intention-to-treat analyses, questionnaire
and observation data from 387 parents and children aged 4-8 years (Mage = 6.21, SD = 1.33;
55.30 % boys), across pre-test, post-test, and 4-month follow-up, were analyzed, correcting
for multiple testing. IY was successful in decreasing parent reported child externalizing
problems (Cohen’s d = .20 at post-test; d = .08 at follow-up), increasing parent-reported (d
= .49; d = .45) and observed (d = .06; d = .02) positive parenting behavior, and decreasing
parent-reported negative parenting behavior (d = .29; d = .25). No intervention effects were
found for reported and observed child prosocial behavior, observed child externalizing
problems, and observed negative parenting behavior. Out of 40 tested moderation effects
(i.e., eight outcomes times five moderators), only three significant moderation effects
appeared. Thus, no systematic evidence emerged for moderation of IY effects. The present
multi-informant trial demonstrated that many previously suggested moderators may not be
as potent in differentiating BPT effects as once thought.

62 /

Intervention Effectiveness of The Incredible Years

Negative parenting behaviors and strategies, such as disapproval, inconsistent discipline,
harshness, and psychological control have been related to externalizing behavioral problems
in children and adolescents (e.g., Bor et al, 2002; Collins et al., 2000; Ge et al., 2002; Karreman
et al., 2006; Rothbaum & Weisz, 1994). Negative parenting behaviors have also been found
to mediate the relation between more distal family risk factors (e.g., socioeconomic status,
parental psychopathology) and child externalizing behavioral problems (Dodge, Coie, &
Lynam, 2006; Reid, Patterson, & Snyder, 2002). In contrast, positive parenting behaviors
and strategies, such as acceptance, appropriate discipline, responsiveness, and limit setting
have been related to child prosocial behavior (Zahn-Waxler et al., 1990). The most effective
interventions aimed at reducing externalizing and promoting prosocial child behavior have
al., 2006). Specifically, behavioral parent training programs (BPT) use parents as agents by
training them in using parenting strategies that create positive changes in parenting behavior
and, through this, indirectly lead to positive changes in child behavior. Effectiveness of BPT
in reducing child externalizing behavioral problems and promoting prosocial behavior has
been proven in multiple independent studies, but effect sizes are moderate (McCart et al.,
2006; Menting et al., 2013; Reyno & McGrath, 2006). One way to boost effectiveness is by
taking into account factors that determine intervention effectiveness. However, our insights
into such moderators is limited due to scarcity of studies and several specific methodological
issues, such as small sample sizes, low statistical power, and assessment of effects that are
limited to questionnaire information. Moreover, the direction of the suggested moderators
is unclear and to date the moderators have been studied separately in different studies, or
inferred from comparisons of effect sizes between studies. In order to control for possible
confounding effects of the different moderators, assessment within a single RCT with
sufficient statistical power to do so is required. This will be the scope of the present paper–
building not only on parent-reports but also on observational data on parenting and child
behaviors. Because we measured the degree of beneficial effects of The Incredible Years in
a “real world” prevention setting, working through health care institutions this study can be
seen as an effectiveness trial.
BPT is an effective method to reduce child externalizing behavior and promote child
prosocial behavior in different populations (for meta-analyses see McCart et al., 2006;
Menting et al., 2013; Sandler, Schoenfelder, Wolchik, & Mackinnon, 2011). However, the
mean effect size of BPT in indicated prevention settings is relativeley modest (d =.20),
compared to the mean effect size in treatment settings (d = .50) (McCart et al., 2006;
Menting et al., 2013; Reyno & McGrath, 2006). In addition, the effectiveness of BPT
programs appears to be influenced by sociodemographic moderators (Gardner, Hutchings,
Bywater, & Whitaker, 2010; Scott & O’Connor, 2012) and intervention-based moderators
(Wilson & Lipsey, 2001). Recent meta-analyses on both the IY program (Menting et al.,
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therefore been designed to target both negative and positive parenting behaviors (McCart et
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2013), as well as on BPT in both prevention and intervention settings more broadly defined
(Leijten, Raaijmakers, Orobio de Castro, & Matthys, 2013; Lundahl, Risser, & Lovejoy,
2006), suggested that specifically initial severity of child externalizing behavioral problems,
child gender, socioeconomic status (i.e., SES ), family composition (i.e., single parent
families vs. two-parent families), and the number of sessions parents attended might be
important moderators of the intervention effects of the BPT program Incredible Years (IY).

Initial severity of externalizing problems
Initial severity of child externalizing problems is one of the strongest predictors of
intervention effects (Leijten et al., 2013; Lundahl et al., 2006; Menting et al., 2013). However,
findings have been mixed (for a review see Shelleby & Shaw, 2014) and moderation has been
found in both directions. On the one hand, initial severity might account for a threshold that
confers advantage in terms of intervention effectiveness; larger initial severity leaves more
room for improvement (Gardner et al., 2010). Also, larger initial severity might be related
to increased motivation in parents to change, leading parents to more readily agree to and
engage in treatment (i.e., larger treatment adherence). On the other hand, it has also been
found that initial severity of externalizing problems could reduce intervention responsivity
(e.g., Kazdin, 1995; Ruma, Burke, & Thompson, 1996). Possibly, this is because more severe
levels of externalizing problems are related to increased numbers of child, parental and
environmental risk factors (e.g., comorbid psychopathology, severe child dysfunctioning,
parental stress and parents’ perception of failing), that in turn negatively affect parents’
motivation and engagement in BPT. Initial severity of externalizing problems might
therefore be a specifically important moderator of effectiveness in a prevention setting,
where severity might vary more between families, compared to treatment settings.

Child gender
Child gender might be another moderator of BPT effectiveness. A previous study suggested
that the effects of BPT in a prevention setting were stronger for boys than for girls (Gardner
et al., 2010, but see review by McMahon, Wells, and Kotler (2008) for conflicting results).
However, the influence of child gender as a moderator might partly be due to confounding
effects of initial severity (i.e., boys showing more externalizing behavioral problems than
girls) (Menting et al., 2013). It might therefore be specifically important to control for initial
severity when testing for possible moderating effects of gender.
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SES
Although the meta-analysis by Lundahl and colleagues (2006) suggested that BPT is less
effective for economically disadvantaged families, a recent review and meta-analysis showed
that findings are mixed (Leijten et al., 2013; Shelleby & Shaw, 2014). Specifically, when initial
externalizing problems was controlled for economically disadvantaged and advantaged
families benefitted equally from the intervention efforts directly post intervention (Leijten
et al., 2013). SES and initial problem severity are likely to be confounded. Therefore the
unique influence of SES is unknown.

It has been suggested that single parents possibly benefit less from BPT programs compared
to two-parent families, which may be linked to limited financial resources, fewer coping
resources, and/or greater isolation in single parent families (e.g., Griffin, Botvin, Scheier,
Diaz, & Miller, 2000). However, findings on single parenting as a moderator of BPT
effectiveness in indicative prevention and treatment settings are inconclusive (e.g., Kazdin,
1995; Reyno & McGrath, 2006, but see Fossum, Mørch, Handegård, Drugli, and Larsson
(2009) and Gardner and colleagues (2010) for conflicting results). Single parents and/or
parents from a low SES background might be less able to attend sessions due to a lack of
social and economic resources to meet preconditions for attending, such as transportation
and child care. Again, this moderator might therefore be confounded with other possible
moderators (SES, number of sessions attended).

The number of intervention-sessions parents attended
Meta-analyses by Wilson and Lipsey (2001) and Menting and colleagues (2013) suggested
that a higher amount of sessions parents attend is positively related to effect sizes of BPT in
both prevention and treatment settings. BPT programs teach specific parenting techniques
and during training sessions parents have opportunities to see how such techniques can
be implemented, practiced, and refined. Missing one or more training sessions means
missing specific intervention content. The number of sessions parents attend might
therefore be relevant for intervention success (i.e., dosage effect). However, the number
of sessions attended might be associated with other moderators, specifically SES and
family composition. Therefore, it is important to investigate possible confounding effects
of different moderators.

65 /

Chapter 4

Family composition

Chapter 4

Methodological limitations of previous studies
Besides conflicting findings about the direction and unique (vs. confounding) effects
of moderators of intervention effectiveness, the reviewed findings should be viewed as
preliminary because of several methodological limitations that have plagued previous
studies (see Weersing & Weisz, 2002). Specifically, most previous research on preventive
BPT programs relied exclusively on parent reports of both parenting and child behavior.
However, these reports might be biased and confounded (Sessa, Avenevoli, Steinberg,
& Morris, 2001; Stifter, Willoughby, & Towe-Goodman, 2008). By providing a blinded
assessment of changes in parenting and child behavior, observations besides questionnaires
have important methodological advantages, (Daley et al., 2014; Scott, 2001; SonugaBarke et al., 2013). In addition, most intervention studies have a modest sample size. For
instance, studies incorporated in the meta-analysis on IY intervention effects by Menting
and colleagues (2013) contained on average 95 families. This is problematic given that small
sample sizes lead to an increased risk for both Type 1 error (i.e., incorrectly concluding there
is an effect) and Type 2 error (i.e., concluding there is no effect when one actually exists).
This is especially the case in moderation analyses where the sample is split up in multiple
subgroups (Sullivan & Feinn, 2012). Therefore, a rigorous evaluation trial of preventive
BPT is required, including observational assessments of both parenting and child behavior,
with a sufficiently large sample size to test the effects of specific sociodemographic and
intervention-based moderators. The current study tested moderation (i.e., initial severity
of externalizing problems, child gender, SES, family composition and number of sessions
parents attended) of the effectiveness of the BPT program IY in an indicated preventive
context, by assessing parent reports and observational data of both child and parenting
behavior, within one multivariate model, controlling for the possible confounding effects of
the moderators. This study can mainly be seen as an effectiveness trial as it was conducted
in conditions of routine clinical practice.

Method
Design
The current study is a randomized controlled indicated prevention trial with two conditions
(intervention vs. control) and three measurement waves (pre-test, post-test, and followup) built up in two stages. In stage one, all families with children aged 4-8 in the targeted
municipalities were invited for a screening. In stage two, all eligible families were invited
to participate in a RCT: the Observational Randomized Trial on Childhood Differential
Susceptibility (i.e., ORCHIDS study). Enrolled families participated in the following three
waves: pre-test before randomization; post-test immediately after the intervention (i.e.,
4 months after pre-test procedure); follow-up 4 months after intervention (i.e., 8 months
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after pre-test procedure). Randomization to either control or experimental condition (1:1)
occurred after pre-test and consent to participate: An independent researcher drew a ticket
(which read either control or experimental condition and was put back). Both assessors and
parents were blind to allocation status at initial assessment.

Screening
Families were screened and recruited through community records via two Dutch regional
health care organizations. All families with children aged 4-8 years (N = 20,048) of four (i.e.,
two large and two small) municipalities received a personalized information letter, including
a consent form and the screening questionnaire (i.e., Eyberg Child Behavior Inventory;
two weeks. A total of 5,876 questionnaires were returned timely (response rate 22.52 %).
Children scoring at or above the 75th percentile of their relative cohort (i.e., sum score of 112
for girls and 120 for boys aged 4 and 5, 107 for girls and 116 for boys aged 6 to 8; 110 for girls
and 115 for boys aged 4 and 5, 106 for girls and 112 for boys aged 6 to 8, for the two cohorts
respectively) were eligible for participation in the study (N = 1,524). One parent-child dyad
per family (N = 1,393) was invited to participate. Parents of either sex and of any ethnic
group (mastering the Dutch language) were eligible. Eligible families received an invitation
letter to participate in the RCT. One week later, parents were individually contacted by a
researcher or trained research assistant who briefly explained the study process. We were
able to reach approximately 61% (N = 850) of eligible families, of which 46% agreed to
participate (see Figure 4.1 for an overview on the selection-process of participants). The
ECBI intensity scores of participating and non-participating children slightly differed (F
(1, 1.40) = 6.66, p = .01), in that parents’ perceptions of children’s externalizing problems
were higher in participating families (M = 3.65; SD = .45) than in families who did not
participate (M = 3.58; SD = .46, d = .17).

Participants
In total, 387 parent-child dyads eventually participated in the RCT. Children were between
4 and 8 years of age at baseline (Mage = 6.31, SD = 1.33), mostly born in The Netherlands
(97.4%), and about half of them (55.30%) were boys. Participating parents (91% mothers)
were between 23 and 51 years of age at baseline (Mage = 38.10, SD = 4.84), mostly born in
The Netherlands (i.e., 86% of mothers and 84% of fathers), and about half of them completed
a higher form of educated (i.e., higher vocational training or university, see Tables 4.1 - 4.3
for demographic and descriptive statistics).
For descriptive purposes of our sample, parents also reported—on a 3-point scale (0= not
true to 2= certainly not true)—on levels of child peer problems (M = .41; SD = .29), conduct
problems (M = .45; SD = .37), emotional problems (M = .66; SD = .48), hyperactivity (M
= 1.16; SD = .53), and prosocial behavior (M = 1.34; SD = .42) at pre-test (i.e, Strength
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Eyberg & Pincus, 1999). Families were offered €7.50 for returning the questionnaire within
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and Difficulties Questionnaire; Goodman, 1997). About a third (28.6%) of participating
families received additional (mental health or family) care or help (e.g., mental health
care parents or social services) and 8% of children used psychoactive medication (mainly
psychostimulants)
between pre-test and post-test.
Figure 4.1 . Participant Flow.
Screening

Recruited families
(n = 20,048)
No response
(n = 14,172)
Returned questionnaire
timely
(n = 5,876)

Families with more than one
eligible child

Not eligible (i.e., ECBI score
below 75th percentile of cohort)
Informed about ORCHIDS
study

(n = 78 families)

(n = 4,405)

(n = 1,393)
Not willing to participate

Unable to contact

(n = 463)

(n = 543)
Signed consent
(N = 387)

Allocation

Allocated to control group

Allocated to intervention

(n = 190)

(n = 197)

Assessment

Observation:
Pre-test:
Post-test:
Follow-up:

Questionnaires:
n = 190
n = 178
n = 178

Pre-test:
Post-test:
Follow-up:

Figure 4.1 / Participant Flow.
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Observation:
n = 189
n = 180
n = 180

Pre-test:
Post-test:
Follow-up:

Questionnaires:
n = 197
n = 172
n = 181

Pre-test:
Post-test:
Follow-up:

n = 196
n = 178
n = 182
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Table 4.1 / Sample Demographics.
Condition

Age child (M;SD)
Gender child:
Country of birth mother:
Country of birth father:

Education father:

a

a

C
(n = 190)

6.31; 1.33

6.30; 1.36

6.32; 1.29

55.30

57.90

52.60

Girl

44.70

42.10

47.40

The Netherlands

86.00

84.80

87.40

Other

14.00

15.20

12.60

The Netherlands

84.00

82.80

85.80

Other

16.00

17.20

14.20

38.10; 4.84

38.02; 4.90

38.17; 4.79

Male

8.00

7.60

8.40

Female

91.00

92.40

91.60

Low

21.20

23.50

18.90

Medium

27.50

27.00

27.90

High

50.50

48.00

52.60

Low

25.60

25.00

26.30

Medium

26.20

28.10

50.30

High

45.60

44.90

46.40

73.60

75.60

71.60

26.40

24.40

28.40

23.30

19.60

26.40

Employment participating parent:
Employed
Not working;
Of which:

Marital status participating parent:

Unemployed
Stay at home parent

44.40

43.50

45.50

Other

32.30

36.90

28.10

Married/ living together

87.00

85.70

88.40

Single

8.80

11.20

6.30

Other

4.10

3.10

5.30

2.23; .82

2.30; .87

2.24; .78

39.15

42.30

36.85

Children in family (M;SD)
Religion:

Christian
Islamic

5.45

5.10

5.75

Non

34.20

34.05

33.45

Other

21.20

18.55

23.95

a

Note. low = completed middle or high school; medium = completed vocational training; high = completed higher vocational
training or university
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Education mother:

E
(n = 197)

Boy

Age participating parent (M; SD)
Gender participating parent:

Total
(N = 387)
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.96

1.06

2.38

a

1.56

Note. Eyberg Child Behavior Inventory;
Inventory

Negative

Positived

d

.61

2.75

Observed

.62

4.65

.64

1.33

Negativee

.55

Positivee

Reported

Parent behavior

d

Prosocial

Externalizingd

.46

.61

.64

Observed

19.27

133

Prosocialc

SD

Externalizingab

Reported

Child behavior

M

Total

b

c

1.07

.97

.59

.61

.61

.46

.57

18.41

SD

1.54

2.43

2.80

4.70

1.34

.52

.64

135

M

1.05

.95

.62

.63

.67

.62

.66

19.92

SD

Intervention

1.41

2.55

2.48

4.72

1.30

.42

.65

126

M

.94

1.05

.63

.66

.71

.57

.62

19.38

SD

Total

1.53

2.30

2.57

4.57

1.30

.43

.64

127

M

1.01

.93

.66

.64

.75

.60

.58

19.68

SD

Control

Post-test

d

1.29

2.79

2.39

4.88

1.29

.40

.65

124

M

.86

1.12

.58

.64

.66

.54

.65

18.96

SD

Intervention

1.47

2.53

2.47

4.70

1.40

.39

.69

122

M

1.04

1.09

.56

.64

.76

.44

.62

20.10

SD

Total

1.53

2.26

2.54

4.55

1.37

.39

.73

123

M

e

1.08

.88

.56

.68

.75

.45

.51

19.39

SD

Control

Follow-up

sum scores; Matson Evaluation of Social Skills with Youngsters; Dyadic Parent–child Interaction Coding System;

1.58

2.32

2.70

4.67

1.32

.39

.64

131

M

Control

Pre-test

Table 4.2 / Descriptive Statistics of Child and Parent Behavior Measures.

1.01

1.21

.56

.66

.77

.43

.61

20.83

SD

Parenting Practice

1.41

2.80

2.40

4.86

1.43

.39

.65

121

M

Intervention
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Table 4.3 / Correlations between Sociodemographic and Intervention-based Moderators and Descriptive
Statistics of Moderators by Condition.
1

2

3

1.

Initial Severity of externalizing problem behavior

2.

Child gender (boys %)

-.205**

-

3.

Social economic status

.031

.057

-

4.

Family composition (single parent %)

.105*

-.058

-.134**

5.

Number of session parents attended a

.044

-.058

.163*

4

5

-

-.046

-

Randomization check
Participants in the intervention and control condition did not significantly differ in age
(child or parent), gender (child or parent), country of birth (child or parent), parental
education level, work status, marital status, religion, or parent reported and observed
parenting and reported child behaviors at baseline (ps > .06) (see Tables 4.1- 4.3 for the
descriptive statistics). Observed negative child behavior significantly differed between the
two conditions (F (1, 1.61) = 5.40, p = .02), indicating that children in the intervention
condition scored higher on observed negative behavior (M = .52; SD = .62) compared to
children in the control condition (M = .39; SD = .46). This difference was controlled for in
all analyses.
Drop out
During the study 28 families dropped out, of which 23 at post-test and 5 at follow-up.
Reasons for dropping out were inability to reach parents, (upcoming) divorce of parents,
and/or moving house. There was no difference between conditions in the number of
families that dropped out of the study (p = .19). When comparing parents that participated
in all three waves with parents who dropped out, no significant differences were found at
baseline regarding reported and observed measurements (ps > .09). Also, we found no
significant differences regarding sociodemographic and intervention variables except for
marital status (χ2 (4, N = 386) = 11.30, p = .02) and mother’s education level (χ2 (8, N =
386) = 21.52, p < .01). Mothers who participated in all three waves were more likely to be
married (71% vs. 51% married) and higher educated (81% vs. 51% high educated), compared
to parents who dropped out during the study.
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Note. Child gender: 0 = boys; 1 = girls; family composition: 0 = living together; 1 = single parent.
Independent samples t-test or X2 –test showed that the intervention and control groups did not differ significantly on any the
moderator variables.
a
only applicable for intervention group.
*p < .05, **p < .01.
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Procedure
At each measurement wave, parent-child interactions were filmed during a structured play
situation and parents filled out a digital questionnaire. During pre-test researchers or trained
research assistants took time to explain the study in more detail, answer questions and in
turn asked parents to sign the informed consent form. The pre-test questionnaire data were
collected, parent-child interactions during structured play situations were videotaped, and
saliva samples for genotyping were collected (Chhangur, Weeland, Overbeek, Matthys, &
Orobio de Castro, 2012, Chapter 3). During post-test and follow-up assessment observation
procedures and questionnaires were repeated and parents were also interviewed by a trained
researcher about children’s genetic ancestry (i.e., country of birth great-grandparents) and
family mental health care (i.e., use of psychopharmacotherapy children, psychosocial
treatment, family care etc.) received during the study. Participating families received €20,for the first two home visits and €40,- for the third home visit. The procedure was approved
by the Institutional Review Broad in The Netherlands (METC UMC Utrecht, protocol
number 11-320/K) and the trial has been registered in the Netherlands Trial Registry (NTRTC-3594).

Questionnaire measures
Parenting Practice Inventory (PPI)
The PPI measures parenting skills and discipline styles of parents with young children 6-12
years (Webster-Stratton, 2001). The PPI consists of 15 sections, each containing multiple
items, asking for a response of the parent to children’s misbehavior, appropriate behavior
and several statements. Parents answered these questions and responded to these statements
using different scales. In total, four summary scales were extracted from this questionnaire;
harsh and inconsistent discipline (15 items, e.g., ‘Threatening but not punishing’), positive
verbal discipline (9 items e.g., ‘Discussing the problem with the child’), physical punishment
(6 items, e.g., ‘Slapping or hitting when misbehavior occurs’), and praise and incentives
(11 items, e.g., ‘Giving a hug or compliment’). Statements about parenting were excluded,
because we were interested in the actual behavior of parents. To assess positive parenting
behavior we combined the dimensions positive verbal discipline and praise and incentives
(r = .29, p = < .001). To assess negative parenting behavior the scales harsh and inconsistent
discipline and physical punishment were combined (r = .29, p = < .001). Reliability for both
scales was satisfactory on all measurements (Positive parenting behavior α > .70; Negative
parenting behavior α > .78).
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Eyberg Child Behavior Inventory (ECBI)
The ECBI assesses the occurrence of conduct problems in children aged 2 to 16 years (Eyberg
& Pincus, 1999). We used the ECBI intensity scale consisting of 36 items, which measures
the frequency of the problem behavior (e.g., ‘Acts defiant when told to do something’) on a
7-point scale (1= never to 7= always). Reliability of the intensity scale was good for all three
measurements (α > .84).
The Matson Evaluation of Social Skills with Youngsters (MESSY)
The MESSY assesses social skills in school-aged children (Matson et al., 1983). The
very much) assessing the frequency of 2 types (i.e., prosocial and aggressive) of behavior in
a range of social situations. In the current study, the scale appropriate social behavior was
selected to measure prosocial behavior. The scale consists of 20 items (e.g., ‘Sticks up for
friends’) and reliability was good for all three measurements (α > .88).

Observational measure
Dyadic Parent–child Interaction Coding System (DPICS)
The DPICS is a home observational measure for parent–child interactions, which assesses
the quality of the social interaction (Robinson & Eyberg, 1981; Webster-Stratton, 1989).
Parent and child were observed for 20 minutes while playing with a fixed set of toys at
pre-test, post-test and follow-up. The observation procedure consisted of 4 five-minute
periods: free play (i.e., to get used to being videotaped); child directed play (i.e., child
picked a toy and directed the session); parent directed play (i.e., parent picked a toy and
directed the session); and clean up (i.e., parent had to make the child clean up). For the last
three periods, positive and negative behavior of both parent and child were coded using
different categories; 7 for positive parent behavior (i.e., acknowledgement, descriptive
question, descriptive comment/encouragement, unlabeled praise, labeled praise, parent
positive affect, and physical positive); 6 for negative parent behavior (i.e., physical intrusive,
physical negative, critical statement, negative command, indirect command with no
opportunity to comply, direct command with no opportunity to comply); 5 for positive child
behavior (i.e., compliance to an indirect command, compliance to a direct command, child
positive affect nonverbal, child positive affect verbal, child psychical warmth); 4 for negative
child behavior (i.e., non-compliance to an indirect command, non-compliance to a direct
command, cry-whine-yell, smart talk). The reliability of the parenting scales was α > .60 for
positive parenting; α > .67 for negative parenting; α > .49 for positive child behavior; and α
> .56 for negative child behavior. This is comparable to previous studies (e.g., Posthumus,
Raaijmakers, Maassen, Van Engeland, & Matthys, 2012). Despite the modest reliabilities
for the two observed child behaviors scales, we still included these variables in our data

73 /

Chapter 4

questionnaire consists of 62 items measured on a 5-point Likert scale (1 = not at all to 5 =
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analyses for transparency reasons (see for a priori hypotheses our protocol paper (Chhangur
& Weeland et al., 2012).
The observations were coded by trained research assistants who were not involved in
the study and who were blind to condition and measurement wave. Monthly calibration
meetings were held to prevent observer drift. To provide estimates of interrater reliability,
a random 237 of the 1161 observations (20%) were independently coded by two coders.
Coders were unaware of which observations were used to assess observer agreement.
Intraclass correlation (ICCs) was ICC was assessed through a two-way mixed effects model
using SPSS 22.0. In these models people effects are random and measures effects are fixed.
Interrater reliability was excellent at all measurement waves; ICCs ranged from .96 to .97
for positive parenting; from .85 to .93 for negative parenting; from .82 to .93 for positive
child behaviors; and from .70 to .83 for negative child behaviors.

Intervention: The Incredible Years BASIC program
The IY program is developed to prevent and intervene in the development of child
externalizing behavior problems by building a warm parent-child relationship through
increasing positive parenting strategies such as child directed play, social and emotion
coaching, praise and incentives and decreasing negative parenting strategies such as being
critical and inconsistent (Webster-Stratton, 2008). IY is a group behavioral parent training
consisting of 15 weekly sessions. The program starts with the focus on positive parenting
strategies such as play, praise and incentives, before discussing effective limit setting,
ignoring unwanted behavior and finally time out strategies. During the sessions parents
watch video-vignettes of parents and children interacting (in our study Dutch subtitles were
used in the vignettes), act in role-plays, have brainstorm sessions and exchange experiences
and ideas in small groups. After each vignette, the group leader asks questions to stimulate
discussion about what parents found particularly (in)effective and to practice alternative
responses. Parents are encouraged to role-play new skills in front of the group and in small
subgroups during the meeting. Before each session, parents read a book Chapter on the
topic of that particular session. Additionally, they receive home assignments to practice the
discussed skills at home. Parents are also assigned a “buddy” (i.e., another parent of the
same group), which they call weekly to check in with and discuss successes and difficulties
with the new learned skills. The program uses a collaborative setting, in which group leaders
establish themselves as facilitators, rather than as experts. Group leaders encourage parents
to solve problems and to help each other solve problems in order to ensure maintenance of
the intervention effects.
Fourteen IY intervention groups (consisting of 8-15 parents) were delivered across three
different Dutch municipalities (i.e., large urban city, medium urban city, and a suburban
area). The groups consisted of 14 weekly 2-hour sessions and a “booster” session one month
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after termination of the program (i.e., a total of 15 sessions). Every group was led by two
group leaders who had followed a commensurate three-day basic training. All main leaders
had a background in clinical child psychology, had experience running IY groups before the
study commenced, and were officially certified by The Incredible Years (two group leaders
got certified during the study). Parents completed weekly satisfaction questionnaires, to
ensure the session contents address the specific goals parents have.
To boost attendance, child-care was arranged for parents who attended the course
during office hours. Parents were compensated for travel costs when needed. At the start of
the program all parents received the program book and an IY magnet. During the sessions
group leaders provided the groups with coffee, tea and snacks. Candy or stickers (parent’s
the sessions on ‘tangible rewards’ leaders also brought small surprise rewards for parents
(worth approximately 1 euro, such as stickers, stamps, or small games, which they had to
blindly grab from a “treasure bag”). At the last session, all parents received a certificate, a
personal felicitation talk and a plant as a reminder of the program.

Analyses
Preliminary analyses
The preliminary analyses showed that there were no outliers but that the data were skewed.
Therefore, we used maximum likelihood robust (MLR) to deal with non-normally distributed
data. Also, two-level MwiN models were run as preliminary analyses to test the nesting of
families within intervention groups (i.e., families formed a part of fourteen groups). There
was no variance at the group level at pre-test, and at post-test variance did not exceed 4% of
total variance. Therefore, group-level was not included in the final models.
Analyses
In the primary analyses, latent growth curve modeling (LGCM) in Mplus (Muthén & Muthén,
1998-2015) was used to assess the development of observed and reported parenting and child
behavior across pre-test, post-test, and follow-up assessments. LGCM estimates individual
growth for each child or parent separately, which is an excellent approach for examining
variation in the development of the outcome variables, while controlling for baseline levels.
Model fit is considered good if the Root Mean Square Error of Approximation (RMSEA) is
< .05 and Confirmatory Fit Index (CFI) values are >.95 (Hu & Bentler, 1999). To calculate
effect sizes of the intervention effectiveness Cohen’s d was used, where d ≥ . 20 is considered
a small effect, ≥ .50 as a moderate effect and ≥ .80 as a large effect. In total, 197 parents
were assigned to the IY intervention groups, of whom 44 decided not to participate in the
program or never attended a session. We found no differences on any pre-test measures (ps
> .09) between parents who actively participated in the intervention and parents who did
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not. Therefore, the 44 allocated-to-intervention families who did not attend any sessions
were still included in the analyses. In total, we assessed eight separate outcome measures
(i.e., four parent reported and four observed) in the full intention-to-treat analyses.
Benjamini-Hochberg False Discovery Rate correction (Benjamini & Hochberg, 2005) was
used to correct for chance capitalization.
After assessment of the intervention effectiveness, moderator variables (i.e., number of
sessions parents attended, family composition, initial severity of externalizing problems,
child gender, and SES measures by parental education) were assessed using eight
multivariate mixture models, controlling for possible confounding effects of the moderator
variables. The effects of the moderator variables on the slope of the outcome variables
were estimated for the two classes (intervention and control) separately, since the variable
‘number of sessions attended’ is only relevant in the intervention class.

Results
Intervention integrity
A total of 197 parents were assigned to the IY intervention groups. Active participants
attended on average 11.01 (SD = 3.69) out of 15 sessions. Of these participants, 74% attended
at least 10 sessions and 84% at least half of the sessions. If parents missed a session, group
leaders called them to discuss the content and sent them home assignments. If parents
missed three subsequent sessions, a home visit was scheduled by the trainers to discuss the
missed program content with the parent(s). Besides the IY intervention about a third of the
families in the experimental condition (31.30%) received additional (mental health) care or
help between baseline and post-test, which was significantly less than families in the control
condition (49.58%) (χ2(1, N = 350) = 3.71, p = .05).
The Incredible Years program can only be implemented by officially certified groupleaders.
To ensure and monitor implementation fidelity groupleaders followed a treatment manual
for each session (i.e., standardized manuals and session guidelines, check-lists, books,
dvd’s, handouts, tangible rewards etcetera) and completed weekly protocol checklists of
standards (e.g., vignettes, brainstorms and role-plays) to be covered in each session. These
checklists showed that on average 70.4% of these standards were executed by trainers. It
has been suggested that that positive intervention effects are often obtained with levels of
program integrity exceeding 60% (Durlak & DuPre, 2008). Furthermore, co-leaders filled
out standardized peer-feedback forms, and parents filled out standardized feedback forms.
All sessions were videotaped for feedback and analysis at regular groupleader meetings and
groupleaders received ongoing supervision, feedback, and training throughout the study.
Treatment integrity of IY overall is very high because of the close monitoring, standardized
materials, and comprehensive training manuals (see Webster-Stratton & Hammond, 1997).
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Intervention effects
Child externalizing problems
For parent reported child externalizing behavior on the ECBI intensity scale, condition
proved non-significant at intercept (B0 = .085, p = .12) but significant at slope (B1 = -.125, p

=.001, corrected p = .002) (χ2 (df = 2, N = 387) = 8.08, CFI = 0.98, RMSEA = .09; Cohen’s
d = .20), indicating that reported levels of child externalizing problems did not differ
between control and intervention group at pre-test, but that parents in the intervention
group reported a significantly larger decrease in child externalizing behavior at post-test
and follow-up, compared to parents in the control group (see Table 4.4). For observed
significant at intercept (B0 = .122, p = .12) nor at slope (B1 = -.091, p = .18, corrected p = .28)
(χ2 (df = 2, N = 382) = 3.77, CFI = 0.96, RMSEA = .05, d = .02), indicating that observed

levels of child externalizing problems between the intervention group and control group did
not significantly differ at pre-test or over time.
Child prosocial behavior
For parent reported child prosocial behavior, condition proved neither significant at
intercept (B0 = .012, p = .85) nor slope (B1 = .019, p = .54, corrected p = .62) (χ2 (df = 2,

N = 387) = 0.57, CFI = 1.00, RMSEA < .001, p = .75, d = .07). Also, for observed child

prosocial behavior, condition proved neither significant at intercept (B0 = .012, p = .85) nor
slope (B1 = .008, p = .90, corrected p = .90) (χ2 (df = 4, N = 382) = 7.12, CFI = .94, RMSEA

= .05, d = .02). Thus, reported and observed levels of child prosocial behavior between the

intervention group and control group did not significantly differ at pre-test or over time (see
Table 4.4).
Negative parenting behavior
For parent reported negative parenting behavior condition proved non-significant at
intercept (B0 = .073, p = .23) but significant at slope (B1 = -.175, p < .001, corrected p <.001)

(χ2 (df = 4, N = 387) = 18.25, CFI = .95, RMSEA = .10, d = .25) (see Table 4.4), indicating
that the control and intervention group did not differ on negative parenting behavior at pretest, but that parents in the intervention group reported a significantly stronger decrease of
such negative parenting behavior over time compared to the control group. For observed
negative parenting behavior, condition proved neither significant at intercept (B0 = -.087,

p = .40) nor slope (B1 = -.063, p = .44, corrected p = .58) (χ2 (df = 4, N = 382) = 6.35, CFI =

.98, RMSEA = .04, d = .02), indicating that change in observed levels of negative parenting
behavior did not significantly differ between groups.
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-.091 (.07)
.019 (.03)
.008 (.06)

.122 (.08)*
.012 (.06)
.012 (.07)

Observed externalizing behavior

Reported prosocial behavior

Observed prosocial behavior

.186 (.04)***
.280 (.06)***

.055 (.06)
.130 (.10)

Observed negative behavior

Reported positive behavior

Observed positive behavior

< .001

< .001

.58

< .001

.90

.62

.28

< .01

p value

Corrected

0.06

0.49

0.06

0.29

0.06

0.08

0.06

0.20

Post-test

0.02

0.45

0.02

0.25

0.02

0.07

0.02

0.08

Follow-up

Cohen’s d

Effect sizes

16.93 (4)

6.41 (2)

6.35 (4)

18.25 (4)

7.12 (4)

0.57 (2)

3.77 (2)

8.08 (2)

X² (df)

0.96

0.99

0.98

0.95

0.94

1.00

0.96

0.98

CFI

0.09

0.08

0.04

0.10

0.05

<.001

0.05

0.09

RMSEA

.75

p value

X²

Note. df = degree of freedom; CFI = comparative fit index; RMSEA = root mean square error of approximation. As X² < df, the CFI is set to 1.0 and RSMEA to .001, which makes it
sufficient to read off whether the p-value is not significant. p values are corrected with Benjamini-Hochberg False Discovery Rate correction.*p < .05; **p < .01; *** p < 001

-.175 (.04)***
-.063 (.08)

.073 (.06)
-.087 (.10)

Reported negative behavior

Parent behavior

-.125 (.04)**

B(SD)

Slope

.085 (.05)

B(SD)

Intercept

Reported externalizing behavior

Child behavior

Outcome

Table 4.4 / Intervention Effects of Reported and Observed Child and Parent Behavior.
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Positive parenting behavior
For parent reported positive parenting behavior condition proved non-significant at
intercept (B0 = .055, p = .38) but significant at slope (B1 = .186, p < .001, corrected p <.001)
(χ2 (df = 2, N = 387) = 6.41, CFI = .99, RMSEA = .08, d = .45) (See Table 4.4). Also, for

observed positive parenting behavior, condition proved non-significant at intercept (B0 =

.130, p = .17) but significant at slope (B1 = .280, p < .001, corrected p <.001) (χ2 (df = 4, N =

382) = 16.93, CFI = .96, RMSEA = .09, partial d = .02). Thus, parent reported and observed
positive parenting behavior did not differ at pre-test, but parents in the intervention group

reported and showed a significantly stronger increase of positive parenting behaviors over
time compared to parents in the control group.

one IY session). The results remained the same as the results of the intention-to-treat
analyses (see supplement A). Detailed information about the analyses can be requested
from the authors.

Moderators of Intervention Effects
Table 4.3 shows correlations between the moderator variables. Of these variables initial
severity of externalizing problems was significantly negatively correlated with child gender (r
= -.21, p < .05) and family composition (r = -.21, p < .05). Single parents and parents of boys
reported more initial severity of externalizing problems. SES was significantly negatively
correlated with family composition (r = -.13, p < .01) and positively correlated with number
of sessions parents attended the intervention group (r = .16, p < .05), indicating that low
SES families included more single parents and attended less intervention sessions when
allocated to the intervention group. As planned, these correlations between moderator
variables were taken into account to control for their possible mutually confounding effects.
Initial severity of externalizing problems
Initial severity of child externalizing problems was a significant predictor of the slope of
parent reported externalizing behavior over time in the intervention group (B1 = -.121, p

= .04) but not in the control group (B1 = -.031, p = .57). This indicates that parents who

reported higher levels of initial severity of child externalizing problems (at screening),
reported a larger effect of the intervention on externalizing child behavior over time (see
Table 4.5). However, comparison of the coefficients of the control and intervention group
showed, that the coefficients were not significantly different from each other (t = 1.15, df
= 374, p = .25). Initial severity did not influence intervention effects on observed child
externalizing child behavior, reported and observed prosocial child behavior, reported and
observed negative and positive parenting behavior. Thus, no moderation of intervention
effects by initial severity was found.
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Child gender
Child gender predicted the slope of observed child prosocial behavior over time in the
intervention group (B1 = .203, p = .03) but not in the control group (B0 = .015, p = .85),
indicating that girls in the intervention group showed a larger increase in prosocial behavior

compared to boys in the intervention group. However, comparison of the coefficients of the
control and intervention group showed that the coefficients were not significantly different
from each other (t = .27, df = 374, p = .79). Child gender did not influence intervention
effects on reported and observed child externalizing child behavior, reported prosocial
child behavior, reported and observed negative and positive parenting behavior. Thus, no
moderation of intervention effects by child gender was found.
SES
SES (parental education) was a predictor of the slope of reported negative parenting behavior
in the control group. Low SES families in the control group reported more negative parenting
over time (B0 = .087, p = .03) but there was no such effect of SES on the slope of reported

negative parenting in the intervention group (B1 = .005, p = ns.). However, comparison of

the coefficients of the control and intervention group showed that the coefficients were not
significantly different from each other (t = 1.45, df = 364, p = .15).
Also, we found that SES was a predictor of the slope of observed negative child behavior
in the control condition (B0 -.156, p = .04) but not in the intervention condition (B1 = .000,
p = .00). This indicates that in the control condition higher SES predicted lower levels of

negative child behavior over time. However, comparison of the coefficient of the control
and intervention group showed that the coefficients were not significantly different from
each other (t = 1.56, df = 374, p = .12). In addition, SES was a predictor of the slope of
observed prosocial child behavior in the intervention condition (B1 < .000, p = .000) but not
in the control condition (B0 = - .020, p = ns.). However, comparison of the coefficients of the

control and intervention group showed, that the coefficients were not significantly different
from each other (t = .33, df = 374, p = .74). Thus, no moderation of intervention effects by
SES was found.
Family composition
Family composition was not a significant predictor of the slope of any of the outcomes,
indicating that single parent and two-parent families benefitted equally from the IY
intervention.
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.035 (.06) -.059 (.05)
.008 (.09)

.000 (.07)

-.023 (.09)

Reported prosocial

Observed prosocial

.012 (.06) -.009 (.05)
-.063 (.10)

-.030 (.05)

-.148 (.11)

Reported positive

Observed positive

Note. *p < .05; **p < .01; *** p < .00

.039 (.13)

-.116 (.12)
.058 (.09)

.037 (.12)

-.040 (.06)

-.017 (.06)

Observed negative

.042 (.05)

.203 (.09)*

Reported negative

Parenting behavior:

-.113 (.11)

-.005 (.10)

.143 (.11)

-.031 (.05) -.010 (.06)

-.121 (.06)*

I
B (SD)

Observed externalizing

C
B (SD)

I
B (SD)

.000 (.00)
.004 (.00)

.093 (.08)

-.152 (.06)

.018 (.01)**

.011 (.00)**

.070 (.13) -.001 (.01)

.034 (0.5) -.012 (.00)***

.015 (.08)

-.019 (.04) -.003 (.00)

-.089 (.10)

-

-

-

-

-

-

-

-

C
B (SD)

Number of sessions
attended

.045 (.05) -.003 (.00)

C
B (SD)

Child gender

Reported externalizing

Child behavior:

I
B (SD)

Initial severity of
problem behavior

< .001 (.00)

-.008 (.04)

< .001 (.00)

.005 (.04)

< .001 (.00)***

.007 (.03)

< .001 (.00)

.050 (.05)

I
B (SD)

SES
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Table 4.5 / Moderator Variables of Slopes in Intervention group (I) and Control group (C).

.086 (.06)

-.040 (.04)

-.094 (.09)

.087 (.04)*

-.020 (.06)

-.015 (.04)

-.156 (.08)*

-.014 (.04)

C
B (SD)

.085 (.09)

C
B (SD)

.034 (.09)

-.070 (.15) -.096 (.15)

.045 (.09) -.132 (.12)

-.018 (.25) -.065 (.23)

.061 (.08)

.137 (.11) -.171 (.10)

-.007 (.08) -.077 (.09)

.115 (.14) -.212 (.24)

.035 (.07)

I
B (SD)

Family composition
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The number of intervention sessions parents attended
Number of attended IY sessions predicted the slope of parent reported negative parenting
behavior (B1 = -.012, p < .001) and positive behavior (B1 = .011, p = .001) and observed

positive parenting behavior (B1 = .018, p = .001) in the intervention group. These results

indicate that parents who attended more IY sessions reported a higher decrease in negative
and higher increase in positive parenting behavior, and also showed a larger increase in
observed positive parenting behavior, than parents who attended less IY sessions. The
number of intervention sessions parents attended did not influence intervention effects on
reported and observed child externalizing child behavior, reported and observed prosocial
child behavior, reported positive parenting behavior and observed negative parenting
behavior.

Discussion
Previous research demonstrated that the behavioral parenting training (BPT) The Incredible
Years (IY) is effective in preventing externalizing problems. In addition, studies suggested
that specific sociodemographic and intervention-based factors (i.e., initial severity of
externalizing problems, child gender, social economic status (SES), family composition, and
number of sessions attended) may influence the intervention effectiveness of the program.
However, the effects of these moderators were mostly studied in isolation, rather than
in multivariate analyses, inhibiting insight into “real” moderation effects when different
moderators are controlled for each other. Also, these effects were studied in modestly sized
samples (e.g., average N = 95; Menting et al., 2013) that predominantly relied on parental
reports of intervention effectiveness. Therefore, in a large randomized-controlled-trial
(RCT; 387 parents and their children aged 4-8 years) we tested the unique contribution
of multiple moderators, within one multivariate model and controlling for their possible
confounding effects – based on parent reports as well as observational data. Our results
demonstrated that IY was successful in decreasing parent reported externalizing problems
(post-test: d = .20; follow-up: d = .08), in decreasing parent reported negative parenting
behavior post-test: d = .29; follow-up: d = .25), and increasing parent reported (post-test:
d = .49; follow-up: d = .45), and observed positive parenting behavior (post-test: d = .06;
follow-up: d = .02).
Intervention effects were neither found for observed child externalizing problems
and negative parenting behavior nor for reported and observed child prosocial behavior.
Therefore, even though a recent meta-analysis found convincing proof that IY is effective
in preventing observed child externalizing behavior (d = .37 for all 23 studies, d = .35 for
the four indicative prevention studies; Menting et al., 2013), we did not establish this effect
in the present study. In interpreting these findings, it is important to note that reliability of
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the two observed child behavior scales was relatively low and that we adhered to stringent
controls for multiple testing. This resulted in low power to detect effects on observed child
behavior. We found no effects of IY on child prosocial behavior. This is contradictory to the
outcomes of a recent meta-analysis by Menting and colleagues (2013), who found IY to be
effective in reducing externalizing problems as well as increasing child prosocial behavior.
This might be partly explained by differences in how prosocial behavior is operationalized
and assessed between studies.
Our results illustrate the importance of using multi-informant data when assessing
intervention effects. Including both reported and observed data on parent and child behavior
gave a more complete picture of changes herein. Specifically, although we found significant
found a significant effect on positive parenting behavior. It has been argued that parents
might justify the time and effort they have invested through attending the intervention by
reporting a decrease in child externalizing behavior, without the occurrence of an actual
change in these behaviors (Leijten, Overbeek, & Janssens, 2012). However, both the recent
Menting and colleagues (2013) meta-analysis including 23 studies with observational
measures and a Dutch study by Posthumus and colleagues (2012) did establish effects
on observed child behavior. Among those studies, the DPICS is often used as observation
instrument; however there is little correspondence between studies in which DPICS
categories for parent and child behavior are being used. For instance, some studies used a
composite score of the categories child smart talk, Cry/Whine/Yell, and physical negative
excluding (Posthumus et al., 2012) or including non-compliance (Webster-Stratton, Reid, &
Hammond, 2001) and destructive behavior (Webster-Stratton, 1998), whereas others used
separate categories (Eyberg et al., 2001) such as non-compliance or physical negative to index
child externalizing behavior. It might be that previous studies also encountered difficulties
in forming a reliable scale for this behavior. In our case, inability to create a reliable scale for
observed child behavior combined with small variance might have precluded detection of an
intervention effect in the present study. Another possible explanation might be differences
between the parenting questionnaire and observation measure. The questionnaire asks
parents about child behavior over a longer period of time and across different contexts,
whereas the observation is conducted in a period of 20 minutes and is restricted to a playsession. Future research could explore whether different effects can be captured with
observations using a more extensive timeframe and/or in different settings (e.g., morning
routines or mealtimes).
The discrepancy between specifically our findings on observed positive parenting
behavior and observed negative parenting behavior, might also suggest that the increase
in positive parenting behavior is the most rapidly evoked and/or most robust intervention
induced behavioral change. This seems plausible, considering that the IY program highly
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invests in strengthening the parent-child relationship by advocating positive parenting
strategies (such as regular playtime and praise). Furthermore, it might be easier to stimulate
parents to increase the use of novel, positive parenting behaviors than to change coercive
parent-child interaction patterns. In addition, it may be that, although parents already
perceive and report a decrease in their own negative parenting behavior and their child’s
externalizing problems, these behaviors have not yet observably changed enough to be
detected by the limited observation measure at the time of the follow-up.
The simultaneous inclusion of multiple potential moderators in our analyses proved
worthwhile, as moderators that have previously been studied in isolation were found to
be correlated. Initial severity of externalizing behavior and number of sessions parents
attended were the only moderators that influenced significant IY intervention effects.
However, we did not find a consistent pattern of moderation across all outcome measures
examined. For example, the number of sessions that parents attended moderated the
intervention effects on reported negative parenting behavior and reported and observed
positive parenting behavior, but not on any child behavior outcome measures. Out of 40
tested moderation effects (i.e., eight outcomes × five moderators), we eventually found
three significant moderation effects. This raises the question how potent these moderators
are in differentiating the effectiveness of the intervention, and consequently, the true
clinical relevance of these moderators. The current findings rather emphasize that IY may
be an effective intervention, specifically for reducing perceived externalizing child behavior,
across a broader range of child and family subgroups.
However, our findings do not rule out that the intervention effects are influenced by
moderators other than the ones currently examined. For example, the operationalization
of parenting may be culture-bound, in that parenting practices related to negative child
behavior may differ by ethnicity. The current study had a homogenous sample for which the
number of parents not born in the Netherlands was only 16% and the number of parents not
born in a Western-European country was less than 13%. As our sample was a predominantly
indigenous Dutch sample, we were unable to examine ethnicity as a possible moderator.
On the other hand, a previous study on IY, targeting Dutch ethnic minority mothers
showed that ethnic minorities benefitted equally from IY compared to Dutch families
(Leijten, Raaijmakers et al., 2015). Furthermore, a more theoretically informed search for
moderators may be fruitful. We know that externalizing problems is a very heterogeneous
behavioral cluster and has different etiologies in different children (e.g., Frick, 1998). This
suggests that intervention effects may depend on the extent to which a specific intervention
addresses the specific factors pertinent to the development of these behaviors in individual
children. Thus, interesting moderators to investigate might be those factors that are likely
to make children more or less susceptible to specific intervention techniques or clinical foci.
Some of these factors indicated by previous studies relate to the neurocognitive domain
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such as inhibitory control (Lochman et al., 2015; Matthys, et al., 2012), to children’s
temperament (e.g., Gallitto, 2015; Scott & O’Connor, 2012), and to children’s genetic makeup (Bakermans-Kranenburg & Van IJzendoorn, 2015). More insight into “what works for
whom” might also help to tailor interventions and improve their effectiveness.
Using a full intention-to-treat model, the overall effect sizes of the intervention were
small ranging between d = .06 and d = .49 at post-test and d = .02 and d = .45 at followup. However, the effect size on reported externalizing child behavior at follow-up was
comparable to meta-analytical findings on the effectiveness of IY in an indicated prevention
context (Menting et al., 2013). Another way to further improve effectiveness of prevention
programs might be therefore be by unraveling the active components why interventions are
is by conducting micro trials (i.e., small-scale, randomized experiments using a brief and
focused environmental manipulation, designed to target one specific risk mechanism)
focused on discrete parenting intervention elements (Collins et al., 2007; Howe et al., 2010;
Leijten, Dishion, et al., 2015)
Our findings have to be interpreted in the light of some limitations. First of all, because
of the indicated prevention setting we had a large group of parents who were attributed
to the intervention but never participated. We used an intention-to-treat model to
estimate more realistically the intervention effects of The Incredible Years in a real-world
outreaching prevention setting, including those parents allocated to the intervention that
did not participate. However, as such an analysis might lead to a conservative estimation
of intervention effects we also conducted “completers-only” analyses showing similar
intervention effects (supplement A). Secondly, our follow-up was on average only 4 months
after the intervention. Therefore, we cannot say whether the improvements in parenting
and child behavior remain over a longer period of time. However, previous longitudinal
and quasi experimental studies do suggest long term effects of IY up to adolescence (Jones,
Daley, Hutchings, Bywater, & Eames, 2008; Posthumus et al., 2012; Webster-Stratton,
Rinaldi, & Reid, 2011). More experimental research is needed to confirm these long term
findings, but also to further investigate the longitudinal role of the sociodemographic
and intervention-based moderators. Third, IY is a highly protocolled program, which
overall yields high treatment integrity (Webster-Stratton & Hammond, 1997). Following
IY standard procedure, program integrity was measured using group-leader self-reported
checklists. However, the use of therapist-reported treatment integrity has been criticized
(Perepletchikova & Kazdin, 2006). It might be that other measures of integrity (e.g.,
observational coding of sessions) would have yielded lower integrity scores. Fourth, our
study also only included a small number of single parent and low SES families, which might
cause a power issue to detect possible moderator effects of family composition, and low
generalizability to other samples (see Table 4.1). Finally, it is worth mentioning that the
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reliability of observed child behavior was low (α between .49 and .67), which could have led
to less reliable estimations of intervention effects. Nonetheless, for reasons of transparency,
we decided to report the analyses because they were conducted to test previously published
hypotheses (see for a priori hypotheses in Chhangur, Weeland et al., 2012).
Despite these limitations, our current trial may be considered a major step forward in
terms of its large scale, the use of observational data to establish intervention effects on
child and parenting behavior, the use of sophisticated statistical analyses and controlling for
multiple testing, and high level of attendance at the intervention meetings and little overall
attrition (retaining 93% of participants at follow-up). Moreover, we sought to extend recent
work in this area by adding multiple important moderators indicated by previous metaanalyses and by investigating the unique effects (i.e., controlling for possible founding effects
of different moderators) of these moderators on the intervention effectiveness. Our result
show that the previously suggested moderators may not be as potent in differentiating BPT
effects as once thought. Based on this approach, IY has proven to be an effective prevention
strategy to reduce parent perceived child externalizing behavior in a broad range of families.

86 /

5.
Gene-by-Intervention
Interaction including
The Incredible Years,
COMT and MAOA:
Is Reward Sensitivity
a Mechanism?
Weeland, J., Chhangur, R. R., Jaffee,
S. R., Van der Giessen, D., Matthys, W.,
Orobio de Castro, B., & Overbeek, G.
(Manuscript submitted for publication).

Chapter 5

Abstract
The goals of this study were: (1) to explore a previously reported Gene-by-Intervention
(G×I) interaction between the effects of The Incredible Years program (IY) and a polygenic
dopaminergic index consisting of enzyme-related polymorphisms (COMT, MAOA) in boys
and (2) to test whether this interaction could be explained by genetic differences in reward
sensitivity, specifically sensitivity to parents´ use of praise. The original sample consisted
of 387 Dutch children between 4 and 8 years of age (Mage = 6.31, SD = 1.33; 55.3% boys)
and their parents, who participated in a three-wave randomized controlled trial. Results of
completers only analyses on boys (n = 192) indicate that the previous reported polygenic
G×I was specifically due to the MAOA polymorphism: The effects of IY on child externalizing
problems were stronger for boys carrying the MAOA low-activity allele, compared to boys
carrying the high-activity allele. Theoretically, these children might be specifically sensitive
to reward due to upregulated dopamine availability. However, although our results show
that IY caused a large (partial η2 = .19) increase in parents’ use of praise, this increase
did not explain the intervention effects on child externalizing problems in boys with and
without the MAOA low activity allele. This might indicate that reward sensitivity might not
be a mechanism underlying G×I or that we did not fully capture reward-oriented parenting
due to limitations of our observation data. An important next step in G×I research will be
gaining insight into the underlying biopsychosocial mechanisms.
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Individual differences in how (strongly) children are affected by their surroundings have
become an important theme in research on child development (Belsky, 1997; Boyce &
Ellis, 2005). There is growing evidence that the strength of the relation between children’s
environment and the development of both adaptive and maladaptive behavior differs due to
children’s genetic make-up, specifically dopamine related genes (i.e., gene-by-environment
interactions: G×E, for overviews and meta-analyses see Bakermans-Kranenburg & Van
IJzendoorn, 2011; 2015; Byrd & Manuck, 2014). Interestingly, the same genetic markers
that predict disproportional negative outcomes under adverse circumstances have also
been shown to predict more favorable outcomes when the environment is enriched through
intervention (i.e., gene-by-intervention interactions: G×I, Van IJzendoorn & BakermansKranenburg, 2015). These genotypes might therefore not just predict an increased
vulnerability for environmental risk but instead predict an increased susceptibility to both
environmental risk and enrichment.
trials showed that intervention effects are stronger for individuals with “susceptibility
genotypes” than for individuals without such genotypes (Van IJzendoorn & BakermansKranenburg, 2015). This suggests that failure to take into account such child characteristics
might lead to over- or underestimation of intervention effectiveness for individual children.
In addition, incorporation of these child characteristics might increase our insight into
“what works for whom” and, in turn, enable us to tailor interventions accordingly to
increase their effectiveness. In a previous paper we showed that in boys the intervention
effect of the behavioral parent training (BPT) The Incredible Years (IY) was moderated by
a dopaminergic polygenic factor (i.e., “plasticity index”) consisting of receptor- (DRD2,
DRD4), transporter- (DAT1), and enzyme- (COMT, MAOA) related polymorphisms
(Chhangur et al., in press). Further investigation showed this G×I effect was specifically
due to variability in polymorphisms coding for the enzymes catechol-O-methyltransferase
(COMT) and monoamine oxidase A (MAOA) (Chhangur et al., submitted for publication),
which are responsible for degradation of amines among which the neurotransmitters
dopamine. Specifically, boys in the intervention condition carrying more enzyme-related
“plasticity alleles”, namely the low-activity alleles of the MAOA gene and/or Val-alleles of
the COMT gene, showed a significantly larger decrease in externalizing behavior compared
to boys in the intervention condition who carried fewer of these alleles.
The COMT Val-allele is related to more catechol-O-methyltransferase production,
leading to faster inactivation of dopamine and lower dopamine availability (Chen et al.,
2004). In contrast, the MAOA low-activity allele is related to less monoamine oxidase A
production, resulting in less degradation of dopamine and higher dopamine availability
(Weyler, Hsu, & Breakafield, 1990). Our G×I finding that IY works better for boys carrying
more enzyme related plasticity alleles than boys carrying less of such alleles (Chhangur
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et al., in press) might therefore indicate that specifically differences in the degradation of
dopamine, and in turn, the availability of dopamine in the presynaptic neuron and synaptic
cleft is responsible for the differences in intervention effectiveness of IY. However, because
both polymorphisms of interest have seemingly opposing effects on dopamine availability,
it remains unclear whether the previously found G×I is due to a cumulative effect of the two
polymorphisms or to one versus the other.
Another important question is how the COMT and/or MAOA polymorphisms influence
the effectiveness of IY. Dopamine is related to reward sensitivity, and extant literature
suggests that dopamine release during anticipation of reward causes a pleasant arousal
(Pessiglione et al., 2006; Schultz, 2010). High dopamine availability may therefore result
in increased arousal in response to rewards (Dreher et al., 2009; Lancaster et al., 2012),
increased salience of rewarding experiences (Buckholtz et al., 2010), and, indirectly,
increased effects of reward-based learning (Comings & Blum, 2000). As a result, children
carrying polymorphisms upregulating dopamine might be specifically susceptible to the
effects of reward oriented parenting strategies -such as praise and token economies- when
compared to children with low dopamine availability (Matthys et al., 2012).
An important purpose of behavioral parenting training such as IY is to teach parents
positive and reward-focused strategies to increase compliant and socially desirable behavior
in their children. Parents are instructed on how to positively reinforce desired behavior
in their children through using praise, sticker charts for charting positive child behavior
and tangible rewards (Webster-Stratton, 2008). Specifically praise -verbalizations meant to
socially reward children- is used in most, if not all, BPT programs (Maughan, Christiansen,
Jenson, Olympia, & Clark, 2005; McCart et al., 2006), and has been shown to have a positive
effect on child compliance (e.g., Eisenstadt, Eyberg, McNeil, Newcomb, & Funderburk,
2010; Marchant, Young, & West, 2004). IY might thus indirectly reduce child externalizing
problems through an increase in the use of positive reward oriented parenting and decrease
in negative punishment oriented parenting: The intervention effect might be mediated
by changes in this specific parenting behavior. Indeed, our previous effectiveness study
showed that IY led to an increase in reported and observed positive parenting strategies
and a reported (but not observed) decrease in negative parenting strategies (Weeland &
Chhangur et al, submitted for publication, Chapter 4). However, these strategies might
not be equally effective for all children. Children with genotypes related to high dopamine
availability might be specifically reward sensitive, and thus more susceptible to rewardbased parenting strategies such as praise. In turn, this may cause these children to decrease
more in oppositional and defiant behavior and to increase more in prosocial, positive
behavior then children who are less genetically susceptible.
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Present study
The goals of this study were: (1) to further explore a previously reported Gene×Intervention
(G×I) interaction between the evidence-based Incredible Years program (IY) (see Chapter
4 for reports on the effectiveness of IY) and a polygenic dopaminergic index consisting
and enzyme- related polymorphisms (COMT, MAOA) in boys, and (2) to test whether this
interaction could be explained by genetic differences in reward sensitivity. In a three wave
(pre-test, 6 month post-test and 10 month follow-up) randomized controlled trial (RCT)
we therefore examined whether the effect of the behavioral parent program IY on change
in parent-reported child externalizing behavior might be mediated by observed change in
parents’ use of praise (a reward based parenting strategy). We used different informants for
the mediator (observed praise) and outcome (reported child externalizing problems), which
is important because it prevents bias and method dependence between these variables.
Furthermore, we tested whether the increased use of praise by parents might be especially
alleles of the COMT gene. We expected that these polymorphisms would alter the (praisemediated) effects of IY because they predispose children for increased reward sensitivity.

Methods and materials
Participants
Participants of this study were 387 parent-child dyads who participate in the Observational
Randomized controlled trial of CHIldhood Differential Susceptibility (ORCHIDS study)
(see Chhangur & Weeland, et al., 2012, Chapter 3). At the first measurement wave (i.e., pretest) children (55.3% boys) were between 4 and 8 years of age (Mage = 6.31, SD = 1.33). The
sample mostly consisted of parents and children who were born in the Netherlands (97.4%
of children and 80% of parents were born in The Netherlands). For more information on
the sample see Weeland & Chhangur and colleagues (submitted for publication, Chapter 4).

Procedure
Participants were recruited through two Dutch regional health care organizations in two
separate cohorts. All families in the targeted municipalities with children between 4 and 8
years of age were screened using the Eyberg Child Behavior Inventory (Eyberg, & Pincus,
1999). When children scored at or above the 75th percentile of their respective cohort they
were invited to participate in the trial. The RCT consisted of three measurement waves (i.e.,
pre-test, post-test after 6 months and follow-up after 10 months). Parent and child behavior
was assessed using both questionnaires and observations at all three waves. At the first wave
a buccal swab was collected from children. Approval was received from the Institutional
Review Broad in The Netherlands (METC UMC Utrecht, protocol number 11-320/K). For
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more information on the recruitment procedure see Weeland & Chhangur and colleagues
(submitted for publication, Chapter 4).

Intervention: The Incredible Years BASIC program.
After the pre-test, parents were randomly assigned into two groups (i.e., control or
intervention). Parents in the intervention condition received The Incredible Years program
(IY, Webster-Stratton, 2008) between pre-test and post-test. Parents in the control
condition did not receive any intervention through the trial, but were free to seek additional
help (i.e., “care-as-usual”). The IY program is developed to prevent and intervene in the
development of child externalizing problems by reducing harsh and unresponsive parenting
and increasing positive and warm parenting. The program has been studied intensively
and was found effective in reducing child externalizing problems across settings and target
populations (for a meta-analysis see Menting et al., 2013). IY consists of 15 sessions (i.e., 14
weekly 2-hour sessions and a “booster” session) and promotes the use of positive parenting
strategies such as play, praise and incentives before discussing effective limit setting,
ignoring unwanted behavior, and finally, time out strategies (Webster-Stratton, 2008).
Participants of the ORCHIDS study intervention group attended, on average, 8.6 sessions;
44 parents in this group did not attend any sessions. These parents did not differ from
parents that did attend sessions (see Weeland & Chhangur et al., submitted for publication,
Chapter 4).

Measures
Child Externalizing Problems
The Eyberg Child Behavior Inventory (ECBI) assesses the occurrence of conduct problems
in children aged 2 to 16 years (Eyberg, & Pincus, 1999). The ECBI intensity scale was used
consisting of 36 items (e.g., ‘Acts defiant when told to do something’) rated by parents on
frequency using a 7-point scale (1= never to 7= always). Reliability of the scale was good for
all three waves (α >.84).
Praise
Parents’ use of praise was assessed through observation using the Dyadic Parent–child
Interaction Coding System (DPICS). The DPICS is a home observational measure for
parent–child interactions, which assesses the quality of the social interaction (Robinson
& Eyberg, 1981; Webster-Stratton, 1989). Parent and child were observed for 20 minutes
while playing with a fixed set of toys at pre-test, post-test and follow-up. The observation
procedure consisted of 4 five-minute periods: free play (i.e., to get used to being videotaped);
child directed play (i.e., child picked a toy and directed the session); parent directed play
(i.e., parent picked a toy and directed the session); and clean up (i.e., parent had to make
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the child clean up). For the last three periods, the number of times parents used labeled or
unlabeled praise was scored (which ranged between 0 and 41 times).
The observations were coded by trained research assistants who were not involved in
the study and who were blind to families’ condition as well as the measurement wave. To
prevent observer drift monthly calibration meetings were held. In addition, two coders
independently coded at random 20% of the observations to assess observer agreement.
Coders were unaware of which observations were used to assess this. Intraclass correlations
(ICCs, using SPSS 22.0) showed interrater reliability was excellent at all measurement
waves; ICCs were > .85 for all positive parenting strategies.

Genotyping
Buccal swabs were collected in lysisbuffer (100 mM NaCl, 10 mM EDTA, 10 mM Tris pH
8, 0.1 mg/ml proteinase K and 0.5% w/v SDS) until further processing. Genomic DNA was
workstation (Chemagen Biopolymer-Technologie AG, Baesweiler, Germany). Within the
ORCHIDS study six genes were analysed (i.e., MAOA, COMT, DRD2, DRD4, DAT1, and
5-HTTLPR) (for more information on the procedure see Chhangur et al., in press). The
focus of the current paper is specifically on the MAOA and COMT polymorphisms, since
our previous studies found these polymorphisms to moderate the intervention effects
(see Chhangur et al., in press; submitted for publication). Results for the 5-HTTLPR
polymorphism are reported elsewhere (Weeland et al., submitted for publication, Chapter
5).
MAOA. The region of interest from the MAO-A gene was amplified by PCR using the
following primers: an FAM-labelled MR primer (5’-GGATAACAATTTCACACAGG-3’),
forward primer (5’-ggataacaatttcacacaggACAGCCTGACCGTGGAGAAG-3’) and a reverse
primer (5’-GGACCTGGGCAGTTGTGC-3’). Typical PCR reactions contained between 10
and 100 ng genomic DNA template, 1 pmol of forward primer, and 10 pmol of labelled
MR and reverse primers. PCR was carried out in the presence of 5% DMSO with 1.25U
of LongAmp Taq DNA Polymerase (NEB) in a total volume of 30 ml using the following
cycling conditions: initial denaturation step of 5 min at 94oC, followed by 38 cycles of 30
sec 94oC, 30 sec 55oC, 30 sec 72oC and a final extension step of 4 min 72oC. One microliter
of PCR product was mixed with LIZ-500 size standard and formamide and run on a ABI
3730 genetic analyser set up for genotyping with 50 cm capillaries. Results were analysed
using GeneMarker software (Softgenetics). The MAOA genotype distribution was 64.5%
high/high; 31.9% high/low and 3.7% low/low genotype (n = 17 no genotyping), and did not
differ between participants of the control and the intervention condition (χ2 = 4.64; df = 2;
p= .10). Genotypes for boys were n = 80 low and n = 123 high. Since boys have only one
X chromosome, Hardy-Weinberg equilibrium (HWE) calculation were done for girls only.
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Genotypes for girls (n = 23 low/low, n = 75 low/high, n = 96 high/high were in HWE, χ2(1,
N = 167) = 0.13, p = .73 (Rodriguez, Gaunt, & Day, 2009).
COMT. To determine the COMT rs4680 polymorphism, 1ul of the isolated samples were
analysed using TaqMan® chemistry (Cat. # 4351379, Applied Biosystems). Samples were
run on an ABI-7500 Real-Time PCR instrument and data were analysed using 7500 System
SDS software. The COMT genotype distribution was 23.5% Met/Met; 48.3% Val/Met; and
28.2% Val/Val, and did not differ between participants of the control and the intervention
condition (χ2 = .49; df = 2; p = .18), and no deviations from HWE were found (χ2 = .39; df
= 2; p = .82).

Analyses
To assess changes in child and parenting behavior over the three time points (pre-test, posttest and follow-up) latent growth curves were modeled (LGCM) using Mplus 7 (Muthén
& Muthén, 1998-2015). LGCM was chosen because it estimates an individual growth
curve (i.e., slope) for each child and parent, making it possible to examine variation in the
development of the outcome variables. Full information maximum likelihood (FIML) was
used to treat missing data. For this study we only used the data for boys (n = 214). Families
in the intervention condition who did not attend any sessions (n = 22) were excluded from
the analyses (i.e., “completers only” analysis). Model fit of the growth curves was assessed
using the Root Mean Square Error of Approximation (RMSEA) (model fit satisfactory
when < .08) and Tucker-Lewis Index (TLI) and Confirmatory Fit Index (CFI) (model fit
satisfactory when > .90) (Hu & Bentler, 1999).
The analyses were performed in three steps. In step 1, we tested moderation of the
intervention effect by children’s MAOA and COMT genotype. LGCM of child externalizing
problems was modeled to assess whether participants in the intervention condition
significantly differed from participants in the control condition in development of child
and parenting behavior over time. Main effects of MAOA and COMT genotype, as well as
condition × genotype interactions, were added to assess possible moderation effects of MAOA
and COMT genotype. We performed two robustness checks for significant G×I effects: First,
it has been shown that heteroscedasticity can masquerade G×E effects (Salvatore & Dick,
2015). Therefore, we repeated the analysis using nonlinear transformations of externalizing
problems (i.e., logarithmic transformations). Second, it has been argued that G×E studies
have not appropriately controlled for covariates and covariate interactions, particularly in
mixed-ethnicity samples (Dick et al., 2015; Keller, 2014). Due to the experimental nature of
our study, we can rule out effects of many possible covariates such as socio-economic status
(for a report on non-genetic moderators of the intervention effect Weeland & Chhangur et al.,
submitted for publication, Chapter 4). However, due to possible population stratification it
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might still be important to take into account child ethnicity (Enoch et al., 2006). Therefore,
we repeated the analysis adding child ethnicity (birth country of parents: The Netherlands
or other) and ethnicity × genotype covariates (conform Keller, 2014).
In step 2, we tested whether the intervention effect on child externalizing problems
is explained by changes in parents’ use of praise (Preacher, Rucker, & Hayes, 2007). We
used parallel process LGCM to test mediation, testing an indirect effect from intervention
condition to the slope of child externalizing problems via the slope of praise (see Cheong,
Mackinnon, & Khoo, 2003; Kauer et al., 2012). For the sake of completeness all direct
pathways (a) condition to slope child externalizing problems; (b) condition to slope parental
praise; and (c) slope parental praise to slope child externalizing problems are reported
alongside the indirect effects. However, these direct effects are no statistical prerequisite for
the existence of indirect effects (Preacher & Hayes, 2008).
In step 3, we tested whether the intervention effect on child externalizing problems
We reran the model of step 2 using a multi-group approach. To test whether the models
were significantly different across groups, we used the chi-square difference test (Δχ2) to
compare the models in which all paths were constrained to be equal across groups with the
free models in which all paths were estimated freely. Evidence for moderated mediation
was found if the constrained model fit significantly worse than the unconstrained model.
For the models that indicated significant group differences, we compared the specific path
coefficients between the groups, taking into account sample size and standard errors for
each group (Cohen, Cohen, West, & Aiken, 2013; Soper, 2016).

Results
Preliminary Analyses.
Table 5.1 shows descriptive statistics for child externalizing problems and parental praise.
Bivariate associations showed that at pre-test none of the constructs were significantly
correlated. Exploration of the data showed that there were no significant outliers. However,
praise was positively skewed. Therefore, maximum likelihood robust (MLR) fit indices will
be reported. Furthermore, bootstrapped (5000 bootstrap samples) confidence intervals
were used to evaluate significance of indirect effects.

Step 1. Moderation.
LGCM of child externalizing problems showed sufficient model fit: χ2(N = 192, 7) = 14.12,
CFI = .97, TLI = .92, RMSEA = .075. None of the predictors (i.e., condition, MAOA, COMT
and their interaction variables) were significantly related to the intercept of externalizing
behavior problems, meaning there children in the control and experimental group and
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characterized by different genotypes had comparable levels of externalizing behavior.
Controlled for effects of the COMT polymorphism, only the condition × MAOA interaction
had a significant effect on the slope of externalizing problems (Table 5.2). This interaction
effect indicates that the intervention had a significant effect on decreasing child externalizing
problems for children with a low-activity variant of the MAOA genotype (B = -0.35, s.e. =
.08, p < .001, partial η2 = .13), but not for children carrying the MAOA high-activity allele
(B = -0.05, s.e. = .06, p = .36, partial η2 = .00; coefficient difference between genotypes: t =
3.0, df = 179, p < .01) (see Figure 5.1 for illustration of the interaction).
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Table
5.1 /allele)
Descriptive
Child Externalizing
Problems
and Observed Parental Praise in Boys (n =
192).
Pre-test (T1)
Control

Post-test (T2)

Intervention

Control

Follow-up (T3)

Intervention

Control

Intervention

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

Child externalizing
problems

3.77

.51

3.88

.48

3.62

.57

3.48

.51

3.51

.56

3.45

.57

Parental praise

5.07

4.54

6.66

5.41

4.67

3.69

11.85

9.69

4.16

3.16

9.85

7.58
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Table 5.2 / LGCM Results on Reported Child Externalizing Problems Moderated by Child MAOA and
COMT Genotype (n=192).
Predictor

B intercept

s.e.

p

B slope

s.e.

p

Condition

.27

.16

.09

-.10

.10

.35

MAOA

-.18

.10

.24

.10

.06

.08

COMT

.16

.11

.14

-.06

.06

.36

Condition × MAOA

.16

.17

.27

-.28

.10

.01

Condition × COMT

-.23

.15

.18

.05

.12

.68

The interaction between condition and MAOA remained significant using log transformed
scores on child externalizing problems χ2(N = 192, 7) = 11.91, CFI = .98, TLI = .94, RMSEA
= .062; B = -0.35, s.e. = .01, p = .01, and when adding child ethnicity × MAOA interaction
.076; B = -0.29, s.e. = .10, p < .01. Since these findings indicate that the enzyme based G×I
reported in our previous study (Chhangur et al., submitted for publication) is solely carried
by the MAOA genotype, the COMT gene was not included in further analyses.

Step 2. Mediation
Parallel process LGCM of child externalizing problems and parental praise overall showed
sufficient model fit, although a lower RMSEA value was observed: χ2(N = 192, 15) = 39.49,
CFI = .94, TLI = .92, RMSEA = .09. Results show that the intervention was successful in
increasing parents’ use of praise (partial η2 = .19). However, the change in parental praise
did not predict the change in child externalizing problems, and there was no indirect effect
from the intervention on child externalizing problems via praise (see Table 5.3).

Step 3. Moderated Mediation
Chi2 difference testing of ML model fit showed no significant difference (ΔChi2 = 6.49, Δdf =
3, p = .09) between the constrained and free multi-group model. This means that the model
fit did not improve when estimating the mediation pathways for the MAOA low- and high
genotypes separately. This indicates that the effect of the intervention on parental praise
and the effect of parental praise on child externalizing problems did not differ between
carriers of the MAOA low- and high-activity allele.
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covariates to the regression model χ2(N = 192, 7) = 14.38, CFI = .97, TLI = .92, RMSEA =
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Table 5.3 / Parallel Process LGCM: Mediation by Parental Praise.
B

s.e.

p

a

-.08

.10

.39

Praise

b

3.12

.47

.00

Child externalizing problems

c

-.01

.03

.63

Child externalizing problems

bc

-.04

.09

.62

Predictor

Outcome

Intervention

Child externalizing problems

Intervention
Praise
Intervention via Praise

Path

95% CI

-.19 – .07

Conclusion and Discussion
In a three wave (pre-test, post-test and follow-up) randomized controlled trial we further
explored a previous reported Gene×Intervention (G×I) interaction between The Incredible
Years program (IY) and a polygenic dopaminergic index consisting two enzyme-related
polymorphisms (Chhangur et al., submitted for publication) and whether this interaction
could be explained by genetic differences in reward sensitivity, specifically sensitivity to
parents´ use of praise. We hypothesized that the MAOA and/or COMT polymorphism would
alter the (praise-mediated) effects of IY because they predispose children for increased
reward sensitivity.
Our findings show that the previously detected polygenic G×I was solely explained by
the MAOA polymorphism. The intervention effects on child externalizing problems were
stronger for boys carrying the MAOA low-activity allele, compared to boys carrying the highactivity allele for whom there was no significant effect of the intervention. This G×I remained
significant when properly controlling for possible effects of the COMT polymorphism, child
ethnicity, and heteroscedasticity. The finding that the effect of the environment is stronger
for boys carrying the MAOA low-activity allele, than boys without, is seemingly in line with
many previous studies on the MAOA (for a meta-analysis see Byrd & Manuck, 2014). On the
one hand, our findings might indicate that these children are more sensitive to environmental
enrichment, and therefore show vantage sensitivity (Pluess & Belsky, 2013). On the other
hand-combined with previous findings that compared to boys carrying MAOA the highactivity allele boys carrying the low-activity allele are more vulnerable when maltreated and
in turn develop more conduct problems (e.g., Byrd & Manuck, 2014; Caspi et al., 2002)our results might also be interpreted in line with differential susceptibility thinking: Boys
carrying the low-activity allele seem not only more vulnerable to environmental risk (i.e.,
for worse: for example developing conduct problems when maltreated) but might also be
more susceptible to environmental enrichment (i.e., for better: showing more improvement
in externalizing problems due to intervention).
We found no moderation of the intervention effectiveness by COMT genotype. This
links to previous literature, in that findings on the COMT polymorphism in relation to
externalizing behavior have been mixed (Weeland, Overbeek et al., 2015; Chapter 2). These
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mixed findings might be explained by a cognitive/emotional trade-off (i.e., the warriorworrier hypothesis, Goldman et al., 2005), in which the Val-allele is associated with an
advantage in emotional processing and the Met-allele in cognitive processing (see Mier et
al. 2009). The Met-allele (i.e., the worrier) is associated with an advantage for prefrontal
cortex –and related cognitive– functioning. However, at the same time this allele might
contribute to emotional dysregulation, an irritable mood and reactive aggression or mood
disorders (Drabant et al., 2006; Thompson et al., 2012). It might therefore be that the
COMT polymorphism is related to cognitive processes underlying differential effects of
the environment, instead of processes related to socialization as we studied in our present
analyses.
The question that remains: How can we explain the found G×I with the MAOA?
Theoretically, our finding might be explained by differences in children’s reward sensitivity.
Genotypes that upregulate dopamine (i.e., causing higher availability), such as the MAOA
this allele might therefore experience reward oriented parenting strategies as particularly
strong behavioral reinforcers. Therefore, these children might specifically benefit from IY
because they benefit substantially from an increase in such parenting behavior. Praiseverbalizations meant to socially reward children- is one of the best-represented strategies
in BPT to enhance reward oriented parenting behavior (Maughan et al., 2005; McCart et
al., 2006). Our results show that IY indeed caused a large increase in parents’ use of praise
(partial η2 = .19). However, in contrast with this explanation, the increase in parental praise
did not explain the intervention effects on child externalizing problems in either children
with the MAOA low-activity or children with the high-activity allele.
One explanation might be that reward sensitivity is not a mechanism underlying the
G×I between IY and the MAOA polymorphism. Besides degrading dopamine, monoamine
oxidase A is also involved in degrading other neurotransmitters such as serotonin and
norepinephrine. It has even been suggested that the effects of the MAOA on availability
of these neurotransmitters are larger than the effects on dopamine (for an overview see
Buckholtz & Meyer-Lindenberg, 2008). Therefore, other emotional-motivational traits,
such as differences in the processing and regulation of emotions, are possibly responsible
for differences in how (strongly) children react to changes in parenting behavior (see
for an overview Moore & Depue, 2016). For instance, due to increased activation of the
amygdala and dorsal anterior cingulate cortex, and increased connectivity between the two,
when exposed to anger related stimuli, boys carrying the MAOA low-activity allele might
experience increased difficulties in anger control, compared to boys carrying the highactivity allele (Denson, Dobson-Stone, Ronay, Von Hippel, & Schira, 2014). When dealing
with for example an angry parent, these boys might find it difficult to shift their attention
away from the sources of irritation, control their negative emotions and in turn control
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their negative behavioral responses. These boys might therefore be particularly sensitive
to negative and harsh parenting strategies, but at the same time particularly sensitive to an
intervention induced decrease in parental self-control, anger and harshness.
Alternatively, our findings might indicate that the parenting strategy ‘praise’ alone does
not capture reward oriented parenting strategies. In our study, parents´ use of praise was
not related to child behavior. Research findings on the effect of praise on child behavior
have been mixed (for a review see Owen, Slep, & Heyman, 2012). It might therefore be that
praise alone is not a predictor of child behavior, and therefore not a mechanism of change
in IY. Different and multiple parenting strategies are part of the category “reward oriented”
parenting such as nonverbal positive reinforcement (e.g., hugging), tangible rewards, and
using token economy (e.g., tangible rewards). These parenting strategies were not included
in our parent-child observation, leaving us unable to test their effects. However, mediation
analyses using a composite score for positive parenting strategies, reported in a different
paper, also failed to explain intervention effectiveness of IY on child externalizing problems
(see Chapter 6).
Irrespective of the explanation for our lack of support for the putative mechanism of the
found G×I, our study-results add to the view that the mechanisms underlying interactions
between our environment and biology might be very specific and complex (Moore &
Depue, 2016; Reiss et al., 2013). Furthermore, due to ongoing interactions between genetic
dispositions and the environment, these mechanisms might become increasingly complex
over developmental time. Testing such mechanisms at an early developmental period might
prove more successful. Nevertheless, gaining insight into the underlying biopsychosocial
mechanisms of G×I is of great importance. In order to be able to grant any empirical
or clinical implications to findings on G×I we are in need of more knowledge on the
neurobehavioral associates of the genetic markers we use.
A few important limitations of our study should be acknowledged. First, although our
sample size is at least comparable to other G×I studies (a recent meta-analysis on G×I showed
an average N of 148), it is still a relatively modest sample size to test complex models such as
moderation and mediated moderation. A larger sample size, and therefore more adequately
powered models, might have yielded different results. Second, our present randomized
controlled trial is based on a relatively specific subsample of native Dutch families willing
to be enrolled, randomized and to attend 14 weekly intervention sessions. Our results may
therefore not be generalizable to the general population or to other countries. Third, although
our current study included a four-month follow-up assessment, no generalization of IY
intervention effects across longer time intervals could be observed. Specifically, inspection
of Figure 5.1 shows that eyeballing the results there seems to be a further differentiation
of intervention effects on child externalizing problems behavior between carriers of the
MAOA high- and low-activity allele. Because we only followed children up to four months
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post intervention, we do not know whether these differential effects will continue across a
longer time frame. Fourth, although the use of an observed, instead of a parent reported,
mediator can be considered a major strength of this study, at the same time it limited our
mediator in validity, range, and reliability. We only have observational data on parenting
behavior during a brief play situation, which might decrease validity of this measure to
capture day-to-day variability in parenting behavior (see Weeland & Chhangur, submitted
for publication, Chapter 4).
Our findings add to the literature in multiple ways. First, we used a three wave
randomized controlled trial to test G×E. This design enables us to rule out alternative
explanations for interaction effects, such as correlations between environment and child
characteristics. It thus provides robust, causal evidence for such interactions. Second, we
used different informants for the mediator (i.e., observed praise) and outcome (i.e., parentreported child externalizing problems). This is important since mediation is often assessed
causing inflated observed associations due to shared informant variance. Third, using
an evidence based intervention, our study is part of a growing body of literature on G×I
findings, showing that individual characteristics such as one’s genetic make-up might be
important predictors of the effectiveness of a particular intervention. Failure to take into
account these characteristics might lead to over,- or underestimation of intervention effects.
In sum, our findings suggest that, although a primitive approach, some candidate genes
might be used as markers of individual differences in susceptibility to interventions. Single
candidate gene studies have been criticized for their naïve approach of genetics in human
development (Chabris et al., 2013; Szyf & Bick, 2013). Ironically, our attempt to combine
all available genetic information on dopaminergic functioning eventually brought us back
(full circle) to a single candidate gene. Our study shows that the previously found polygenic
effects on intervention effectiveness (Chhangur et al., in press) are due to the effect of a
single polymorphism, namely the MAOA. However, this does not necessarily imply that
the mechanisms underlying such G×I interaction are not more complex. cG×I interactions
might just be simplistic renderings of more intricate processes including multiple (neuro)
biological, psychological, and social factors. Moreover, from a clinical perspective, it remains
unclear whether and how information on genetic moderation should be used in practice.
Given replication issues in this field, any practical application of a genetic marker would
at the very least require multiple replications. Furthermore, using genetic information to
identify children who might be more or less susceptible for a certain intervention is costly,
invasive, and yields ethical concerns (Ross, Saal, David, Anderson, & American Academy
of Pediatrics, 2013). Genetic screening may have negative side effects, such as false
deterministic claims about child externalizing problems.
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using parent reports of both parenting behavior and child externalizing problems, possibly

6.
Does The Incredible
Years reduce Child
Externalizing Problems
through Improved
Parenting? The Role of
Child 5-HTTLPR Genotype
and Negative Affectivity
Weeland, J., Chhangur, R. R., Jaffee, S.
R., Van der Giessen, D., Matthys, W.,
Orobio de Castro, B., & Overbeek, G.
(Manuscript submitted for publication).
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Abstract
In a randomized controlled trial (the Observational Randomized controlled trial of
CHIldhood Differential Susceptibility (ORCHIDS) study) we tested whether observed
parental affect and observed and reported parenting behavior are mechanisms of change
underlying the effects of the behavioral parent training (BPT) program The Incredible
Years (IY). Furthermore, we tested whether some children are more susceptible to these
change mechanisms because of their temperamental negative affectivity and/or 5-HTTLPR
genotype. Participants were 387 Dutch children between 4 and 8 years of age (Mage = 6.31,
SD = 1.33; 55.3% boys) and their parents. Results showed that although IY was successful
in improving parenting behavior and increasing parental positive affect, these effects did
not explain the significant decreases in child externalizing problems. We therefore found
no evidence for changes in parental behavior or affect being the putative mechanisms of
IY effectiveness. Furthermore, intervention effects on child externalizing behavior were
not moderated by child 5-HTTLPR genotype or child negative affectivity. However, child
5-HTTLPR genotype did moderate intervention effects on negative parenting behavior. In
BPT programs, it might therefore not only be important to focus on what works for which
children, but also on what works for which parents.
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Parenting behavior, such as parenting strategies and parental affect, is one of the most robust
predictors of early externalizing problems (for meta-analyses see Karreman et al., 2006;
Rothbaum & Weisz, 1994) and has therefore been targeted in prevention and intervention
programs such as behavioral parent training (BPT) (McCart et al., 2006). Although BPT is
an effective method for decreasing children’s externalizing problems, mean effect sizes are
moderate (McCart et al., 2006; Menting et al., 2013). This might be explained by two things.
First, we have limited insight about which specific mechanisms of change are responsible for
the intervention effects (“what works”) of BPT programs (for a review see Forehand, Lafko,
Parent, & Burt, 2014). Secondly, what these specific mechanisms are may vary considerably
between participating families (“what works for whom”) (Leijten et al., 2013; Menting et
al., 2013; Scott & O’Connor, 2012). Gaining insight into what works for whom might help
us tailor BPT programs by indicating, for specific children or families, what is the needed
clinical focus, duration, and intensity, increasing their effectiveness (Chorpita, Becker, &
Daleiden, 2007).
Because BPT programs consist of multiple components it is often unclear how specific
mechanisms of change contribute to the intervention effects (for a review, see Forehand et
positive affect (i.e., happiness and warmth) and decreases in parental negative affect (i.e.,
anger and harshness) may be important change mechanisms underlying the effectiveness
of BPT programs (Coplan, Hastings, Lagacé-Séguin, & Moulton, 2002; Duncombe et al.,
2012; Martin, Clements, & Crnic, 2009). Furthermore, due to temperamental or genetic
predispositions, these putative mechanisms of change might have a larger impact in some
children than in others. Changes in parental affect might be particularly important change
mechanisms for children who show heightened arousability and behavioral responses
to others emotions (i.e., heightened emotional reactivity). Specifically, temperamental
negative affectivity and the 5-HTTLPR polymorphism have been previously related to such
individual differences in emotional reactivity and might be related constructs (Auerbach et
al., 1999; Belsky & Pluess, 2009; Weeland et al., 2015, Chapter 2). The current study tested
whether intervention-induced changes in observed parental affect as well as observed and
reported positive and negative parenting behavior mediated the effects of the BPT program
The Incredible Years (IY) on parent reported child externalizing problems. Also, we tested
whether some children are more susceptible to intervention-induced changes in parental
affect and behavior because of their temperamental negative affectivity and/or 5-HTTLPR
genotype.

105 /

Chapter 6

al., 2014). Besides changes in the use of adequate parenting techniques, increases in parental

Chapter 6

What Works: Parental Affect and Behavior as Mechanisms of Change
BPT teaches parents to use effective parenting behaviors, such as monitoring and giving
specific praise, in order to reduce child problem behaviors. Although the idea that BPT
programs are effective in reducing child externalizing problems through parenting is
strongly grounded in theory, studies testing parenting as a mediator of BPT effectiveness
have yielded mixed results (Forehand et al., 2014; Gardner, Burton, & Klimes, 2006;
Hanisch, Hautmann, Plück, Eichelberger, & Döpfner, 2014). In fact, a review of 16
intervention studies showed that, depending on the specific parenting behavior assessed,
between 11% and 48% of tested mediators were significant (Forehand et al., 2014).
Therefore, there has been a call for more research on the putative mediators of effective
interventions (Forehand et al., 2014; Kazdin, 2007) Besides actual changes in parenting
behavior, BPT encourages parents to increase in warmth and positivity during interactions
with their children. Thus, both changes in parenting behavior and changes in parental
affect might be important explanatory mechanisms underlying BPT intervention effects on
child externalizing problems (for a review and meta-analysis see Kaminski, Valle, Filene, &
Boyle, 2008; Sandler et al., 2011, but see also Hanisch et al., 2014). Previous longitudinal
research even suggests that parental emotions are stronger predictors of child outcomes
than actual parenting behavior itself (Duncombe et al., 2012; Isley, O’Neil, Clatfelter, &
Parke, 1996; Rudy & Grusec, 2006). For example, the detrimental effect of authoritarian
parenting on children’s self-esteem has been found to be explained by maternal negative
emotions (Rudy & Grusec, 2006). Changing parental affect seems to be a key mechanism in
promoting desirable child behavior, preventing escalation of parental irritability, anger, and
aggression, and breaking coercive interaction patterns within families in which children
have high levels of externalizing problems (Isley et al., 1999; Rudy & Grusec, 2006).
Most studies on mechanisms of change in BPT programs only took into account the use of
parenting behaviors such as monitoring, limit setting, and disciplinary techniques. Equally
as important as what parents do (i.e., parenting behavior) might be how they do it (i.e.,
expressed affect during parent-child interaction) (Crandall, Deater-Deckard, & Riley, 2015;
Dix, 1991; Gardner et al., 2006; Rueger, Katz, Risser, & Lovejoy, 2011). BPT programs might
indirectly decrease children’s externalizing problems, through increasing positive parental
affect during parent-child interactions, and preventing coercive cycles set off by parental
negative affect. In addition to the fact that studies on mechanisms of change mostly look at
a limited set of potential mediators, they also have important methodological limitations.
First, they mostly rely on parent reports of assessed mediators (parent behavior or affect)
and outcomes (child behavior), which are likely to be biased as well as codependent Second,
BPT research often examines mediation by studying associations between an improvement
in parenting behavior and a decrease in child externalizing problems at the same time point.
These studies are therefore unable to conclude that change in parenting behavior indeed
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preceded change in child externalizing problems. Failure to take into account the timeline
of change in the mediator and the outcome is seen as “the Achilles’ heel of treatment
studies” (Kazdin, 2007, p. 5). Therefore, in the current study we tested whether changes
in, specifically observed, parental affect and behavior at six-month post-test mediated the
intervention effect of IY on parent-reported externalizing problems at ten-month follow-up.

What Works for Whom: Differential Effects by Child Temperament
and Genotype
Changes in parental affect and behavior might not be equally important change mechanisms
for all children. Children might differ in how strongly they react to other’s emotions
due to temperamental and genetic predispositions (Belsky & Pluess, 2009; Weeland,
Overbeek, et al., 2015, Chapter 2). There is some evidence these temperamental and genetic
predispositions are related constructs (see Auerbach et al., 1999; Belsky & Pluess, 2009,
but see Dragan & Oniszczenko, 2005; Auerbach, Faroy, Ebstein, Kahana, & Levine, 2001;
Weeland, Slagt, et al., 2015, Chapter 7). For example, both relate to individual differences
in amygdala activity after exposure to expressed emotion (Kret, Denollet, Grèzes, &
temperamental and genetic differences in emotional reactivity are able to explain children’s
differential reactions to parenting and parenting interventions (i.e., emotional reactivity
hypothesis). On the other hand, considering the mixed findings on their relatedness, as
well as differences in how proximal they are to actual child behavior, it might be that one
or the other moderates the impact of parenting and parenting interventions. The current
study assessed whether the effects of changes in observed positive and negative parental
affect and observed and reported parenting behavior on parent-reported child externalizing
problems are moderated by child negative affectivity and/or 5-HTTLPR genotype.
Children who show heightened emotional reactivity might become more aroused than
less emotionally reactive children by others’ emotions, might more easily alter their own
mood, and experience difficulties in regulating these emotions and their behavioral response
(e.g., Auerbach et al., 1999; Davies & Cicchetti, 2013; Gyurak et al., 2013; Hankin et al., 2011;
Murphy et al., 2013; but see Weeland, Slagt, et al., 2015, Chapter 7). Thus, they may be more
susceptible to (changes in) positive and negative emotions in the context of intervention
(Scott & O’Connor, 2012). At a behavioral level, such differences in emotional reactivity
may be indexed by temperamental negative affectivity, defined as children’s tendency to
respond with high levels of negative affect such as anger or irritability to their environment
(Derryberry & Rothbart, 1988). Children’s negative affectivity has been found to moderate
the effects of parenting on child adjustment (Belsky, Hsieh, & Crnic, 1998; Bradley &
Corwyn, 2008; Lipscomb et al., 2012; Morris et al., 2002; Ramos, Guerin, Gottfried,
Bathurst, & Oliver, 2005), as well as the effects of parenting interventions (Gallitto, 2015;
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Scott & O’Connor, 2012; Van Zeijl et al., 2007). For example, maternal hostility has been
found to predict child externalizing problems for children high on negative affectivity, but
not for children low on this trait (Morris et al., 2002).
At a genetic level, emotional reactivity may be indexed by a polymorphism in the
promoter region of the serotonin transporter gene (i.e., 5-HTTLPR). The 5-HTTLPR
polymorphism, which has a high activity long (L) allele and a low activity short (S) allele,
regulates serotonin availability, which is an important modulator of neural circuitry
controlling behavioral and physiological processes including mood. Children’s 5-HTTLPR
genotype has been found to moderate the effects of parenting on child adjustment (i.e.,
G×E interactions; Van IJzendoorn et al., 2012), as well as the effects of parenting programs
(i.e., G×I interactions; Albert et al., 2015; Bakermans-Kranenburg et al., 2008; Van den
Hoofdakker et al., 2012). For example, Hankin and colleagues (2011) found that children
who carried a 5-HTTLPR S-allele (SS and SL-genotypes) showed more positive affect when
their parents were supportive and positive (observed, as well as measured by parent- and
child-report), but less positive affect when their parents were non-supportive and negative,
compared to children carrying two L-alleles (LL-genotypes). Temperamental and genetic
differences in emotional reactivity might thus explain children’s differential reactions to
parenting and parenting interventions (emotional reactivity hypothesis). The current study
assessed whether the effects of changes in observed positive and negative parental affect and
observed and reported parenting behavior on parent reported child externalizing problems
are moderated by child negative affectivity and/or 5-HTTLPR genotype.

The Current Study
The current study features a randomized controlled trial (i.e., pre-test, post-test, follow-up)
of IY among 387 parents and their children aged 4 to 8 years. We examined (1) whether
changes in observed parental affect and observed and reported parenting behavior explained
the effects of IY on decreases in parent reported children’s externalizing problems, and (2)
whether some children were more susceptible to changes in parental affect and parenting
behaviors based on their temperamental negative affectivity and/or 5-HTTLPR genotype.
Specifically, we hypothesized that observed parental affect at post-test would mediate
the effect of IY on decreasing parent reported child externalizing problems at follow-up.
In addition, based on an emotional reactivity hypothesis, we expected that these change
processes would be more strongly associated with reductions in externalizing problems in
children high on negative affectivity or carrying one or two 5-HTTLPR S-alleles. Specifically,
these children were hypothesized to be more susceptible to intervention-induced changes
in parental affect and parenting behavior and consequently show stronger decreases in
externalizing problems after the intervention than children without these susceptibility
characteristics.
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Methods and Materials
Participants
Participating parent-child dyads (N = 387) were part of the longitudinal Observational
Randomized controlled trial of CHIldhood Differential Susceptibility (i.e., ORCHIDS study,
for details on design, recruitment and sample see Chhangur & Weeland et al., 2012; Chapter
2; Weeland & Chhangur et al., submitted for publication; Chapter 4). Children were between
4 and 8 years of age at the start of the study (Mage = 6.31, SD = 1.33), mostly born in the
Netherlands (97.4%), and 55.3% male. Parents (91% were mothers) were between 23 and 51
years of age (Mage = 38.10, SD = 4.84), over 80% born in the Netherlands, and about half of
them (47.8%) were higher educated (i.e., completed higher vocational training or university).

Procedure
Parent-child dyads were recruited in two cohorts through two regional health care
organizations. All families with children between the ages of 4 and 8 years living in the
targeted municipalities received a personalized invitation letter including the questionnaire
with children scoring at or above the 75th percentile of their respective cohort were invited
for further participation. Parents signed written informed consent for participation of both
themselves and their child. Participation in the randomized controlled trial (RCT) consisted
of three measurement waves (i.e., pre-test, post-test after 6 months and follow-up after 10
months). During all measurement waves families were asked to fill out online questionnaires
on parent and child behavior. Also, families were visited at home by one of the researchers
or a trained research assistant to conduct an observation during a structured play situation,
which was videotaped for later coding. During the first home visit saliva swabs were collected
from children. After the first home visits participants were randomly assigned to either the
control group or the intervention group (50/50). The intervention group received the IY
parent training between the pre-test and post-test. The control group did not receive any
intervention through the RCT, but was free to seek other (mental) health care during the study
(i.e., “care as usual”). Approval for this study was received from the Institutional Review Board
in Utrecht, The Netherlands (METC UMC Utrecht, protocol number 11-320/K). For more
information on the procedure see Chhangur & Weeland and colleagues (2012, Chapter 3).

Intervention: The Incredible Years BASIC program
IY (Webster-Stratton, 2008) aims to prevent and intervene in the development of child
externalizing problems by reducing harsh and unresponsive parenting and increasing
positive and warm parenting. The program has been studied intensely and has been found
effective in reducing child externalizing problems across settings and target populations
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(Menting et al., 2013). The program starts with a focus on positive parenting behavior
such as play, praise and incentives before discussing effective limit setting, ignoring
unwanted behavior and using time out strategies (Webster-Stratton, 2008). Discussion
of these topics includes a focus on parent behavior as well as child and parent thoughts
and emotions. IY is a group behavioral parent training consisting of 15 sessions (i.e., 14
weekly 2-hour sessions and a “booster” session). Every group was led by two group leaders
with a background in clinical child psychology. The main leader was officially certified as a
group leader by conducting at least two complete sets of the program and sending in at least
one DVD session for review by a certified IY Trainer (though The Incredible Years Inc.).
To ensure and monitor implementation fidelity, all leaders completed a weekly sessionspecific checklist. These checklists showed that, on average, 70.4% of session activities (e.g.,
vignettes, brainstorms and role-plays) were executed by trainers. It has been argued that
positive intervention effects are obtained when the level of program integrity exceeds 60%
(Durlak & DuPre, 2008). Participating parents attended 8.6 sessions on average. Of all
parents randomized to the intervention condition, 44 did not attend any sessions. These
parents did not differ from parents that did attend sessions (see Chhangur &Weeland et al.,
submitted for publication, Chapter 4).

Observation Measures
Parent and child were videotaped for 20 minutes at pre-test, post-test and follow-up. The
observation procedure consisted of four five-minute periods in which parents and children
played with a fixed set of toys: 1) free play (i.e., to get used to being videotaped); 2) child
directed play (i.e., child picked a toy and directed the session); 3) parent directed play (i.e.,
parent picked a toy and directed the session); and 4) clean up (i.e., parent had to make the
child clean up the toys). The observations were coded by trained research assistants who
were not involved in the study and who were blind to condition and measurement wave.
Monthly calibration meetings were held to prevent observer drift. To provide estimates
of interrater reliability (intraclass correlation (ICCs)), using SPSS 22.0, a random 20% of
the observations were independently coded by two coders. Coders were unaware of which
observations were used to assess observer agreement.
Parental Positive and Negative affect
For each period parental positive and negative affect was coded on a 5-point scale (1=
not all positive/negative to 5 = very positive/negative) (based on the System for coding
interactions in parent-child dyads (SCIPD), Lindahl & Malik, 1996). Interrater reliability of
the parental affect measure was good at all measurement waves: α > .76 for negative parental
affect and α > .80 for positive parental affect (see Table 6.1 for descriptive statistics).
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Observed Positive and Negative Parenting Behavior
The Dyadic Parent–Child Interaction Coding System (DPICS) was used to code positive and
negative parenting behavior during parent–child interactions (Robinson & Eyberg, 1981;
Webster-Stratton, 1989). The scale positive parenting behavior consisted of 7 items (i.e.,
acknowledgement, descriptive question, descriptive comment/encouragement, unlabeled
praise, labeled praise, positive affect, and physical positive). The negative parenting behavior
scale comprised 6 items (i.e., physical intrusive, physical negative, critical statement,
negative command, indirect command without opportunity, direct command without
opportunity). Interrater reliability was excellent at all measurement waves; ICCs >.96 for
positive parenting behavior and > .85 for negative parenting behavior. The reliability of
the parenting scales was acceptable α > .60 for positive parenting and α > .67 for negative
parenting (see Table 6.1 for descriptive statistics).

Questionnaire Measures
Child Externalizing problems
The Eyberg Child Behavior Inventory (ECBI) assesses the occurrence of conduct problems
of 36 items (e.g., ‘Acts defiant when told to do something’). Parents report how often their
child currently engages in each behavior rated on frequency by parents on a 7-point scale
(1= never to 7= always). Reliability of the scale was good for all three waves (α > .84) (see
Table 6.1 for descriptive statistics).
Negative Affectivity
The Children’s Behavior Questionnaire Very Short Form (CBQ-VSF; Putnam & Rothbart,
2006) assesses primary characteristics of temperament in young children of 3 to 8 years
of age. We used the scale negative affectivity as an emotional reactivity measure. The scale
consists of 12 items (e.g., ‘Gets quite frustrated when prevented from doing something s/
he wants to do’) which can be answered using a 7-point Likert scale (1= extremely untrue
for my child to 7 = extremely true for my child) or with “not applicable”. Reliability of
the scale was satisfactory (α = .69) (see Table 6.1 for descriptive statistics). For analyses,
child negative affectivity was coded into three groups: low (0: 1SD below the mean, n = 64),
medium (1: mean +/- 1 SD, n = 258) and high (2: 1SD above the mean, n = 64).
Reported Positive and Negative Parenting Behavior
The Parenting Practice Inventory (PPI) measures parenting skills and discipline styles of
parents with children 6-12 years (Webster-Stratton, 2001). The PPI consists of 15 sections;
each containing multiple items, which are answered using different scales (e.g., ‘How
likely is it that you respond to this behavior in one of the following ways’). In total, four
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summary scales were extracted from this questionnaire; harsh and inconsistent discipline
(15 items, e.g., ‘Threatening but not punishing’, α > .76), positive verbal discipline (9 items
e.g., ‘Discussing the problem with the child’, α > .71), physical punishment (6 items, e.g.,
‘Slapping or hitting when misbehavior occurs’, α > .81), and praise and incentives (11 items,
e.g., ‘Giving a hug or compliment’, α > .65). Statements about parenting (e.g., ‘Sometimes
one must get very angry with his/her children to teach them a lesson’) were excluded,
because we were interested in the actual behavior of parents. Positive parenting behavior
was assessed by a combination of the dimensions positive verbal discipline and praise and
incentives (r = .29, p = < .001). Negative parenting behavior was assessed by a combination
of the scales harsh and inconsistent discipline and physical punishment (r = .29, p = < .001).
Reliability for both scales was satisfactory on all measurements (Positive parenting behavior
α > .70; Negative parenting behavior α > .78) (see Table 6.1 for descriptive statistics).

Genotyping
5-HTTLPR. Buccal swabs were collected in lysisbuffer (100 mM NaCl, 10 mM EDTA, 10 mM
Tris pH 8, 0.1 mg/ml proteinase K and 0.5% w/v SDS) until further processing. Genomic
DNA was isolated from the samples using the Chemagic buccal swab kit on a Chemagen
Module I workstation (Chemagen Biopolymer-Technologie AG, Baesweiler, Germany).
Within the ORCHIDS study six genes were analysed (i.e., MAOA, COMT, DRD2, DRD4,
DAT1, and 5-HTTLPR). All analyses were automatically performed using specialized
genotyping software, after which output of the analysis of each plate was checked by a
lab-worker. Analyses showing notable deviations or multiple failings were repeated. The
output of all analyses was checked by a second lab-worker. Each 96 well plate consisted of
one blank; analyses were only continued if this blank showed a negative result. To further
test reliability of the genotype procedure duplicates samples of 9 children were collected
to test the replicability of the results: Of the 56 replication genotyping procedures (9 times
6 genotypes) 53 (95%) were successfully replicated. For one duplicate sample, it was not
possible to genotype the MAOA polymorphism. The current paper focuses specifically on the
5-HTTLPR because this polymorphism has been associated with individual differences in
emotional reactivity (Hankin et al., 2011; Murphy et al., 2013; Pezawas et al., 2005). Results
of the ORCHIDS study with a dopaminergic polygenic score were reported elsewhere (see
Chhangur et al., in press).
The region of interest from the target gene 5-HTT was amplified by PCR using the
following primers: a FAM-labelled primer 5’-TCCTCCGCTTTGGCGCCTCTTCC-3’, and a
reverse primer 5’-TGGGGGTTGCAGGGGAGATCCTG-3’. Typical PCR reactions contained
between 10 and 100 ng genomic DNA template and 10 pmol of forward and reverse primer.
PCR was carried out in the presence of 5% DMSO, 5x buffer supplied with the enzyme and
with 1.25U of LongAmp Taq DNA Polymerase (NEB) in a total volume of 30 ml using the
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following cycling conditions: initial denaturation step of 10 min at 95oC, followed by 26 cycles
of 30 sec 95oC, 30 sec 69oC, 60 sec 65oC and a final extension step of 10 min 65oC. After PCR
10 µl of the sample was subjected to restriction digestion with the enzyme HpaII in a total
volume of 20 µl. Restriction was incubated for 2 hours at 37°C and inactivated by incubating
for 20 min. at 80°C. One microliter of PCR product before and after restriction was mixed
separately with 0.3 ml LIZ-500 size standard (Applied Biosystems) and 11.7 ml formamide
(Applied Biosystems) and run on an AB 3730 genetic analyser set up for fragment analyses
with 50 cm capillaries. Results were analysed using GeneMarker software (Softgenetics). The
genotype distribution was 32.5% LL genotype, 50.8% SL genotype, and 16.8% SS genotype,
and did not differ between participants of the control and the intervention condition (χ2 =
5.80; df = 2; p= .06). Hardy-Weinberg equilibrium (HWE) proportions were estimated,
and no deviations from these proportions were found (χ2 = .65; df = 2; p = .72) (Rodriguez
et al., 2009). For analyses, 5-HTTLPR genotype was coded into three groups, assuming an
additive model (i.e., 0 = LL, 1 = SL, 2 = SS).

Analyses
Keijsers, 2015) (see Figure 6.1) in Mplus. We used full-intention-to treat, which means that
44 families in the intervention condition who did not attend any sessions were still included
in the analyses. Because the Shapiro-Wilk tests showed that both reported and observed
parenting scales were skewed (positively for the negative and negatively for the positive
parenting scales), we reported Maximum Likelihood Robust (MLR) model fit indexes.
Model fit was assessed using the Root Mean Square Error of Approximation (RMSEA)
(model fit satisfactory when < .08) and the Confirmatory Fit Index (CFI) and the TuckerLewis Index (TLI) (model fit satisfactory when > .90) (Hu & Bentler, 1999). The analyses
were conducted in two steps. First, in order to assess possible mediation of the intervention
effect by parental affect and behavior we used a three wave CLSEM. We included concurrent
(within-time) correlations between the variables, the stability effects for variables (autoregression effects), and longitudinal cross-lagged effects of child behavior and parenting
affect or behavior (and vice versa over pre-test (T1), post-test (T2) and follow-up (T3)). In
this model we tested whether the intervention had a significant effect on child externalizing
problems at T3 (path a, Figure 6.1), on parental affect or behavior at T2 (path b, Figure 6.1),
and whether parental affect or behavior at T2 predicted child externalizing problems at T3
(path c, Figure 6.1). For the sake of completeness we reported all separate paths as part of
the mediation model. However, significance of all these paths is no requisite for mediation
to occur (Zhao, Lynch, & Chen, 2010). As a formal test of mediation, we included an indirect
effect to the model of intervention on child externalizing problems at follow-up via parental
affect or behavior at T2 (pathway bc, Figure 6.1). As recommended by Selig and Preacher
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We used Cross-Lagged Structural Equation Models (i.e., CLSEM; Cole & Maxwell, 2003;
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(2009), a bootstrapping procedure (5000 bootstrap samples) was used to estimate 95%
confidence intervals (CI) of the indirect effects. Second, in order to test possible moderation
by child temperamental negative affectivity and 5-HTTLPR genotype, we repeated the
CLSEM with a multi-group approach (SS, SL, and LL genotype; low, average, and high
emotionality reactivity).
To test whether the mediation models were significantly different across groups, we used
the chi-square difference test (Δχ2) to compare the models in which all mediation paths were
constrained to be equal across groups with the free models in which all mediation paths were
estimated freely. Evidence for moderated mediation was found if the constrained model fit
significantly worse than the unconstrained model. For the models that indicated significant
group differences, we compared the specific path coefficients between the groups, taking
into account sample size and standard errors for each group (Cohen et al., 2013; Soper,
2016).

Results
Mechanisms of Change: Parental Affect
Inspection of the data showed there were no outliers. Descriptive statistics and correlations
for all measures are shown in Tables 6.1 and 6.2.
Both positive and negative parental affect CLSEM yielded excellent fit statistics (Figures
6.1 and 6.2). The auto-regressive correlations of the models showed that both child
externalizing problems and parental negative affect were predicted by the same variable at
an earlier time point, indicating that these behaviors were relatively stable over time (T1 =
pre-test; T2 = post-test; T3 = follow-up). Concurrent correlations showed that within-time
child externalizing problems and parental negative affect were only weakly correlated at T3
and child externalizing problems and parental positive affect were only weakly correlated
at T1. This indicates that within-time parental affect and child externalizing problems were
not structurally related.
The main results showed that the intervention was not successful in decreasing child
externalizing problems at T3 (path a, Figures 6.1 and 6.2), but was successful in decreasing
these problems at T2. Also, the intervention was successful in increasing parental positive
affect (but not decreasing parental negative affect) at T2 (path b, Figures 6.1 and 6.2), but
not at T3. However, neither parental negative nor positive affect at T2 predicted child
externalizing problems at T3 (path c, Figures 6.1 and 6.2), and there was no indirect effect
from the intervention to child externalizing problems via parental negative or positive affect
(path bc, negative affect: B = .000; SD = .004; p = .93; 95% CI - .004 - .009; positive affect:
B = -.003; SD = .008; p = .72; 95% CI - .018 - .009).
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Table 6.1 / Descriptives of Parental Affect and Parent and Child Behavior
Pre-test
Control
M

Post-test

Intervention

SD

M

SD

Control
M

Follow-up

Intervention

SD

M

SD

Control
M

Intervention

SD

M

SD

Child negative affectivity

4.06

.86 4.21

.92 3.98

.83 4.04

.87 3.89

.86 4.05

.85

Child externalizing behavior

3.65

.51 3.75

.55 3.54

.54 3.44

.53 3.42

.55 3.37

.61

Negative parental affect

2.05

.70 1.94

.68 2.04

.71 1.94

.64 2.07

.67 1.96

.72

Positive parental affect

2.80

.63 2.85

.65 2.82

.66 3.09

.64 2.85

.64 3.05

.72

Negative parenting (obs)

1.58 1.07 1.54 1.05 1.54 1.01 1.29

Positive parenting (obs)

2.32

.87 2.43

.85 2.30

.93 2.79 1.11 2.26

.88 2.80 1.21

Negative parenting (rep)

2.70

.59 2.80

.62 2.57

.66 2.39

.58 2.54

.56 2.40

.56

Positive parenting (rep)

4.67

.62 4.70

.63 4.67

.65 4.88

.64 4.55

.68 4.86

.66

.86 1.53 1.08 1.41 1.01

Note. obs = observed; rep = parent reported

Table 6.2 / Correlations Between Parent and Child Variables at Pre-test.
2

3

4

5

6

7

1. Child negative affectivity

-

-.03

.35***

2. 5-HTTLPR genotype

-

3. Externalizing child behavior

-

-

4. Negative parental affect

-

8

9

-.18*

-.03

.05

-.05

.24***

.09

.06

-.06

-.01

.05

.02

-.06

.02

-

.05

-.14**

.11*

-.05

.05

.10

-

-

-

.05

.37***

-.10

-.03

-.09
-.00

5. Positive parental affect

-

-

-

-

-

.46

-.16

6. Negative parenting (obs)

-

-

-

-

-

-

.05

.11*

.18**

7. Positive parenting (obs)

-

-

-

-

-

-

-

-.14**

.12*

8. Negative parenting (rep)

-

-

-

-

-

-

-

-

-.03

9. Positive parenting (rep)

-

-

-

-

-

-

-

-

-

-.19

***

***

**

Note. * significant at p < .05; ** significant at p < .01; *** significant at p < .001

Mechanisms of Change: Parenting Behavior
All models regarding parental behavior yielded good model fit statistics (see Figures 3-6).
Both child externalizing problems and (negative and positive) parenting behavior were
predicted by the same variable at an earlier time point, indicating that these behaviors
were stable over time. Child externalizing problems were weakly correlated across all
three time-points with both observed and reported negative parenting behavior, but was
not significantly correlated with observed and reported positive parenting behavior. This
indicates that within-time parenting behavior and child externalizing problems were not
structurally related.
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The main results showed that the intervention was not successful in decreasing child
externalizing problems at T3 (path a, Figures 6.3-6.6), but was successful in decreasing this
behavior at T2. Also, the intervention was successful in reducing observed and reported
negative parenting behaviors and increasing observed and reported positive parenting
behavior at T2 (path b, Figures 6.3-6.6). Moreover, the intervention was successful in
decreasing reported (but not observed) negative parenting behavior and increasing
observed and reported positive parenting behavior at T3. However, none of the parenting
behavior measures at T2 predicted child externalizing problems at T3 (path c, Figures 6.36.6), and there was no indirect effect from the intervention to child externalizing problems
via parenting behavior (path bc: observed negative parenting: B = .005; SD = .007; p = .50;
95% CI - .004 - .019; observed positive parenting: B = -.013; SD = .009; p = .13; 95% CI .031 - .001; reported negative parenting: B = -.002; SD = .010; p = .88; 95% CI - .019 - .016;
reportedFigure
positive
parenting:Panel
B =Model
-.001;
SD = .010;
p = .93;
95%Affect.
CI - .019 - .014).
6.1. Cross-lagged
Mediation
by Parental
Negative
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)

Time 3 (follow-up)

Time 2 (post-test)

Time 3 (follow-up)

.17**
Child
externalizing
behavior

.66***

Child
externalizing
behavior

.00

-.18***

-.00

a

Intervention

Child
externalizing
behavior

.65***

-.02

.02

.01
.04
-.08

.03*
c

.09

-.05
b

Parental
negative affect

.20***

Parental
negative affect

.26***

.27***

Figure 6.1 / Cross-lagged
Panel Model Mediation by Parental Negative Affect.
Note. Model fit: χ2(N = 387, 4) = 7.02, CFI = .99, TLI = .97, RMSEA = .04.
Note. Model fit: X2(N = 387, 4) = 7.02, CFI = .99, TLI = .97, RMSEA = .04.
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Figure 6.2. Cross-lagged Panel Model Mediation by Parental Positive Affect.
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)

Time 3 (follow-up)

Time 2 (post-test)

Time 3 (follow-up)

.17**
Child
externalizing
behavior

Child
externalizing
behavior

.64***

.65***

Child
externalizing
behavior

.01

-.17***

-.01
-.01

Intervention

-.05*

-.02

.02

-.05
-.10
.23***

Parental
positive affect

.07

.45***

Parental
positive affect

Parental
positive affect

.32***

Chapter 6

.29***

Figure 6.2 / Cross-lagged
Panel Model Mediation by Parental Positive Affect.
Note. Model fit: χ2(N = 387, 4) = 7.17, CFI = .99, TLI = .98, RMSEA = .05.
2
Figure
Observed
Negative
Note. Model
fit: X6.3.
(NCross-lagged
= 387, 4) =Panel
7.17,Model
CFI =Mediation
.99, TLI =by.98,
RMSEA
= .05. Parenting Behavior.
Time 1 (pre-test)

Time 2 (post-test)

Time 3 (follow-up)

Time 1 (pre-test)

Time 2 (post-test)

Child
externalizing
behavior

Child
externalizing
behavior

Time 3 (follow-up)

.16**
.64***

.66***

Child
externalizing
behavior

.00

-.17***

-.02
.01

Intervention

.10*

.04*

.01*

.06
.13
-.21*

Negative
parenting
(obs)

.02

.13***

Negative
parenting
(obs)

.45***

Negative
parenting
(obs)

.06*

Figure 6.3 / Cross-lagged Panel
Model Mediation by Observed Negative Parenting Behavior.
Note. Model fit: χ2(N = 387, 4) = 8.29 CFI = .99, TLI = .96, RMSEA = .05
Note. Model fit: X2(N = 387, 4) = 8.29 CFI = .99, TLI = .96, RMSEA = .05
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Figure 6.4. Cross-lagged Panel Model Mediation by Observed Positive Parenting Behavior.
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)

Time 3 (follow-up)

Time 2 (post-test)

Time 3 (follow-up)

.16**
Child
externalizing
behavior

Child
externalizing
behavior

.64***

Child
externalizing
behavior

.66***

.02

-.18***

-.03
.01

Intervention

-.02

.01

.01

-.11
-.07
.41***

Positive
parenting
(obs)

.25**

Positive
parenting
(obs)

.54***

Positive
parenting
(obs)

.47***

.40***

Figure 6.4 / Cross-lagged Panel
Model Mediation by Observed Positive Parenting Behavior.
Note. Model fit: χ2(N = 387, 4) = 7.62 CFI = 1.00, TLI = .98, RMSEA = .05
Figure
Cross-lagged
Model
Reported
Negative
Parenting Behavior.
Note. Model
fit:6.5.
X2(N
= 387, 4) Panel
= 7.62,
CFI Mediation
= .99, TLI by
= 1.00,
RMSEA
= .05.
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)

Time 3 (follow-up)

Time 2 (post-test)

Time 3 (follow-up)

.18***
Child
externalizing
behavior

Child
externalizing
behavior

.63***

.64***

Child
externalizing
behavior

.00

-.18***

.01
.05

Intervention

.08***

.04**

.04**

.03
-.02
-.25***

Negative
parenting
(rep)

-.11*

.61***

Negative
parenting
(rep)

.43***

Negative
parenting
(rep)

.26***
2

Note. Model fit: Panel
χ (N = Model
387, 4) =Mediation
5.99 CFI = 1.00,
TLI = .99,Negative
RMSEA = Parenting
.04
Figure 6.5 / Cross-lagged
by Reported
Behavior.
Note. Model fit: X2(N = 387, 4) = 5.99 CFI = 1.00, TLI = .99, RMSEA = .04
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Figure 6.6. Cross-lagged Panel Model Mediation by Reported Positive Parenting Behavior.
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)

Time 3 (follow-up)

Time 2 (post-test)

Time 3 (follow-up)

.17**
Child
externalizing
behavior

Child
externalizing
behavior

.64***

.65***

Child
externalizing
behavior

.00

-.18***

-.00
.05

.03

.01

Intervention

.01

.01
-.02
.29***

Positive
parenting
(rep)

.11*

.65***

Positive
parenting
(rep)

.54***

Positive
parenting
(rep)

Chapter 6

.32***

Figure 6.6 / Cross-lagged Panel Model Mediation by Reported Positive Parenting Behavior.
Note. Model fit: χ2(N = 387, 4) = 3.91, CFI = 1.00, TLI = 1.00, RMSEA = .00, p = .42
Note. Model fit: X2(N = 387, 4) = 3.91 CFI = 1.00, TLI = 1.00, RMSEA = .00, p = .42

Post hoc Analysis Mediation
CLSEM have been criticized: It has been shown that when constructs in the model are stable
over time, the lagged parameters in CLSEM might not represent within-person relationships
between constructs over time, but rather between-person differences (Hamaker, Kuiper, &
Grasman, 2015). Therefore, as an additional check of actual within-person relationships
between parenting and child externalizing problems, we repeated our analyses using an
alternative model that separates the within-person process from stable between-person
differences through the inclusion of random intercepts (Hamaker et al., 2015). Overall,
these between-person models showed similar results to the “traditional” cross-lagged panel
models presented above. One notable difference, however, was that the stability of both
parent and child externalizing problems over time was less strong or even absent in some
models (supplement B).

What Works for Whom: Moderation by Child Negative Affectivity
Chi-square difference tests of model fit yielded no significant results in any of the mediators
(i.e., parent affect or behavior) (Δχ2 between 22.21 – 28.82, Δdf = 18, ps > .05), indicating
that the paths in the mediation models were not significantly different between the three
temperament groups (i.e., low, mediate, high negative affectivity).
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What Works for Whom: Moderation by 5-HTTLPR
Negative and Positive Parental Affect
A chi-square difference test of model fit yielded a nonsignificant results for the model
regarding parental negative affect (Δχ2= 27.52, Δdf= 18, p = .07), indicating that the paths
in the mediation model were not significantly different between the three genotype groups
(i.e., LL, SL, SS-genotypes). However, we did find a significant chi-square difference for the
model regarding parental positive affect (Δχ2 = 31.48, Δdf = 18, p = .03). Results showed
that the intervention did not have a significant effect on child externalizing problems at T3
in any of the genotype groups (path a, Table 6.3). The intervention was only successful in
increasing positive parental affect at T2 (path b, Table 6.3) for parents of children with the
SL-genotypes (but not the homozygous groups). However, comparison of the coefficients
showed this effect was not significantly larger than for the other groups (ps > .59). Thus,
children’s 5-HTTLPR genotype did not significantly moderate the intervention effects on
child externalizing problems or parental affect. Moreover, parental positive affect did not
predict child externalizing problems in any of the groups (path c, Table 6.3), and there was
no indirect effect (path bc, Table 6.3).
Negative and Positive Parenting Behavior
Chi-square difference tests of model fit yielded a significant result for all parenting behavior
models, indicating that the mediation paths were significantly different between the three
genotype groups (Δχ2 between 31.48 – 38.28, Δdf = 18, ps < .03).
The results showed that the intervention did not have a significant effect on child
externalizing problems at T3 in any of the groups (path a, Tables 6.4 and 6.5). The results
did show that the intervention was successful in decreasing observed negative parenting and
increasing observed positive parenting at T2, but only for parents of S-allele carriers (path
b, Table 6.4). Comparison of the coefficients showed that the effect on observed negative
parenting was indeed significantly larger for parents of children with the SS-genotype than
parents of children with the LL-genotype (p = .04, but not significantly larger than parents
of children with the SL-genotype). However, comparison of the coefficients of observed
positive parenting showed that coefficients were not significantly different between the
three groups (ps > .52). Thus, children’s 5-HTTLPR genotype did significantly moderate the
intervention effects on observed negative parenting, but not observed positive parenting.
Another interesting finding is that observed positive parenting at T2 predicted child
externalizing problems at T3, but only in the SS group (path c, see Table 6.4). For children
homozygous for the L-allele there was no significant relation between positive parenting and
externalizing problems, whereas for children carrying a S-allele this was a significant, but
small, negative relation (significant difference between parents of children homozygous for
the S-allele and homozygous for the L-allele: p < .05). Thus, only for children homozygous

120 /

Child 5-HTTLPR Genotype and Negative Affectivity

for the S-allele higher levels of positive parenting at T2 were related to lower levels of child
externalizing problems at T3. There was however no indirect effect, for any of the genotype
groups (path bc, Table 6.4).
In contrast to the effects on observed parenting behavior, the results showed that
the intervention was only successful in decreasing reported negative and increasing
reported positive parenting behavior at T2 in parents of L-allele carriers (path b, Table
6.5). Comparison of the coefficients of reported negative parenting showed that this effect
was significantly larger for parents of children homozygous for the L-allele compared to
parents of children homozygous for the S-allele (p = .04) but not compared to parents
of heterozygous children). Comparison of the coefficients of reported positive parenting
showed that the effect for parents was not significantly larger than in the other groups (ps
> .14). Thus, children’s 5-HTTLPR genotype did significantly moderate the intervention
effects on reported negative parenting, but not reported positive parenting. However,
reported parenting behavior did not predict child externalizing problems (path c, Table 6.5)
and there was no indirect effect, for any of the genotype groups (path bc, Table 6.5).
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Child externalizing problems T3

Intervention via Parental negative affect T2

Child externalizing problems T3
Child externalizing problems T3

Intervention via parental positive affect T2
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c

b

a

bc

c

b

a
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c

b

a
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c

b

a

bc

c

b

a
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c

b

a

Path

-.05 (.05)

-.18 (.12)

.28 (.15)
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-.01 (.01)

-.03 (.05)

2

-.19 - .00

-.03 - .01
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.16
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.18

.55
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.01

.24 (.09)

.29

.08
.90

-.00 - .06

.11
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.17

-.01 (.07)

.02 (.02)

.10 (.06)

.18 (.11)

-.01 (.08)

-.17 - -.01

.03
-.06 (.04)

.02

.15 (.07)
-.38 (.16)

.95

.53

.91

.77

.92

.39

.87

.93

p

.09

-.01 - .02

-.01 - .02

95% CI

.17 (.10)

.00 (.01)

-.03 (.05)

-.01 (.11)

-.02 (.06)

.00 (.01)

-.05 (.06)

-.02 (.12)

.01 (.08)

B

2

Note. Model fit: Observed negative affect: X (N = 387, 12) = 11.37, CFI = 1.00, TLI = 1.00, RMSEA = .00, p = .50; Observed positive affect: χ (N = 387, 12) = 25.33 CFI = .98, TLI
= .89, RMSEA = .09.
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Child externalizing problems T3
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Child externalizing problems T3
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Child externalizing problems T3

Parental negative affect T2
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LL

Child externalizing problems T3

Outcome
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Predictor

Table 6.3 / Results Moderated Mediation pathways Observed Parental Negative and Positive Affect by 5-HTTLPR Genotype.
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c
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.16

-.05 - .00
.14 (.10)

-.02 (.02)

-.04 (.04)

.00

.44 (.13)

.56
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Note. Model fit: observed negative parenting: X (N = 387, 12) = 12.57, CFI = 1.00, TLI = 1.00, RMSEA = .02; observed positive parenting: X (N = 387, 12) =12.19 CFI = .1.00,
TLI =1.00, RMSEA = .01.
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Note. Model fit: reported negative parenting behavior: X (N = 387, 12) = 13.51, CFI = 1.00, TLI = .99, RMSEA = .03; reported positive parenting behavior:X (N = 387, 12) = 8.57,
CFI = 1.00, TLI =1.00, RMSEA = .00, p = .74
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Conclusion and Discussion
In a randomized controlled trial (N = 387) we tested whether the intervention effects of
the behavioral parent training The Incredible Years (IY) on child externalizing problems
were explained by changes in parental affect and behavior. Furthermore, we tested whether
these mechanisms of change were more important for some families than in others due
to children’s temperamental negative affectivity or 5-HTTLPR genotype. Our results
showed that IY was effective in decreasing parent reported child externalizing problems at
post-test, but not at 10-month follow-up. In addition, the IY intervention was effective in
increasing observed parental positive affect (but not in reducing negative affect), reported
and observed positive parenting, and reducing observed and reported negative parenting
behavior at post-test. Furthermore, the intervention was successful in reducing reported
negative parenting, and increasing reported and observed positive parenting behavior at
10-month follow-up. Our findings on intervention effects are in line with many previous
study showing effectiveness of IY (for meta-analyses see Leijten et al., 2013; Menting et al.,
2013).
problems on the one hand and effects on parental affect and parenting behavior on the
other hand, were unrelated. Although this finding contrasted our expectations, lack of
support for parenting as mechanism of change underlying BPT effects on child externalizing
problems is not unique (Forehand et al., 2014). In fact, the majority of mediation tests in
BPT studies have yielded nonsignificant results (i.e., 55% of tests discussed by Forehand
and colleagues, 2014). Our findings add to the claim that, to date, we seemingly cannot
provide an empirically-supported explanation for how even our most effective and wellstudied interventions produce change (Forehand et al., 2014, Kazdin, 2007). Differences
in findings between previous studies that did report significant mediation by parenting of
BPT effects on child externalizing behavior and our study might also be partly explained
by methodological differences. Specifically, unlike many previous studies we employed
a highly stringent test, using different informants (i.e., parent-reports and observational
data) at different time points (i.e., immediate post-test and follow-up), for the mediator
(i.e., parenting) and outcome (i.e., child externalizing problems). Some of the earlier
significant findings on parenting as mediator of BPT might be explained by codependency
of the mediator and outcome measures.
The fact that the IY intervention produced significant effects on parenting and child
behavior that were unrelated indicates that the changes in parenting and child behavior
are parallel, but independent processes (see also Weeland & Chhangur et al., submitted for
publication). Perhaps, this phenomenon can be explained by a third –unmeasured– factor.
Indeed, it has been found that BPT programs have “beneficial side-effects”, for example
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by decreasing parent and family distress, and increasing quality of life, and perceived
self-efficacy in parents (Feldman & Werner, 2002). This might be specifically the case for
interventions such as IY because they use a collaborative approach specifically aiming to
empower parents. The group meetings might cause parents to relabel oppositional behavior
as common and less problematic, and to feel empowered by sharing experiences and being
handed tools for dealing with this behavior.
We did not find that parental affect or parenting behavior were more important
mechanisms of change in explaining the effectiveness of IY for some children than others,
due to their negative affectivity or 5-HTTLPR genotype. Although theoretically these two
markers could be related, our study showed neither a correlation, nor similar moderation
patterns, between child negative affectivity and 5-HTTLPR genotype. This contrasts earlier
findings from Auerbach and colleagues (1999) who demonstrated that infants homozygous
for the 5-HTTLPR S-allele scored higher on negative emotionality than infants carrying
the L-allele. However, to our knowledge this finding has not been replicated in school-aged
children. Moreover, studies using related constructs such as fear and anger responses, as
well as temperamental and observed emotional reactivity, found no associations with the
5-HTTLPR genotype (Dragan & Oniszczenko, 2005; Auerbach et al., 2001; Weeland, Slagt
et al., 2015)
Another major finding of the present study is that children’s 5-HTTLPR genotype
significantly moderated intervention effectiveness on parenting behavior, as well as the
relation between observed positive parenting and child externalizing problems. Intervention
effects on observed and reported negative parenting behavior, but not on parental affect
or positive parenting behavior, were significantly moderated by children’s 5-HTTLPR
genotype. This might indicate that some parents are more susceptible to the IY program than
others, due to their children’s genotype. Possibly, due to heritability parents and children
might share the same susceptibility characteristics. However, different moderation patterns
were found for observed and reported parental behavior outcomes. On the one hand, this
might indicate that this gene-based moderation of intervention effects is not highly robust
and replicable. On the other hand, this might show that moderation effects are very specific
and differ between outcomes using different reporters or instruments. Findings on the role
of the 5-HTTLPR in externalizing problems have been mixed, in that both S and L-allele
carriers have been shown to be more susceptible to environmental predictors of these
problems (for a review see Weeland, Overbeek et al., 2015. Chapter 2). These heterogeneous
findings might partly be explained by differences between studies in conceptualization and
measurement of the outcome variable (Heininga, Oldehinkel, Veenstra, & Nederhof, 2015;
Weeland, Overbeek et al., 2015, chapter 7).
Results indicated that parents of children homozygous for the L-allele reported the
largest decrease in negative parenting at post-test. However, compared to parents of S-allele
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carriers, these parents showed lower observed decreases in negative parenting during the
parent-child interactions at post-test. This might indicate that parents of children carrying
two L-alleles are more prone to report improvements, whereas they show less actual changes
in their behavior, compared to parents of children carrying two S-alleles. These findings
might suggest that actual changes in parenting behavior after intervention are not merely
formed during the intervention sessions, but are also informed and shaped over time by
the reciprocal influences between parent and child behavior (Sameroff, 2000). Children’s
different reactions to intervention-induced changes in parenting behavior might serve
as a feedback mechanism for further changes in parenting behavior. For example, when
parents see that the use of certain parenting techniques works really well on their children
they might further increase the use of these techniques, whether they might stop using
techniques that initially evoke resistance. Different families possibly need different clinical
approaches when it comes to intervening in the development of externalizing problems, due
to children’s 5-HTTLPR genotype.
This relates to another interesting finding of our study: In both the intervention and control
groups, observed positive parenting was only a significant predictor of child externalizing
other parenting outcome measures. Nevertheless, this might indicate that children carrying
the L-allele are less susceptible to –specifically positive– parenting behavior than children
homozygous for the S-allele (see also Hankin et al., 2011). Due to this possible decreased
sensitivity to specific parenting strategies (in our study positive parenting techniques)
children carrying the L-allele might act less responsive to (changes in) this parenting
behavior; leading to parental frustration; and in turn escalating cycles of negativity and
punishment. It might be that, although families of children with the LL-genotype experience
the biggest relief in parenting stress although directly after the intervention (and therefore
report a larger decrease in negative parenting after the intervention compared to families of
children carrying the S-allele), these families are also the first to fall back in old patterns of
negative parent-child interactions, due to certain child characteristics (and therefore show
a smaller decrease in negative parenting behavior compared to families of children carrying
the S-allele). However, negative parenting strategies might be a specifically ineffective
strategies for these children since the 5-HTTLPR L-allele has been related to decreased
punishment sensitivity due to impairments in avoidance learning, and overall lower fear
and stress responses, compared to S-carriers (Brocke et al., 2006; Finger et al., 2006). In
sum, the behavior of children carrying the L-allele might therefore be specifically hard to
change.
Our results have to be interpreted in light of some limitations. First of all, we focused
on the 5-HTTLPR polymorphism as a candidate for genetic moderation because it has been
related to differences in negative affect and reactivity to emotional stimuli. This relation
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might however be explained by individual differences in serotonin availability, which
does not only depend on variation in expression of the 5-HTTLPR, but also on variation
in synthesis, reuptake and degradation. Future research could take into account multiple
genetic markers, for example by assessing a serotonergic genetic pathway (e.g., Bralten et
al., 2013). Another important limitation of this study is the modest sample size in relation
to the complexity of the statistical models tested. Although our sample is relatively large for
a BPT RCT (a recent meta-analysis on IY showed an average sample size of 95, see Menting
et al., 2013), the tested models of mediation and moderation contained many parameter
estimations. Perhaps this explains that in our moderation results several “trend findings”
occurred, findings that just fail to reach significance, which might indicate lack of power to
find similar effects in the groups with a smaller n. Therefore, testing these models within a
larger sample might have yielded different results. Furthermore, as with most intervention
studies, our recruitment procedure resulted a select sample of Dutch, relatively high SES
families, and our results might not be generalizable to the general population or other
countries.
Notwithstanding these limitations, our study contributes to the current literature
in a number of important ways. First, testing a specific theory-driven hypothesis on
mediation and moderation has enabled us to specify our research strategies accordingly.
This specificity not only increases replicability of the study, it also prevents a “black box
effect”: Knowing what goes in and what comes out, but not knowing the process in between.
Using specific hypotheses enabled us to confirm or reject specific assumptions on mediation
and moderation, increasing our understanding of the specific processes involved. Second,
using an RCT to test this theory enabled us to draw conclusions about causal effects of
the intervention and change mechanisms on child externalizing problems and to rule out
alternative explanations for moderation effects, such as correlations between environment
and child characteristics. As such, it is a robust approach for testing possible G×E in
externalizing problems. Third, we used observed and reported measures of parenting
behavior. This is important since most previous mediation analyses relied on parent report
of both parenting and child externalizing problems, possibly causing inflated observed
associations due to shared informant variance. Our analyses showed that reported and
observed parenting were only weakly related, indicating they measure different things. We
indeed found different moderation effects using observed and reported parenting behavior.
Furthermore, by measuring the mediator at post-test and outcome at follow-up we were
able to take into account the timeline of mediation processes (Kazdin, 2007).
Taking into account mediators (i.e., what works) and moderators (i.e., for whom)
of intervention effects is of both scientific and clinical importance. From a scientific
perspective, insight into differential effects of specific mechanisms of change can help us
gain insight into differential causal pathways leading to externalizing problems (Tolan,

128 /

Child 5-HTTLPR Genotype and Negative Affectivity

Dodge, & Rutter, 2013). It will not only teach us which children might be more susceptible
to their environment or changes therein, but also to what specific environmental factors
they are more susceptible. From a clinical perspective, information on what works for whom
might be used to tailor interventions (Chorpita et al., 2005). However, it is unclear if and
how information on genetic moderation should be implemented in clinical practice. Using
genetic information to identify children who might be more or less susceptible for a certain
intervention is costly, invasive and yields ethical concerns (Ross et al., 2013). Genetic
screening may have negative side effects, such as alterations in self-image and expectations
by self and others or changes in parental perception of the child (e.g., false deterministic
claims about child externalizing problems). As a less problematic alternative, knowledge
of behavioral (rather than genetic) markers may help us identifying with greater ease those
children for whom a specific intervention is suitable, and for whom different or additional
care may be more effective (see also Gardner et al, 2006). In our study, temperamental
negative affectivity was not a significant moderator of intervention effectiveness. Future
research may explore other behavioral markers, such as emotion regulation skills or reward
and punishment sensitivity.

observed and reported positive parenting behavior at post-test. Importantly, these effects
did not explain the IY intervention effects on child externalizing problems. This calls for
future intervention studies to take into account alternative mechanisms of change such as
decreases in parenting stress and improved quality of life or perceived parental self-efficacy.
Furthermore, our results show that effects of BPT programs may depend on child genotype,
in our case the 5-HTTLPR genotype was identified as a moderator of intervention effects
on negative parenting behavior. Overall, these finding might indicate that in BPT it is not
only important to focus on what works for which children, but also on what works for which
parents.

129 /

Chapter 6

In conclusion, our study showed that IY was successful in reducing both observed and
reported negative parenting behavior and increasing parental positive affect as well as
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Abstract
There is increasing evidence that variation in the promoter region of the serotonin
transporter gene SLC6A4 (i.e., the 5-HTTLPR polymorphism) moderates the impact of
environmental stressors on child psychopathology. Emotional reactivity −the intensity
of an individual’s response to other’s emotions− has been put forward as a possible
mechanism underlying these gene-by-environment interactions (i.e., G×E). Compared to
children homozygous for the L-allele (LL-genotypes), children carrying an S-allele (SS/SL
-genotypes), specifically when they have been frequently exposed to negative emotions in
the family environment, might be more emotionally reactive and therefore more susceptible
to affective environmental stressors. However, the association between 5-HTTLPR and
emotional reactivity in children has not yet been empirically tested. Therefore, the goal of
this study was to test this association in a large-scale experiment. Children (N = 521, 52.5%
boys, Mage = 9.72 years) were genotyped and randomly assigned to happy, angry or neutral
dynamic facial expressions and vocalizations. Motor and affective emotional reactivity
were assessed through children’s self-reported negative and positive affect (n = 460) and
facial electromyography activity (i.e., fEMG: the zygomaticus or “smile” muscle and the
corrugator or “frown” muscle, n = 403). Parents reported on their negative and positive
parenting behaviors. Children mimicked and experienced the emotion they were exposed
to. However, neither motor reactivity nor affective reactivity to these emotions depended on
children’s 5-HTTLPR genotype: SS/SL-genotypes did not manifest any stronger response
to emotional stimuli than LL-genotypes. This finding remained the same when taking the
broader family environment into account, controlling for kinship, age, gender and genetic
ancestry, and when including a tri-allelic factor. We found no evidence for an association
between the 5-HTTLPR polymorphism and children’s emotional reactivity. This finding is
important, in discounting one potential underlying endophenotype of G×E between the
5-HTTLPR and affective environmental stressors.
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When faced with adversity, some children seem particularly vulnerable to develop
psychopathology, whereas others seem resilient and show more favorable developmental
outcomes. Variability in the promoter region of the serotonin transporter gene SLC6A4 or
5-HTT (i.e., 5-HTTLPR polymorphism) has been shown to influence the strength of the
relationship between environmental adversity and child internalizing and externalizing
psychopathology (for an overview see Van IJzendoorn et al., 2012). However, findings on
these gene-by-environment interactions (i.e., G×E) have been mixed. It has been difficult to
reliably replicate earlier findings (Agnafors et al., 2013; Braithwaite et al., 2013; Heininga et
al., 2014; Richards et al., 2015), and we know little about how these interactions work (i.e.,
the underlying mechanisms or “how genes get outside the skin”). Emotional reactivity has
been put forward as a possible explaining mechanism of the interplay between, specifically,
affective environmental risk factors (e.g., angry, harsh parenting, parental martial conflict)
and the 5-HTTLPR (Davies & Cicchetti, 2013; Van Goozen, Fairchild, Snoek, & Harold,
2007). However, the association between 5-HTTLPR and emotional reactivity has not been
empirically tested in children. Moreover, what we know mostly stems from correlational
studies, which have their limitations. In a large-scale experiment we therefore tested the
association between 5-HTTLPR and children’s motor (i.e., facial electromyography) and
affective (i.e., child self-report) emotional reactivity.

Emotional reactivity refers to the form and intensity of an individual’s motor, affective,
and sensory response to emotions (Rothbart & Derryberry, 1981), or in other words,
how (strongly) people react to other’s emotions. Emotions are key elements of children’s
environment, specifically of parenting, and in turn predictors of their development (Denham
et al., 2000; Teti & Cole, 2011). Compared to less reactive children, highly reactive children
are more likely to respond intensely to an angry or irritated parent (El-Sheikh, 2001; Sonuga
-Barke et al., 2009): They may more strongly mimic the shown facial expressions (i.e.,
motor reaction) and experience anger or irritability (i.e., affective reaction). Heightened
emotional reactivity (i.e., angry reactivity and irritability) is an important symptom of both
Oppositional Defiant Disorder and Child Depression (Stringaris et al., 2012), suggesting that
it might be an endophenotype underlying both childhood externalizing and internalizing
psychopathology. Indeed, individual differences in reactivity to emotional stimuli have been
related to both internalizing and externalizing psychopathology (Sloan, Bradley, Dimoulas,
& Lang, 2002; De Wied et al., 2006). Hence, highly reactive children might be at increased
risk for developing psychopathology, when exposed to highly negative emotions.
Individual differences in the processing of emotional stimuli have been associated with
variation in availability of the neurotransmitter serotonin, an important modulator of
neural circuitry controlling mood (Hariri, Drabant, & Weinberger, 2006). The 5-HTTLPR
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polymorphism is a key regulator of this availability (Pezawas et al., 2005). Compared to the
high expressing long allele (i.e., L-allele), the low expressing short allele (i.e., S-allele) of
this polymorphism has been associated with significantly lower 5-HTT mRNA and protein,
lower uptake, and consequently higher and less stable concentrations of serotonin in the
synaptic cleft (Greenberg et al., 1999; Lesch et al., 1996, but see Naylor et al., 1998). Such
high and unstable serotonin concentrations might contribute to higher neural reactivity
and more intense and prolonged arousal, when people are exposed to emotions (Glenn,
2011). This is illustrated by findings showing that, compared to people homozygous for the
L-allele (i.e., LL-genotypes) people carrying at least one S-allele (i.e., SS/SL-genotypes)
show heightened amygdala activity in response to emotional stimuli, presumably indicating
higher arousal during emotion processing (Munafò et al., 2008; Murphy et al., 2013). The
5-HTTLPR S-allele might thus predispose people to heightened emotional reactivity.
Although we know little about how such neurological arousal is related to the actual
experience of emotions and how it eventually “translates” into behavior, previous studies on
adults do suggest that S-allele carriers show heightened motor, physiological and affective
reactivity after being exposed to an emotional film (Gyurak et al., 2013), maternal expressed
emotions (El-Sheikh, 2001), or unsupportive parenting (Hankin et al., 2011). One possibility
therefore is that the neurological arousal after being exposed to other’s emotions indirectly
affects behavior via changes in individual’s emotion expression and mood (or affective
state). Indeed, previous research indicates that neural and motor reactivity to emotional
stimuli are related, and that in turn these reactivity measures might indicate “emotional
contagion” (Hess & Blairy, 2001; Likowski et al., 2012; Wild, Erb, & Bartels 2001). Thus,
S-allele carriers might be at increased risk for developing psychopathology when exposed
to affective environmental stressors because they show heightened reactivity to these
stressors. One pioneering study indeed found the joined effect of the 5-HTTLPR and family
adversity on externalizing symptoms to be mediated by children’s angry reactivity (Davies
& Cicchetti, 2013). However, this study examined angry reactivity in particular rather
than emotional reactivity in general. As of yet, there has been no previous research on the
association between 5-HTTLPR variability and differences in how strongly children react to
other’s emotional expressions with their own emotions.
Underlying endophenotypes such as emotional reactivity are not explained by genetic
variation alone. They most likely take the form of entrained bio-psychosocial traits:
Partly heritable traits that are shaped by countless interactions with the environment
during early development (Dishion & Patterson, 2006). In turn, these traits can directly
contribute to the development of psychopathology, as well as indirectly through the way
children react to the environment. In case of emotional reactivity, it seems likely that the
5-HTTLPR interacts with affective environmental stressors, such as family conflict and
highly negative or low-supportive parenting, in eventually predicting individual differences.
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Children’s observations of marital conflict, for example, have been shown to contribute to
an increased sensitivity to anger cues (El-Sheikh et al., 1996). Repeated exposure to such
affective environmental stressors (e.g., low supportive or harsh parenting) possibly alters
neurophysiological arousal to such emotional stimuli, in some children more than others
(Walsh et al., 2012; Wilson, Hansen, & Li, 2011). Specifically for SS/SL-genotypes, affective
environmental stressors might form a cumulative risk factor for heightened reactivity to
negative emotions. Thus, SS/SL-genotypes might be especially emotionally reactive when
they have experienced highly negative and low-positive parenting in the past. It has been
shown that amygdala and hippocampus activation in rest correlates positively with life
stress in SS/SL-genotypes, but negatively in LL-genotypes (Canli & Lesch, 2007). Thus, for
LL-genotypes (but not SS/SL genotypes) such stressors might form a cumulative risk factor
for decreased reactivity to negative emotions (i.e., hypo-arousal, Glenn, 2011). As a result,
LL-genotypes might be especially emotionally unreactive when they have experienced
highly negative and low-positive parenting in the past.
In sum, emotional reactivity has been put forward as a possible explaining mechanism
of the interplay between, specifically, the 5-HTTLPR and affective environmental risk
factors (e.g., angry, harsh parenting, and parental martial conflict) in predicting child
psychopathology. By clarifying the underlying mechanisms of G×E we might increase the
empirical and clinical value of our knowledge: It may enable us to form specific a priori
better tailor interventions and increase their effectiveness (Matthys et al., 2012). However,
the association between 5-HTTLPR and emotional reactivity has not been tested empirically
in children. Moreover, existing studies on emotional reactivity have been correlational,
which do not permit causal inferences. Here, we report a large scale experiment testing
the emotional reactivity hypothesis. In addition to enabling causal inferences, experiments
have several important advantages over correlational studies. First, by randomizing
participants across experimental conditions, they rule out alternative explanations for
G×E (Jaffee & Price, 2012). For example, genetic factors and environmental factors, such
as parenting, might be correlated because children with a specific genetic make-up evoke
specific parenting behaviors or emotions (i.e., gene-environment correlation, or rGE). By
randomly assigning individuals to conditions, the manipulated variable cannot be related
to children’s genetics. Second, experiments prevent the usually highly skewed distributions
of environmental risk by manipulating the environmental risk factor (in our case negative
emotions). Third, manipulation of the environment creates a standardized, specific and
clear environmental stimulus, representing the targeted environmental stressor, and will
therefore decrease “noise” in the assessment of G×E and will increase power to detect
interactions if present.
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The Present study
The present experiment tested whether SS/SL-genotypes were more emotionally reactive
than LL-genotypes, specifically SS/SL-genotypes who were frequently exposed to highly
aversive or low supportive emotions in the family environment. Standardized video clips
of dynamic facial expressions were used to simulate exposure to other’s emotions. Such
emotional stimuli have been successfully used in previous studies to evoke an emotional
response and enabling measurement of emotional reactivity (Sato, Kochiyama, Yoshikawa,
Naito, & Matsumura, 2004; Van der Schalk, Hawk, Fischer, & Doosje, 2011). Although
previous studies on the 5-HTTLPR have mostly focused on the negative consequences of
environmental risk, heightened emotional reactivity may work both ways, as heightened
reactivity to both negative (aversive) as well as to positive (supportive) emotions (i.e., for
better and for worse, Belsky, 1997). To be able to test for both dual risk (i.e., for worse) as
well as differential susceptibility interactions (i.e., for better and for worse), our experiment
contained positive as well as negative emotional stimuli, and assessments of positive as well
as negative reactivity (Belsky, 1997). To avoid “carry-over” effects of the different emotions,
a between-subjects design was selected.
Furthermore, because emotional reactivity is a multi-faceted construct it was measured
using a multi-method approach. First, by using, a motor reactivity measure consisting
of activity measures of the corrugator supercilii muscle -which frowns the brows- and
the zygomaticus major muscle -which pulls up the corners of the mouth- (i.e., facial
electromyography activity, or fEMG). Second, by using an affective reactivity measure
consisting of child self-reported happiness, anger, sadness, and fear. Both self-report and
fEMG have been shown to be valid measures of emotional reactivity in school aged children
(Deschamps, Schutte, Kenemans, Matthys, & Schutter, 2012; Durbin, 2010). However,
although part of the same process, such motor and affective reactivity each may play a unique
role in the translation of emotional arousal to behavior and are therefore not, or only weakly,
related to each other (Hubbard et al., 2004; Reisenzein, Studtmann, & Horstmann, 2013).
We expected a main effect of condition (i.e., neutral, happy or anger) on both motor and
affective reactivity. Specifically, we expected children exposed to happy emotional expressions
and vocalizations to show higher zygomaticus activity (i.e., smile) and report higher positive
affect, compared to the anger or neutral condition. Similarly, we expected children exposed
to angry facial expressions and vocalization show higher corrugator activity (i.e., frown) and
report higher negative affect, compared to the happy or neutral condition. Most importantly,
we expected 5-HTTLPR genotype to moderate the condition-effect, with SS/SL-genotypes
showing higher motor and affective reactivity than LL-genotypes. In addition, we expected
a three-way interaction of condition-×-5-HTTLPR genotype-×-parenting interaction.
Here, we expected the condition-effect to be especially strong for SS/SL-genotypes
who were exposed to highly negative or low positive parenting in their home situation.
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Methods and Materials
Participants
Participants were 521 children (52.5% boys) aged 6 to 13 years (M = 9.72; SD = 1.51) and
their parents (61.1% mothers; Mage = 42.45; SD = 4.68), recruited in Science Centre NEMO
Amsterdam (The Netherlands), as part of Science Live, an innovative research program that
enables scientists to carry out research using NEMO visitors as volunteers. Most children
(90.0%) were from Dutch ancestry (i.e., parents were born in The Netherlands) and were
living with both parents (84.8%). Over half of parents (63.5%) were higher educated (i.e.,
completed university or higher vocational training), around a third (30.7%) completed lower
vocational training and 5.6% completed primary or high school. Overall, parents reported
relatively high positive parenting and low negative parenting (see APQ scores beneath).

Procedure and instruments
All children received active informed written parental consent. Only children accompanied
by their parent(s) or legal guardian(s) were allowed to participate in the study. Children
aged 12 and older also signed an active informed consent form. Based on their ID number
children were randomly assigned to one of three experimental conditions (i.e., happy, angry
or neutral). To avoid “carry-over” effects of emotions, children were exposed to one of the
children first answered some simple questions about age and gender. While children
were involved in their assessment parents completed a digital questionnaire on parenting
behavior in a separate room. We collected a buccal swab for the purpose of genotyping
children. This study and the procedures were approved by the Medical Ethical Board of the
Utrecht Medical Center (protocol number 12-634/K).
Stimulus material
Children watched four standardized clips −each lasting approximately 400 ms− displaying
either happy, angry or neutral facial expressions (Amsterdam Dynamic Facial Expression
Set (Van der Schalk et al., 2011). The clips showed two Dutch male and two Dutch female
models starting with neutral facial expressions, after which they gradually start to express
the target emotion while turning towards the viewer. Viewers in previous studies have
indicated feeling more involved with this version compared to the face-forward version.
The clips were synchronized with nonlinguistic vocalizations of the target emotion that were
intense yet natural: Laughing in the happy condition, growling in the angry condition, or
clicking of the tongue in the neutral condition (Hawk, Fischer, & Van Kleef, 2012).
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Motor reactivity: fEMG measure
During exposure to the stimulus material, bipolar EMG recordings were made from
children’s left zygomaticus major and left corrugator supercilii muscles (guidelines by
Fridlund & Cacioppo, 1986), using five 2 mm surface Ag/AgCl electrodes filled with
conductive paste. Raw EMG recordings were made with a portable digital recorder for
preprocessing and storage of physiological data (Vitaport III, TEMEC Instruments B.V.,
Kerkrade, The Netherlands). Signals were antialiasing filtered using a 512 Hz lowpass filter
and were digitized at 1024 Hz.
Affective reactivity: child self-report
Both before and after exposure to the stimulus material (i.e., baseline and response) children
answered questions about their affective state (i.e., mood) using a visualized five-point
Likert scale (1 = not at all to 5 = totally, adapted from Reijntjes et al., 2011). All 12 items
were formulated the same way (e.g., ‘At this moment I feel angry’) and together formed four
scales capturing the basic emotions of anger, fear, sadness, and happiness. Responses were
averaged per emotion. Reliability was satisfactory for all emotions (Cronbach α’s between
.76 and .85) and did not vary by children’s age. Because of high correlations (r =.61 - .71,
see Table 7.1) between the three negative emotions anger, fear, and sadness, for further
analyses, we grouped these emotions together to form a negative affect scale (vs. happiness
as positive affect scale). Reliability of the negative affect scale was good (Cronbach α =.89 at
baseline and .91 at response).
Parenting behavior
The Alabama Parenting Questionnaire (APQ, Shelton, Frick, & Wootton, 1996) was used to
measure the broader affective family environment (i.e., aversive and supportive parenting).
The questionnaire consists of 35 items which make up the scales Involvement (10 items,
e.g., ‘You have a friendly talk with your child’), Poor monitoring (10 items, e.g., ‘Your child
is out with friends you do not know’), Positive parenting (6 items, e.g., ‘You praise your child
if he/she behaves well’), Corporal punishment (3 items, e.g., ‘You slap your child if he/she
has done something wrong’), Inconsequent discipline (6 items, e.g., ‘The punishment you
give your child depends on your mood’) and Other. Parents filled out how often they use the
described practices using a 5-point Likert-scale (1 = never to 5 = always). It has been shown
that negative parenting behavior, such as authoritarian and harsh parenting, is related
to negative parental affect and expressed emotions, but that sensitive and encouraging
parenting is related to positive parental affect and expressed emotions (Crandall et al., 2015;
Dix, 1991; Duncombe et al., 2012). Therefore, to create scales that measure such parenting
behavior we combined the scales involvement and positive parenting to create a positive
parenting scale and the scales corporal punishment, poor monitoring and inconsequent
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discipline to create a negative parenting scale (cf. Prevatt, 2003). The APQ ’other’ scale was
not used because of its lack of specificity. Reliability of both scales was good (Cronbach α
for positive parenting was .81 and for negative parenting was .76). Overall, parents reported
relatively high positive parenting (between 2.63 and 4.88; M = 3.99; SD = .36) and low
negative parenting (between 1.06 and 3.00; M = 1.77; SD = .32).

Data preparation
fEMG measures
Differential fEMG signals were filtered offline (high-pas 20 Hz, 48dB/octave) and rectified
using Brain Vision Analyzer Software (Brain Products GmbH, Munich). Raw fEMG data
were segmented into 100 ms epochs. For each clip a baseline (i.e., neutral expression at
start) and reaction epoch (i.e., onset of dynamic expression) was selected (cf. Deschamps et
al., 2012), resulting in four baseline and four reaction epochs per child. Since we applied this
very strict fEMG baseline measure consisting of a baseline epoch of all four clips, conditions
did differ on baseline scores of both muscles (ps < .01). These differences can be explained
by “carry-over” effects of muscle response to a clip, to the baseline measure of the next
clip: Muscle reaction to clip one onto baseline epoch of clip two (etc.). Absolute scores of
3SD above the mean were considered extreme outliers and were removed. Due to technical
problems and measurement errors (e.g., equipment failure, “noise” from another room,
children. Children without fEMG data did not differ from children with fEMG data on age,
gender, genetic ancestry, 5-HTTLPR genotype, or on parent-reported parenting behavior
(ps > .11).
Genotype
Buccal swabs from children were collected in lysisbuffer (100 mM NaCl, 10 mM EDTA,
10 mM Tris pH 8, 0.1 mg/ml proteinase K and 0.5% w/v SDS) until further processing.
Genomic DNA was isolated from the samples using the Chemagic buccal swab kit on a
Chemagen Module I workstation (Chemagen Biopolymer-Technologie AG, Baesweiler,
Germany). The region of interest from the 5-HTT gene was amplified by PCR using the
following primers: a FAM-labelled primer 5’-TCCTCCGCTTTGGCGCCTCTTCC-3’, and a
reverse primer 5’-TGGGGGTTGCAGGGGAGATCCTG-3’. Typical PCR reactions contained
between 10 and 100 ng genomic DNA templates, 10 pmol of forward and reverse primer.
PCR was carried out in the presence of 5% DMSO, 5x buffer supplied with the enzyme and
with 1.25U of LongAmp Taq DNA Polymerase (NEB) in a total volume of 30 ml using the
following cycling conditions: initial denaturation step of 10 min at 95oC, followed by 26
cycles of 30 sec 95oC, 30 sec 69oC, 60 sec 65oC and a final extension step of 10 min 65oC. After
PCR 10 µl of the sample is subjected to restriction digestion with the enzyme HpaII in a total
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volume of 20 µl. Restriction is incubated for 2 hours at 37°C and inactivated by incubating
for 20 min. at 80°C. One microliter of PCR product before and after restriction was mixed
separately with 0.3 ml LIZ-500 size standard (Applied Biosystems) and 11.7 ml formamide
(Applied Biosystems) and run on an AB 3730 genetic analyser set up for fragment analyses
with 50 cm capillaries. Results were analysed using GeneMarker software (Softgenetics).
Saliva of 513 children (36.8% LL-genotypes; 47.4% SL-genotypes; 15.8% SS-genotypes)
was successfully genotyped. Hardy-Weinberg equilibrium (HWE) proportions were
estimated (Rodriguez et al., 2009), and no deviations from these proportions were found (χ2
= 0.04; df = 2; p = .89). For analyses, assuming the S-allele is dominant (Lesch et al., 1996),
the 5-HTTLPR was dummy coded (i.e., SS and SL vs. LL). Possible associations between
genotype and mood and possible Gene-Environment correlations (i.e., rGE) were checked.
No significant correlations between genotype and parenting or child mood (i.e., pre-test
scores) were found (see Table 7.1).
Table 7.1 / Correlations between Child Genotype, Parenting and Mood.

1. 5-HTTLPR genotype

1

2

-

-.01

2. Positive parenting

-

-

3. Negative parenting

-

-

3
.02
-.24**
-

4

5

-.08

-.03

.03

-.04

.01

.01

-.05

.03

.05

.00

-.27**

-.27**

-.30**

.63**

.71**

4. Happiness

-

-

-

-

5. Anger

-

-

-

-

-

6

7

.01

.00

6. Sadness

-

-

-

-

-

-

.61**

7. Fear

-

-

-

-

-

-

-

Note. ** p <. 01

Results
Randomization check.
Chi square and ANOVA tests showed no differences between conditions on children’s age,
gender, 5-HTTLPR genotype, genetic ancestry, and child reported emotions at baseline or
on parent-reported parenting (ps > .21), indicating successful randomization.

Overall effects of condition stimuli.
We examined the effect of experimental condition using MANCOVA’s with condition as
predictor, controlling for baseline fEMG activity and self-reported affect scores. To control
for skewed distributions we used a bootstrapping procedure. As reported by previous
studies (Hubbard et al., 2002; Reisenzein et al., 2013), motor and affective reactivity
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were not systematically related (small significant correlations were only found between
corrugator and anger response (r = .11, p < .05), between zygomaticus and fear response (r
= .11, p < .05), and between zygomaticus and anger response (r = .14, p < .01)). Therefore,
separate analyses were conducted for motor and affective emotional reactivity. Analyses
showed that the condition stimuli has a small but significant effect on both motor (N = 449;
Wilks’Lambda = .90, F(4, 886) = 12.55, p < .001, partial η² = .05) and affective reactivity (N
= 518; Wilks’Lambda = .93 F(4, 1024) = 9.43, p < .001 partial η² = .04) (see Table 7.2 for
mean differences). As expected, children in the happy condition showed highest zygomaticus
activity response (i.e., strongest smile) and highest response score for positive affect (i.e.,
happiness), but lowest for negative affect (i.e., anger, sadness and fear) of all conditions.
Children in the angry condition showed highest corrugator activity response (i.e., strongest
frown) and lowest response score for positive affect, but highest for negative affect of all
conditions. Overall, these findings showed children’s tendency to mimic and experience the
emotion they were exposed to, indicating successful manipulation of emotions. Consistent
with previous research (Grossman & Wood, 1993), the manipulation evoked stronger motor
(but not affective) reactivity in girls (Partial η² = .11), compared to boys (Partial η² = .04)
(see under auxiliary analyses and Supplement C).

Moderation effects of genotype and parenting.
baseline and skewed distributions. To avoid multicollinearity in the interaction analyses,
mean-centered scores were computed for positive and negative parenting scales. See the
results in Table 7.3 and 7.4.
Crucially, the two-way condition×genotype interaction was not significant, indicating there
is no direct relation between the 5-HTTLPR and emotional reactivity. Thus, contrary to our
hypotheses, the strength of children’s motor and affective reactions to the emotion they
were exposed to did not depend on genotype. The three-way condition×genotype×parenting
interactions were also not significant, indicating that 5-HTTLPR did not moderate emotional
reactivity, regardless of children’s broader affective family environment (i.e., positive and
negative parenting).
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We examined the effect of genotype and parenting using MANCOVA’s, again controlling for
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a

1.23

.59

1.26

Negative affect

Significantly different from neutral;
b
Significantly different from anger;
c
Significantly different from happy

b

.52

.74
1.31

4.10

5.50

3.71

6.60
4.38

4.27b

Positive affect

.85

6.11

Corrugator

3.18

LL

6.31 14.47

M

7.35 10.61

SD

SS/SL
M

ab

SD

ab

Total

12.13

M

Zygomaticus

Variable

Happy (n = 170)

.67

.98

2.16

8.25

SD
c

Total

9.42
1.46
ac

4.01ac

c

10.40

M

.70

.93

5.22

9.84
1.50

3.96
.76

.99

5.17

6.92

SD

SS/SL
M

6.40 10.73

SD

Angry (n = 172)
LL

1.38

4.10

8.40

9.84

M

.57

.82

5.17

7.05

SD
c

7.51
1.32
b

4.21b

c

SD

.60

.82

6.31

6.56

Total
7.06

M

1.36

4.22

7.42

7.73

M

.68

.87

6.10

7.18

SD

SS/SL
M

LL

1.26

4.20

7.69

5.82

Neutral (n = 179)

.45

.73

6.72

5.17

SD

Table 7.2 / Descriptive Statistics of Motor Reactivity (Zygomaticus and Corrugator Muscle activity) and Affective Reactivity (Self-reported
positive and negative affect).
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Table 7.3 / Multivariate Results Motor Reactivity to Condition Stimuli.
Wilk’s
Lambda

F

df

dferror

p

Partial η²

All children with complete data (n = 403)
Condition

.95

2.51

8.00

760.00

.01

.03

5-HTTLPR

1.00

.66

4.00

379.00

.62

.01

Negative parenting

1.00

.36

4.00

383.00

.62

.00

.98

3.66

2.00

383.00

.03

.02

.99

1.17

4.00

764.00

.33

.01

1.00

.20

4.00

766.00

.94

.00

Positive parenting
Condition×5-HTTLPR
Condition×negative parenting
Condition×positive parenting

.99

1.01

4.00

766.00

.81

.00

Condition×5-HTTLPR×negative parenting

.98

2.08

4.00

766.00

.08

.01

Condition×5-HTTLPR×positive parenting

1.00

.41

4.00

766.00

.81

.00

dferror

p

Partial η²

Table 7.4 / Multivariate Results Affective Reactivity to Condition Stimuli.
Wilk’s
Lambda

F

df

All children with complete data (n = 460)
.95

5.86

4.00

878.00

.00

.03

1.00

.51

2.00

439.00

.60

.00

Negative parenting

1.00

.04

2.00

439.00

.96

.00

.97

6.33

2.00

439.00

.00

.03

Positive parenting
Condition×5-HTTLPR
Condition×negative parenting

1.00

.44

4.00

878.00

.78

.00

.99

1.44

4.00

878.00

.22

.01

Condition×positive parenting

.99

.88

4.00

878.00

.48

.00

Condition×5-HTTLPR×negative parenting

.99

.77

4.00

878.00

.55

.00

Condition×5-HTTLPR×positive parenting

.99

1.01

4.00

878.00

.40

.01

Auxiliary analyses
To address factors possibly confounding the results, we performed four auxiliary analyses.
First, to control for possible effects of family-relations between participants (i.e., control
for kinship), we randomly included one parent-child dyad per family. Second, to control
for possible systematic differences in allele frequencies within subgroups from different
genetic ancestry (i.e., population stratification Manica et al., 2005) we excluded children
of whom one or both parents were not born in Europe. Third, assessing genetic variation
using a single polymorphism has been criticized. Multiple polymorphisms within a gene
might alter gene expression. Specifically, the 5-HTTLR L-allele has an embedded single
nucleotide substitution (SNP rs25531) (A>G), which seems to inhibit transcription, creating
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an allele functionally equivalent to the S-allele (Hu et al., 2006). To control for possible
effects of this SNP on 5-HTTLPR expression we repeated our analyses using a tri-allelic
genetic factor (cf. Braithwaite et al., 2013) low expression: SS, SLG, LGLG (16.40%); medium

expression: SLA, LGLA (54.40%); and high expression: LALA (29.20%). Weinberg equilibrium

(HWE) proportions were estimated (87.9% AA genotype) (Rodriguez et al., 2009), and no
deviations from these proportions were found (χ2 = .50; df = 2; p = .78).
Fourth, in adults opposing effects have been found regarding the 5-HTTLPR for males
and females in the development of internalizing psychopathology. For females, childhood

stressors predicted higher depression in S-allele carriers, whereas for males this was in LLgenotypes (Brummett, Boyle, et al., 2008). It might therefore be that different mechanisms
underlie G×E including the 5-HTTLPR in males and females. There are indeed indications
that there are gender differences in serotonergic functioning, specifically in central nervous
system (CNS) serotonin turnover (Brummett, Muller, et al., 2008; Cerasa et al., 2014;
Williams et al., 2003). Also, it might be that there are sensitive periods (i.e., effects of G×E
might be stronger in some developmental periods than in others), or even critical periods
(i.e., effects of G×E might be only present in certain developmental periods) for specific G×E
(Reiss et al., 2013). To control for possible confounding effects of child gender and age we
repeated the analyses including condition×genotype×age and condition×genotype×gender
interactions.
In

all

abovementioned

analyses,

the

condition×genotype

and

the

condition×genotype×parenting interactions remained non-significant, regardless of
kinship, genetic ancestry, possible tri-allelic effects, age and gender (Supplement C). Thus,
these analyses too showed that the strength of children’s motor and affective reactivity to
the emotion they were exposed to did not depend on their genotype –regardless of whether
children’s broader affective family environment (i.e., parenting) was taken into account.

Discussion
Emotional reactivity has been put forward as a possible mechanism underlying interactions
between the 5-HTTLPR polymorphism and affective environmental risk (e.g., angry, harsh
parenting) in predicting child psychopathology. If emotional reactivity indeed functions
as an explanatory mechanism, it should be directly associated with the 5-HTTLPR
polymorphism, specifically in interaction with the broader environment children grow up
in. Knowledge on such mechanisms underlying G×E is important to increase the empirical
and clinical value of the discoveries made so far (Dodge, 2006; Reiss & Leve, 2007). In
a large-scale experiment we tested whether children’s motor and affective reactivity to
dynamic facial expressions and vocalizations was dependent on their 5-HTTLPR genotype.
Results showed that this is not the case: Although children reacted to the happy, angry
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and neutral stimuli in an emotionally congruent manner, this emotional reactivity was not
associated with the 5-HTTLPR polymorphism, regardless of children’s broader affective
environment (i.e., positive and negative parenting). This finding did not change controlling
for kinship, genetic ancestry, age, gender or including a tri-allelic genetic factor. Together,
these findings challenge the hypothesis that emotional reactivity underlies interactions
between the 5-HTTLPR polymorphism and affective environmental stressors in predicting
child psychopathology.
How do our findings relate to previous research? Although previous studies found
S-allele carriers to show heightened neural response to emotional stimuli (Gyurak et
al., 2013; Murphy et al., 2013), we did not find these genetic differences to translate to
heightened motor or affective reactions in children. Consequently, our findings do not
confirm that emotional reactivity, as has been theorized, is indeed an underlying mechanism
of previous found G×E including the 5-HTTLPR polymorphism (Davies & Cicchetti, 2013;
Van Goozen et al., 2007). This contradicts earlier findings, showing that children’s angry
reactivity mediated the interaction between 5-HTTLPR and maternal unresponsiveness
(Davies & Cicchetti, 2013) One possibility is that emotional reactivity −as we measured
it− is simply not a mechanism underlying G×E including the 5-HTTLPR. The 5-HTTLPR
has been related to other affective, cognitive and behavioral endophenotypes, besides
emotional reactivity, as well (Van Goozen et al., 2007; Spoont, 1992). G×E including the
from differences in the ability to regulate emotions evoked by others (e.g., how children
reframe or suppress these emotions). Indeed, a recent study found that emotion regulation
(i.e., using cognitive reappraisal) served as a buffer in the association between 5-HTTLPR,
environmental stressors, and psychopathology (Ford et al. , 2014). Because the distinction
between emotional reactivity, regulation and processing (e.g., cognitive processes) is a
difficult one (Gross & Barrett, 2011; Stollstorff et al., 2013), it might be conducive for future
research efforts to take into account different emotional processes that are possibly involved
in individual differences in psychopathology.
It is important to interpret our present results in light of specific limitations. First,
being hosted by a Research Centre −an educative attraction− caused an oversampling of
relatively highly educated and well-adjusted families. The range of reported parenting
behavior was therefore limited to scores reflecting (sub)optimal behavior. Our results might
not be generalizable to the general population. Future research should therefore test these
hypotheses in more heterogeneous samples, and in at risk samples. Additionally, to avoid
“carry-over” effects from one emotion to another a between subject design was selected.
This means our study does not actually measure whether the same children genetically
differ in emotional reactivity to both positive and negative emotions (i.e., for better and
for worse), but only whether children differ in reactivity to either negative or positive
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emotions. Furthermore, the emotional reactivity hypothesis is based on differences in
serotonin availability, which is influenced by multiple genes but which was measured in this
study by 5-HTTLPR variability alone. Including more genetic factors possibly influencing
serotonin availability could be an important next step. For example, a serotonergic genetic
pathway (i.e., also including genes coding for serotonin synthesis and reuptake, such as
TPH1, HTR1A, and HTR2C) could be used as moderator.
Nevertheless, our study design has some important strengths. First of all, our study is
part of the growing body of experimental research on G×E (for an overview see BakermansKranenburg & Van IJzendoorn, 2015) providing more robust measures of G×E compared
to correlational designs (e.g., ruling out alternative explanations for such an interaction).
Second, our large scale genetically informed experiment shows it is possible to manipulate
emotions in school-aged children and to measure their emotional reactions through both selfreport and fEMG. We used a multi-method multi-informant approach, using both observed
motor and self-reported affective reactivity measures. Replicating previous research (Hess
& Blairy, 2001; Wild et al., 2001), we found stronger motor (but not affective) reactivity in
girls than boys, which might indicate gender differences in emotion processing. Third, our
study assessed children’s reactivity to standardized and precise measures of both negative
(i.e., anger) and positive (i.e., happiness) affective environmental factors (i.e., for better and
for worse). We tested whether children genetically differ in their general emotional reactivity
by exposing them to standardized emotional facial expressions, which were directed toward
the child, in a controlled laboratory setting rather than in “real life” situations. However, this
approach might explain why our findings differ from those of Davies and Cicchetti (2014)
(who exposed children to a simulated angry phone conversation between the mother and
her intimate partner) and Gyurak and colleagues (2013) (who exposed adults to a clip about
the Darfur crisis). These previous studies did not include standardized emotion expressions
addressing the child.
Studies on G×E in psychopathology form a fast growing field of research, yielding
exciting results on the interplay between genes and environment. However, we have little
understanding of how such interactions work. In order for these interactions to have
empirical and clinical implications, we need to understand the underlying psycho-biological
mechanisms. Our findings showed that one important hypothesis on why children might be
more susceptible to environmental stressors did not hold true: Contrary to the emotional
reactivity hypothesis, children carrying a SS/SL-genotypes of the 5-HTTLPR were not more
emotionally reactive than LL-genotypes. Our findings might indicate that previously found
differences between SS/SL- and LL-genotypes in emotion processing do not translate into
differences in motor and affective reactivity. Future research should explore whether such
processes rather translate into other psycho-biological processes such as emotion regulation
or processing. Unravelling mechanisms underlying G×E demands that we report both
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findings that confirm and findings that falsify our theories or assumptions about specific
G×E. Only such transparency can help us gain insight into the validity and specificity of
these mechanisms (see also Heininga et al., 2015 on ambivalent G×E findings including
the 5-HTTLPR). However, we must keep in mind that the absence of evidence is not
necessarily the evidence of absence. In this regard, it is pivotal to acknowledge that research
on the interplay between genetics and the environment is making important (technological)
progress. Future studies using epigenetics, haplotypes and the whole genome (i.e., GWAS)
might yield more solid results (Beach, Brody, Gunter et al., 2010; Salvatore et al., 2015;
Sulik et al., 2012) Such strategies might also prove to be powerful designs to further explore
the mechanisms of G×E.
To summarize, we conclude that how strongly children react to other’s emotions, with
their facial expression and own affect, is neither directly explained by variation in the
5-HTTLPR, nor by a combination of 5-HTTLPR variability and previous interactions with
the environment. These findings challenge the emotional reactivity hypothesis.
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psychopathologie: Einde van een tijdperk? Kind & Adolescent, 37(1),
58-62.

Summary and General Discussion

Over the past 15 years developmental scientists gained much insight into individual
differences in how (strongly) children react to their surroundings. Specifically, we learned
much about specific candidate genes that possibly contribute to individual differences in
the strength of the relation between environmental risk factors and psychopathology (i.e.,
candidate gene-by-environment interactions or cG×E). The initial stage of cG×E research
has yielded an interesting set of results, detecting many interaction effects between genetic
polymorphisms and environmental adversity predicting externalizing behaviors. Although
research on cG×E was originally received with great enthusiasm, it is now heavily criticized
(for a critical review see Dick et al., 2015). Among the most important points of criticism are:
that research on cG×E has not yielded reliable and replicable results; that the methods used
to test cG×E are flawed; that so far it has taught us little about how genes might contribute
to the development of psychopathology; and that it has given us little to no useful knowledge
for clinical practice. In this dissertation we aimed to address these critiques by: (1) creating
an overview of the literature (Chapter 2) and extending previous findings on cG×E with a
randomized controlled trial (the ORCHIDS study; Chapters 3-6); (2) gaining more insight
into how these interactions might work by formulating theory-based hypotheses on possible
mechanisms underlying cG×E (Chapter 2); and (3) by testing hypothesized underlying
mechanisms using two experiments (Chapters 3-7).
Because the Observational Randomized controlled trial of CHIldhood Differential
Susceptibility (the ORCHIDS study) is central to this dissertation (but not necessarily to
all our main research aims), I will first give an overview of this study and findings on the
effectiveness of the used intervention. Second, in part 1 of this chapter I will summarize and
discuss our overview on previous found cG×E including family adversity and polymorphisms
cG×E tested in the ORCHIDS study. Third, in part 2 and 3 of this chapter I will summarize
and discuss the hypotheses we formed on mechanisms underlying cG×E in externalizing
behavior problems as well as findings on these mechanisms tested in two experiments
(the ORCHIDS study and a focused experiment). Finally, I will discuss the strengths and
limitations of this dissertation, as well as my ideas on the implications of our findings for
future research and clinical practice.

The ORCHIDS study
Chapters 3 and 4 describe the ORCHIDS study; a three wave (pre-test, post-test and followup) randomized controlled trial (RCT) including data on children’s genotype, and observed
as well as reported parent and child behavior. Although not a primary aim of this dissertation,
we did also test cG×E interactions in the process of testing mechanism underlying these
interactions. Using an experimental design to test cG×E has important advantages over
the correlational designs used in most previous studies. First, in experiments G and E are
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uncorrelated because children are randomized into different groups and the environment is
manipulated. This manipulation rules out alternative explanations for cG×E, such as geneby-environment correlations (i.e., rGE). For example, certain genetic predispositions in
children might evoke certain parenting behaviors. In an experimental design this covariance
cannot occur. Second, using standardized experimental manipulation of the environment
reduces measurement errors in the assessment of the environment. Third, in experimental
research designs power is enhanced due to the increased difference between children in
different experimental conditions.
Chapter 3 describes the research protocol and a priori hypotheses. For the purpose of
transparency, these were pre-registered in our 2012 publication (Chhangur & Weeland et
al., 2012). The trial has been registered in the Netherlands Trial Registry (NTR-TC-3594)
and was conducted in 2013 (cohort 1) and 2014 (cohort 2). In total, 5,876 families were
screened on child externalizing problems. Families of children scoring at or above the 75th
percentile of their respective cohort were invited to participate in the further trial. This
resulted in a sample of 387 parent-child dyads, which were randomized in a control and
intervention group. At the first measurement wave (i.e., pre-test) children (55.3% boys)
were between 4 and 8 years of age (Mage = 6.31, SD = 1.33). The sample mostly consisted
of parents and children who were born in the Netherlands (97.4% of children and 80% of
parents were born in The Netherlands). At the first wave buccal swabs were collected in order
to genotype children (in this dissertation I focused on the COMT, MAOA, and 5-HTTLPR
polymorphisms, which are related to serotonin and dopamine functioning). Families that
were randomized into the intervention group received the evidence based Behavioral Parent
Training (BPT) The Incredible Years program (IY, Webster-Stratton, 2008) between preand post-test. Families in the control group did not receive intervention through the trial,
but were free to seek out additional (mental) health care (i.e., care as usual). Child and
parenting behavior were observed and reported on by parents at all three waves (pre-test,
post-test and follow-up).
Chapter 4 shows that using full intention-to-treat analyses, IY was successful in
decreasing parent reported child externalizing problems at time of follow-up (small effect,
partial η2 = .05 or Cohen’s d = .20), increasing parent reported (small to medium effect, partial
η2 = .06 or Cohen’s d = .49) and observed (small effect, partial η2 = .05 or Cohen’s d = .06)
positive parenting behavior, and decreasing parent reported negative parenting behavior
(small to medium effect, partial η2 = .08 or Cohen’s d = .29). No intervention effects were
found for observed child externalizing problems, observed negative parenting behavior, and
reported and observed child prosocial behavior. Furthermore, as expected, when tested in a
multi-variate model, in a large sample, no systematic evidence emerged for previous found
demographic or intervention-based moderators of IY effects. Overall, our findings indicate
that IY was successful in decreasing externalizing problems in children of a wide range of
families. In part 1 of this chapter I will summarize and discuss our overview on previous
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found cG×E including family adversity and polymorphisms of the 5-HTT, MAOA, DRD4,
DRD2, COMT and DAT1 genes as well as the findings on cG×E tested in the ORCHIDS study.
To gain more insight into how cG×E interactions might work we formulated (Chapter
2) and tested (Chapters 5-7) theory-based hypotheses on possible mechanisms underlying
cG×E including polymorphisms of the 5-HTT, MAOA, DRD4, DRD2, COMT and DAT1
genes. Insight into the mechanisms of cG×E can possibly help us interpret the intriguing,
but inconsistent, findings, and enhance their empirical and clinical implications. It can
point us in the direction of differential pathways leading to externalizing behaviors. And
though not directly implementable, it might enable us to better predict which children are
specifically vulnerable and target them using personalized interventions not only in terms of
clinical focus (i.e., based on specific mechanisms at work), but also of intensity and duration
(i.e., based on differences in susceptibility).

1. Findings on cG×E in Externalizing Behavior Problems:
Family Adversity, 5-HTT, MAOA, DRD4, DRD2, COMT
and DAT1
Chapter 2 presents the results of our review study of 53 studies published between 2002
– 2015 which shows the findings on cG×E between family adversity and polymorphisms
of the 5-HTT, MAOA, DRD4, DRD2, COMT and DAT1 genes are heterogeneous (Weeland,
Overbeek et al., 2015). To illustrate, our literature overview shows that for the 5-HTTLPR
VNTR polymorphism, null findings (4 out of 12 studies in the review paper) as well findings
indicating that both the low functioning S-allele (4 out of 12 studies in the review paper)
for the development of externalizing problems under adversity have been reported. Despite
this apparent heterogeneity of results, the current state of the literature might still be
an underestimation of true heterogeneity due to a possible publication bias in this field
favoring statistically significant findings over non-significant findings, specifically in case of
the 5-HTTLPR (see Duncan & Keller, 2011; Ficks & Waldman, 2014).
In the ORCHIDS study we tested three previously found cG×E interactions between
parenting and polymorphisms of the 5-HTT, COMT and MAOA genes overcoming important
limitations of previous studies by using a RCT (Chapter 5 and 6). We found no significant
interaction between parenting (either improved through IY or “normally developed” in
the control condition) and the COMT Val/Met polymorphism (Chapter 5). This means
that the COMT polymorphism did not moderate the relation between parenting and child
externalizing problems. For the 5-HTTLPR different moderation patterns were found for
different outcome measures (Chapter 6). On the one hand, this might indicate that this genebased moderation of intervention effects is not highly robust and replicable. On the other
hand, this might show that cG×E is very specific and thus differs using different outcomes,

153 /

Chapter 8

and the high functioning L-allele (4 out of 12 studies in the review paper) are “risk allele”

Chapter 8

reporters or instruments. I will discuss these findings in more detail in part 3 of this chapter.
Altogether, our own empirical findings on the COMT and 5-HTTLPR genotypes, reported
in this dissertation, underline previous found heterogeneity of the cG×E literature (see
Chapter 5, 6 and 7).
There are however notable exceptions to the rule that cG×E findings are heterogeneous
in nature. Our review study (Chapter 2) shows that at least some of the findings on cG×E
seem robust. For example, the literature shows a moderately consistent interaction between
the MAOA low-activity allele (possibly leading to low levels of monoamine oxidase A;
lower degradation and higher availability of dopamine and serotonin) and maltreatment
in predicting conduct problems in males (see the meta-analyses of Byrd & Manuck, 2014;
Kim-Cohen et al., 2006; Taylor & Kim-Cohen, 2007). In line with this previous literature,
in Chapter 5 we also found an interaction between the MAOA low-activity and the effect of
IY in predicting child externalizing problems. Specifically, we found that boys carrying the
low-activity allele benefited more from the intervention and showed a larger decrease in
externalizing problems compared to boys without this allele (Chapter 5). On the one hand,
this might indicate that these boys are more sensitive to environmental enrichment, and
therefore show vantage sensitivity (Pluess & Belsky, 2013). On the other hand, combined
with previous findings, our results might be interpreted in line with differential susceptibility
thinking (Belsky, 1997): Boys carrying the low-activity allele might not only be more
vulnerable to environmental risk (i.e., for worse: for example developing conduct problems
when maltreated) but might also be more susceptible to environmental enrichment (i.e.,
for better: showing more improvement in externalizing problems after intervention).
Although the interactions between MAOA and parenting seem relatively robust, how the
MAOA is related to both an increased vulnerability to maltreatment as well as an increased
susceptibility to the effects of a behavioral parent training remains unclear.
Based on both previous literature (Chapter 2), as well as the empirical findings presented
in this dissertation (Chapter 5 and 6), one might conclude that cG×E, with few exceptions,
has not yet delivered conclusive evidence for specific cG×E. However, our review of the
cG×E literature (Chapter 2) also makes clear that there are large methodological differences
between studies, such as sample size and composition, conceptualization, and power. cG×E
might be very specific and differ when testing them with outcomes based on different
reporters or instruments. The current heterogeneity of findings might therefore partly
be explained by such methodological differences between studies (Heininga et al., 2015;
Weeland, Overbeek et al., 2015, Chapter 2). One way to create more comparable results is
by specifying a priori hypotheses together with a priori specifications of research strategies
and power to test specific hypotheses: How do specific family adversity factors interact
with specific genetic polymorphisms, in predicting specific behavior in specific samples?
By consulting extant literature on genetics, (neuro)biology, and psychology we aimed to
construct such hypotheses in Chapter 2.
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2. Hypotheses on Possible Mechanisms Underlying cG×E
Our literature review in part 2 of Chapter 2 shows that literature on genetics, neurobiology
and psychology provides us with many clues on possible mechanisms underlying cG×E.
In this dissertation, we formed three hypotheses on possible mechanisms of cG×E
between family adversity and the 5-HTTLPR, MAOA, DRD4, DRD2, COMT and DAT1
polymorphisms, namely 1) serotonin based emotional reactivity; 2) dopamine based reward
sensitivity, and 3) serotonin based punishment sensitivity.

Emotional reactivity
Literature on the 5-HTTLPR polymorphism shows important parallels with research on
emotional reactivity: Individual differences in arousability and behavioral responses to
others emotions. Serotonin has been related to arousal in response to emotions (Murphy et
al., 2013); regulation of this arousal (Gyurak et al., 2013; Miczek, Fish, Joseph, & De Almeida,
2002); and therefore the effects of others’ emotions on affective and behavioral responses
(El-Sheikh, 2001; Hankin et al., 2009). Children with higher and less stable serotonin
availability (e.g., carrying the 5-HTTLPR S-allele; but possibly also the MAOA low-activity
allele) who are exposed to negative family emotional climates (e.g., harsh parenting, marital
conflict) might show an increase in neurological arousal by emotional stimuli. In turn,
children experiencing such dual risk possibly develop a heightened emotional reactivity.
We therefore hypothesize that these children show more symptoms of angry/irritable mood
and reactive aggression, compared to children growing up without a genetic predisposition,
specifically when they are exposed to negative emotions and/or a negative family emotional
considering the overlap in symptoms between Oppositional Defiant Disorder (ODD) and
child depression, these children might also be at risk for internalizing problems (Copeland
et al., 2009; Stringaris et al., 2012).

Reward sensitivity
Literature on the dopaminergic polymorphism shows important parallels with research on
(brain) systems to reward processing: Dopamine has been related to salience and valence of
rewarding experiences (Buckholtz et al., 2010; Comings & Blum, 2000); arousal in response
to rewards (Schultz, 2002); and therefore effects of reward-based learning (Comings & Blum,
2000). Children with low dopamine activity (e.g., carrying the COMT Val-allele, MAOA
high-activity allele, DRD4 7-repeat allele, DRD2 A1-allele, and DAT 10-repeat allele) might
show a decrease in sensitivity to daily rewards in absence or scarcity of rewarding stimuli in
the family environment (e.g., positive reinforcement of positive behavior trough praise or
tangible rewards). Children experiencing such dual risk might develop a low sensitivity to
typical environmental reinforcers (i.e., experiencing them as less rewarding). We therefore
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hypothesize that these children show more noncompliant, risky, and thrill seeking behavior,
compared to children growing up without a genetic predisposition, specifically when the
current environment does not offer them the necessary rewarding stimuli or behavioral
monitoring (i.e., short behavioral monitoring intervals). Also, because of their search for
arousal these children might be at risk for addiction later in life (e.g., Bhaskar et al., 2012).

Punishment sensitivity
Literature on the serotonin related polymorphisms shows important parallels with
research on punishment sensitivity and callous unemotional traits: Serotonin might act as
a motivational opponent to dopamine (Daw, Kakade, & Dayan, 2002) by modulating the
impact of punishment-related signals (Cools, Roberts, & Robbins, 2008); and therefore
the effects of socialization through punishment (Kochanska, Aksan, & Joy, 2007). Children
with low and stable levels of serotonin availability (e.g., carrying the 5-HTTLPR L-allele or
MAOA high-activity allele) experiencing maltreatment, harsh punishment or punishment
mixed with reward, might develop a blunted reactivity to negative emotional arousal
and punishment. In turn, children experiencing such dual risk might be less sensitive to
punishment oriented parenting strategies. We therefore hypothesize that these children show
more antisocial behavior compared to children growing up without a genetic predisposition,
specifically when the current environment relies on harsh, unpredictable punishment for
socialization. Eventually, this low reactivity and poor conditionality through punishment
might induce proactive, instrumental, and maybe even predatory antisocial behavior later
in adulthood, forming a risk factor for antisocial personalities and psychopathic traits. Also,
these children are possibly at risk for escalating cycles of punishment, as milder forms of
punishment may be less effective and parents might get frustrated.
Important to note is that externalizing behavior is a very heterogeneous behavioral
cluster, which has different etiologies in different children and across symptoms (Frick,
2012). Specific externalizing behaviors may be triggered by different mechanisms,
underlying different cG×E, in different populations. For example, both the 5-HTTLPR
S-allele and the L-allele might contribute to externalizing behavior under the influence of
family adversity: The S-allele might be related to emotional reactivity and therefore be a
risk for irritability and reactive aggression in the presence of a negative emotional climate
(e.g., Cicchetti et al., 2012). In contrast, the L-allele might be related to emotional hyporeactivity and punishment insensitivity, and might therefore be a risk for proactive and
predatory behavior when socialization is mainly based on punishment (e.g., Sadeh et al.,
2010). Therefore, different mechanisms are likely to underlie the development of different
types of externalizing behaviors.
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3. Experimental Testing of Mechanisms
In this dissertation, we experimentally tested two of the hypotheses described above
on mechanisms underlying cG×E, namely emotional reactivity and reward sensitivity.
Experimental testing of cG×E and underlying mechanisms is important because it
overcomes limitations of earlier studies using correlational designs (Jaffee, Price, &
Reyes, 2013). Both RCT as well as more focused experimental designs have important
advantages over correlational research, and are complementary approaches. Large scale
RCT’s enable us to target at risk samples and to manipulate the environment with evidencebased interventions, resulting in superior power to robustly detect cG×E if present, while
preventing rGE. At the same time RCT’s have important limitations regarding feasibility
and specificity. Specifically, an intervention effect in an RCT covers many different
possible change mechanisms. Therefore, small-scale, randomized experiments using a
brief and more focused environmental manipulation, designed to target one specific risk or
protective mechanism are an important addition to RCT’s (i.e., micro-trials, Howe, Beach, &
Brody, 2010). Such designs allow us to take a closer look at possible mechanisms. Therefore,
in this dissertation we conducted a randomized controlled trial (the ORCHIDS study), using
the evidence based BPT IY (N = 387 parent-child dyads), and a more focused experiment
using standardized video vignettes of facial expressions and vocalizations of emotions (N
= 521 children). Both experiments were successful in manipulating the environment (see
Chapter 4 and Chapter 7).
In Chapter 5, using a RCT, we tested whether the previously identified G×I with the
MAOA polymorphism might be explained by differences in children’s reward sensitivity.
low-activity allele, might contribute to a heightened reward sensitivity. Children carrying
this allele might therefore experience reward oriented parenting strategies, such as parental
praise, as particularly strong behavioral reinforcers. Therefore, these children might
specifically benefit from IY because they benefit substantially from an increase in such
parenting behavior. Our results indeed showed that IY caused a large increase in parents’
use of praise (partial η2 = .19). However, this increase did not explain the intervention effects
on child externalizing problems in either children with the MAOA low-activity or children
with the high-activity allele. Therefore, we did not find support for the dopamine related
reward sensitivity hypothesis.
In Chapter 6 we tested whether the effectiveness of IY in decreasing child externalizing
problems is due to changes in parental affect and behavior, and whether these mechanisms
of change are more important for some children than for others, due to a temperamental
(i.e., negative affectivity) and/or genetic (i.e., 5-HTTLPR genotype) predisposition for
heightened emotional reactivity. Our results show that neither parental affect nor parenting
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behavior was more important in explaining the effectiveness of IY for some children than
others due to their negative affectivity or 5-HTTLPR genotype. We therefore found no
evidence for the emotional reactivity hypothesis.
Although we were unable to explain differential effects of our intervention, our results
do suggest that differential mechanisms are at work, both in parents and children, due to
children’s genotype. For example, children’s 5-HTTLPR genotype did moderate the effects
of the intervention on observed and reported negative parenting behavior (moderation
effects in opposite direction for the two outcome measures) as well as the effects of observed
positive parenting behavior on reported child externalizing problems. These findings can be
interpreted in different ways. First, our findings might indicate that some parents are more
susceptible to the IY program than others, due to their children’s genotype. For example,
due to heritability parents and children might share the same susceptibility characteristics.
However, different moderation patterns were found for observed and reported parental
behavior outcomes. Parents of children homozygous for the L-allele reported the largest
decrease in negative parenting at post-test. However, the same parents showed a lower
decrease in negative parenting during observed parent-child interactions, compared to
parents of children carrying two S-alleles. This might indicate that parents of children
carrying two L-alleles are more prone to experience and report improvements in their own,
whereas they show less actual changes in their behavior, compared to parents of children
carrying two S-alleles.
Second, observed positive parenting was only a significant predictor of decreased child
externalizing problem behavior for SS-genotypes (and seemingly in opposite direction
than for LL-genotypes). This might indicate that children carrying the S-allele are more
susceptible to changes in -specifically positive- parenting behavior than children homozygous
for the L-allele (see also Hankin et al., 2011). However, the effect of positive parenting was
very small, and the differential effect of parenting was not replicated using any of the other
parenting behavior or affect measures. Third, our findings might indicate that actual changes
in parenting behavior after intervention are not merely formed in the intervention session,
but are also informed and shaped over time by the reciprocal influences between parent
and child behavior (Sameroff, 2000). Children’s different reactions to intervention-induced
changes in parenting behavior might serve as a feedback mechanism for further changes
in parenting behavior. For example, when parents see that the use of certain parenting
techniques works really well on their children they might further increase the use of these
techniques, whether they might stop using techniques which initially evoke resistance.
It might be that, due to a decreased sensitivity to specific parenting strategies, children
carrying the L-allele are less responsive to (changes in) their parent’s behavior, possibly
leading to parental frustration and in turn escalating cycles of negativity and punishment
(see also our hypotheses in Chapter 2). Directly after the intervention, families of children
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with the LL-genotype seemed to experience the biggest relief in parenting stress. However,
at the same time these might be the families who are first to fall back in old patterns of
negative parent-child interactions, due to certain child characteristics.
Chapter 7 describes our specific experiment. In this study 521 children (52.5% boys, Mage
= 9.72 years) were randomly assigned to happy, angry or neutral dynamic facial expressions
and vocalizations. Motor and affective emotional reactivity were assessed through children’s
self-reported negative and positive affect (n = 460) and facial electromyography activity (i.e.,
fEMG: the zygomaticus or “smile” muscle and the corrugator or “frown” muscle, n = 403).
A buccal swab was collected to genotype children and parents reported on their negative
and positive parenting behaviors. Children mimicked and experienced the emotion they
were exposed to. As expected, children in the happy condition showed the strongest smile
and highest response score for positive affect (i.e., happiness), but lowest for negative affect
(i.e., anger, sadness and fear) of all conditions. Children in the angry condition showed
the strongest frown and lowest response score for positive affect, but highest for negative
affect of all conditions. However, neither motor reactivity (small effect partial η² = .05) nor
affective reactivity (small effect, partial η² = .04) to these emotions depended on children’s
5-HTTLPR genotype: children with SS/SL-genotypes did not manifest any stronger response
to emotional stimuli than children with LL-genotypes. This finding did not change when we
took into account the broader environment children grow up in through parent-reported
parenting behavior. Therefore, we did not find support for the serotonin related emotional
reactivity hypothesis.
Overall, our results show that mechanisms underlying cG×E are very complex and
difficult to grasp (Chapter 5, 6 and 7). In this dissertation, several factors complicated
However, due to ongoing interactions between genetic dispositions and the environment
mechanisms underlying cG×E possibly become increasingly complex over developmental
time. Studying these mechanisms at an earlier developmental period might therefore
yield different results. Second, the processes underlying the development of externalizing
behavior, as well as interventions to stop further development of this behavior, might be
less clear-cut than we think. Although we assessed parenting strategies that are strongly
grounded in theory, our RCT showed only weak relations between parenting and child
behavior. Furthermore, in neither of the studies using the RCT we found actual mediation
by parental affect or behavior: Changes herein did not explain the changes in child behavior.
One possible explanation for the lack of mediation effects in our studies is that
intervention induced changes in parent and child behavior are explained by a third factor. It
has been found that BPT has “beneficial side-effects”, for example by decreasing parent and
family distress, and increasing parents’ quality of life, and feelings of self-efficacy (Feldman
& Werner, 2002). This might be specifically the case for interventions such as IY because
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they use a collaborative approach aiming to empower parents. The group meetings might
cause parents to relabel oppositional behavior as common and less problematic, and to feel
empowered by sharing experiences and being handed tools for dealing with this behavior.
We are not the first to report a lack of evidence for parenting as mechanism of change in
BPT programs. More research is needed to provide evidence-based explanations for how
effective and well-studied interventions, such as IY, produce change (Forehand et al., 2014,
Kazdin, 2007).
Third, some of the hypothesized paths within the mechanisms (e.g., relations between
intervention and parenting behavior; between parenting and child behavior; between
genotype and child behavior) were not significant. Although significance of all these paths
is no statistical requisite for the full mechanism to occur (Zhao et al., 2010), nonsignificant
paths do reduce power to find significant effects of the overall mechanism. In our study,
for example, intervention effects of IY were most pronounced at post-test, which reduced
power for tests regarding the differential effects of IY on child externalizing problems at
follow-up via changes in parental behavior at post-test. Moreover, in case of the 5-HTTLPR
we did not find a gene-by-intervention (i.e., G×I): Child genotype did not moderate the
intervention effects on child behavior.
In sum, in this dissertation we did not find evidence for the mechanisms of emotional
reactivity and reward sensitivity: Although we did find a G×I interaction between IY program
and children’s MAOA genotype, these differential intervention effects were not explained by
changes in parents’ use of praise. In addition, there were no differential effects of changes in
positive or negative parental affect after intervention, due to children’s 5-HTTLPR genotype
(Chapter 6). Moreover, we did not find differences in how strongly children responded to
others’ emotion expression and vocalization, due to their 5-HTTLPR genotype (Chapter
7). We might therefore conclude that we have falsified the formed hypotheses. However,
before drawing such conclusions our findings need to be replicated in independent samples.
Moreover, replication attempts of our findings should take into account the specific
limitations of the assessment of parenting behavior used in this study (described below).

Strengths and Limitations of This Dissertation
The findings of this dissertation add to the literature in several ways. First, we used extant
literature to create an overview of findings on cG×E in externalizing behavior and to
form theory-based hypotheses on mechanisms underlying these cG×E. This might help
researchers in choosing which specific combination of genes, environments and behaviors
to study and to specify their research strategies accordingly. Second, we tested two of
these hypotheses using multi-informant experimental studies, overcoming important
methodological limitations of previous research. Our studies therefore provide robust
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tests of cG×E and how these interactions might (or might not) be explained. Moreover,
our multi-informant approach shows that using different instruments to measure behavior
and affect is important to get a more complete picture of changes herein. In our RCT we
used both parent-reported and observed information on parent and child behavior. In our
experiment, we used facial electromyography (fEMG) and child self-report to measure
emotional reactivity. Although both approaches were successful in measuring change in
parenting and child behavior and affect, our results show they do measure different aspects
of these changes (see Chapter 5-7).
Nevertheless, the findings presented in this dissertation should also be interpreted in
the light of a few limitations. First, although our RCT study (N = 387) is one of the largest
studies using the effective BPT program IY, retaining 93% of participants at follow-up, we
did not reach our target of 480 parent-child dyads (see Chapter 3, we therefore decided to
deviate from the proposed 1:2 intervention/control randomization and evenly distribute
families over the two conditions). The same is true for our experiment in Chapter 7, for
which the target N was 600. This means that with our eventual samples the probability
of detecting an interaction was lower than the a priori calculated 80%. A bigger sample
would have provided us with more capacity for the complicated moderation and mediated
moderation models and the use of stringent criteria for significance (e.g., correcting for
multiple testing in Chapter 4 and using confidence intervals for indirect effects in Chapter 5
and 6) and in turn more power to find significant effects when present. Some of our results
indeed hint on power issues (see also Chapter 6).
Second, our recruiting procedures generated specific subsamples of families willing to
be enrolled, randomized, to put time and effort in filling out questionnaires and, in case of
sessions. As a result, participants of both studies were predominantly white Dutch and
relatively high SES families. Our results may therefore not be generalizable to the general
Dutch population or other countries. Third, although our multi-informant approach is
a major strength of our studies, some of our instruments showed important limitations.
Specifically, our observational instrument was used to code parent and child behavior over
a 15-minute time-span and during one setting, namely a play session with parent and child.
This resulted in limitations regarding ecological validity of this measure to capture the full
range of daily parenting behaviors. Moreover, it limited our data to parenting behavior used
during play settings (excluding for example routine and use of a token economy), as well
as generalizability of the data to other settings. As a result, we did not always have data on
specific parenting behavior related to the tested mechanisms. Moreover, the range of score
for most behaviors was limited and we were unable to reliably create scales for positive
and negative child behavior (see Chapter 4). Also, our instruments used for positive child
behavior possibly measured behavior more closely related to children’s pro-social skills
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instead of positive behavior and compliance. This might possible explain the discrepancy of
our results on positive child behavior and that of a recent meta-analysis (Menting et al., 2013).
Moreover, although child externalizing problems is a very heterogeneous cluster of
behaviors, we only measures specific forms of this behavior using the Eyberg Child Behavior
Inventory (ECBI, Eyberg & Pincus, 1999) and the Dyadic Parent-Child Interaction Coding
System. Because we found no intervention effect on observed child behavior, we mostly
relied on the ECBI, which specifically measures child conduct behavior. However, specific
candidate genes and underlying mechanisms might be related to specific externalizing
behaviors. For example, the 5-HTTLPR S-allele might be related to increased emotional
reactivity and in turn irritability and temper tantrums, rather than non-compliance. It
might therefore be that some of our null findings are explained by the limitations of our
measurement, and failure to measure the specific targeted behavior.
A fourth limitation of this dissertation is that our genetic data was limited to
polymorphisms of candidate genes in children’s (lacking data on parents’ genotypes). In
our RCT parents are the ones exposed to the intervention, theoretically acting as a mediator
of the intervention effect on child behavior. It would be very interesting to see whether
parents also show genetic differential susceptibility to the behavioral parent training. Our
data does suggest there are individual differences in how strongly parents decrease their use
of negative parenting strategies (Chapter 6). Unfortunately, we currently do not have the
data to test such hypotheses on G×I in parents.

Future Research: Alternatives for Candidate Genes
Over the last five years skepticism about cG×E research has been rising (Aliev, Latendresse,
Bacanu, Neale, & Dick, 2014; Dick et al., 2015; Duncan & Keller, 2011; Ficks & Waldman,
2014; Szyf & Bick, 2013; Chabris et al., 2013). In response, scientific attention has been
shifting towards alternatives for cG×E. Three alternatives for taking into account human
biology in the development of externalizing psychopathology have been dominant in the
literature, each having important (dis)advantages over cG×E and each other: 1) GWAS, 2)
epigenetics, and 3) non-genetic biomarkers.

GWAS
‘Genome wide association’ (GWA) studies test whether SNPs occur more frequently in
people with psychopathology than in those without throughout the entire human genome
(for a review of meta-analyses see Gatt, Burton, Williams, & Schofield, 2015). One of the
advantages of GWAS is that it is not limited to a single genetic variation. It is hard to
believe that a single gene, which is part of our genome of about twenty thousand genes,
has a measurable effect on psychopathology. It has indeed been found that adolescents’
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and young adults’ externalizing problems is predicted by a polygenic score, rather than a
single gene (Salvatore et al., 2015). Moreover, through GWAS we keep discovering more
genes that possibly contribute to the development of psychopathology. At the same time,
GWAS are typically constructed using a small number of SNPs that have been pre-selected
using extremely low p-values derived from regression analyses. This might result in a datadriven, rather than theory driven, approach to psychopathology. The effects of the in GWAS
identified genes are often very small and a lack of knowledge about the functions of many
of the “new found” genes makes it difficult to interpret the GWAS results (Dick et al., 2011;
Pappa et al., 2015). Moreover, the question remains whether GWAS results are indeed more
consistent than results from candidate gene studies (Gatt et al., 2015). There are examples
where different GWA studies show no overlap between the genes associated with specific
psychopathology (see for example the GWA studies on Conduct Disorder by Dick et al.
(2011) and Anney et al. (2008)). Time will tell whether GWAS leads to improvements in the
prediction or explanation of externalizing behavior.

Epigenetics
Evidence from plant, animal and human studies show that the environment can get “under
the skin” and trigger non sequence variation in gene expression by DNA-methylation,
histone modification, or non-coding RNA associated gene silencing (for reviews see DeLisi
& Vaughn, 2015; Isles, 2015; Roth, 2013). Epigenetic processes are normal and universal
processes needed for cellular development and regulation of gene function, enabling identical
genotypes to express different phenotypes (Szyf, 2013). These processes can be experiencegenes and set epigenetic processes in motion. Experiences such as sexual abuse, for example,
appear to be able to cause a group of small molecules, a methyl group, to stick to the DNA
influencing the expression of this DNA (Beach et al., 2013). In turn, such methylation has
been associated with aggression and antisocial personality disorder (e.g., Beach, Brody,
Todorov, Gunter, & Philibert, 2010; Beach et al., 2013; Wang et al., 2012).
It has been argued that epigenetics is a form of non-genetic inheritance and is therefore
the answer to the question why we have found little associations between specific genotypes
and highly heritable traits such as externalizing behaviors (i.e., “missing heritability”).
Indeed, evidence of epigenetic processes has been found for many of the extensively studied
candidate genes (for an overview on epigenetics in the context of externalizing behavior
see DeLisi & Vaughn, 2015), including the candidate genes studied in this dissertation:
MAOA (e.g., Melas et al., 2013), and the 5-HTT transporter gene (e.g., Beach, Brody, Lei
et al., 2010). There is also evidence that suggests these processes might be reversible using
medication, or with interventions targeting the environment (for reviews see Wu & Zhang,
2010; Zhang, Fu, Yu, & Wu, 2014). This seems very promising with regard to prevention and
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treatment of psychopathology. However, we still know little about the functional expression
of the methylated genes and their relationship to bio-psycho-social features like brain
activity, the stress response system, and ultimately psychopathology. This makes it difficult
to determine where (i.e., in which genes, for which environmental influences) we need to
search for these processes, and to draw conclusions about the functional involvement of
these epigenetic processes in the development of psychopathology (see Heijmans & Mill,
2012).

Non-genetic biomarkers
Biomarkers are objectively measured individual biological differences in the way we process
information about and react to our environment (Colburn, DeGruttola, & DeMets, 2001).
Theoretically, such markers lie somewhere between genes and phenotypes (observable
characteristics of an individual, such as behavior). Research on biomarkers has a long
tradition, but now seems to experience a “renaissance” (see for example the review of
electroencephalography (EEG) literature Loo et al., 2015). Markers which are investigated
intensively are individual differences in stress response systems and brain activity,
measured by means of relatively non-invasive procedures such as (variability in) heart
rate, levels of cortisol and (nor)adrenaline, startle reflex, blood pressure, muscle tension
(EMG) and EEG. Theoretically, such markers lie somewhere between genes and phenotypes
(observable characteristics of an individual, such as behavior). For example, a link has
been shown between very low and very high heart rate variability (Respiratory Sinus
Arrhythmia, or RSA) and poor emotion regulation, and thus indirectly behavioral control
and psychopathology (Beauchaine & Thayer, 2015). Biomarkers are also used together
as, for example, a cumulative physiological index of chronic stress (i.e., allostatic load).
Recently a study reported an association between children’s negative emotionality and
allostatic load, in such that children high on negative emotionality showed high allostatic
load (higher than children low on negative emotionality) when mothers’ responsiveness
was low and low allostatic load (lower than children low on negative emotionality) when
mothers’ responsiveness was high (Dich, Doan, & Evans, 2015).
Because biomarkers are generally easy to measure, and hypothetically are closely
related to behavior, research on these markers possibly has important implications for
clinical practice. However, is has been argued that at present no single biomarker has been
shown to be a reliable and discrete predictor of psychopathology, as well as to account for a
clinically relevant amount of variance in psychopathology. Furthermore, some biomarkers
might simply be correlates of psychopathology, rather than part of an underlying process,
which means they might not teach us anything about the etiology of psychopathology (for a
critical review see Pollak, 2015)
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The three discussed alternatives for candidate gene study are promising: Compared to
candidate gene studies the alternatives epigenetics and GWAS might better address the
complexity of the human genome, and biomarkers might be closer related to behavior,
which makes them easier to implement in clinical practice. However, the question remains
what these alternatives teach us about the development and treatment of psychopathology.
Even if these alternatives lead to robust findings on significant relationships between
human biology and psychopathology, they do not necessarily lead to better prediction or
explanation thereof, or to a direct application of such knowledge that is relevant to clinical
practice (Jakobsdottir, Gorin, Conley, Ferrell, & Weeks, 2009; Lo, Chernoff, Zheng, & Lo,
2015). Some of the criticism on candidate gene studies therefore also applies to these three
alternatives. One possible danger is that these attractive “tools” make us overlook the fact
that we may not always have sufficient knowledge to properly formulate a priori hypotheses
or to interpret the results of studies using these tools.
One of the challenges of the next decade may therefore lie in integrating insights obtained
with the different strategies, which might help us with the interpretation of new results. We
have to build bridges between scientific disciplines (DeLisi & Vaughn, 2015). Within such a
strategy, we might still be able to use the insights obtained though candidate gene studies.
The function of genes involved in psychopathology (e.g., breaking down neurotransmitters
such as dopamine) might hold clues about biological processes (e.g., the amount of dopamine
released when one anticipates a reward and reward sensitivity) that may contribute to the
development of psychopathology (‘a reverse endophenotype’ approach, Loo et al., 2015).
Such an approach may help us create a new research agenda, and in the long run increase
our understanding of the role of our biology in the development of psychopathology.

The processes of interaction of our biology and environment are mostly addressed as
processes underlying maladaptation and psychopathology. For example, exposure to
chronic stressful life might alter our physiological reactivity to stress (i.e., allostatic load),
specifically in individuals with a genetic predisposition, which in turn might cause an
increased sensitivity to future stress and therefore an increased risk for psychopathology
(e.g. Dich et al., 2015). Although this process eventually leads to maladaptation (i.e.,
psychopathology), the process illustrates an adaptation to our environment nevertheless.
Another important step in gaining understanding of interactions between our biology
and environment might therefore be increasing our understanding of the function of the
processes triggered by our environment. One overarching framework that could deepen
our understanding is an evolutionary-developmental one (evo-devo) (Belsky, 2014; Del
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Giudice, 2014, 2016; Ellis & Del Giudice, 2014). Evolutionary developmental theory does
not approach gene-by-environment interactions in psychopathology merely in terms of dual
risk, genetic vulnerability or susceptibility. It also considers the possibility that it reflects
a biological trade-off, in which adaptations in individuals high on plasticity/susceptibility
might promote direct fitness and survival but may be at the expense of long-term well-being
or adjustment. This approach assumes that child development is shaped by environmental
cues pertaining to risk and opportunity in an adaptive way (Belsky, Steinberg, & Draper,
1991; Belsky, 2014). Environmental cues can be used as a forecast of the environment
children will grow up in to regulate development (Del Giudice, 2014; Nettle, Frankenhuis, &
Rickard, 2014; Rickard, Frankenhuis, & Nettle, 2014). Reactivity to such cues might mediate
the relation between family environment and child adjustment. For example, family stress
and unpredictability might contribute to a shift towards high risk, fast life history strategies
(focusing on short term survival and fast and frequent reproduction) instead of low-risk,
slow life history strategies (focusing on long term survival through investment) (e.g., Cabeza
de Baca, Barnett, & Ellis, 2016). Although behavior that is related to such fast life history
strategies is mostly seen as maladaptive, it might reflect an adaptation of behavior that fits
the specific environment children grow up in.
In Chapter 2 we gave the example that children growing up in families with a low socioeconomic status or even in poverty might develop a preference for immediate rewards (over
long-term rewards) (e.g., Griskevicius et al., 2011), often with disregard of punishment or
negative consequences of their behavior (e.g., doing something illegal, putting oneself at
risk, doing harm to others). Such a tendency might be beneficial for short-term survival (e.g.,
by exploiting others they obtain resources), but on the long run predicts maladjustment,
and risky, externalizing behaviors. Moreover, because these mechanisms might be very
specific to certain environmental risk factors, it shows the importance of carefully selecting
the environment we choose in studying biology×environment interactions. An evo-devo
approach might help us form hypotheses on which specific environments might contribute
to specific psychopathology, in particular externalizing behavior problems (but maybe
less appropriate in developmental disabilities such as intellectual disabilities or autism),
because they trigger specific adaptive processes.

Conclusions and Implications for Clinical Practice
Overall, cG×E has proven to be a very challenging research field. This dissertation shows it
is difficult to provide simple answers to questions regarding the role of candidate genes in
child externalizing behavior problems. Specifically, to answer questions on which candidate
genes might contribute to this behavior, and how these genes might contribute. In fact, the
more we know, the less we seem to understand. The most straightforward finding of this
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dissertation, which is also grounded in previous empirical findings, is that the behavioral
parent training The Incredible Years proved to be effective in decreasing externalizing
problems, and proved more effective in decreasing externalizing problems in boys carrying
the MAOA low-activity allele than in boys carrying the high-activity allele. Findings on the
other genotypes (5-HTTLPR and COMT) were more complex, but do suggest that different
mechanisms are at work in the development of child externalizing behavior in different
children and families. In clinical practice it might therefore be important to take into
account what works for whom, not only for which children but also for which parents.
However, it is unclear if and how information on genetic moderation should be
implemented. Most importantly, in order to implement such findings we need reliable
and replicable results; effects that are large enough to have clinical implications; and a
better understanding of biopsychosocial pathways leading to differences in susceptibility
to intervention (Rutter, 2012). In our attempt to shed light on how such interactions
might work, we found no support for the hypothesized putative mechanisms (i.e., genetic
predispositions for heightened emotional reactivity or reward sensitivity). Our results add
to the view that the mechanisms underlying interactions between our environment and
biology are very specific and complex (Moore & Depue, 2016; Reiss et al., 2013). In addition,
even if we are able to generate larger, replicable, and interpretable findings on cG×E,
implementation of genetics in clinical practice raises ethical concerns (Chhangur, Weeland,
Matthys, & Overbeek, 2015). Genetic screening is costly and invasive and might lead to false
deterministic claims about behavioral development, which might have negative effects on
child development by changing attitudes of parents and professionals. Together, this all
makes it difficult to effectively use cG×E findings for tailoring interventions. At the same time,
intervention effectiveness both at the child, and at the family level. Therefore, when it comes
to intervening in the development of externalizing behavior problems, we cannot keep up
a “one size fits all” approach. Future research should try to find implementable indicators
(other than genetic) of differential risk, as well as mechanisms underlying differential risk
sensitivity, that may be used to personalize interventions targeting child externalizing
problems.
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-.011

Reported prosocial behavior

Observed prosocial behavior

.050
.174

Observed negative behavior

Reported positive behavior

Observed positive behavior

(.10)

(.07)

(.11)

(.06)

(.07)

(.07)

(.08)

(.06)

(SD)

.327***

.226***

-.104

-.224***

.037

.007

-.077

-.145***

B

Slope

(.07)

(.04)

(.09)

(.04)

(.06)

(.03)

(.07)

(.04)

(SD)

.00

.00

.36

.00

.61

.84

.36

.00

p value

Corrected

16.64

10.80

5.83

20.79

3.88

0.18

7.04

11.90

X²

(4)

(2)

(4)

(2)

(4)

(2)

(4)

(2)

(df)

.96

.98

.99

.93

1.00

1.00

.95

.97

CFI

.10

.11

.04

.17

.00

.00

.04

.12

RMSEA

.42

.92

p value

X²

Note. df = degrees of freedom; CFI = comparative fit index; RMSEA = root mean square error of approximation. As X² < df, the CFI is set to 1.0 and RSMEA to .001, which makes
it sufficient to read off whether the p value is not significant. *p < .05; **p < .01; *** p < 001.

.113
-.048

Reported negative behavior

Parent behavior

.086
-.027

Observed externalizing behavior

.109

B

Reported externalizing behavior

Child behavior

Outcome

Intercept

Table A.1 / Intervention Effects of Reported and Observed Child and Parent Behavior – Completers Only.

SUPPLEMENT A
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Figure B.6: Random intercept cross lagged model for reported positive parenting (χ2(N = 387, 3) = 3.84 CFI = 1.00, TLI = .99, RM
Indirect effect: B = .003; SD = .024; p = .91; 91% CI: -.037 - .043.

SUPPLEMENT B
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)
Child
externalizing
behavior

Time 2 (post-test)
Child
externalizing
behavior

.21

Time 3 (follow-up)

..49***

Time 3 (follow-up)
Child
externalizing
behavior

-.03

-.18***

.01
.19

Experimental
condition

.02

.03

.01

.11
.08
.29***

Positive
parenting
(rep)

.21*

Positive
parenting
(rep)

-.06

Positive
parenting
(rep)

.27*

Figure B.1 / Random intercept cross lagged model for parental negative affect (X2(N = 387, 3) = 7.21 CFI
B.2: Random
intercept
cross
lagged
model
forSD
parental
positive
affect95%
(χ2(NCI=-.010
387, 3)- =.009.
6.01 CFI = 1.00, TLI = .96, RMSE
= .99, TLI =Figure
.94, RMSEA
= .06).
Indirect
effect:
B=
.000;
= .006;
p = .99;
Indirect effect: B = .006; SD = .017; p = .71; 95% CI -.020 - .033.
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)
Child
externalizing
behavior

Time 2 (post-test)
Child
externalizing
behavior

.22

Time 3 (follow-up)

.50***

Time 3 (follow-up)
Child
externalizing
behavior

-.03

-.17***

.03
.08

Experimental
condition

.01

.01

.03

.20
.07
.22***

Parental
positive affect

.17*

.03

Parental
positive affect

.06

Parental
positive affect

Figure B.2 / Random intercept cross lagged model for parental positive affect (X2(N = 387, 3) = 6.01 CFI
= 1.00, TLI = .96, RMSEA = .05). Indirect effect: B = .006; SD = .017; p = .71; 95% CI -.020 - .033.
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MSEA = .03).

EA = .05).

Figure B.3: Random intercept cross lagged model for observed negative parenting (χ2(N = 387, 3) = 8.86, CFI = .99, TLI = .92,
Indirect effect: B = .008; SD = .013; p = .55; 95% CI: -.008 – .035.
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)
Child
externalizing
behavior

Time 2 (post-test)
Child
externalizing
behavior

.25

Time 3 (follow-up)

.51***

Time 3 (follow-up)
Child
externalizing
behavior

-.03

-.17***

-.04
.01

Experimental
condition

.01

.03

.01

-.23
.12
-.23*

Negative
parenting
(obs)

-.06

Negative
parenting
(obs)

-.04

Negative
parenting
(obs)

.08

Figure B.3 / Random intercept cross lagged model for observed negative parenting (X2(N = 387, 3) = 8.86,
B.4: RMSEA
Random =
intercept
cross lagged
model
observed
(χ2(NCI:
= 387,
3)–= .035.
6.32, CFI = 1.00, TLI = .97
CFI = .99,Figure
TLI = .92,
.07). Indirect
effect:
B = for
.008;
SD = positive
.013; pparenting
= .55; 95%
-.008
Indirect direct: B = -.025; SD = .018; p = .18; 95% CI: -.060 - .000.
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)
Child
externalizing
behavior

Time 2 (post-test)
Child
externalizing
behavior

.19

Time 3 (follow-up)

.52***

Time 3 (follow-up)
Child
externalizing
behavior

.01

-.18***

-.06
.13

Experimental
condition

.04

.05

.01

.28
.18
.41***

Positive
parenting
(obs)

.42***

-.41

Positive
parenting
(obs)

.17

Positive
parenting
(obs)

Figure B.4 / Random intercept cross lagged model for observed positive parenting (X2(N = 387, 3) = 6.32,
CFI = 1.00, TLI = .97, RMSEA = .05). Indirect direct: B = -.025; SD = .018; p = .18; 95% CI: -.060 - .000.
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Figure B.5: Random intercept cross lagged model for reported negative parenting (χ2(N = 387, 3) = 5.49 CFI = 1.00, TLI = .97, RM
Indirect effect: B = -.014; SD = .023; p = .55; 95% CI: -0.053 - .023
Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)
Child
externalizing
behavior

Time 2 (post-test)
Child
externalizing
behavior

.20

Time 3 (follow-up)

.49***

Time 3 (follow-up)
Child
externalizing
behavior

-.10

-.18***

.05
.16

Experimental
condition

.05**

.05**

.04**

.17
.13
-.23***

Negative
parenting
(rep)

-.14**

Negative
parenting
(rep)

.20

Negative
parenting
(rep)

.21

Figure B.6: Random intercept cross lagged model for reported positive parenting (χ2(N = 387, 3) = 3.84 CFI = 1.00, TLI = .99, RM
effect:intercept
B = .003;cross
SD = .024;
p =model
.91; 91%
-.037 - negative
.043.
Figure B.5Indirect
/ Random
lagged
forCI:
reported
parenting (X2(N = 387, 3) = 5.49

CFI = 1.00, TLI = .97, RMSEA = .05). Indirect effect: B = -.014; SD = .023; p = .55; 95% CI: -0.053 - .023

Time 1 (pre-test)

Time 2 (post-test)

Time 1 (pre-test)
Child
externalizing
behavior

Time 2 (post-test)
Child
externalizing
behavior

.21

Time 3 (follow-up)

..49***

Time 3 (follow-up)
Child
externalizing
behavior

-.03

-.18***

.01
.19

Experimental
condition

.02

.03

.01

.11
.08
.29***

Positive
parenting
(rep)

.21*

-.06

Positive
parenting
(rep)

.27*

Positive
parenting
(rep)

Figure B.6 / Random intercept cross lagged model for reported positive parenting (X2(N = 387, 3) = 3.84
CFI = 1.00, TLI = .99, RMSEA = .03). Indirect effect: B = .003; SD = .024; p = .91; 91% CI: -.037 - .043.
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MSEA = .05).

MSEA = .03).

SUPPLEMENT C
Table C.1 / Multivariate Results Auxiliary Analyses Motor Reactivity to Condition Stimuli.
Wilk’s
Lambda

F

df

dferror

p

Partial η²

Including one parent-child dyad per family (n = 360)
Condition

.90

8.85

4.00

680.00

.00

.05

5-HTTLPR

1.00

.74

2.00

340.00

.48

.00

Negative parenting

1.00

1.04

2.00

340.00

.35

.01

.99

1.98

2.00

340.00

.14

.01

Positive parenting
Condition×5-HTTLPR

.99

.80

4.00

680.00

.53

.01

Condition×negative parenting

.99

.60

4.00

680.00

.67

.00

Condition×positive parenting

.99

.85

4.00

680.00

.50

.01

Condition×5-HTTLPR×negative parenting

.98

1.21

6.00

680.00

.30

.01

Condition×5-HTTLPR×positive parenting

.99

.54

6.00

680.00

.78

.01

Excluding children from non-European descent (n = 360)
Condition

.91

8.16

4.00

680.00

.00

.05

5-HTTLPR

1.00

.11

2.00

340.00

.90

.00

Negative parenting

1.00

.37

2.00

340.00

.69

.00

Positive parenting

.98

4.42

2.00

340.00

.01

.03

Condition×5-HTTLPR

.99

.54

4.00

680.00

.70

.00

Condition×negative parenting

1.00

.28

4.00

680.00

.89

.00

Condition×positive parenting

.98

1.73

4.00

680.00

.14

.01

Condition×5-HTTLPR×negative parenting

.97

1.49

6.00

680.00

.18

.01

Condition×5-HTTLPR× positive parenting

.99

.33

6.00

680.00

.92

.00

Condition

.93

6.23

4.00

Including a tri-allelic factor (n = 403 )
Tri-allelic score
Negative parenting
Positive parenting
Condition×5-HTTLPR

662.00

.00

.04

.99

1.02

4.00

762.00

.40

.01

1.00

.78

2.00

331.00

.46

.01

.99

1.54

2.00

331.00

.22

.01

.98

1.04

8.00

662.00

.41

.01

Condition×negative parenting

1.00

.43

4.00

662.00

.79

.00

Condition×positive parenting

1.00

.26

4.00

662.00

.90

.00

Condition×5-HTTLPR×negative parenting

.98

.64

12.00

662.00

.81

.01

Condition×5-HTTLPR× positive parenting

.99

.41

12.00

662.00

.96

.01
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Table C.1 / Multivariate Results Auxiliary Analyses Motor Reactivity to Condition Stimuli. (Continued)
Wilk’s
Lambda

F

.98

1.57

df

dferror

p

Partial η²

Including child age and gender (n = 405)
Condition

4.00

768.00

.18

.01

5-HTTLPR

1.00

.49

2.00

384.00

.61

.00

age

1.00

.88

2.00

384.00

.42

.01

gender

.99

1.32

2.00

384.00

.27

.01

Condition×5-HTTLPR

.99

.83

4.00

768.00

.51

.00

Condition×age

.99

.58

4.00

768.00

.68

.00

Condition×gender

.96

4.10

4.00

768.00

.00

.02

Condition×5-HTTLPR×age

.99

.89

6.00

768.00

.51

.01

Condition×5-HTTLPR×gender

.88

.42

6.00

768.00

.87

.00
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Table C.2 / Multivariate Results Auxiliary Analyses Affective Reactivity to Condition Stimuli.
Wilk’s
Lambda

F

df

dferror

p

Partial η²

Including one parent-child dyad per family (n = 404)
Condition

.96

4.45

4.00

766.00

.00

.02

5-HTTLPR

1.00

.88

2.00

383.00

.41

.01

Negative parenting

1.00

.10

2.00

383.00

.90

.00

Positive parenting

.97

5.63

2.00

383.00

.00

.03

Condition×5-HTTLPR

1.00

.31

4.00

766.00

.87

.00

Condition×negative parenting

.98

1.62

4.00

766.00

.17

.01

Condition×positive parenting

.99

1.05

4.00

766.00

.38

.01

Condition×5-HTTLPR×negative parenting

.99

.84

6.00

766.00

.78

.01

Condition×5-HTTLPR×positive parenting

.99

.89

6.00

766.00

.50

.01

Excluding children from non-European descent (n = 415)
Condition

.95

5.05

4.00

788.00

.00

.03

5-HTTLPR

1.00

.72

2.00

394.00

.49

.00

Negative parenting

1.00

.02

2.00

394.00

.98

.00

Positive parenting

.97

6.88

2.00

394.00

.00

.03

Condition×5-HTTLPR

.99

1.17

4.00

788.00

.32

.01

Condition×negative parenting

.98

1.74

4.00

788.00

.14

.01

Condition×positive parenting

.99

1.53

4.00

788.00

.19

.01

Condition×5-HTTLPR×negative parenting

.99

.92

6.00

788.00

.48

.01

Condition×5-HTTLPR× positive parenting

.99

.74

6.00

788.00

.62

.01

Including a tri-allelic factor (n = 460)
Condition

.96

4.89

4.00

860.00

.00

.02

5-HTTLPR

1.00

.39

4.00

860.00

.82

.00

Negative parenting

1.00

.50

2.00

430.00

.61

.00

Positive parenting

.99

2.67

2.00

430.00

.07

.01

Condition×5-HTTLPR

.99

.47

8.00

860.00

.88

.00

Condition×negative parenting

.99

1.07

4.00

860.00

.37

.01

Condition×positive parenting

1.00

.32

4.00

860.00

.86

.00

Condition×5-HTTLPR×negative parenting

.97

12.00

860.00

.21

.02

Condition×5-HTTLPR× positive parenting

.97

860.00

.28

.02

1.30
1.20

12.00
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Table C.2 / Multivariate Results Auxiliary Analyses Affective Reactivity to Condition Stimuli. (Continued)
Wilk’s
Lambda

F

Condition

.99

1.24

4.00

878.00

.29

01

5-HTTLPR

.99

1.76

2.00

439.00

.17

.01

age

.99

2.20

2.00

439.00

.11

.01

gender

.99

2.52

2.00

439.00

.09

.01

Condition×5-HTTLPR

1.0

.12

2.00

439.00

.89

.00

Condition×age

.98

1.82

4.00

878.00

.12

.01

Condition×gender

.99

1.38

4.00

878.00

.24

.01

Condition×5-HTTLPR×age

.98

1.22

6.00

878.00

.30

.01

Condition×5-HTTLPR×gender

.99

.85

8.00

878.00

.56

.01

df

dferror

p

Partial η²

Including child age and gender (n = 460)
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Externaliserend probleemgedrag verwijst naar gedragspatronen die negatieve effecten
hebben op de omgeving van kinderen en hen belemmeren in hun dagelijks functioneren,
zoals dwars en opstandig gedrag, agressie, aandacht-, en hyperactiviteit-problemen. Er is
steeds meer bewijs dat gedragsproblemen worden veroorzaakt door een samenspel van
risicofactoren zowel binnen (bijvoorbeeld genetisch) als buiten het kind (bijvoorbeeld
opvoeding). We weten dat sommige risicofactoren belangrijker zijn voor sommige kinderen
dan voor anderen, bijvoorbeeld doordat dat de genetische opmaak van kinderen bijdraagt
aan hoe sterk zij reageren op risicofactoren of doordat risicofactoren “onder de huid kruipen”
waarbij ze neurobiologische processen beïnvloeden en hiermee indirect beïnvloeden hoe
kinderen op de omgeving reageren. Toch zijn risicofactoren binnen en buiten het kind
lange tijd apart van elkaar onderzocht. Een poging om dit te veranderen is onderzoek
naar interacties tussen kandidaat-genen en de omgeving (cG×E) in de ontwikkeling van
externaliserend gedrag over tijd.
De term “kandidaat-gen” verwijst naar een specifiek gen dat direct en/of in interactie
met de omgeving gerelateerd is aan problematiek, waaronder externaliserende problemen.
Deze genen hebben veelvoorkomende varianten, ofwel polymorfismen, die invloed op de
expressie van dit gen hebben. Voorbeelden daarvan zijn polymorfismen van de DRD4,
DRD2, 5-HTT, MAOA en COMT genen. Polymorfismen kunnen ofwel varianten zijn in
het aantal herhalingen van een korte DNA sequentie (‘variable number of tandem repeat
polymorphism’ ofwel VNTR) of een variatie in een enkele DNA bouwsteen (nucleotide)
(‘single nucleotide polymorphism’ ofwel SNP). Een voorbeeld van een intensief onderzocht
polymorfisme is die in het MAOA-gen. Het MAOA gen codeert voor het MAOA-enzym
dat onder meer dopamine en serotonine afbreekt. Dit gen heeft een VNTR polymorfisme
bestaande uit een kort of “actief” en een lang of “minder actief” allel. Uit eerder onderzoek is
gebleken dat—in vergelijking met het actieve allel—het minder actieve allel gerelateerd is aan
lagere genexpressie en daarmee met minder MAOA-enzym, meer dopamine en serotonine
in de hersenen. Vervolgens is het minder actieve allel gerelateerd aan meer agressie wanneer
dragers van dit allel worden blootgesteld aan risicofactoren uit de omgeving. De afgelopen
15 jaar hebben we veel geleerd over specifieke kandidaat-genen die mogelijk bijdragen aan
hoe sterk het gedrag van kinderen wordt beïnvloed door de omgeving.
Hoewel onderzoek naar cG×E in de ontwikkeling van gedragsproblemen met veel
enthousiasme werd ontvangen, wordt het op dit moment zwaar bekritiseerd. Belangrijke
punten van kritiek zijn dat onderzoek naar cG×E geen betrouwbare en repliceerbare
resultaten heeft opgeleverd en het ons hiermee weinig toepasbare kennis voor de klinische
praktijk heeft opgeleverd. Eén van de belangrijkste kritieken is dat de meeste studies
gebruik maken van een correlationele studieopzet, waarbij gekeken wordt hoe genetica,
de omgeving en gedrag op één bepaald tijdstip, of over tijd, met elkaar samenhangen.
Bij een correlationele studieopzet zijn causale gevolgtrekkingen niet mogelijk en kunnen
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alternatieve verklaringen voor de gevonden interacties niet uitgesloten worden. Omdat
kinderen en ouders een deel van hun genen delen is het bijvoorbeeld mogelijk dat negatief
opvoedgedrag van ouders, en dwars en opstandig gedrag van kinderen verklaard worden
door dezelfde (erfelijke) onderliggende genetica. Ook zou het kunnen dat kinderen specifiek
opvoedgedrag bij hun ouders uitlokken als gevolg van bepaalde aangeboren neigingen.
Correlationale studies kunnen niet aantonen dat het gedrag van het kind daadwerkelijk
door genen en opvoeding wordt veroorzaakt, en kunnen bijvoorbeeld niet uitsluiten dat
opvoeding door het gedrag van het kind wordt veroorzaakt.
Naast bovengenoemde beperkingen van eerder onderzoek weten we ook nog weinig
over hoe cG×E interacties precies werken: de onderliggende mechanismen. Inzicht in
hoe genen zich buiten het lichaam uitdrukken in gedrag is belangrijk: enerzijds geef het
ons inzicht in verschillende ontwikkelingspaden die kunnen leiden naar externaliserende
gedragsproblemen en anderzijds kan het ons informatie geven over wat verschillende
kinderen of gezinnen nodig hebben om dit gedrag te verminderen of te voorkomen.
De belangrijkste doelen van dit proefschrift waren daarom: (1) Het geven van een
overzicht van cG×E studies met betrekking tot gedragsproblemen en bijdragen aan deze
literatuur met de ‘Observational Randomized Trial on CHildhood Susceptibility’, ofwel de
ORCHIDS studie. (2) Het opstellen van hypothesen over mechanismen die mogelijk ten
grondslag liggen aan cG×E. (3) Het testen van deze hypothesen met behulp van experimenteel
onderzoek. In deze samenvatting geef ik eerst een overzicht van de empirische methoden
gebruikt om onze hypothesen te toetsen. Daarna zal ik in deel 1 bevindingen bespreken
met betrekking tot cG×E uit zowel eerder onderzoek als de ORCHIDS studie. In deel 2
bespreek ik kort de hypothesen die zijn opgesteld voor mogelijk aan cG×E onderliggende
mechanismen. En in deel 3 bespreek ik de bevindingen uit experimentele toetsing van twee
van deze mechanismen.

Methode
Dit

proefschrift

beschrijft

resultaten

van

drie

verschillende

onderzoeken:

een

literatuuroverzicht, een (experimentele) interventie-studie, en een experiment. Het
onderzoeken van cG×E met experimentele studies‒waarbij de omgeving in het experiment
wordt gemanipuleer‒heeft twee belangrijke voordelen ten opzichte van correlationeel
onderzoek. Ten eerste, omdat kinderen in een experiment willekeurig aan een bepaalde
omgeving worden toebedeeld (bijvoorbeeld wel/geen interventie), hangt deze omgeving
niet samen met de genen van kinderen. Hierdoor worden alternatieve verklaringen voor
cG×E, zoals een samenhang tussen genen en omgeving, uitgesloten. Ten tweede, omdat de
experimentele groep waarbij iets veranderd vergeleken wordt met de groep waarbij niets
veranderd (controlegroep) kunnen we causale verbanden toetsen. Een verandering in de
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veranderde variabele (bijvoorbeeld opvoeding) veroorzaakt een verandering in de uitkomst
variabele (bijvoorbeeld gedrag van het kind). Ten derde, doordat met de interventie de
verschillen tussen kinderen en gezinnen worden vergroot, is de kans groter dat we dergelijke
verschillen ook aan kunnen tonen met behulp van statistische analyses.

De ORCHIDS studie
De ORCHIDS studie, staat centraal in dit proefschrift. Hoofdstuk 3 en 4 beschrijven deze
studie. Hoofdstuk 3 beschrijft het onderzoeksprotocol en de hypothesen die we, met het
oog op transparantie, al in 2012 hebben gepubliceerd. De studie staat geregistreerd bij het
Nederlands Trial Register (NTR-TC-3594). In 2013 (cohort 1) en 2014 (cohort 2) hebben we
vervolgens in samenwerking met de GGD ruim 20.000 gezinnen met kinderen tussen de 4
en 8 jaar oud aangeschreven en uiteindelijk 5.876 gezinnen gescreend op gedragsproblemen
bij de kinderen. Gezinnen met de 25% hoogst scorende kinderen werden uitgenodigd om
deel te nemen aan de studie. Dit resulteerde in een steekproef van 387 ouders en hun
kind (55,3% jongens, Mleeftijd = 6,31). De steekproef bestond voornamelijk uit ouders en
kinderen geboren in Nederland (97,4% van de kinderen en 80% van de ouders zijn geboren
in Nederland).
De ORCHIDS studie bestond uit drie meetmomenten (voormeting, nameting na 6
maanden en follow-up na 10 maanden) waarbij ouders hebben gerapporteerd over hun
opvoedgedrag en het gedrag van hun kind met behulp van vragenlijsten, en we tijdens een
huisbezoek dit gedrag tevens hebben geobserveerd. Ook is van alle kinderen een beetje
wangslijmvlies afgenomen om te bepalen welke variant van de 5-HTT, MAOA, DRD4, DRD2,
COMT en DAT1 genen zij dragen. Na de voormeting zijn alle gezinnen willekeurig verdeeld
over een controlegroep (geen interventie) en een interventiegroep. In de interventiegroep
kregen ouders de training The Incredible Years (IY of Pittige Jaren in het Nederlands)
aangeboden. IY is een bewezen effectieve oudertraining in opvoedingsvaardigheden voor
ouders van jonge kinderen met gedragsproblemen en/of behoefte aan ondersteuning in de
opvoeding. Door het opvoedgedrag van ouders te veranderen verandert de training indirect
het gedrag van het kind. IY wordt gegeven aan een groep van 6 tot 16 ouders en bestaat uit
14 wekelijkse bijeenkomsten van 2 uur en een “booster sessie”. IY werkt met bestaande
videofragmenten, groepsdiscussie en rollenspelen, waardoor ouders beter in staat zijn om
oplossingen te bedenken voor het ongewenst gedrag van hun kind. Ouders stellen hun
eigen doelen op in de training en worden gestimuleerd om zelf oplossingen voor lastige
situaties te bedenken. De trainer begeleidt dit proces en moedigt ouders aan om zich nieuwe
vaardigheden eigen te maken.
Hoofdstuk 4 laat zien dat IY in onze studie succesvol is in het verminderen van
door ouders gerapporteerd negatief opvoedgedrag, evenals dwars en opstandig gedrag
van hun kind. Ook rapporteerden ouders na de training meer positief opvoedgedrag, wat
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ook in de observaties werd teruggezien. De training had geen invloed op door de ouders
gerapporteerde of door de onderzoekers geobserveerd (pro)sociaal gedrag van kinderen,
en op door onderzoekers geobserveerd dwars en opstandig gedrag bij kinderen en negatief
opvoedgedrag. Al met al laat onze studie zien dat IY effectief is in het vergroten van het
gebruik van positieve opvoedstrategieën en het verminderen van de hoeveelheid door
ouders ervaren dwars en opstandig gedrag van kinderen. Hiermee is het een effectieve
methode voor de preventie van gedragsproblemen bij jonge kinderen.

Experiment
Naast de grote trial studie, met een brede opvoedinterventie, is er ook een experiment
uitgevoerd om een specifiek kenmerk van opvoeding te onderzoeken, namelijk de
uitdrukking van emoties. Dit experiment vond plaats in de zomervakantie van 2013 in
onderzoeksmuseum NEMO (Amsterdam). In totaal hebben 521 kinderen (52,5% jongens,
Mleeftijd = 9,72 jaar) en één van hun ouders deelgenomen. De deelnemende kinderen
zijn willekeurig toegewezen aan een blije, boze of neutrale conditie en deden mee aan een
voormeting en nameting. Tussen de metingen door kregen kinderen videofragmenten te
zien waarin twee mannen en twee vrouwen van een neutrale gezichtsuitdrukking langzaam
naar een uitdrukking van een emotie gingen, waarbij ook bijbehorende geluiden werden
afgespeeld (bijvoorbeeld een lach bij blij of grommend geluid bij boos). Hoe kinderen
op deze emoties reageerden is gemeten aan de hand van door henzelf-gerapporteerde
negatieve en positieve emoties en spierspanning van gezichtsspieren (dat wil zeggen meting
van de activiteit van de zygomaticus of “lachspier” en de corrugator of “fronsspier”). Zoals
verwacht, toonden de kinderen in de blije conditie de sterkste glimlach en de hoogste score
voor positieve emoties, maar de laagste score voor negatieve emoties. Kinderen in de boze
conditie toonden de sterkste frons en de laagste score voor positieve emoties, maar de
hoogste score voor negatieve emoties. Al met al laten deze resultaten zien dat de kinderen
in de studie geneigd zijn op de emoties te reageren met zowel hun eigen gezichtsuitdrukking
als hun eigen emoties.
Deze twee experimentele studies zijn vervolgens gebruikt om te onderzoeken of sommige
kinderen op basis van hun genetische opmaak sterker reageren op veranderingen in hun
omgeving, teweeggebracht door de experimenten, dan anderen (cG×E, hoofdstuk 5 en 6)
en hoe we dit kunnen verklaren (onderliggende mechanismen, hoofdstuk 5-7).
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Deel 1: Interacties tussen genen en omgeving in gedragsproblemen.
Bevindingen van eerder onderzoek en ORCHIDS.
Hoofdstuk 2 geeft een systematisch overzicht van de resultaten van 53 studies naar cG×E
in externaliserende probleemgedrag gepubliceerd tussen 2002 en 2015. Uit dit overzicht
blijkt dat de bevindingen voor de polymorfismen van de 5-HTT, MAOA, DRD4, DRD2,
COMT en DAT1 genen tegenstrijdig zijn. Ter illustratie: er zijn 12 studies gevonden die
onderzoeken of mensen met het 5-HTTLPR korte (S) allel meer externaliserende problemen
vertonen wanneer zij zijn blootgesteld aan risicofactoren binnen het gezin, dan mensen met
het lage (L) allel. Vier van de 12 studies vinden geen interactie tussen de gezinsomgeving
en de 5-HTTLPR. Vier van de 12 studies vinden dat mensen met het minder actieve korte
(S) meer externaliserende gedragsproblemen vertonen wanneer zij worden blootgesteld
risicofactoren. En vier van de 12 studies vinden dat mensen met het meer actieve lange (L)
allel meer externaliserende gedragsproblemen vertonen wanneer zij worden blootgesteld
aan risicofactoren. Echter, de MAOA lijkt een uitzondering op de regel. De gevonden studies
met de MAOA tonen een redelijk constante interactie tussen het lage activiteit allel bij
mannen en kindermishandeling.
In dit proefschrift hebben we drie van deze eerder gevonden cG×E interacties tussen
opvoeding en polymorfismen getoetst, namelijk met polymorpfismen van de 5-HTT,
COMT en MAOA genen. Echter, we vonden geen significante interactie tussen opvoeding
(hetzij verbeterd door IY of “normaal ontwikkelende” opvoeding in de controle conditie)
en het COMT Val/Met polymorfisme (hoofdstuk 5). Hoe sterk kinderen reageerden op
opvoeding, of op veranderingen in opvoeding na de IY training, was niet afhankelijk van
hun COMT genotype. Ook met het 5-HTTLPR polymorfisme vonden we geen interactie
wanneer we naar dwars en opstandig gedrag van kinderen keken (hoofdstuk 6). Hoe sterk
kinderen reageerden op veranderingen in opvoeding na de IY training, was niet afhankelijk
van hun 5-HTTLPR genotype. Al met al onderstrepen deze empirische bevindingen in dit
proefschrift de eerdere gevonden uiteenlopende resultaten met betrekking tot de COMT en
5-HTTLPR genotypen.
Echter, in lijn met eerdere studies, vonden we wel een interactie tussen opvoeding en
het MAOA polymorfisme in het voorspellen van externaliserende gedrag van jongens (maar
niet van meisjes). Jongens met het lage-activiteit allel van de MAOA profiteerden meer van
IY en lieten een grotere afname in dwars en opstandig gedrag zien dan jongens zonder dit
allel (hoofdstuk 5). Deze jongens lijken dus meer ontvankelijk voor (veranderingen in)
het opvoedgedrag van hun ouders. Echter, een vraag die tot op heden onbeantwoord blijft
is waardoor deze jongens meer ontvankelijk zijn. Hoe verloopt het samenspel tussen gen
en omgeving? In hoofdstuk 2 hebben we met behulp van bestaande literatuur over genetica,
(neuro)biologie en psychologie drie hypotheses opgesteld over mogelijke mechanismen die
ten grondslag liggen aan cG×E.
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Deel 2: Hypothesen over mogelijke mechanismen
Onze literatuurstudie in deel 2 van hoofdstuk 2 laat zien dat literatuur over genetica,
(neuro)biologie en psychologie vele aanwijzingen geeft over mogelijke mechanismen
die ten grondslag liggen aan cG×E. In dit proefschrift vormden we drie hypothesen over
mogelijke mechanismen, te weten 1) emotionele reactiviteit; 2) beloningsgevoeligheid, en
3) strafgevoeligheid.

Emotionele reactiviteit
Een centraal aspect van opvoeding is emotie. Sommige kinderen reageren echter sterker
op emoties dan anderen. Eerdere literatuur laat zien dat serotonine betrokken is bij hoe
hevig we reageren op andermans emoties. Kinderen met een hogere en minder stabiele
beschikbaarheid van serotonine (bijvoorbeeld dragers van het 5-HTTLPR S-allel) worden
mogelijk meer geprikkeld door andermans emoties en lopen risico op een verhoogde
emotionele reactiviteit. Onze hypothese is dat deze kinderen vaker een boze/prikkelbare
stemming hebben, in vergelijking met kinderen die opgroeien zonder deze genetische
aanleg, in het bijzonder wanneer ze worden blootgesteld aan negatieve emoties, zoals die
van een boze ouder. Deze verhoogde emotionele reactiviteit zorgt voor een verhoogde
ontvankelijkheid voor emoties en is vervolgens een risico factor voor dwars en opstandig
gedrag in reactie op negatief ouderschap.

Beloningsgevoeligheid
Veel van de opvoedtechnieken die gebruikt worden in oudertrainingen zijn er op gericht
om gewenst gedrag te belonen (in plaats van ongewenst gedrag te bestraffen). Hierbij leren
ouders om negatief gedrag van hun kinderen (bijvoorbeeld ruzie maken om speelgoed) te
verminderen door het ‘positief tegenovergestelde’ gedrag (bijvoorbeeld samen spelen) van
hun kinderen te belonen. Echter, niet elk kind reageert even sterk op beloning. Eerdere
literatuur laat zien dat dopamine is gerelateerd aan de effecten van beloning. Kinderen
met lage dopamine-activiteit (bijvoorbeeld dragers van het COMT Val-allel, MAOA highactiviteit allel, DRD4 7-repeat-allel, DRD2 A1-allel, en DAT 10-repeat-allel) zijn mogelijk
minder gevoelig voor dagelijkse beloningen. Onze hypothese is dat deze kinderen meer
riskant, en sensatiezoekend gedrag vertonen, in vergelijking met kinderen die opgroeien
zonder deze genetische aanleg, in het bijzonder wanneer de huidige omgeving ze niet de
nodige belonende stimuli biedt. Deze verminderde beloningsgevoeligheid zorgt voor een
verminderde ontvankelijkheid voor opvoedstrategieën die gericht zijn op kleine en/of
uitgestelde beloning en is vervolgens wellicht een risico voor het ontwikkelen van dwars en
opstandig gedrag.
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Strafgevoeligheid
Ouders van kinderen met dwars en opstandig gedrag vallen vaak terug op veel, zwaar en/of
inconsequent straffen. Echter, mogelijk is niet elk kind even ontvankelijk voor straf. Eerdere
literatuur laat zien dat serotonine de “motivatie-tegenhanger” is van dopamine. Serotonine
is namelijk betrokken bij de effecten van straf in plaats van beloning. Kinderen met een
laag en stabiel niveau van serotonine beschikbaarheid vertonen mogelijk een afgestompte
reactiviteit op negatieve emoties en straf. Onze hypothese is dat deze kinderen zich minder
goed laten corrigeren in hun gedrag dan kinderen zonder deze genetische aanleg, in het
bijzonder wanneer ouders veel gebruik maken van hard en/of inconsequent straffen, in plaats
van het belonen van het gewenste gedrag. Deze verlaagde strafgevoeligheid verminderd de
ontvankelijkheid voor opvoedstrategieën die gebaseerd zijn op straf en verhoogt daarmee
het risico op negatieve interactiepatronen met ouders, escalatie van straffen door frustratie
bij ouders, en vervolgens op dwars en opstandig gedrag bij kinderen.

Deel 3: Experimentele toetsing van onderliggende mechanismen
In dit proefschrift hebben we twee van de hierboven beschreven mechanismen experimenteel
getest, namelijk beloningsgevoeligheid en emotionele reactiviteit. Beloningsgevoeligheid
hebben we getest met behulp van de ORCHIDS studie (hoofdstuk 5). In hoofdstuk 5 is
getoetst of de jongens met het MAOA lage-activiteit allel in het bijzonder profiteren van IY,
omdat zij in hogere mate profiteren van een toename in de mate waarin ouders gewenst
gedrag belonen. Onze resultaten lieten zien dat de cursus IY inderdaad heeft geleid tot
een grote toename in het gebruik van complimenten door ouders. Echter, deze toename
was niet verantwoordelijk voor de afname in dwars en opstandig gedrag bij hun kinderen
(met of zonder het MAOA minder actieve allel). We hebben hiermee geen steun voor de
beloningsgevoeligheidhypothese gevonden.
Emotionele reactiviteit hebben we getoetst met behulp van de ORCHIDS studie en het
experiment. In hoofdstuk 6 is getoetst of kinderen met het 5-HTTLPR S-allel en/of die
een temperament hebben dat gekenmerkt wordt door negatieve affectiviteit meer profiteren
van een toename in positieve emoties en/of een afname in negatieve emoties bij hun ouders
na de IY cursus dan kinderen zonder dit allel/met een ander temperament. Onze resultaten
tonen aan dat deelname aan IY zorgt voor een toename in positieve emoties bij ouders.
Echter, deze toename was niet verantwoordelijk voor de afname in dwars en opstandig
gedrag bij hun kinderen, onafhankelijk van het temperament of 5-HTTLPR genotype
van deze kinderen. We hebben daarmee geen steun voor de emotionele reactiviteithypothese gevonden. Echter, onze resultaten suggereren wel dat er na het volgen van de
cursus verschillende processen werkzaam zijn bij verschillende gezinnen. Het 5-HTTLPR
genotype van kinderen beïnvloedde de effecten van de cursus op negatief opvoedgedrag van
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hun ouders. Deze bevinding kan op verschillende manieren worden geïnterpreteerd. Ten
eerste kan het betekenen dat sommige ouders meer ontvankelijk zijn voor IY dan anderen.
Bijvoorbeeld, ouders en kinderen delen wellicht bepaalde “ontvankelijkheidskenmerken”
doordat zij door overerving dezelfde polymorfismen delen. Ten tweede kan het betekenen
dat de werkelijke veranderingen in het opvoedingsgedrag van ouders na de interventie niet
alleen gevormd wordt door de IY interventiesessies, maar gevormd worden door wederzijdse
invloeden van het gedrag van ouder en kind. Verschillende reacties van kinderen op
veranderingen in opvoedingsgedrag van ouders dienen wellicht als feedbackmechanisme
voor verdere veranderingen in het opvoedingsgedrag. Bijvoorbeeld, als ouders zien dat
het gebruik van bepaalde ouderschapstechnieken juist bij hun emotioneel reactievere kind
goed werkt, zullen ze deze technieken meer gaan gebruiken. En als een bepaalde techniek
aanvankelijk weerstand oproept bij kinderen, zullen ouders deze techniek misschien niet
verder toepassen. Mogelijk zijn de uitkomsten van de IY cursus voor ouders verschillend
door deze verschillende reacties van hun kinderen op de geleerde technieken.
In hoofdstuk 7 bleek dat hoe sterk kinderen reageerden op de filmfragmenten met
emoties in het experiment, met hun eigen gezichtsuitdrukking of emoties, niet afhankelijk
was van hun 5-HTTLPR genotype: kinderen met het S-allel reageerden niet sterker op de
emoties dan kinderen met het L-allel. Ook in deze studie vinden we dus geen steun voor de
emotionele reactiviteithypothese.

Conclusie
Onderzoek naar de interactie tussen omgeving en genetica is een zeer uitdagend
onderzoeksveld. Dit proefschrift laat zien dat er geen eenvoudige antwoorden zijn op vragen
over de rol van kandidaat-genen in de ontwikkeling van externaliserende probleemgedrag
bij kinderen. Sterker nog, hoe meer we weten, hoe minder we lijken te begrijpen. De
meest eenvoudige conclusie van dit proefschrift, die ook in lijn is met eerdere empirische
bevindingen, is dat de oudertraining The Incredible Years effectief is in het verminderen
van gedragsproblemen. De training blijkt specifiek effectief in het verminderen van dit
gedrag bij jongens die de minder actieve variant van het MAOA gen dragen. Bevindingen
over de rol van andere genen (5-HTTLPR en COMT) in gedragsproblemen van kinderen
waren meer complex, maar suggereren dat er verschillende mechanismen aan het werk
zijn in verschillende kinderen en gezinnen. De vraag ‘wat werkt voor wie?’ blijkt voor de
klinische praktijk daarom belangrijk. Bij opvoedinterventies is deze vraag mogelijk niet
alleen belangrijk met betrekking tot de kinderen (wat werkt voor welke kinderen) maar ook
met betrekking tot de ouders (wat werkt voor welke ouders).
Wat echter onduidelijk blijft is of en hoe we de informatie over deze genetische
verschillen in de praktijk kunnen toepassen, bijvoorbeeld in het afstemmen van interventies
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op verschillende kinderen en gezinnen. Voordat we zover zijn moeten deze verschillen
eerst betrouwbaar en repliceerbaar blijken en moeten we beter begrijpen hoe genetische
verschillen leiden tot verschillende reacties op een interventie. Onze resultaten laten zien
dat de mechanismen onderliggend aan deze verschillende reacties mogelijk zeer specifiek
en complex zijn. Los daarvan roept toepassing van genetica in de klinische praktijk ook
ethische bezwaren op. Genetische screening is duur en ingrijpend en zou kunnen leiden
tot onjuiste (deterministische) aannames over de ontwikkeling van gedrag (bijvoorbeeld
‘bij dit kind werkt toch niets omdat het niet ontvankelijk is’), welke de houding van ouders
en professionals ten opzichte van een kind kan beïnvloeden. Dit alles maakt het moeilijk
om effectief gebruik te maken van onze kennis over cG×E. Tegelijkertijd kunnen we niet
negeren dat er een overvloed aan bewijs is dat er wel degelijk belangrijke verschillen
zijn tussen kinderen en gezinnen in hoe (sterk) zij reageren op interventie. Een “one size
fits all“ aanpak waarbij alle gezinnen dezelfde hulp ontvangen lijkt hiermee niet langer
verdedigbaar. Een doel voor toekomstig onderzoek is dan ook het zoeken naar toepasbare
indicatoren voor dergelijke verschillen in ontvankelijkheid voor specifieke interventies,
evenals naar de mechanismen die hieraan ten grondslag liggen. Gezien de complexe
bevindingen met genetische indicatoren zou toekomstig onderzoek zich kunnen richten
op indicatoren die gedragspatronen, temperamentkenmerken, neuropsychologische of
psychofysiologische functies, of andere gezins- of kindkenmerken betreffen. Met dergelijke
toepasbare indicatoren kunnen we in de toekomst wellicht onze interventiestrategieën voor
de aanpak van gedragsproblemen verder personaliseren.
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