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Early onset externalizing behaviors such as aggression and rule-breaking behavior are
related to a myriad of developmental difficulties later in life such as delinquency, academic
problems, substance abuse, and impaired cognitive development (e.g. Campbell, Spieker, 
Burchinal, 2006; Von Stumm et al., 2011). Whereas aggression and rule-breaking 
behaviors occur in mild forms rather commonly in young children, some children (5-
13%) display externalizing behavior that is more severe and exacerbates over time (Shaw,
& Gilliom, 2000). Therefore, it is crucial to understand which factors are implicated in
the development of externalizing behaviors, in order to reduce the respective individual,
social and economic costs. Research shows that the social environment, such as the family 
and peer-environment, is implicated as one of the most important factors that shapes 
children’s developmental trajectories. For example, it has repeatedly been shown that
negative parenting– (Pinquart, 2017) and peer environments (Bukowski, Brendgen, & 
Vitaro, 2007) pose a risk factor to the development of externalizing behavior in children
and adolescents.

The link between parent and peer difficulties and the development of externalizing 
behavior has oftentimes been explained based on a diathesis-stress perspective (Zucker-
mann, 1999). This perspective holds that some individuals might be impacted to a greater 
extent by environmental adversity than others. However, research within the past two 
decades nuanced these perspectives and indicates that children do not only vary in the 
extent to which they are impacted by negative but also positive environmental influences: 
specifically, the differential susceptibility hypothesis supports that some children are
more susceptible to both negative and positive social environments (“for-better-and-for-
worse”) than others in their developmental trajectories. For example, for certain children 
negative parenting may have a greater effect on the development of externalizing behavior
problems, but these same children may also benefit more from positive parenting in their 
prosocial (e.g. empathy) development (e.g. Belsky & Pluess, 2009; Boyce & Ellis, 2005; Ellis,
Boyce, Belsky, Bakermans-Kranenburg, & Van IJzendoorn, 2011; Bakermans-Kranenburg, 
& Van IJzendoorn, 2011, 2015). In line with this theoretical proposition, the aim of the 
present dissertation was to investigate which susceptibility factors, such as dopaminergic 
genetic variants, and biologically informed endophenotypes at the physiological and
cognitive level may modulate children’s and adolescents’ susceptibility to the parent and
peer environment in their development of externalizing but also prosocial behavior.

Role of Parents and Peers in Children’s Development

Parenting represents one of the most influential factors in shaping children’s developmental 
trajectories. Negative parenting is defined as parenting behaviors that entail harsh, 
inconsistent discipline, physical punishment, and psychological control. Negative paren-
ting practices have consistently been linked to externalizing behavior problems in

Chapter 1
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children and adolescents, as shown in several meta-analyses (see e.g., Pinquart, 2017; 
Karreman, Van Tuijl, Van Aken, & Dekovic, 2006; Hoeve et al., 2009).  Externalizing 
behavior problems, in turn, stimulate more negative parenting behaviors, leading to a 
coercive cycle between parent and child (Patterson, 2016). Positive parenting on the other
hand is characterized by support, warmth, appropriate and sensitive discipline and limit 
setting, and has been associated with the development of children’s prosocial behavior
(e.g. Zahn-Waxler, Iannotti, Cummings, & Denham, 1990). In the present dissertation,
when studying prosocial child outcomes we focused on empathy, an umbrella term 
describing the ability to take perspective of– and to show affective reactions to other 
people’s emotions or needs (Eisenberg, & Fabes, 1990). We assessed this construct, as 
literature shows clear associations between positive parenting and children’s development
of empathy (for reviews see e.g., Boele et al., 2019; Lam, 2012; Eisenberg, & Fabes, 1990).

Next to parenting, relationships with peers become increasingly important as children 
mature (Vander Zanden et al., 2000). Especially in adolescence, peers become important 
determinants of adolescents’ developmental trajectories and become an increasingly 
important source of emotional support and advice in this phase of development (Steinberg, 
2008; Miller-Slough & Dunsmore, 2016, 2019). Research consistently demonstrates that 
negative relationship qualities with one’s peers is predictive of externalizing behavior
in adolescents (e.g., Burk & Laursen, 2008; Dickson, Marion, & Laursen, 2018), and
disrupting the development of emotion regulation capacities and appropriate socialization
skills (Miller-Slough & Dunsmore, 2016). Supportive friendships on the other hand are 
associated with lower levels of externalizing behavior (e.g. Wight et al. 2006; Dickson et
al., 2018). Such type of friendships provide a context that promotes the development of 
social competencies (Booker & Dunsmore, 2017) and emotion regulation (Rimé, 2009; 
Miller‐Slough & Dunsmore, 2019), and furthermore protects against the effects of negative 
emotional experiences (Liu, 2006).

Diathesis-Stress, Differential Susceptibility and Vantage Sensitivity 
Model

Several models have been proposed whose central tenet is that not all children are equally 
affected by environmental influences in their behavioral and psychological development.
One of the earliest models to propose this is the diathesis-stress model, which posits 
that some individuals are more vulnerable to the negative effects of environmental
adversity than others (Zuckermann, 1999). For example, it has been shown that certain 
children and adolescents have specific characteristics that make them more susceptible
to the detrimental effects of dysfunctional family and peer environments in their
developmental trajectories (Luthar, 2006; Masten & Obradovic, 2006). In the past two
decades, other models were put forth. One of those is the differential susceptibility model:

General Introduction
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this evolutionary-inspired framework holds that the same children who suffer most from
the negative effects of adverse social exposures are the children that may also profit the 
most from an enriched social environment, and are thus affected in a “for-better-and-for-
worse” fashion (Belsky & Pluess, 2009; Boyce & Ellis, 2005). Children are assumed to vary 
in their sensitivity to rearing experiences to maximize long-term returns of parenting
investments: Given that some children are receptive to positive parenting environments, 
but at the same time also more impacted by the adverse effects of negative parenting, 
a natural form of bet hedging takes place where the diversity in susceptibility in the 
population assures a form of counterbalancing against the profit versus costs of certain 
rearing experiences (Belsky, 1997). Especially in the context of parenting, support for 
such a differential susceptibility effect has been found, showing that children with certain 
genetic variations (e.g., those coding for the uptake or degradation of brain dopamine) or
temperament traits (e.g., negative emotionality), might be affected to a greater extent by 
negative and positive parenting than children without such traits (for meta-analyses, see 
Bakermans-Kranenburg and Van IJzendoorn, 2011, 2015; Slagt, Dubas, Deković, & van 
Aken, 2016).

Similarly, other models such as the biological sensitivity to context model also argue 
for such a “for-better-and-for-worse” effect (Boyce et al., 1995; Boyce & Ellis, 2005),
whereby heightened sensitivity to negative and positive contexts is posited to be a response 
to early environmental exposures: individuals exposed to high stress environments in 
their childhood develop heightened physiological reactivity to adapt to future challenges
and threats, whereas those who experienced highly supportive environments in their
childhood may also develop heightened physiological reactivity to maximize the benefits 
of the supportive environment. Children who experienced less extreme positive or
negative environments in contrast are assumed to develop less reactive physiological 
profiles, which minimizes the impact of environmental conditions -whether stressful or 
enriching- on an individual’s development. In summary, the differential susceptibility and 
biological sensitivity to context models converge on the fundamental idea that individuals 
differ in their neurobiological susceptibility to the environment, and have been integrated 
into an evolutionary–neurodevelopmental theory of differential susceptibility (Ellis et 
al., 2011). This overarching framework of differential susceptibility, integrating both of 
these perspectives (Ellis et al., 2011) is used as a guiding theoretical framework in this
dissertation.

With an increasing focus in the last years on not only the effects of negative, but also
positive environmental exposures, the Vantage Sensitivity model was developed. This
model, in direct contrast to the diathesis-stress perspective, holds that some individuals 
profit disproportionately from environmental enrichment only (e.g. supportive parenting),
whereas others benefit little or not at all from this enrichment (Pluess & Belsky, 2013; de 
Villiers, Lionetti, & Pluess, 2018). Similar to differential susceptibility research, genes and 
biologically-informed traits, such as heart rate variability and cortisol stress reactivity,

Chapter 1
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have been hypothesized to underlie this vantage-sensitivity (Pluess & Belsky, 2013). This
model is relevant to differential susceptibility literature, because it is commonly drawn
upon to explain results of studies testing differential susceptibility that demonstrate only 
the favorable effects of a positive environmental influence on a developmental outcome, 
the “for-better” side of the differential susceptibility model, but not the negative effects of 
averse environmental influences (which would correspond to a diathesis-stress perspective,
or the “for-worse” end of the differential susceptibility model). Figure 1 depicts a graphical 
representation of these three models of differential susceptibility, vantage sensitivity, and
diathesis-stress.

Figure 1. Graphical Representation of the Models Differential Susceptibility, Vantage Sensitivity, and Diathesis-Stress
(Modified From Bakermans-Kranenburg, & Van IIzendoorn, 2015).

Genes and Endophenotypes as Susceptibility Markers

The models of diathesis-stress, differential susceptibility, and vantage sensitivity share the
central idea that they assume that neurobiological variation underlies these differences in
susceptibility to the environment, and that this neurobiological variation is grounded in 
children’s genotypes. In this dissertation, certain genotypic variations in the dopamine
pathways, and endophenotypes (heart rate variability, skin conductance, attentional bias,
sensory processing sensitivity) are investigated as potential markers of differences in 
susceptibility to negative and positive parenting and peer environments, respectively. In
the following sections, we will discuss genes and endophenotypes as factors implicated in
children’s susceptibility to parenting and peer influences.

General Introduction
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Genes as Susceptibility Markers

Polymorphisms are commonly studied to address the question of how genetic susceptibility 
interacts with environmental factors to determine physical and mental health outcomes.
A polymorphism is variation in a particular DNA sequence, with the most common
variation occurring at a single base pair, referred to as a single nucleotide polymorphism
(Mills, Barban, & Tropf, 2020). Variations can also involve the amount of times one or more
base pairs are repeated within a gene, referred to as tandem-repeat polymorphisms. These
variations can lead to changes in amino acids, and thus to changes in the polypeptide’s
biological function. This can lead to variation in the production of specific hormones or 
neurotransmitters for example, thus leading to different phenotypes, such as behavioral
expressions.

Specific polymorphisms involved in the uptake of dopamine and serotonin 
(Bakermans-Kranenburg & Van IJzendoorn, 2011, 2015) and their degradation (Byrd & 
Manuck, 2014) have been found to be implicated in children’s sensitivity to negative and
positive environmental contexts. Specifically, certain dopamine polymorphisms have been
found to be involved in the modulation of children’s sensitivity to parental punishment
(Matthys, Vanderschuren, & Schutter, 2013) and reward (Bakermans-Kranenburg, & 
Van IJzendoorn, 2011; Gatzke-Kopp, 2011). Accumulating research provides support 
for a genetic-based differential susceptibility, with research showing that children with 
certain dopamine polymorphisms (DRD4, DRD2, DAT1, MAOA, and COMT) are more 
sensitive to not only negative but also positive social exposures (Boyce & Ellis, 2005;
Bakermans-Kranenburg, & Van IJzendoorn, 2011, 2015). These studies are mostly based
on a candidate-gene approach, however, meaning that one specific gene was examined
in the research question of interest. Within the last years, newer approaches have been 
developed that aim to capture genetic complexity more accurately.

One such an approach represents a polygenic index, where an index is created from 
several polymorphisms (e.g., Belsky & Beaver, 2011). The advantage of using such an index 
is that it may explain a greater proportion of variance in genetic susceptibility than a
candidate-gene approach. Research suggests that polymorphisms interact with each other
in a cumulative manner to exert effects on developmental outcomes (Dick et al., 2015).
Therefore, in this dissertation we created a continuous polygenic index, which—in contrast 
to prior dichotomous polygenic approaches—does not divide the genetic index into a 
‘high’ and ‘low’ genetic susceptibility. In this way, we tested gene-based susceptibility as a
continuous phenomenon, increasing power and capturing a greater amount of variability 
in genetic susceptibility: with a continuous genetic score specific statistical regions of 
significance can be identified with Johnson-Neyman intervals, where the interaction 
between genetic scores and an environmental factor (e.g. parenting) becomes significant in
predicting the outcome of interest (e.g. externalizing behavior) (Hayes & Matthes, 2009).

Chapter 1
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Endophenotypes as Susceptibility Markers

Even though remarkable advancements have been made in the field of genetic susceptibility, 
up to this date not much is known about the developmental process through which genetic
susceptibility affects susceptibility to the environment. In an attempt to investigate
this “black box”, researchers have started examining so-called endophenotypes.
Endophenotypes refer to genetically informed, biobehavioral traits (Iacono, 20118; Wong,
Fox, Ng, & Lee, 2011) reflected in differences in physiological reactivity (e.g. heart rate
variability, skin conductance), information processing (e.g. attentional bias), and certain
temperament traits (e.g. negative emotionality). Studying endophenotypes is a relevant
tool in susceptibility research because they may represent intermediate expressions 
between an underlying genetic susceptibility and ultimately phenotypic expression (e.g. 
behavioral manifestations), shedding light on the pathways between genotype- and
phenotype (Weeland et al., 2015). 

Physiological Endophenotypes
Skin conductance, a measure of sympathetic nervous system (SNS) activity and an 
endophenotype of interest in the present dissertation, has been investigated in the
context of parenting (or parenting-related stimuli) to only a limited extent up to this date.
However, research has demonstrated the effects of negative and positive social stimuli 
(e.g. film clips and face expressions) on increases in both skin conductance response (e.g.
Balconi, Vanutelli, & Finocchiaro, 2014) and skin conductance level (e.g. Bos, Jentgens,
Beckers, & Kindt, 2013). Another endophenotype of interest in this dissertation is heart 
rate variability (HRV), which has been proposed as an index of emotion regulation 
(for reviews see El Sheikh & Erath, 2011; Appelhans & Luecken, 2006) and assesses the
autonomic flexibility in the interplay between the parasympathetic nervous system (PNS) 
and SNS to adapt to changes in physical and emotional states. In aversive situations, 
such as negative social contexts, this is reflected in the PNS winding down and the SNS
taking over, ready to cope with the challenge, resulting in a decline in HRV relative to
baseline HRV (e.g. Porges, 2011; Shahrestani, Stewart, Quintana, Hickie, & Guastella, 
2014; Shahrestani et al, 2015). Even though research on HRV changes in positive parent-
child interactions is still in its infancy, meta-analytical research (Shahrestani et al., 2014)
supports the notion that increases in HRV promotes social interaction and socialization
skills (Porges, 2011; Appelhans & Luecken, 2006). Up to this date, there are only a few 
studies that assessed skin conductance (e.g. Kochanska, Brock, Chen, Aksan, & Anderson, 
2015; El-Sheikh, Keller, & Erath, 2007) and heart rate variability (e.g., El-Sheikh Erath, 
2011; Gordis, Feres, Olezeski, Rabkin, & Trickett, 2010) as moderators in the association 
between a negative parent environment and externalizing behavior (testing the “for-
worse” end of the differential susceptibility spectrum). However, these studies did not
assess differential susceptibility as they did not assess a positive environment (the “for-
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better” end of the differential susceptibility spectrum). In this dissertation we aim to close
this gap in literature by assessing whether skin conductance and HRV in response to 
positive and negative parenting stimuli moderate the relationship between both positive 
and negative parent environments and externalizing behavior, respectively.

Cognitive Endophenotypes
In addition to skin conductance and HRV, attentional bias may represent an endophenotypic 
marker. Social information processing theories hold that how children respond to- and are
affected by social situations in their decision making and socio-emotional development
is closely linked to how emotional stimuli are processed and attended to (Crick & 
Dodge, 1994). Therefore, attentional bias may be implicated in children’s (differential)
susceptibility to the parenting environment. Literature indicates that not all children 
have the same attentional processing of social cues: whereas some children show either
positive or negative attentional bias (Davies, Thompson, Hentges, Coe, & Sturge-Apple, 
2020), other children with different genetic profiles display heightened attentional bias
to both negative and positive social cues (for a review see Fox & Beevers, 2016). However,
studies addressing both positive and negative attentional bias in the parent-child context
up to this date are lacking. To close this gap in the literature, the present dissertation
investigated whether attentional bias to positive and negative stimuli may function as 
a moderator in the association between positive parenting and child prosocial behavior
(“for-better”) negative parenting and externalizing behavior (“for-worse”).

Another endophenotypic trait in the cognitive pathways that has attracted increasing 
attention within the last years is sensory processing sensitivity, a relatively stable
trait describing an individual’s sensory threshold (Aron & Aron, 1997; Aron, Aron,
Jagiellowicz, 2012). Individuals with high levels of sensory processing sensitivity have a 
more thorough and deeper cognitive processing- and heightened awareness of stimuli 
in their environment regardless of valence, compared to individuals with less sensory 
processing sensitivity. Research shows that highly sensitive individuals have similar
heightened sensory processing of both positive and negative stimuli (Acevedo et al.,
2014, 2017; Aron et al., 2005; Aron et al., 2012). In line with that, recent longitudinal
studies demonstrated that sensory processing sensitivity moderated the associations
between parenting and child outcomes in a “for-better-for-worse” manner (Slagt et al.,
2018; Lionetti et al., 2019). However, apart from these few pioneering studies, research
on sensory processing sensitivity in the parent-child context is still scarce, and remains
unexplored up to this date in the peer-context in adolescence. To expand our knowledge 
in this field, the present dissertation investigated not only the interaction of a negative and
positive parenting- but also peer environment with sensory processing sensitivity in the
development of later externalizing behavior.

Chapter 1
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Outline of this Dissertation

The overarching aim of this dissertation was to investigate whether genotypic variations 
implicated in the dopamine pathways, and endophenotypes (HRV, skin conductance,
attentional bias, sensory processing sensitivity) would function as potential markers of 
differences in (differential) susceptibility to negative and positive parenting and peer 
environments, respectively. To accomplish this, in Chapter 2 we analyzed longitudinal
data to investigate the moderating role of a dopaminergic polygenic index (including the
polymorphisms DRD4, DRD2, DAT1, MAOA, and COMT) as a susceptibility factor in 
the associations between negative and positive parenting and children’s later externalizing 
behavior. In Chapter 3, we conducted a longitudinal analysis investigating the moderating
role of sensory processing sensitivity in the associations of adolescents’ negative 
relationship quality with parents and peers and support from parents and peers with 
externalizing behavior one year later. Chapter 4 presents a review of current and future 
perspectives on children’s genetic- and endophenotype-based differential susceptibility 
to parenting. In this chapter, we first discuss how the use of genetic and endophenotypic
measures can contribute to a better understanding of the mechanisms underlying 
children’s susceptibility to social-environmental effects. Furthermore, we highlight
conceptual and methodological issues in prior studies testing differential susceptibility to 
parenting. In a second step, we propose an experimental paradigm to assess genetic and 
endophenotypic markers as differential susceptibility factors to parenting in children’s 
development of externalizing and prosocial behavior. In Chapter 5, we performed a lab 
study using a within-subject design, examining children’s skin conductance, HRV and
attentional bias to positive and negative (parenting) stimuli as putative endophenotype
markers of (differential) susceptibility. We investigated how these endophenotypic
measures moderated associations between positive parenting and children’s empathy 
(“for-better”), and negative parenting and children’s externalizing behavior (“for-worse”),
and whether a small subgroup of children was highly susceptible to both negative and 
positive (parenting) stimuli based on their endophenotype. Finally, in Chapter 6 we
present an integrated summary and discussion of all study findings, and provide pointers 
for future research and practice. 
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Abstract

Accumulating research supports that differences in children’s dopamine neurotransmission 
make certain children more susceptible to both negative and positive parenting practices,
a „for-better-for-worse“ effect.
Objective: The present study investigated how genetic susceptibility may impact children’s
sensitivity to parenting practices in their development of externalizing behavior. We
created a continuous polygenic index composed of five dopamine polymorphisms to 
investigate the moderating role of dopamine-related genes in shaping parent–child gene–
by–environment (Gc×E) interactions. 
Method: Data from a three-wave longitudinal study (4 months between waves) on 190
at risk families with children aged 4-8 were used to investigate whether a heightened 
polygenic index score amplified the associations between negative and positive parenting
and later children’s externalizing behavior. Parenting practices and child externalizing 
behavior were assessed by parent-report questionnaires. 
Results: Findings were not in line with the expectation that there was a stronger association 
between positive and negative parenting and later externalizing behavior for children
with higher scores on the polygenic susceptibility index. Rather, children with a lower
score on the polygenic susceptibility index showed more later externalizing behavior in
response to positive parenting behavior, whereas for children with a higher score on the 
polygenic index positive parenting was predictive of relatively lower levels of later child
externalizing behavior. 
Conclusion: The results indicate that not only are children with higher, but also lower 
scores on the polygenic index sensitive to parenting and suggest that different phenotypical
characteristics related to reward-processing might underlie these genetic susceptibilities
to parenting practices. 

Keywords: differential susceptibility, polygenic, longitudinal, externalizing behavior, 
parenting
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Dopamine Functioning and Child Externalizing Behavior: A Longitudinal
Analysis of Polygenic Susceptibility to Parenting

Early onset of disruptive behavior is a robust predictor of impairing externalizing
psychopathology in later life. Externalizing problems during early childhood predict a
range of maladaptions in later life, such as academic problems, impaired social relationships,
and cognitive development (Campbell, Spieker, & Burchinal, 2006). Factors implicated in 
the development of child externalizing behaviors are dysfunctional parenting practices.
Parenting research has shown that dysfunctional parenting practices play a key role in 
eliciting externalizing and disruptive behavior problems in children. Specifically, many 
studies showed that parental punishment, inconsistent discipline, and lack of reward-
based parenting function as longitudinal predictors of externalizing behaviors (e.g., for 
a meta-analysis, see Karreman, Van Tuijl, Van Aken, 2006). Interestingly, accumulating
research shows that not all children may be equally affected by parenting. Whereas some 
children may be highly reactive to parenting practices and in return elicit strong reactions 
in their parents, other children may do so to a lesser extent. Within the last decade,
research has shown that susceptibility to parenting may have a biological basis, such as in
genetic and physiological pathways.

The idea that some individuals may be more vulnerable to negative environmental 
influences than others, also known as the ‘diathesis stress’ model (Zuckerman, 1999)
has been challenged over the last years. In the last decade, several evolutionary-inspired 
theories emerged that posit that some individuals might not only be highly sensitive to 
adverse environmental influences, but may also profit to a greater extent from the effects
of environmental enrichment than less sensitive individuals. Some of the most prominent 
theoretical perspectives advocating for such a “for-better-and-for-worse” effect entail
sensory processing sensitivity (Aron, Aron, & Jagiellowicz, 2012), biological sensitivity 
to context (Boyce & Ellis, 2005), and differential susceptibility theory (Belsky & Pluess, 
2009).

The sensory processing sensitivity perspective finds its roots in biology research on
so-called animal “personalities” in the late 1990s, which provides strong support for the
existence of general traits of sensitivity to the environments across time and contexts in
a wide array of species (Wolf, Van Doorn, Weissing, 2008; Aron et al., 2012). Sensory 
processing sensitivity is proposed to be a genetically informed trait in humans that is
linked to deeper cognitive processing of stimuli of negative and positive valence (Aron
et al., 2012). Relatedly, the concept of ‘‘biological sensitivity to context’’ holds that high 
reactivity phenotypes have bivalent effects on psychiatric and biomedical outcomes,
which can enhance and buffer risk depending on the environmental condition (Boyce & 
Ellis, 2005). This reactivity is assumed to be a phenotypic property of individuals, of both 
genetic and environmental origins, developed through calibration of biological stress
response systems during early development. As such, biological sensitivity to context can 
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exacerbate the effects of negative environmental conditions, or promote the beneficial 
effects of supportive and protective environments (Boyce & Ellis, 2005). Similar to this 
perspective, the differential susceptibility hypothesis (Belsky & Pluess, 2009) emerged,
where sensitivity to the environment is operationalized at the behavioral level. In this
framework, the focus lies on individual differences in susceptibility to rearing influences 
that are assumed to be rooted in heritable susceptibility factors such as genetics. This idea 
is of great interest to developmental researchers, as the same children who are at risk of 
developing the most unfavorably in a dysfunctional family environment may profit the 
most from an increase in rewarding parenting practices. We aim to test this framework 
in the present study.

Phenotypical Expressions of Genetic Susceptibility
These theoretical perspectives find common ground in the notion that children differ
in their reactivity to their environment, and that this may in part be gene-based.
Specifically, polymorphisms in the serotonin transporter, dopamine receptors (e.g.,
for a meta-analysis, see Bakermans-Kranenburg & Van Ijzendoorn, 2011; for a review,
see Bakermans-Kranenburg Van Ijzendoorn, 2015), and those related to degradation 
of brain dopamine and serotonin (e.g., for a meta-analysis, see Byrd & Manuck, 2014) 
have consistently emerged as genes that render children more sensitive to both positive
and negative environmental influences. With regard to susceptibility to dysfunctional
parenting, polymorphisms related to dopamine functioning are of primary interest, as
they modulate children’s reward- (e.g., Bakermans-Kranenburg  & Van Ijzendoorn, 2011; 
Gatzke-Kopp, 2011) and punishment-based learning (e.g., Matthys, Vanderschuren, 
Schutter, 2013).

Indeed, children with certain dopamine polymorphisms have been shown to be more 
reactive to parents’ punishment cues, but also more responsive to reward cues (Bakermans-
Kranenburg & Van Ijzendoorn, 2011; Bakermans-Kranenburg & Van Ijzendoorn, 2015; 
Belsky & Pluess, 2009). Literature suggests that differential susceptibility is related to 
heightened sensitivity to rewards and punishment (Bakermans-Kranenburg Van Ijzendoorn,
2011; Belsky & Pluess, 2009). Specifically, higher susceptibility seems to be related to various 
relevant phenotypes such as emotional reactivity and impulse control problems. For 
example, certain allelic variations of the five prominent dopaminergic susceptibility genes 
(MAOA, DAT1, DRD2, COMT, DRD4) have been empirically linked to the development of 
externalizing behavior in the context of family adversity with a common denominator being
their phenotypical expression of problem behavior related to impulse control problems and
disinhibition (e.g., Colzato, Van den Wildenberg, Van der Does, & Hommel, 2010). However,
it remains unclear what specifically the underlying neurobiological mechanisms are (e.g.
dopamine hypersensitivity versus hyposensitivity), via which these polymorphisms may be 
related to behavioral outcomes such as to impulse control problems.
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Conceptualization of Genetic Susceptibility
The functional contribution of dopamine-related genes in shaping parent–child gene–
by–environment (Gc×E) interactions is probably polygenic in nature (Dick et al., 2015).
Although earlier studies regarding differential susceptibility took a single candidate gene
approach, research has recently moved to a polygenic approach and provides support 
for children’s differential susceptibility to parenting (e.g., Chhangur et al., 2017; Belsky 
& Beaver, 2011; Keers et al., 2016; Salvatore et al., 2015). Compared to a candidate-gene
approach, a polygenic index may explain a greater amount of genetic variance, even if 
this index contains only a few more polymorphisms from the same circuitry. That is 
because these polymorphisms do not function in isolation and might, in aggregation,
not exert linear, but nonlinear, larger effects (Dick et al., 2015). We used a continuous 
rather than a dichotomous genetic index given that genetic susceptibility operates most 
likely in a cumulative nature with individual genes having small effects (Dick et al., 2015). 
Furthermore, a continuous index allows for greater variability and thereby favorably 
affects power and provides more information on the magnitude of genetic susceptibility. 
By using a continuous polygenic approach in the present study, we aim to investigate the 
genetic roots of how children respond to parenting behaviors. 

The index was created by assigning a point for the presence of a particular allelic variant
of polymorphisms, for which the literature suggested an association with heightened 
susceptibility to family adversity in the development of externalizing behavior (Chhangur
et al., 2017; Belsky & Beaver, 2011). The selected genes have empirically been related to 
heightened levels of externalizing behavior and susceptibility to environmental influences 
in a cumulative fashion (Chhangur et al., 2017; Belsky & Beaver, 2011), which suggests
that children may be influenced by parenting in a for-better-and-for-worse manner the 
more susceptibility genes they dipose over (Belsky & Beaver, 2011). Therefore, rather than
examining a single genetic marker, we examined a composite measure of cumulative 
genetic susceptibility (Chhangur et al., 2017; Belsky & Beaver, 2011), which allows testing 
the hypothesis that a child becomes more susceptible the more susceptibility markers it 
carries.  

The Present Study 
The aim of the present study was to investigate whether a heightened polygenic index score 
amplifies the associations between negative and positive parenting and later children’s 
externalizing behavior. In line with the differential susceptibility hypothesis, we 
hypothesized that for children with a higher polygenic index, the longitudinal associations
between both negative and positive parenting behavior and child externalizing behavior
would be significantly stronger than for children with a lower polygenic index.

We used a three-wave longitudinal data-set (ORCHIDS study; Chhangur et al., 2017) 
on 190 at risk families with children between 4–8 years old to examine the relationship
between parenting practices and child externalizing behavior. To assess genetic 
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susceptibility, a continuous polygenic index was created based on relevant polymorphisms
related to dopamine functioning (DRD4, DRD2, DAT1, MAOA, COMT), which have
been associated with children’s heightened susceptibility to both positive and negative
environmental influences (Belsky & Beaver, 2011). In order to conduct a stringent and 
complete prospective test of children’s differential susceptibility to parenting, both
negative and positive parenting practices, representing the for–better–and-for–worse
environment, were examined.

Previous analyses on the ORCHIDS dataset including all 387 at risk families of the 
control and intervention condition showed that for boys with higher scores on the genetic 
susceptibility index, parent-reported externalizing behavior decreased significantly, as a 
result of the Incredible Years parenting-intervention (Chhangur et al., 2017). These results
support the ‘for-better’ effect of the differential susceptibility hypothesis. There were no 
significant changes in externalizing behavior, neither parent-reported nor observed, in 
boys with low scores on the genetic susceptibility index in the experimental group, and
neither for boys in the control group, regardless of which score on the genetic susceptibility 
index. Interestingly, children in the control group with higher genetic susceptibility index 
scores did not show the greatest increase (or smallest decline) in externalizing behavior
over time. These findings were thus not in line with the ‘for-worse’ effect of the differential
susceptibility hypothesis.

Method

Participants and Procedure
The present study made use of three-wave longitudinal data from the ORCHIDS study 
(Chhangur et al., 2017), a randomized controlled trial in which 387 at risk families 
participated, with one parent (Mage = 38.09, SD = 4.84; 91 % mothers) and their 4–8 year 
old child (Mage = 6.21, SD = 1.33; 55.30 % boys). The time between waves was 4 months. 
Prior to the beginning of the study, the study received approval by the research ethics
committee. Approval for this study protocol, entitled The ORCHIDS, was received from 
the institutional review board in METC UMC Utrecht (protocol number 11-320/K).

Half of the parents were enrolled in an intervention condition (n = 197) and the other
half in a control condition (n = 190). The present study made use of the control sample 
exclusively, to assess the natural development of parent and child behaviors over time.
Participating children were screened for being at risk of externalizing behavior. At risk 
status was determined with a cut-off score at the 75th percentile on the Eyberg Child
Behavior Inventory (Eyberg & Pincus, 1999), which parents filled out prior to the study. 
Over 84% of the parents were born in the Netherlands. Among the mothers, 50.5% were 
of a high educational status, whereas 27.5% and 21.2% had medium and low status, 
respectively (for fathers: 45.6% high, 26.2% medium, 25.6% low educational status). 
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Parents were mostly either married or living together (87%), whereas 8.8% were single,
and 4.1% classified as other. Of the 26.4% of parents who were not employed, 44.4% were
a stay-at home parent, 23.3% were unemployed, and 32.3% classified as other. About 39%
of the families were Christian, 5.45% were Islamic, 21.2% affiliated with other religions,
and 34.2% were nonreligious. In the ORCHIDS study, child externalizing behavior and
parenting practices were assessed at three time points (T1, T2, T3), with measurement
intervals of 6 and 4 months, respectively. There was a 93% retention rate at T3. 

Measures

Questionnaire Measures
Both negative and positive parenting practices were assessed with the Parenting Practices
Inventory (PPI; Webster-Stratton, 2011). We used the subscales of Harsh and Inconsequent
Discipline (15 items) and Physical Punishment (6 items) to construct a measure of negative 
parenting practices, and the subscales Positive Verbal Discipline (9 items) and Praise and 
Incentives (11 items) to construct a measure of positive parenting practices. The other 
subscales of the PPI did not measure exlusively positive or negative parenting practices
and were therefore not included. The variables for negative and positive parenting 
practices and child externalizing behavior at each of the three time points were created
by summing up and averaging all items assessing the respective construct. All items were 
scored on a 7-point Likert scale, which assessed parents’ perception of how likely they 
used a certain parenting practice, ranging from 1 (never) to 7 (r always). Cronbach’s alpha
for the negative parenting practices measure was 0.79, 0.83, and 0.80 at T1, T2, and T3, 
respectively. Cronbach’s alpha for the positive parenting practices measure was 0.74, 0.77,
and 0.80 at T1, T2, and T3. 

Child externalizing behavior was assessed by parent reports on the Eyberg Child 
Behavior Inventory (ECBI; Eyberg & Pincus, 1999), a measure designed to assess exter-
nalizing problems in children aged 7–16 years. The present study utilized the Intensity 
Scale of the ECBI, which consists of 36 items and demonstrated a Cronbach’s alpha of 
0.85, 0.86, and 0.88 at T1, T2, and T3, respectively. All items were scored on a 7-point Likert 
scale, assessing how often a certain child externalizing behavior occurred, ranging from 
1 (never) to 7 (r always). 

Genetic Susceptibility Measure
Genetic susceptibility was determined at Wave 1 of the study with saliva samples. The 
dopamine polymorphisms of interest for the present study were DRD4 (7R allele), DRD2
(A1 allele, rs1800497), DAT1 (10R allele), MAOA (low-activity allele), COMT (val allele, T
rs4680), as these polymorphisms have been related to children’s differential susceptibility 
to both positive and negative environmental influences (e.g., Belsky & Beaver, 2011;
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Chhangur et al., 2017). For a detailed account of the individual polymorphisms extraction 
procedure, see Supplementary Materials A.

Polygenic Index
A continuous polygenic susceptibility index was created, by yielding a sumscore by 
assigning a point for each polymorphism that disposed over at least one of the susceptibility 
alleles. This polygenic index ranged from a score of zero to five. The higher the sumscore, 
the higher genetic susceptibility (cf. Belsky & Beaver, 2011; Chhangur et al., 2017). 

Statistical Procedure
All analyses in the present study were conducted in the program R. Interaction plots
were generated with the R package ‘interactions’ (Long, 2018). Regression analyses were 
conducted on uncentered data with the polygenic index as a moderator on the longitudinal 
associations from parenting to later child externalizing behavior. We ran four individual
regression analyses on the following associations: negative parenting at T1 to child
externalizing behavior at T2, negative parenting at T2 to child externalizing behavior at
T3, positive parenting at T1 to child externalizing behavior at T2, and positive parenting at
T2 to child externalizing behavior at T3. To answer our research question of whether these
longitudinal associations were moderated by polygenic index, we conducted piecewise tests 
of the models that incorporate multiplicative terms involving the specific predictors and a
dimensional polygenic composite. Specifically, we conducted a multiple regression analysis 
for each outcome variable (child externalizing behavior at T2 and T3), with the parenting 
variable (either positive or negative parenting) and child externalizing behavior at the
previous time point as predictor variables. We tested for moderation by polygenic index 
by including a main effect of polygenic index score and an interaction between polygenic
index score and parenting at T1. Running these regressions allowed us to investigate
whether associations from parenting practices to later child externalizing behavior were 
moderated by children’s polygenic index. For the interactions that were significant, we 
probed the interaction to identify for which children (i.e., at which specific value of the 
polygenic index score) the association from parenting practices to later child externalizing
behavior was statistically significant (i.e., nonzero). To identify lower and upper bounds
for (non)significant associations, we used the Johnson–Neyman procedure. Briefly, a
Johnson–Neyman interval can be interpreted as follows: The parenting–externalizing 
association was significant among children whose polygenic index score either fell below 
the lower bound or above the upper bound. Among children whose polygenic index score
fell within the Johnson–Neyman interval, the parenting–externalizing association was
not statistically significant (p > .05). Although the reverse situation is also possible (where
significant associations occur only for those values within the interval rather than outside 
it), that interpretation did not arise in our results (Long, 2018).

Chapter 2



558230-L-bw-Fischer558230-L-bw-Fischer558230-L-bw-Fischer558230-L-bw-Fischer
Processed on: 20-4-2021Processed on: 20-4-2021Processed on: 20-4-2021Processed on: 20-4-2021 PDF page: 25PDF page: 25PDF page: 25PDF page: 25

25

Results

Table 1 displays the means, standard deviations and the bivariate correlations for negative
and positive parenting practices and for child externalizing behavior. For the individual
subscales of negative parenting practices, mean scores for the subscale of Physical
Punishment were in the at risk range at each of the three measurement points, and in
the clinical range for the subscale Harsh and Inconsequent Discipline (Webster-Stratton, 
2001). For positive parenting practices, mean scores for the subscales of Positive Verbal
Discipline were in the at risk range and for the subscales of Praise and Incentives they were 
in the clinical range at all three time points. Taken together, these scores reflect the at risk 
nature of our sample, with moderately high scores on negative parenting practices and low 
scores on positive parenting practices. For child externalizing behavior, the clinical scores 
at the first measurement point and the at risk scores on the second and third measurement 
points confirm the at risk characteristic for child externalizing behavior in the present
sample (Chhangur et al., 2017). Seven out of nine zero-order correlations between child
externalizing behavior and negative parenting practices were significant, with all respective 
correlations being positive. Thus, as expected, parents’ use of negative parenting practices
were related to more externalizing behavior in children, both concurrently and over time.
For positive parenting practices, no significant correlations were found with children’s
externalizing behavior. No correlations between polygenic index and the other constructs 
were significant.

Table 1. Descriptive Statistics and Correlations for Child Externalizing Behavior and Negative and Positive Parenting.

Variable M SD 1 2 3 4 5 6 7 8 9
1 Neg. PB at T1 2.699 .591 -
2 Neg. PB at T2 2.572 .660 .697** -
3 Neg. PB at T3 2.538 .568 .607** .612** -
4 Pos. PB at T1 4.772 .563 -.080 -.066 -.054 -
5 Pos. PB at T2 4.729 .578 -.084 -.027 -.009 .669** -
6 Pos. PB at T3 4.714 .626 -.167* -.152* -.067 .593** .675** -
7 CEB at T1 3.650 .514 .335** .249** .123 .013 -.037 -.028 -
8 CEB at T2 3.514 .545 .236** .162* .111 .078 .045 .144 .650** -
9 CEB at T3 3.403 .551 .226** .174* .203** -.038 -.006 -.021 .606** .721** -
10 G 2.732 .930 -.027 .049 .028 .008 .101 .040 -.053 -.035 -.119

Note: Neg. PB = negative parenting behavior, Pos. PB = positive parenting behavior, CEB= child externalizing 
behavior, G= genetic susceptibility, T= time.
**p < 0.01, *p < 0.05 (2-tailed).

The regression analyses (see Tables 2 and 3) showed the following main effects: Child 
externalizing behavior was not predicted by negative parenting, but was at T3 (but not 
T2) predicted by positive parenting at the previous timepoint. The association indicated 
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that higher levels of positive parenting at T2 were predictive of relatively higher levels 
of externalizing behavior at T3, controlling for T2 differences. Furthermore, child 
externalizing behavior at both T2 and T3 were predicted by child externalizing behavior 
at the previous timepoint for both the positive and negative parenting model. Lastly, there 
was a main effect of polygenic index at T2 on child externalizing behavior at T3.

Table 2. Regression Analysis Results for Child Externalizing Behavior at T2 and at T3 for Negative Parenting.

Externalizing behavior at T2 Externalizing behavior at T3
Regression b SE t(171) p Regression b SE t(175) p
Intercept 0.18 0.56 0.32 .75 Intercept 0.25 0.45 0.56 .58
Neg. PB at T1 0.29 0.19 1.52 .13 Neg. PB at T2 0.30 0.16 1.84 .07
G 
CEB at T1

0.26
0.70

0.18
0.06

1.45
10.94

.15
<.001

G 
CEB at T2

0.17
0.72

0.14
0.05

1.22
13.31

.23
<.001

Neg. PB at T1 × G -0.10 0.07 -1.48 .14 Neg. PB at T2 × G -0.09 0.05 -1.63 .11
Note. Child externalizing behavior at T2: multiple R2 = 0.44; F(4, 178) = 34.63, p < .001;  child externalizing 
behavior at T3:  multiple R2 = 0.53; F(4, 172) = 49.46, p < .001, Neg. PB = negative parenting behavior, CEB= child 
externalizing behavior, G= genetic susceptibility, T= time.

Table 3. Regression Analysis Results for Child Externalizing Behavior at T2 and at T3 for Positive Parenting.

Externalizing behavior at T2 Externalizing behavior at T3
Regression b SE t(177) p Regression b SE t(171) p
Intercept -0.04 0.90 -0.05 .97 Intercept -0.73 0.82 -0.90 .37
Pos. PB at T1 0.21 0.18 1.14 .26 Pos. PB at T2 0.35 0.16 2.12 .03
G 0.22 0.30 0.74 .46 G 0.61 0.28 2.14 .03
CEB at T1 0.70 0.06 11.61 <.001 CEB at T2 0.74 0.05 13.96 <.001

Pos. PB at T1 × G -0.05 0.06 -0.75 .46 Pos. PB at T2   × G -0.14 0.06 -2.32 .02

Note. Child externalizing behavior at T2: multiple R2 = 0.41; F(4, 178) = 34.72, p < .001;  child externalizing 
behavior at T3:  multiple R2 = 0.54; F(4, 172) = 50.44, p < .001, Pos. PB = positive parenting behavior, CEB= child
externalizing behavior, G= genetic susceptibility, T= time.

Regarding our main research question on genetic moderation of the associations between
parenting and child externalizing behavior, we found that children’s polygenic index score 
moderated the associations between positive parenting at T2 and child externalizing 
behavior at T3. Specifically, the results showed a cross-over interaction for the effect of 
children’s polygenic index score on the association between positive parenting at T2 and
child externalizing behavior at T3 (see Figure 1). The Johnson-Neyman interval indicated
that when polygenic index score was outside the interval [0.82, 3.62], the slope of positive 
parenting at T2 was significant at p < .05. Thus, when children’s polygenic index score was 0 
(<0.82), positive parenting at T2 was associated with a relative increase of child externalizing
behavior at T3, and when children’s polygenic index score was 4 or 5 (>3.62), positive 
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parenting at T2 was predictive of relatively lower levels of child externalizing behavior at T3, 
controlling for T2 differences. Figure 2 displays the Johnson-Neyman interval. The simple
slopes analysis demonstrated a slope of -0.34 (SE=0.15, p=0.03) for a polygenic index score 
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Figure 1. Positive Parenting Interacts With Children’s Genetic Susceptibility Score (G) in Predicting Child Externalizing
Behavior at T3.

Figure 2. Positive Parenting at T2 Interacts With Children’s Genetic Susceptibility Score (G) in Predicting Child
Externalizing Behavior at T3. n.s., not significant.
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of five, a slope of -0.20 (SE=0.09, p=0.03) for a polygenic index score of four, a slope of -0.06 
(SE=0.05, p=0.24) for a polygenic index score of three, a slope of 0.07 (SE=0.06, p=0.25) for a 
polygenic index score of two, a slope of 0.21 (SE=0.11, p=0.06) for a polygenic index score of 
one, and a slope of 0.35 (SE=0.16, p=0.04) for a polygenic index score of zero. 

Discussion

In the present study, we found one effect of parenting on later child externalizing behavior,
with positive parenting at T2 predicting more externalizing problems at T3, controlling for 
previous levels of externalizing problems. This finding was in contrast to our hypothesis
that positive parenting would be associated with less rather than more externalizing
behavior over time. Although speculative, it is possible that in at risk families parents 
attempt to deal with children’s oppositional and defiant behavior with more positive 
parenting practices (e.g. temporary relief from disruptive behavior) and in such a way 
be associated with higher externalizing behavior in children in the long run (Dishion et 
al., 2008). Although this general explanation may hold true, it cannot inform conclusions 
about parent-child interactions at the micro-level, such as with coercive cycles of mutual 
reinforcement between parent and child.

With regards to our main research question, we expected to find a differential 
susceptibility effect, namely that a heightened polygenic index score would amplify the 
associations between negative and positive parenting and later children’s externalizing 
behavior. We expected a cumulative susceptibility gene effect, namely that the more
susceptibility genes a child carries, the more susceptible they would be to parenting effects. 
We did not find an interaction between children’s polygenic index score and negative 
parenting in the prediction of externalizing problems. Yet, we did find an interaction
between children’s polygenic index score and positive parenting in the prediction of 
externalizing problems. We found that when children’s polygenic index score was higher, 
positive parenting at T2 was associated with lower child externalizing behavior at T3 
than when polygenic susceptibility was lower. However, for the children with the lowest 
polygenic susceptibility, we found that the association was in another direction: for them,
positive parenting at T2 was associated with more child externalizing behavior at T3.
Therefore, we cannot conclude that the children with a higher polygenic index score were
more susceptible to positive parenting than children with a low index score; rather, they 
reacted differently. Specifically, these children may all be affected by positive parenting, 
but this translates into different outcome behaviors as a function of the effect that the
susceptibility genes may have on phenotypical expressions in children with higher and 
lower polygenic index scores, respectively.

Specifically, to explain these results, the literature shows that the examined dopaminergic
susceptibility variants in our study are not only related to higher susceptibility to positive
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and negative environmental influences, but also to various relevant phenotypes such as
increased impulse control/disinhibition problems. Our finding that the greatest reduction 
of externalizing behavior was found in children with the highest polygenic index score 
could reflect the reward-dominant response style in increased impulse control problems 
associated with heightened susceptibility. This could be associated with a heightened 
Behavioural Activating System (BAS), which is a system that is activated by stimuli of 
reward or non-punishment and has been shown to be associated with impulse-control 
problems (Wallace, Malterer, & Newman, 2009). Similarly, other research has shown that 
behavioral impulsivity is associated with a reward-dominant response style in younger 
children and a strong motivation to obtain rewards in one’s environment (e.g., Muñoz & 
Anastassiou-Hadjicharalambous, 2011). In light of this literature, children with greater 
impulse control problems might be more responsive to rewards in their environment than
their lower susceptible counterparts. At the same time, for children with lower polygenic
susceptibility, the results seem to suggest that these children, perhaps due to a lowered
reward responsivity, benefit less or not at all from positive parenting—which parents may 
upregulate in the context of their child’s burgeoning oppositional and defiant behavior. 
Thus, for these children at risk for the development of externalizing behavior problems,
parents may upregulate praise and positive reinforcement in the wake of their child’s 
difficult, and difficult-to-change behavior, but to no avail. In this subgroup of children, 
then, higher positive parenting is perhaps more a marker or correlate of a detrimental 
family process and illustrates how externalizing behavior tends to exacerbate over time
if left untreated (e.g., Mesman, Bongers, Koot, 2001). More research is necessary to 
illuminate how impulse control problems and reward responsivity may be involved in 
shaping susceptibility to parenting in the backdrop of genetic susceptibility.

In essence, looking at the effect that different levels of polygenic index score had
on children’s susceptibility to positive parenting shows us that parenting practices are
related to later changes in externalizing behavior for children with both lower and
higher polygenic index scores. Yet, they are related in different ways, which may depend
on relevant phenotypes such as an individual’s impulse control as a function of reward
responsivity, determining the manner in which positive parenting is processed and the
effect it has. However, since we did not assess impulse behavior and disinhibition in the
present study, we can only speculate, based on prior empirical research, that the present 
findings may represent a function of impulsivity and inhibition problems.

Ultimately, the study did not provide evidence supporting the differential susceptibility 
framework, but rather indicates that several different mechanisms may be necessary to 
explain how parent-child interactions produce child externalizing behavior, depending on 
children’s polygenic index score and respective differences in phenotypical expressions.
This highlights the importance of differentiating between subtypes of children with 
externalizing behavior (e.g. nonresponsive-callous children versus active-impulsive/
disinhibited children and how different types and/or intensities of externalizing behaviors
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may lead to different parental reactions in the backdrop of their polygenic index. To account 
for different levels of susceptibility, a susceptibility terminology may be more descriptive
if it is not quantitative (e.g., “higher to lower” conveys the idea that high susceptibility 
necessarily translates into greater adversity), but rather qualitative.

Lastly, we want to highlight that there is limited knowledge about the specific 
neurobiological mechanisms through which susceptibility genes may exert an effect
on developmental outcomes such as externalizing behavior and impulse control 
problems. Some researchers propose that externalizing problem behavior is perpetuated 
by a dopamine excess, where a higher activity of brain dopamine systems is linked to 
hypersensitivity to reward and higher stress reactivity to punishment cues from the 
environment (Gatzke-Kopp, 2011). Thus, hyperarousal to reward and punishment may 
be an underlying mechanism via which genetically more susceptible children are more 
affected by both negative and positive parenting. In contrast, other research proposes 
that a dopamine deficiency may underlie these developmental problems (Beauchaine
& Gatzke-Kopp, 2012; Byrd & Manuck, 2014), which may occur by means of a greater 
appetitive disposition of sensation seeking fostered by a lower dopamine availability in
those children (Byrd & Manuck, 2014). This diverge in the literature raises the interesting
hypothesis that both a deficiency and an excess of dopamine in different parts of the brain
can function as risk-mechanisms, and may even work symbiotically to produce gene-gene
interactions (Byrd & Manuck, 2014; Gatzke-Kopp, 2011). Insights into these processes 
would also shed more light onto how differences in polygenic index score seem to be 
related to various other relevant phenotypes such as impulse control and disinhibition
problems, which may play a relevant role in explaining externalizing outcome behaviors
due to their high comorbidity.

A few discussion points regarding the genetic index used in the present study need to
be raised. The polygenic index score used in the present study is different from genetic
scores based on a genome-wide perspective, as it only includes five polymorphisms of the
dopaminergic circuitry, which represents a smaller subset of the variation available within
that circuit. However, testing several large-effect polymorphisms that have aggregated
strong a priori evidence from meta-analysis, systematic reviews, wellpowered GWAS, or 
polymorphisms that have shown large main effects can produce more robust and reliable 
findings (Dick et al., 2015). Future research can benefit from using advanced polygenic risk 
score (PRS) approaches. Currently, the use of genome-wide PRS offers new insights into 
how individuals’ genetic make-up may interact with specific environmental factors in the
development of psychopathology. For example, recent studies showed that parents with 
higher genome-wide PRS showed more warmth, sensitivity and stimulating caregiving 
to their children (Wertz et al., 2019), and that PRS predicted antisocial phenotypes in 
a sample of 2536 males and 3684 females (Tielbeek et al., 2017). Thus, future research 
may benefit specifically from incorporating PRS in their analyses of gene-environment
interactions in the development of externalizing behavior.
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The present results show that the associations between positive parenting and child
externalizing behavior were significant for lower and higher polygenic index scores, but 
non-significant for medium index scores. This raises the question of what collapsing
a genetic index into genetic groups does (e.g. “high” and “low” susceptibility), as it is 
commonly done in the field, in terms of producing or canceling out certain effects 
(Chhangur et al., 2017; Dick et al., 2015). Lastly, it should be noted that even though
a genetic index of zero in our present study suggests the absence of any of the genetic
susceptibility markers that we included, the children with this score most likely carry 
other genetic susceptibility polymorphisms that were not measured in the present study 
(Dick et al., 2015). In fact, since we only measured five from the many dopamine-related
polymorphisms that exist, some of the children with a polygenic index score of zero in the
present study could, theoretically, carry more susceptibility genes than any of the other 
children. This also means that there is a greater amount of unmeasured variability in 
children with a polygenic index score of zero, and ultimately questions whether children
in this group should be truly regarded as non-susceptible. Clearly, there seems to be more
differentiation rather than just higher and lower genetic susceptibility levels; providing 
more nuanced genetic indexes, such as continuous polygenic indices , can provide
important information that would otherwise get lost. Therefore, compared to previous 
candidate gene and polygenic studies, instead of using a dichotomous genetic index we use 
a continuous index, which allows pinpointing specific regions of significance where the 
genetic score becomes significant in moderating the association. Lastly, despite research
indicating that dopamine circuitry may play the most prominent role in children’s reward
and punishment susceptibility, other circuits may also be implicated in these processes
and should be examined in this framework of genetic susceptibility. 

Although our analytical approach, using a continuous polygenic index, may have 
favorably affected power, it is essential that future studies try to replicate our findings
using larger samples. Furthermore, we recommend that future studies test the gene-based
susceptibility of both children and parents. Not having included a measure of parents’ 
genetic susceptibility did not allow us to assess whether parents had a higher gene-based
susceptibility to children’s externalizing behavior. This is because susceptibility to child
effects would be mostly the result of parent, not child genetic make-up. Presently, the
existing literature on differential susceptibility in the parenting context still mainly 
focuses on children’s genetic susceptibility to parenting, whereby as a result there has been 
less interest and/or necessity in assessing parents genetic make-up as well. We recommend 
that future research also includes measures of parent’s genetic susceptibility, thereby 
addressing also other relevant, but currently relatively unexplored points, such as how 
genetic susceptibility of parent and child combined may predict the strongest effect (i.e., a
double-whammy effect) (Dick et al, 2015). 

Lastly, strengths of the study were that we used an at risk sample, which inherently 
exhibits higher proportions of dysfunctional parent and child behavior than population 
samples. This increases power and yields a less skewed variance (Bakermans-Kranenburg 
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& Van Ijzendoorn, 2015). What makes the study different from most studies on 
parenting practices and child externalizing behavior, is the focus on both positive and 
negative parenting practices. There is not a strong, explicit focus on positive parenting in 
parenting research, and when there is, it is often falsely conceptualized as the absence of 
negative parenting. With the present study, we conducted a stringent test of longitudinal 
relationships for both positive and negative dimensions of parenting and were thereby able 
to test the differential susceptibility hypothesis. The design was strengthened by a very 
low attrition rate of participants in the present study (retention rate of 93%). Furthermore, 
we would also like to note that even though assessing parent–child behaviors with the
self-report method can be criticized, self-reports are necessary in order to assess parents’
perceptions of their child’s behavior, which have shown to represent one of the strongest
predictors of child externalizing behavior (e.g., McMahon & Meins, 2012). Furthermore,
self-reports are indispensible when assessing behaviors, which do not occur –or cannot 
practically or ethically be elicited– in experimental paradigms. However, it needs to 
be kept in mind that using parent report measures has the limitation that parents may 
report in a socially desirable way about their parenting. This may have resulted in an 
underestimation of children’s externalizing behavior in the present study, and thereby may 
have also underestimated the interaction effects of parenting and genetic susceptibility in 
the prediction of externalizing behavior.

In conclusion, the findings suggest that polygenic index score may be an indicator for 
differences in children’s sensitivity to parental practices, and shows us that both a higher
and a lower polygenic index score can influence how children are affected by parenting 
in their development of externalizing behavior. Yet, the way polygenic index score affects
an individual may be the function of other mediating mechanisms taking place, such as
differences in children’s reward-processing, which may alter the manner in which positive 
parenting is processed. Successful distinctions in the way genetic susceptibility expresses
itself in these different mechanisms could inform intervention practice in terms of better
differentiation between subtypes of externalizing behavior and thereby allow approaches
to be tailored to the individual, making them more efficient and cost-efficient in the long
run.
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Abstract

Some adolescents may be more likely to be influenced by parents and peers in their
development of externalizing behavior than others. Recent research indicates that sensory 
processing sensitivity may underlie such differences in sensitivity to environmental 
influences, and specifically that individuals with higher sensory processing sensitivity 
may be similarly highly reactive to both negative and positive social contexts. Data from
a two-wave, two-year longitudinal questionnaire study with 177 adolescents (Mage= 
13.34 years, SDage= 1.05) were used to test the hypothesis that the associations between 
negative relationship quality with parents and best friend and later increased adolescents’ 
externalizing behavior, and between support from parents and best friend and later 
decreased adolescents’ externalizing behavior would be stronger for adolescents with
higher sensory processing sensitivity. Our hypothesis was partly confirmed, with results 
showing that a stronger negative relationship quality with best friend was only predictive 
of a subsequent increase in externalizing behavior for adolescents who scored higher on
sensory processing sensitivity. More research is needed to investigate whether sensory 
processing sensitivity functions as a trait that is associated with increased sensitivity to 
environmental stimuli regardless of valence, especially in the context of negative and
positive social exposures such as peer and parent environments.

Keywords: sensory processing sensitivity, longitudinal, externalizing behavior, parents,
peers
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The Role of Sensory Processing Sensitivity in the Longitudinal 
Associations between Relationship Qualities with Parents and Peers 
and Externalizing Behavior in Adolescence

Externalizing problems such as aggression and rule-breaking behavior increase from 
childhood to adolescence (Lynne-Landsman, Graber, Nichols, & Botvin, 2011; Martino,
Ellickson, Klein, McCaffrey, & Edelen, 2008; Moffitt, 2003; Vaillancourt, Miller, 
Fagbemi, Côté, & Tremblay, 2007). Engaging in these behaviors is a predictor of for 
instance impaired social relationships (Campbell et al., 2006) and a higher likelihood 
of engaging in crime and violence in adulthood (Caspi, 2000; Moffitt, 2003). Therefore, 
identifying and understanding the risk- and protective factors related to the development
of externalizing problems is essential, to minimize the individual, familial, and societal
costs of externalizing behaviors (Overbeek, Creasey, Wesarg, Huijzer‐Engbrenghof, & 
Spencer, 2020). The quality of parent and peer relationships is known to be among the
most important predictors of externalizing behavior in adolescence (e.g., Hoeve et al., 
2009; Prinstein & Dodge, 2008). While supportive relationships with parents and peers 
may have protective effects, negative relationship quality with parents and peers may 
increase risk (e.g., Pinquart, 2017; Patterson, Dishion, & Yoerger, 2000). 

However, parent and peer relationship qualities may not similarly affect all adolescents.
This may in part be dependent on adolescents’ sensory processing sensitivity, a genetically-
informed trait reflecting how deep environmental stimuli are processed, describing an 
individual’s sensory threshold (Aron, Aron, & Jagiellowicz, 2012). Based on their level
of sensory processing sensitivity, some adolescents may be more likely to be influenced 
by parents and peers in their behavioral and socio-emotional development than others, 
leading to different developmental trajectories of externalizing problem behavior. Up
to this date, however, no previous study has examined the role of sensory processing 
sensitivity in the association between negative and positive parent and peer relationships 
and the development of adolescents’ externalizing behavior. Therefore, our main aim 
was to investigate whether sensory processing sensitivity moderated the longitudinal
associations between negative relationship quality with– and support from parents and 
best friend and adolescents’ externalizing behavior one year later.

Parent and Peer Relationships and Adolescents’ Externalizing Problems
Parent-child relationships characterized by support have been shown to be associated 
with less externalizing behavior, whereas a negative relationship quality with parents is
associated with more externalizing behavior (for meta-analyses, see Hoeve et al., 2009; 
Pinquart, 2017). A negative relationship quality with parents is often characterized by 
conflict and parental overcontrol. When the quality of the relationship with parents is
negative, adolescents may feel misunderstood, angry and frustrated, which may result
in negative behavioral coping strategies such as aggression or delinquent behaviors (de 
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Kemp, Scholte, Overbeek, & Engels, 2006; Scaramella & Leve, 2004). Furthermore, a
negative relationship quality with parents often goes together with detrimental family 
dynamics, in which children are reinforced in developing dysfunctional interaction
tactics and aggressive behaviors that generalize to other (social) situations outside the 
home environment (e.g., Patterson, Dishion, & Yoerger, 2000; Ramsey, Patterson, & 
Walker, 1990). Parental relationships characterized by emotional support, however, 
give the adolescent a sense of comfort, acceptance and approval (Criss, Morris, Ponce‐
Garcia, Cui, & Silk, 2016; de Kemp, Overbeek, de Wied, Engels, & Scholte, 2007; Rollins & 
Thomas, 1979). Emotional support from parents can help adolescents in their continuing
development of the capacity to modulate and regulate arousal (Morris, Criss, Silk, & 
Houltberg, 2017), which is thought to result in an improved capability to consider the 
consequences of actions and refraining from problematic, externalizing behaviors (e.g.,
Brody, Dorsey, Forehand, & Armistead, 2002).

While the relationships with parents continue to play an important role in adolescence, 
establishing relationships with peers outside the home becomes increasingly important
(Beyers, & Seiffge-Krenke, 2007; Lansford, Criss, Pettit, & Bates, 2003; Vander Zanden 
et al., 2000). Peers have been shown to play a vital role in shaping adolescents’ behavioral 
and socio-emotional trajectories (e.g., de Kemp et al., 2006; Patterson et al., 2000), mental
wellbeing (e.g., Liu, 2006), and decision-making (e.g., Ciranka, & van den Bos, 2019).
During adolescence, especially best friendships become increasingly important and 
function as important emotion socialization agents (Steinberg, 2008). Adolescents thus 
become more independent from their parents and turn to their friends for advice and
support on personal issues (Miller-Slough & Dunsmore, 2016, 2019; Steinberg, 2008).

Longitudinal studies that have examined relationship quality with a best friend using 
the Network of Relationships Inventory (NRI; Furman & Buhrmester, 1985), showed that 
a negative relationship quality was associated with higher levels of externalizing behavior
(e.g., Burk & Laursen, 2008; Dickson, Marion, & Laursen, 2018). Likewise, other research
showed that lower levels of externalizing behavior were associated with higher levels 
of perceived support from best friend as reported on the NRI, but only for dyads that 
reported high levels of intimacy (Dickson et al., 2018), and that supportive friendships were
associated with a decrease in externalizing behavior problems (e.g., Wight et al. 2006), and 
delinquency (e.g., McElhaney, Immele, Smith, & Allen, 2006). For example, supportive
friendships have been shown to provide an environment where adolescents can share
their emotional experiences, which has shown to help individuals build social competence 
(Booker & Dunsmore, 2017), regulate their emotions (Miller‐Slough & Dunsmore, 2019; 
Rimé, 2009; Wagner et al., 2015), and buffer against negative emotional experiences (Liu, 
2006). In contrast, a negative relationship quality with peers may provide a context that
contributes to the development of problems in regulating emotions such as anger and 
anxiety, where an inability to regulate excessive arousal can express itself in behavioral
impulsivity and aggressive behaviors (Criss et al., 2016; Granic & Dishion, 2003; Miller-
Slough & Dunsmore, 2016; Sullivan, Helms, Kliewer, & Goodman, 2010).
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Adolescents’ Sensory Processing Sensitivity
The extent to which parent and peer relationship quality may affect the development
of externalizing behavior may, at least in part, be dependent on adolescents’ sensory 
processing sensitivity. Sensory processing sensitivity is defined as a relatively stable 
trait that reflects an individual’s sensory threshold (Aron & Aron, 1997; Aron, Aron, & 
Jagiellowicz, 2012). Individuals who score high on sensory processing sensitivity process
information in their environment in a deeper and cognitively more complex manner, and
have a heightened and more thorough awareness for subtle sensory stimuli, regardless of 
valence (positive, negative), than those with lower levels of sensory processing sensitivity 
(Aron et al., 2012; Aron & Aron, 1997).

In line with the idea that sensory processing sensitivity may determine the extent to 
which an individual is affected by environmental stimuli, recent research has indicated 
that individuals with higher sensory processing sensitivity might be similarly highly 
reactive to negative and positive emotional and social contexts (for a review see Greven
et al., 2019; Aron et al., 2012; Slagt et al., 2018). For example, fMRI research revealed that
individuals scoring high on sensory processing sensitivity showed greater activation in
brain regions associated with emotion processing and emotional memories when exposed 
to positive and negative pictures (in comparison to neutral) than those low on sensory 
processing sensitivity (Acevedo et al., 2017, 2014). Similarly, other research showed that 
individuals with high levels of sensory processing sensitivity had significantly stronger 
emotional reactions to both positive and negative feedback about their academic ability 
than those with lower sensory processing sensitivity (Aron, Aron, & Davies, 2005). Even 
though there has been no research up to this date that investigated whether adolescents
with high sensory processing sensitivity might be more sensitive to the effects of not
only negative but also positive interactions with parents or peers, there is some empirical
evidence on childhood samples suggesting that high sensory processing sensitivity is
linked to greater susceptibility to negative and positive parenting. For example, a recent
longitudinal study showed that for children scoring high on sensory processing sensitivity, 
negative parenting was associated with a stronger increase in externalizing behavior than 
for children with average sensory processing sensitivity, and that positive parenting was 
associated with a stronger decrease in externalizing behavior (Slagt et al., 2018). Similarly, 
another study showed that for children in a high sensory processing sensitivity group, the 
detrimental effects of permissive parenting on externalizing behavior and the positive 
effect of authoritative parenting on social competences were strongest (Lionetti et al., 
2019).

In contrast, there are also some findings that indicated that sensory processing 
sensitivity only increased individuals’ reactions to negative, but not positive parental
environments. For example, a study showed that the association between retrospectively-
reported poor childhood parental care and depression was strongest for adults with high
levels of sensory processing sensitivity, but that the relationship between a good quality 
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of childhood parental care and depression was not moderated by sensory processing
sensitivity (Liss, Timmel, Baxley, & Killingsworth, 2005). Similarly, other research showed 
that retrospective reports of negative childhood experiences were associated with lower 
life satisfaction for individuals high on sensory processing sensitivity, whereas positive 
childhood experiences were not (Booth, Standage, & Fox, 2015). The latter findings are 
in contrast to the aforementioned empirical research and to the central tenet of sensory 
processing sensitivity, namely that individuals with higher sensory processing sensitivity 
might be similarly highly reactive to negative and positive socio-emotional contexts. As
such, empirical findings are mixed and do not provide a clear picture yet of whether sensory 
processing sensitivity is indeed a factor that is associated with increased sensitivity to both 
positive and negative environmental stimuli. 

The Present Study
With this study, we aimed to investigate whether sensory processing sensitivity moderated 
the longitudinal associations between a negative relationship quality with and support from
parents and best friends and adolescent externalizing behavior one year later. In line with the
notion that higher sensory processing sensitivity is associated with increased sensitivity to
negative and positive (parental) environmental stimuli, we hypothesized that the longitudinal 
associations between having a negative relationship quality with parents and best friend and
later increased adolescent externalizing behavior would be stronger for adolescents with higher 
levels of sensory processing sensitivity. Also, we hypothesized that the longitudinal associations 
between support from parents and best friend and later decreased adolescent externalizing 
behavior would be stronger for adolescents with higher levels of sensory processing sensitivity. 

Methods

Participants and Procedure
Data were used from the two-wave, two-year longitudinal ADAPT (Adolescent 
Development And Peer and Parent Transactions) study. High schools in the Netherlands
were asked to participate via a letter that described the study. Within five working days 
after sending the letter, schools were contacted via telephone. Schools that were willing to 
participate were instructed about the procedure and content of the questionnaire before
the study took place. Passive parental consent was used and adolescents had the right to
choose not to participate. Adolescents filled out the survey during a regular class hour of 
45 minutes, with research assistants and a teacher supervising the session. Adolescents
were instructed to not discuss the answers they provided with each other, and to not pass 
on the information to third parties. Schools received a report of the social development
of their students after each wave. At Time 1 (T1), 419 adolescents participated, and 177
of those adolescents also participated at Time 2 (T2). For the purpose of conducting 
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longitudinal analyses, data for the 177 adolescents participating at both T1 and T2
were used. The study was approved by the Ethics Review Board (2015-DP-6380) of the
Faculty of Social and Behavioral Sciences, University of Amsterdam prior to start. Of 
all 177 participants, 48% were girls. The average age of adolescents at T1 was 13.34 years 
(SD=1.05). Most adolescents followed a pre-university education school tract (80.8%), 
and the rest followed a higher general secondary education (14.1%) or a pre-vocational 
secondary education (5.1%). The majority had a Dutch background (67.1%), and the rest 
had a Turkish or Moroccan (7.0%) background, Surinam, Antillean, or Aruban (5.8%) 
background, or background defined as ‘other’(20.1%) without further description. Most
adolescents lived with both parents (91.0%). An attrition analysis indicated that there were 
no significant T1 differences between the participants that only participated at T1 versus 
those who participated at both T1 and T2 (externalizing behavior (t(390)= -1.04, p=.296),
sensory processing sensitivity (t(415)= .145, p= .885), support from parents (t(396)= -.135, 
p= .893), support from best friend (t(411)= 1.27, p= .204), negative relationship quality 
with parents (t(396)= -1.58, p= .114) and negative relationship quality with best friend 
(t(412)= -1.50, p= .134), with the exception that participants who only participated at T1
were older than their peers who participated at both times (t(360)= 4.19, p< .001).

Measures

Support From Parents/Best Friend
Support from parents and best friend was assessed at T1 with the subscale Support 
consisting of 8 items of the Network of Relationship Inventory, (Furman & Buhrmester,
1985). For the parent support measure, the word ‘best friend’ was replaced with the word
‘parents’. Items were scored on a 5-point Likert scale, ranging from 1 (a little or not at all)
to 5 (more is not possible), where the adolescent reported to what extent the statements 
applied to their relationship with both of their parents/ their best friend, for example “To 
what extent do your parents/does your best friend help you to solve issues” or “How sure
are you that your relationship with your parents/best friend will remain, no matter what 
will happen”. All items were averaged to create a mean scale score. Cronbach’s α was 0.69
for the support from parents scale, and 0.77 for the support from best friend scale.

Negative Relationship Quality With Parents/Best Friend
A negative relationship quality with parents was assessed at T1 with 12 items on the Network 
of Relationship Inventory (Furman & Buhrmester, 1985). For the negative relationship quality 
with parents scale, the word ‘best friend’ was replaced with the word ‘parents’. Items were
scored on a 5-point Likert scale, ranging from 1 (a little or not at all) to 5 (more is not possible), 
where the adolescent reported to what extent the statements applied to their relationship with 
both of their parents/their best friend, for example “How often do you and your parents/
best friend fight” or “How often do your parents/does your best friend tell you what to do”. 
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All items were averaged to create a mean scale score. Cronbach’s α was 0.82 for negative 
relationship quality with parents, and 0.83 for negative relationship quality with best friend. 

Sensory Processing Sensitivity
Sensory processing sensitivity was assessed at T1 with the 12-item short version of the Highly 
Sensitive Person (HSP; Pluess et al., 2018) scale. The scale assesses sensitivity to both positive
and negative environmental factors, such as “I find it unpleasant to have a lot going on at 
once” and “I love nice smells”, captured in the total score of sensory processing sensitivity.
Items were rated on a 7-point Likert scale ranging from 0 (disagree completely) to 6 (yy agree 
completely). All items were averaged to create a mean scale score (Cronbach’s α = 0.73).yy

Externalizing Behavior
Externalizing behavior was assessed with the externalizing behavior subscale of the
Youth Self-Report (YSR; Achenbach, 1991, 2007) at T1 and at T2. The scale comprises 32 
items, assessing aggressive behavior and rule-breaking behavior. Items are scored on a 
3-point Likert scale, ranging from 0 (not at all), 1 (a bit or sometimes), to 2 (often), where 
the adolescent reports how s/he has acted in the past six months, such as “I am mean to
others” or “I do not abide to the rules at school, home, or somewhere else”. Scores on all
items were summed to create a sum scale score (Cronbach’s α = 0.89) .

Data Analysis
The study was pre-registered at the Open Science Framework (doi: 10.17605/OSF.IO/
ST42B). From all items of the study variables, a total of 3.61% were missing. A missing data 
analysis (Little’s MCAR test; Little, 1988) indicated that data was missing completely at
random (MCAR) for support from parents, support from best friend, negative relationship
quality with best friend, externalizing behavior, and sensory processing sensitivity at T1, 
but not the negative relationship quality with parents or for externalizing behavior T1. 
Separate variance t-tests were conducted to test whether missingness on these variables
was related to any of the other variables. Missing at random (MAR) can be inferred if the 
MCAR test is statistically significant but separate variance t-tests can indicate whether 
missingness is related to the dependent variable (Tabachnick & Fidell, 2013). Results on
Separate variance t-tests showed that missingness on negative relationship quality with 
parents was not systematically related to any of the other variables, whereby MAR can
be inferred. For externalizing behavior T1, missingness appeared to be systematically 
related to negative relationship quality with parents, t(3.3) = 5.3, p = .010, indicating that
data was missing not at random (MNAR). For data that was MCAR/MAR, missing data 
could be imputed in SPSS with the EM (Expectation Maximization) technique using Full
Information Maximum Likelihood (Mazza et al., 2015; Enders, 2003), and for MNAR data
mean imputation was used (Enders, 2010; Buhi, Goodson, & Neilands, 2008). 

We used Hayes’ PROCESS macro version 3.4 for SPSS (Hayes, 2017) to assess whether the 
associations between support from parents and best friend at T1 and negative relationship
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quality with parents and best friend at T1 and later externalizing behavior at T2 were
moderated by sensory processing sensitivity at T1, controlling for externalizing behavior at T1.
We estimated four models: one for negative relationship quality with parents, one for negative 
relationship quality with best friend, one for support from parents, and one for support from
best friend. Bootstrapping was used to generate 95% bias-corrected confidence intervals (5,000 
samples), and the moderator and independent variable were mean-centered (Hayes, 2017). 
For significant interactions, we conducted simple slopes analyses and generated regions of 
significance with Johnson-Neyman intervals (Bauer & Curran, 2005; Hayes & Matthes, 2009).

The assumption that the dependent variable was normally distributed was not met: 
in all models the dependent variable had kurtosis values that exceeded the normal range. 
Therefore, the dependent variable was transformed by taking the square root, yielding
kurtosis values in the normal range. All analyses presented here in this paper were also
run with the untransformed data and results can be found in Supplemental Materials B.
Data was checked for multivariate outliers by checking if there were cases that exhibited 
disproportionate influence on regression model fit, scoring above the cutoff regarding at 
least two of the following three indices: Mahalanobis distance (cutoff at chi-square value 
of 16.27, at α = .001), Cook’s distance (cutoff: 0.024), and Leverage (cutoff: 0.045). In a
second step, it was examined whether these cases also classified as univariate outliers,
meaning if they scored 3 standard deviations above or below the mean. If a case classified
as both a multivariate and univariate outlier a case was excluded (Tabachnick & Fidel,
2013), resulting in the exclusion of two cases in the models with negative relationship
quality with best friend and parents as independent variables, and three cases in the
models with support from best friend and parents as independent variables.

Results

Descriptive Statistics
Table 1 displays the means, standard deviations and the bivariate correlations for the study 
variables. Adolescents reported levels of externalizing behavior that were in the normal
range at both T1 and T2 (Achenbach, 1991, 2007). From 21 correlations, 12 were significant.
Negative relationship quality with parents at T1 was significantly negatively correlated 
with support from parents at T1, and similarly, negative relationship quality with best
friend at T1 was significantly negatively correlated with support from best friend at T1. 
Negative relationship quality with parents at T1 was significantly positively correlated 
with adolescent externalizing behavior at T1 and T2, and similarly, negative relationship 
quality with best friend at T1 was significantly positively correlated with adolescent 
externalizing behavior at T1 and T2. Adolescent externalizing behavior at T1 and T2 were
significantly positively correlated. Negative relationship quality with parents at T1 was 
significantly positively correlated with negative relationship quality with best friend at T1,
and support from parents at T1 was significantly positively correlated with support from
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best friend at T1. Support from parents at T1 was significantly negatively correlated with
adolescent externalizing behavior at T1 and T2, however support from best friend at T1
was not significantly correlated with externalizing behavior at T1 and at T2. Support from
parent at T1 was significantly negatively correlated with negative relationship quality with
best friend at T1. Sensory processing sensitivity was significantly positively correlated
with negative relationship quality at T1. None of the other correlations between sensory 
processing sensitivity at T1 and other variables were significant.

Table 1. Descriptive Statistics and Correlations for Child Externalizing Behavior and Negative and Positive Parenting.

Variable M SD 1 2 3 4 5 6
1 Neg. Rel. Parents 3.848 .500 -
2 Supp. Parents 4.742 .320 -.360** -
3 Neg. Rel. BF 3.200 .549 .336** -.189* -
4 Supp. BF 4.607 .433 -.031 .289** -.164* -
5 SPS 3.489 .867 .163* -.042 .041 .085 -
6 EXT T1 9.470 8.105 .391** -.228** .282** -.144 .072 -
7 EXT T2 9.344 7.586 .310** -.235** .214** .052 -.002 .466**
Note: Neg. Rel. Parents = negative relationship quality with parents, Supp. Parents = support from parents, Neg. 
Rel. BF = negative relationship quality with best friend, Supp. BF = support from best friend, SPS = sensory 
processing sensitivity, EXT= adolescent externalizing behavior, T= time.
**p < 0.01, *p < 0.05 (2-tailed).

Moderation Analyses: The Role of Sensory Processing Sensitivity 
The analyses with and without the transformed variable (adolescents’ externalizing behavior
at T2) led to similar results for the moderation analyses, and the results of the transformed 
data are presented in Tables 2 and 3. The overall model was significant in all analyses (negative
relationship quality with best friend: F(4,170)= 20.44, p< .001, R2= .59; negative relationship 
quality with parents: F(4,170)= 19.251, p< .001, R2= .56; support from parents: F(4,169)=13.37, 
p< .001, R2= .49; support from best friend: F(4,169)= 19.20, p< .001, R2= .56). We found a main 
effect of child externalizing behavior at T1 on externalizing behavior at T2 in all models,
indicating relative stability of externalizing behavior across time (see Tables 2 and 3). 

Table 2. Regression Analysis Results for Child Externalizing Behavior T2 (Transformed by Square Root) With Moderator
Sensory Processing Sensitivity.

Child externalizing behavior T2  Child externalizing behavior T2
Regression B(CI) SE   β  p Regression B(CI)  SE  β   p
Intercept 2.01(1.74,2.27) .13 -.00 <.001 Intercept 2.20(1.95,2.45) .13 -.00 <.001
EXT T1 .09(.06,.11) .01 .50 <.001 EXT T1 .07(.04,.09) .01 .44 <.001
Neg. Rel. Parents .31(-.02,.64) .17 .13 .063 Supp. Parents -.57(-1.17,.04) .31 -.13 .065
SPS .01(-.17,.18) .09 .00 .940 SPS -.02(-.20,.17) .09 -.01 .843
Neg. Parent × SPS .05(-.30,.39) .17 .02 .782 Supp. Parents × SPS -.46(-1.19,.27) .37 -.09 .214
Note. EXT = child externalizing behavior, Neg. Rel. Parents = negative relationship quality with parents, Supp.
Parents = support from parents, SPS = sensory processing sensitivity, T= time.
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After controlling for externalizing behavior at T1, we found that parental and peer support at 
T1 and parental and peer negative relationship quality at T1 were not a significant predictor of 
externalizing at T2 (p( range = .06 to .08), and neither was sensory processing sensitivity at T1.
In line with expectations, sensory processing sensitivity moderated the association between
negative relationship quality with best friend at T1 and child externalizing behavior at T2. 
The Johnson-Neyman interval showed that when sensory processing sensitivity was higher
(i.e., 3.54 and above), negative relationship quality with best friend at T1 was predictive of 
higher levels of externalizing behavior at T2 (t(170)= 1.97, b= .28), but not when sensory 
processing sensitivity was lower (i.e., 3.54 and below). Figure 1 gives a graphical display of the
interaction with simple slopes analyses. The other associations between support from best
friend and parents and externalizing behavior, and negative relationship quality with parents
and externalizing behavior were not moderated by sensory processing sensitivity.

Figure 1. Sensory Processing Sensitivity (SPS) Moderates the Association Between Negative Relationship Quality With 
Best Friend at T1 and Child Externalizing Behavior at T2.

Note. The simple slopes analysis demonstrated a slope of -.12 (SE= .22, p= .577) for “low” levels of SPS (1 SD below 
the mean), a slope of .26 (SE= .24, p= .077) for “average” levels (the mean) of SPS, and a slope of .64 (SE= .19, p=
.001) for “high” levels of SPS (1 SD above the mean).
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Table 3. Regression Analysis Results for Child Externalizing Behavior T2 (Transformed by Square Root) With Moderator 
Sensory Processing Sensitivity.

Child externalizing behavior
T2 Child externalizing behavior T2

Regression B(CI) SE  β p Regression B(CI) SE  β p
Intercept 1.97(1.72,2.23) .13 -.00 <.001 Intercept 1.92(1.67,2.17) .13 .00 <.001
EXT T1 .09(.07,.12) .01 .52 <.001 EXT T1 .10(.08,.12) .01 .55 <.001
Neg. Rel. Friend .26(-.03,.54) .14 .12 .077 Supp. Friend .36(-.05,.78) .21 .11 .087
SPS .08(-.09,.25) .09 .06 .367 SPS .02(-.16,.19) .09 .01 .861
Neg. Rel. Friend × SPS .44(.11,.77) .17 .17 .009 Supp. Friend × SPS -.12(-.67,.42) .28 -.03 .660
Note. EXT = child externalizing behavior, Neg. Rel. Friend = negative relationship quality with best friend, Supp.
Friend = support from best friend, SPS = sensory processing sensitivity, T= time.
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Discussion

The main aim of this study was to examine whether sensory processing sensitivity 
moderated the longitudinal associations between support from parents and best friend
and negative relationship quality with parents and best friends on the one hand, and 
externalizing behavior one year later on the other hand. Our hypotheses were partly 
confirmed, with results showing that a stronger negative relationship quality with best 
friend was only predictive of subsequent externalizing behavior for adolescents who
scored higher on sensory processing sensitivity. No other moderation effects of sensory 
processing sensitivity were found, nor were significant effects found for the associations 
between support from parents and best friend and adolescent externalizing behavior one
year later, or for the association between negative relationship quality with parents and
adolescent externalizing behavior one year later.

Our findings do not provide systematic or strong support for the notion that sensory 
processing sensitivity is associated with increased sensitivity to both negative and 
positive environment. Nevertheless, one moderation effect (out of four) did show that the 
longitudinal association between a negative relationship quality with best friend and later 
externalizing behavior was significant at higher levels of sensory processing sensitivity. 
Interestingly, adolescents with higher sensory processing sensitivity showed the lowest
externalizing behavior at T2 when negative relationship quality with best friend was low,
but showed the highest externalizing behavior at T2 when negative relationship quality 
with best friend was high. These findings therefore appear to indicate that adolescents with 
high sensory processing sensitivity profit more from lower levels or the absence of negative
relationships with best friend and are more vulnerable to the detrimental effects of high 
negative relationships with best friend at the same time, in comparison to adolescents with 
average or low levels of sensory processing sensitivity. Avoiding negative relationships with
peers may therefore be especially relevant for adolescents with high sensory processing 
sensitivity in reducing their risk for the development of externalizing behavior. Similar to
our findings, other studies show e.g. that for individuals with higher sensory processing 
sensitivity, negative childhood experiences were associated with internalizing behavior 
problems (Liss et al., 2005) and lower life satisfaction (Booth et al., 2015), but there were 
no respective associations between positive childhood experiences and these outcome
measures. The other moderation findings, however, were not in line with recent studies in 
children (Lionetti et al., 2019; Slagt et al., 2018) that found support for a moderation effect
of sensory processing sensitivity on the relationships between both positive parenting and
later prosocial behavior, and negative parenting and later externalizing behavior (Lionetti 
et al., 2019; Slagt et al., 2018).

When interpreting these findings, it needs to be considered that sensory processing 
sensitivity is up to this date primarily being assessed with self-reports on the Highly 
Sensitive Person scale (Pluess et al., 2018; Aron et al., 2012) and only recently have
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researchers begun to implement other novel assessment approaches, such as observational
measures of sensory processing sensitivity (e.g., the Highly Sensitive Child-Rating System,
Lionetti et al., 2019). An issue inherent to the use of self-reported sensory processing
sensitivity is that individuals, depending on their level of sensory processing sensitivity,
may also likely differ in their perceived experienced of e.g. a negative relationship quality 
with best friend. Thus, adolescents who are low on sensory processing sensitivity may 
be less sensitive to a negative peer environment and thus report lower levels of it than 
adolescents high on sensory processing sensitivity, introducing a potential rater bias
between those measures (Weeland, Van den Akker, Slagt, & Putnam, 2017). Overall, and
in light of the mixed literature, more research is needed to investigate whether sensory 
processing sensitivity does indeed function as a trait that is associated with increased
sensitivity to environmental stimuli regardless of valence, especially in the context of 
negative and positive social exposures such as peer and parent environments.

An interesting finding in the present study concerns the marginally significant effects
of support from– and negative relationship quality with parents and best friend on 
externalizing behavior at T2. When controlling for the stability of externalizing behavior 
at T1, these social predictors do not predict change, compared to the significant bivariate 
correlations between these social predictors and externalizing behavior at T2. This finding
is discrepant with previous longitudinal research, that did show that negative relationship
quality with parent and peers was associated with later increases in externalizing
behavior in children and adolescents (for meta-analyses and a review, see Hoeve et al., 
2009; Pinquart, 2017; Bassarath, 2001; Bagwell & Schmidt, 2013). However, many of these 
studies are based on clinical and forensic samples, or samples with certain at-risk peer and
family characteristics, such as low socioeconomic status, family adversity, or antisocial
peer group influences. Indeed, recent meta-analytical evidence for example shows that 
associations between negative and positive parenting dimensions and externalizing 
behavior problems were stronger in clinical and forensic samples that already exhibited 
heightened externalizing behavior problems, than in community-based samples (Pinquart, 
2017). Perhaps, the discrepant findings can be explained that in our present sample 
we had a relatively high SES, highly educated sample in which overall parent and peer 
difficulties were limited and thereby variance regarding dysfunctional parent and peer 
relationships may be lacking. Oversampling adolescents with dysfunctional parent and 
peer relationships may yield stronger parent/peer “effects” in future longitudinal studies. 

Although we found an effect of sensory processing sensitivity in the context of a negative 
relationship quality with peers, we did not find any effects for neither a negative relationship
quality with parents nor support from best friend and parents and later adolescent 
externalizing behavior. Literature indicates that even though sensory processing sensitivity 
appears to be a heritable susceptibility factor implied in the cognitive processing of socio-
environmental stimuli, the strength with which sensory processing sensitivity interacts
with an environmental condition may depend on the perceived emotional relevance of that
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condition (Acevedo et al., 2014; Jagiellowicz, Aron, & Aron, 2016). For example, recent fMRI 
research showed that individuals with higher levels of sensory processing sensitivity showed 
heightened responsiveness to images rated as emotional (positive and negative) –but not 
those rated as neutral– in brain circuits related to action planning, information processing, 
and awareness (Acevedo et al., 2017; Acevedo et al., 2014). This is in line with evolutionary 
theories of sensory processing sensitivity that highlight the social advantages of heightened
sensory processing sensitivity to social stimuli (e.g., promoting social skills and bonding) that
may be especially relevant to one’s survival (Aron et al., 2012; Pluess et al., 2018). Given that 
in adolescence peers gain increasing importance as social contacts to confide in and share 
emotional experiences with (Steinberg, 2008), heightened sensory processing sensitivity may, 
from an evolutionary perspective, be especially relevant in the peer-context to help establish
new social connections. In the parent-context however, skills that promote social bonding 
associated with heightened sensory processing may be less relevant, as adolescents have 
already formed social connections early on with their parents. Thereby, although speculative,
for adolescents, sensory processing sensitivity may amplify the effects of a negative friend
environment to a greater extent than the effects of a parenting environment on later 
externalizing behavior. More research is necessary to investigate whether sensory processing 
sensitivity is indeed more relevant for the peer context than the parent context in adolescence.

Strengths and Limitations 
Some limitations of the present research should be taken into consideration. First, all
measures in the present study were based on adolescents’ self-reports. Especially the
externalizing behavior measure may have been biased by social desirability which may 
have resulted in an underestimation of the associations (Bornstein, Hahn, & Haynes, 
2010). Second, because the primary aim was to assess sensory processing sensitivity as 
a susceptibility factor to adolescents’ relationship quality with parents and best friend,
we chose to test interactions of these variables with sensory processing sensitivity in
separate models each. This approach, however, did not allow the assessment of the relative
influences of parent and best friend. Nevertheless, if both the interactions of sensory 
processing sensitivity with relationship quality with parents and best friend would have 
emerged as significant in our separate models –which appeared not to be the case in our 
study–, a following step could have entailed assessing these interactions together in one
model to test their unique predictive value for externalizing behavior. However, and in 
favor of our approach to conduct separate analyses, it needs to be considered that even 
in the possible scenario that one of the interactions would not have remained statistically 
significant anymore after assessment in one model, relationship quality with parents and 
best friend may still both interact with sensory processing sensitivity on a conceptual 
level. Lastly, the pattern of missing data for externalizing behavior T1 was not at random, 
suggesting that missingness may have been associated with other unmeasured factors,
which may have resulted in biased estimation of effects.

Strengths of the study include the use of longitudinal measurements, whereby 
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inferences can be drawn about sensory processing sensitivity as a susceptibility factor in 
adolescents’ development of externalizing behavior over time. Furthermore, this study 
included both a positive and negative environmental assessment of both parents and best 
friend, which allowed testing sensory processing sensitivity as a factor that is associated
with increased sensitivity to environmental conditions regardless of valence (positive or
negative). There is still a lack of research in the field of adolescent adjustment investigating 
the positive aspects of peer-influences (Brown & Bakken, 2011), thus this study adds to
this literature to help understand the potential of prosocial peer influences on adolescents’ 
behavioral development. Furthermore, including a measure of both parents and friends 
furthermore enabled us to study the social dynamics in adolescence in multiple contexts 
that each play their part in shaping adolescents’ developmental trajectories.

In conclusion, the present study showed that for adolescents with high levels of 
sensory processing sensitivity, a negative relationship quality with best friend was related 
to relatively higher levels of externalizing behavior one year later. These results do not 
provide support for the notion that sensory processing sensitivity is associated with
increased sensitivity to both negative and positive environmental exposures. Rather, our 
results indicate that sensory processing sensitivity amplifies the detrimental effects of a 
specifically adverse environment on developmental outcomes. More research is needed
to investigate whether sensory processing sensitivity does indeed function as a trait that 
is associated with increased sensitivity to environmental stimuli regardless of valence, 
especially in the context of negative and positive social exposures such as peer and parent
environments.
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Abstract

Accumulating research provides support for differential susceptibility, which holds that
the same children who are most vulnerable to adversity, such as negative parenting, may 
also benefit most from enriched environments, such as positive parenting. This “for 
better and for worse” phenomenon is believed to be rooted in endogenous, biological
susceptibility factors such as genes, and cognitive and physiological endophenotypes (e.g.
heart rate variability and skin conductance). This biological perspective on children’s 
susceptibility encourages the inclusion of genetic and endophenotypic data in parenting 
research to shed light onto differential effects of parenting behavior. However, there are a
number of conceptual and methodological issues related to prior studies that have aimed 
to assess this. The goal of this paper is to discuss current and future perspectives on
children’s genetic- and endophenotype-based differential susceptibility to parenting, and
experimental study designs that can adequately assess the within-person phenomenon 
of differential susceptibility. Lastly, we propose an experimental paradigm to test 
children’s gene- and endophenotype-based differential susceptibility to parenting in their 
development of externalizing behavior. Hereby we aim to advance our understanding of 
the biological mechanisms underlying children’s differential susceptibility to negative and
positive parenting.

Keywords: experiment; externalizing behavior; differential susceptibility; 
endophenotypes; gene-environment interactions
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Current and Future Perspectives on Children’s Genetic- and 
Endophenotype-based Differential Susceptibility to Parenting

Within the last decades, the differential susceptibility hypothesis (Belsky, 1997), a within-
person phenomenon that states that the same children who are most vulnerable to
adversity may also benefit most from enriched environments, has received much scientific
attention. The majority of research on this hypothesis has been conducted in the parenting
context. The findings seem to indicate that children differ in the extent to which they 
benefit from improved parenting or suffer from dysfunctional parenting due to individual
differences (Bakermans-Kranenburg & van IJzendoorn, 2015; Slagt et al., 2017). These 
individual differences “for better and for worse” are believed to be rooted in certain
endogenous, biological factors such as genes and physiological endophenotypes (e.g.,
heart rate variability and skin conductance) (see for example Belsky & Pluess, 2009, 2013; 
Boyce & Ellis, 2005). Our goal in the present paper is to discuss the current and future 
perspectives on children’s genetic- and endophenotype-based differential susceptibility to
parenting in the development of externalizing behavior.

Meta-analytical evidence from G × E research supports that genetic predisposition
(Bakermans-Kranenburg & van IJzendoorn, 2015) represents one such “for better and for
worse” factor that makes children more susceptible to the development of externalizing
behavior in the context of dysfunctional parenting but also more susceptible to prosocial 
development from positive parenting (Belsky & Pluess, 2009, 2013; Boyce & Ellis, 2005). 
Next to genetic susceptibility research, more research accumulated within the last decade 
on endophenotypes as susceptibility markers. Endophenotypes are genetically informed,
stable biobehavioral traits that an individual is born with that function as mediators
between genes and phenotype (Rommelse, Geurts, Franke, Buitelaar, & Hartman, 2011). 
Such intermediate phenoytpical traits can express themselves in different biological 
pathways, such as physiological markers of heart rate variability or skin conductance (El-
Sheikh, Harger, & Whitson, 2001; El-Sheikh, 2005), but also in information processing
pathways such as cognitive biases (Fox & Beever, 2016). Endophenotypes seem to be of 
relevance to differential susceptibility research, because they are intrinsic traits that can
be asssessed as measures of sensitivity to the environment, but are more proximal than 
genetic susceptibility and less invasive to measure.

This biological perspective on children’s susceptibility encourages the inclusion of 
genetic and endophenotypic data in parenting research to shed light onto how family 
environments shape children’s differential susceptibility to future behavioral outcomes.
However, the field is struggling with several conceptual and methodological issues. Firstly,
the developmental process through which G×E affects children’s externalizing behavior
remains unclear. There is a lack of knowledge on what the mechanisms are through which
genetic susceptibility operates, whereby more research is necessary that assesses genetic 
susceptibility together with other endophenotypic susceptibility markers jointly in one 
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paradigm. Secondly, due to recent rapid advances in the field of behavioral genetics, there
is a lively debate on how to best construct genetic indices that account for true genetic
complexity (Dick, 2018; Duncan, Pollastri, & Smoller, 2014). Third, although differential
susceptibility is a within-subject phenomenon, prior studies have predominantly tested 
the differential susceptibility hypothesis with between-subject designs, thus not providing 
a true test of differential susceptibility.

Therefore, the goal of this paper is to discuss in a first part (I) current and future 
perspectives on children’s genetic- and endophenotype-based differential susceptibility 
to parenting. Regarding genetic differential susceptibility, we highlight the issue of 
replicability in G×E studies in the field of behavioral genetics. Notably, the review of 
literature in this paper is not meant to provide an exhaustive review of the GxE literature, 
but rather is meant to emphasize specific highlights and points of interest with regard to 
the issue of genetic and endophenotypic susceptibility. In a second part (II) we discuss
study designs that enable true tests of children’s differential susceptibility to parenting.
In the last part, (III) we propose an experimental paradigm to test children’s gene- and 
endophenotype-based differential susceptibility to parenting in their development of 
externalizing behavior.

We propose a mediated-moderation model, specifying the effect of parenting on 
subsequent child behavior, its moderation by a polygenetic susceptibility index, and 
mediation of this moderation effect via endophenotypes in cognitive and physiological
pathways. We highlight the importance of assessing these different biological susceptibility 
factors jointly within studies, in order to provide specific tests of interactions between
biological dispositions and environmental (risk) factors. Our aim is to delineate an 
experimental research paradigm to test children’s biologically based differential
susceptibility to parenting in their development of externalizing behavior. In the long run, 
biologically-informed experimental research on children’s differential susceptibility to
parenting may advance our understanding of how externalizing child behavior develops 
and how parenting intervention programs could be tailored to the individual in the
backdrop of their biological susceptibility.

Part I: Current and Future Perspectives on Biologically Informed 
Measures of Children’s Differential Susceptibility to Parenting

Genetic Susceptibility
Since the intriguing finding by Caspi and colleagues (2002) that maltreated children with a
genotype conferring high levels of expression of the Monoamine Oxidase A (MAOA) were 
less likely to develop antisocial problems than children without this genotype, there has 
been a fast growing literature on G×E. These studies mostly focus on genetic polymorphisms 
that contribute to individual differences in the regulation of neurotransmitters such as 
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dopamine (i.e., DAT1, DRD2, DRD4: Bakermans-Kranenburg & Van IJzendoorn, 2011), 
serotonin (i.e., 5-HTTLPR: Karg, Burmeister, Shedden & Sen, 2011; Van IJzendoorn,
Belsky, & Bakermans-Kranenburg, 2012), and the degradation of dopamine, serotonin,
and norepinephrine (i.e., MAOA: Byrd & Manuck, 2014). Studies initially focused on
single candidate genes, in which a single gene-marker is investigated (Maglione et al.,
2018; Shi & Nehorai, 2017; Weeland, Overbeek, Orobio de Castro, & Matthys, 2015). The
primary limitation of this approach finds itself in our lack of knowledge about etiological
processes, especially in psychiatric disorders (Dick, Latendresse, & Riley, 2011). Therefore,
there has been a growing call for an approach that accounts for genetic complexity (Dick 
et al., 2015).

In response, several recent studies have used cumulative polygenetic indices (e.g.,
Belsky & Beaver, 2011; Chhangur et al., 2017) or examined specific haplotypes (e.g., Li
et al., 2016). A polygenetic index integrates contributions of separate multiple common
genetic variants, typically of small magnitude, predicting a specified outcome. Up to this 
date, these indices were mostly constructed in a way that they contained a handful of 
“usual suspect” markers or were broken down again into separate categories, specifying
more versus less susceptible subgroups. Clearly, such an approach neither solves the
problem of low statistical power, nor does it fully exploit all genetic information available. 
Ideally, polygenetic constructs contain genetic variants that are interrelated in some
genetic pathway, with a known neurobiological function (Dick et al., 2015). This has 
however been difficult since we have limited knowledge about the exact function of many 
genetic polymorphisms in the development of children’s reactivity. In summary, the
candidate gene approach has evolved into research on polygenic indices to account for 
true genetic complexity, where we encountered new challenges, such as lack of knowledge
about neurobiological functions and oversimplification in the construction of these 
indices. Given that polygenic indices up to this date predominantly inspect only a handful
of single-nucleotide polymorphisms (SNPs), this approach can be at most considered an 
advanced version of a candidate-gene-driven approach.

In turn, these challenges have led to a genome-wide-association (GWAS) approach, 
where several thousand SNPs are inspected throughout the entire genome rather than
a pre-specified region or set of suspect polymorphisms. A recent example comes from a 
study by Keers and colleagues (2016) who, from a differential susceptibility standpoint, 
argued that genetic variability is not expected to directly associate with a developmental
outcome, but rather through differences in individuals’ reactivity to environmental stimuli.
They used SNPs from a GWAS to predict differences in emotional problems between 
monozygotic twins, and constructed polygenetic indices based on this procedure–and 
these polygenetic indices were found to significantly moderate the association between 
parenting and emotional problems. Another recent study by Van Assche and colleagues
(2017) genotyped 4,947 SNPs in 263 genes, selected through a literature survey, in 982
adolescents of Caucasian origin. They assessed multiple parenting strategies (perceived 
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parental psychological control, harsh punishment, and support) and found that two
GABA-related genes (GABRR1 and GABRR2) interacted with parental support. In another 
approach by Nelemans and colleagues (2018) social anxiety was predicted by a polygenetic
index that was constructed with a principal covariates regression technique (Vervloet,
Kiers, Van den Noortgate, & Ceulemans, 2015). This technique allows researchers to create 
a weighted sum of SNPs, while simultaneously predicting an outcome measure. In the
study by Nelemans and colleagues (2018), the selection of SNPs was biologically informed:
all 223 SNPs belonged to an oxytocin pathway. The analysis yielded a genetic five-factor
structure, with one putative genetic risk factor being strongly associated to social anxiety 
symptoms in adolescents, and significantly moderating the impact of both negative and 
positive parenting on adolescents’ social anxiety. In summary, these different, promising 
approaches illustrate that there are several manners of how to construct genetic indices 
that take into account genetic complexity, and we are awaiting their replication in the 
future.

Despite the advances that have been made in the construction of genetic susceptibility 
indices, the missing heritability problem represents an ongoing issue of concern to all G×E
studies in the behavioral and psychiatric genetics field. Studies that examine a genome-
wide set of genetic variants or a psychopathological outcome are also not immune to this
problem. Even for mental disorders that show the highest mapping of risk loci, identified 
risk variants make up only a small percentage of the heritability. Moreover, findings from
GWAS are not always replicated (e.g., the findings on conduct disorder of Dick et al.,
2011 vs. Anney et al., 2008). Recent data from five large population-based cohorts and 
three target samples with GWAS data suggests that externalizing behaviors in general 
are highly polygenic and have potential heterogeneous genetic effects across sex (Tielbeek 
et al., 2017). Thus, a crucial question still lying before us now is how we can take this
complexity into account and identify replicable, reliable G×E. 

Endophenotypes
Even when addressing polygenetic susceptibility soundly, the developmental process 
through which G×E affects children’s externalizing behavior remains unclear. A crucial
question that remains is: how does genetic susceptibility work? The answer to this question 
might relate to the examination of endophenotypes: genetically informed, biobehavioral
traits. These endophenotypes may determine how children for example react to emotions
from parents and to parental punishment and reward cues in the socialization process 
(Weeland, Overbeek, Orobio de Castro & Matthys, 2015).For example, neurotransmitters 
may modulate reactivity to environmental stimuli and relate to a range of neurobiological 
processes underlying individuals’ cognitions, mood, and motor control. For example,
lower dopamine uptake after it is being released (related to, amongst others, COMT
Val-allele, MAOA high-activity allele, DRD4 7-repeat allele, DRD2 A1-allele, and DAT
10-repeat allele) has been associated with a blunted response to ordinary reward cues in 
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the brain and low reward sensitivity (Pessiglione et al. 2006; Schultz, 2016). Specifically,
lower amounts of dopamine receptors might contribute to a reduced salience of positive
environmental stimuli (specifically from delayed rewards), increased theta-beta ratio
in resting state electroencephalography (EEG), and impaired reinforcement learning 
(Comings & Blum 2000; Massar, Kenemans, & Schutter, 2014). Thus, children with lower 
dopamine uptake might experience rewards as less salient and might therefore be less 
sensitive to reward-based socialization techniques such as praise or reward systems. 

Such gene-based neurobiological mechanisms might be found in different systems, 
such as cognitive and physiological, and can be measured through brain activity (e.g., 
EEG and functional magnetic resonance imaging (FMRI)), our stress response system 
(e.g., (variability in) heart rate, levels of cortisol and (nor)adrenaline), and information 
processing. Regarding physiological markers, evidence indicates that children’s heart 
rate variability (i.e., respiratory sinus arrhythmia, or RSA) may function as a “for-
better-for-worse” predictor of children’s susceptibility to parenting. For example,
RSA has been related to emotion regulation, and indirectly to behavioral control and 
psychopathology (Beauchaine & Thayer, 2015). Specifically, children with a lower heart 
rate variability show more anxiety in high-conflict families, but significantly less anxiety 
in low-conflict families, when compared to children with higher variability (El-Sheikh
et al., 2001). Similarly, children with high stress reactivity through RSA were found to 
be better adjusted in the context of low adversity, but poorer adjusted in the context of 
high adversity (Obradovic et al., 2011). Furthermore, skin conductance level response has 
shown to function as a vulnerability factor in the context of marital conflict and negative 
child outcomes (El-Sheikh, 2005).

Regarding cognitive markers, children might be differentially susceptible to the
development of cognitive biases to both negative and positive environmental contexts in a
for-better-for-worse manner. Fox and Beever (2016) reviewed evidence for such a ‘cognitive
bias’ hypothesis, illustrating that environmental influences, either positive or negative,
in combination with genetic susceptibility increase sensitivity to the environment and
produce what they call ‘toxic’ or ‘enhancing’ cognitive biases, which in turn affect an 
individual’s experience of wellbeing (Fox & Beever, 2016).  Future research should aim
to examine these endophenotypes jointly at these various pathways– cognitive and
physiological –and investigate them as symbiotic, explanatory mechanisms underlying
gene-by-parenting interactions in children’s problem and prosocial behavior. 

In sum, there is currently limited knowledge about the exact function of many 
genetic polymorphisms in the development of children’s reactivity and the appropriate
construction of genetic indices, and despite evidence from literature that children’s
susceptibility to environmental influences seem to be both gene- and endophenotype-
based, these susceptibility factors have however been investigated mostly in separate lines
of research. However, research indicates that the mechanisms through which genetic 
susceptibility operates are both physiological and cognitive in nature and most likely 
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function interdependently to symbiotically modulate susceptibility to environmental
influences in children and adolescents. We therefore suggest joint assessment of these
biological susceptibility factors as a next important step in research on children’s
differential susceptibility to parenting. This is important, because these mediators might 
form a bridge between genetic research and intervention research, because they are more
closely related to problem behavior and represent less invasive measures of individual
differences in susceptibility compared to genetic susceptibility measures (Dick, 2018).

Part II: Study Designs that Enable True Tests of Children’s Differential 
Susceptibility to Parenting

After addressing biological susceptibility factors such as children’s genetics and
endophenotypes that may underlie the developmental process through which G×E affects 
children’s externalizing behavior, the next crucial step is implementing a study design
that enables a true tests of children’s differential susceptibility to parenting. Here we 
first highlight the use of within-subject designs and then the implementation of both a
positive and negative environmental measure to provide a true test of the within-subject 
phenomenon of differential susceptibility.

Within-Subject Design 
Currently, most studies on children’s differential susceptibility to parenting have been 
conducted with between-subject designs. This means that the effects of a positive and
negative environmental influence were assessed, but compared across susceptibility groups
and not in terms of the magnitude of change in positive and negative outcome measures
within each individual. As such, a between-subject design does not allow to answer the
specific research question of whether the same child who profits most from positive 
parenting would also suffer most from inadequate parenting. Given that differential 
susceptibility represents a within-subject phenomenon, it is crucial that results from such
between-subjects designs are corroborated by results from within-subjects designs.

One of the first experimental within subject – and thus true tests of differential 
susceptibility− assessed children’s positive and negative affect and negative emotionality 
as a differential susceptibility factor by exposing children to both negative and positive
feedback by parents in the form of puppet role-plays (Slagt, Dubas, van Aken, Ellis, & 
Deković, 2017). Specifically, they hypothesized that if differential susceptibility were to 
hold, that children high on negative emotionality, receiving positive as well as negative
feedback would display greater changes in outcome measures (for-better: positive affect
and prosocial intentions; for-worse: negative affect and antisocial intentions) than children 
scoring low on negative emotionality. This study found that negative emotionality did
not moderate changes in positive or negative affect in reaction to negative and positive
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feedback (Slagt et al., 2017). The result did thus not support the differential susceptibility 
hypothesis. 

Negative Environmental Measures
Although within-subject designs are crucial, a potential problem arises when using them 
to assess parenting influences on children. Specifically, it is the ethical issue of having
participants undergo a negative environment induction, to assess the “for-worse” end of 
the differential susceptibility spectrum. Due to this, studies in which actual parent-child 
interactions are examined within the framework of the differential susceptibility hypothesis 
are limited in that they only stimulate positive parenting cognitions and behavior, lacking 
“for worse” environmental stimuli. This is understandable, given that it is clearly unethical
to experimentally induce family risk that potentially harms child development. However,
in order to assess the “for-better-and-for-worse” phenomenon of differential susceptibility, 
we also need a measure of the “for-worse” part of the spectrum. One way to overcome this 
is to (over)sample families that by default display behavior that is considered a “for worse” 
condition. If families, for example, adopt harsh parenting techniques, especially in the 
light of stressful tasks, then the unmanipulated control condition can function as a “for
worse” condition, eliminating the need to experimentally evoke this condition (Chhangur 
& Weeland et al., 2017). Even though it needs to be considered that intervention effects 
for at-risk or clinical family settings may merely produce a “less aversive” rather than 
a “for better” optimally functioning parenting environment, this design represents a 
good option to circumvent ethical issues associated with inducing negative parenting.
Nevertheless, this solution still warrants careful consideration and caution about ways to 
minimize burden and to provide these families with adequate help.

Part III: Proposed Research Paradigm

To truly test differential susceptibility we propose a research paradigm which integrates
susceptibility measures of several biological pathways in an experimental study that uses 
a within-subject design, testing a child’s susceptibility to both a positive and negative 
parenting environment. To test the negative parenting environment and circumvent
respective ethical issues, we suggest to use at risk-samples which are expected to display 
greater proportions of dysfunctional parenting behaviors in response to a stressful tasks.
We suggest to integrate polygenetic susceptibility markers and candidate endophenotypes 
(e.g., cognitive and physiological markers), which may mediate the relationship between
genetic susceptibility and behavioral outcomes. Figure 1 shows our conceptual mediated-
moderation model, specifying (a) the effect of positive (“for-better”) and negative (“for-
worse”) parenting on subsequent child behavior, (b) its moderation by a polygenetic 
susceptibility index, and (c) mediation of this moderation effect via endophenotypes
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at cognitive and physiological pathways. Theoretically, these mediators might be more
closely related to the problem behavior and possibly are easier, more specific, cheaper
and less invasive measures of individual differences in susceptibility compared to
genetic susceptibility measures (Dick, 2018). More importantly, they might form a bridge 
between genetic research and intervention research, by enabling us to identify important 
differential targets for intervention programs. Indeed, in a recent study on polygenic scores
previously associated with major depressive disorder, it was shown that in adolescents 
this association seemed to unfold via a combination of reduced parental monitoring and
adolescent personality (Okbay et al., 2016).

Figure 1. Conceptual Model for Testing G×E in a Microtrial.

Conclusion

Research on differential susceptibility has provided us with new insights in how genetic 
predisposition may express itself in endophenotypes that may explain why some children 
are more susceptible to both positive and negative environmental influences. However,
the field faces challenges regarding the assessment of biological susceptibility and study 
designs that assess children’s differential responses to parenting. In this paper, we aimed 
to discuss the current and future perspectives on children’s genetic- and endophenotype-
based differential susceptibility to parenting in their development of externalizing
behavior, and study designs that enable true tests of differential susceptibility. Lastly, we
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summarized our call for research in an experimental paradigm to test children’s gene- 
and endophenotype-based differential susceptibility. Promising results have appeared in 
the past decade on children’s biological susceptibility such as genetic predisposition, and
physiological and cognitive endophenotype functioning. We hope to increase interest in
assessing differential susceptibility measures using different biological pathways jointly 
in one paradigm, to explore the orchestrated effort of these pathways in determining
children’s susceptibility to parenting. Evident from this review is not only a demand
for new approaches to construct genetic indices and a conceptualization of genetic
susceptibility, but also the need for within-subject studies that also include tests of the
“for-worse” end of the differential susceptibility framework, to provide a true test of 
differential susceptibility. In a successful scenario, clinical practice could benefit in terms 
of efficacy, cost-effectiveness, and personalized parenting intervention strategies. 
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Abstract

Recent research indicates that some children are more sensitive to both negative and 
positive parenting than others and that certain endophenotypes might function as markers 
of this differential susceptibility. Specifically, we tested the differential susceptibility 
hypothesis that the association between negative parenting and child externalizing
behavior, and between positive parenting and child empathy would be stronger for 
children who reacted more strongly to positive and negative (parenting) stimuli on 
endophenotype measures of heart rate variability, skin conductance response and level,
attentional engagement and disengagement. Furthermore, we investigated whether there 
was a small highly sensitive subgroup of children that would respond relatively strongly 
to both the negative and positive (parenting) stimuli on the endophenotype measures.
Twenty-six parent-child dyads (children: Mage= 7.57, SD = 0.98; parents: Mage= 41.04, 
SD = 4.04) took part in an intensive series of lab assessments. Results were not in line
with the differential susceptibility hypothesis, but showed that the relationship between 
negative parenting and externalizing behavior was stronger for children who were slower 
to engage with negative parenting stimuli. Our expectation of finding a small cluster of 
children that would respond relatively strongly to the negative and positive stimuli on the
endophenotype measures differentiated from a larger group that responded less strongly 
to both, was met for the endophenotypes attentional engagement and disengagement. Due 
to the small sample size, findings need to be interpreted with caution. The study provides
valuable suggestions for future research aiming to assess children’s endophenotype-based 
susceptibility to parenting.

Keywords: differential susceptibility, endophenotypes, externalizing behavior, 
empathy, parenting, psychophysiology
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Physiological and Cognitive Endophenotype-based Differential 
Susceptibility to Parenting

The evolutionary-inspired perspective of differential susceptibility proposes that as a
product of natural selection, children vary in the degree to which they are influenced by 
their rearing experiences (Pluess & Belsky, 2010), with some individuals having highly 
reactive phenotypes, providing them with a heightened biological sensitivity to social and
ecological contexts (Boyce & Ellis, 2005). It is assumed that this difference in susceptibility 
to rearing experiences would confer reproductive fitness payoffs for parents, children, and 
their siblings (Belsky, 2005). Inspired by this evolutionary perspective, the differential
susceptibility hypothesis suggests that the same children who are most vulnerable to 
environmental adversity may also benefit most from environmental enrichment (Belsky 
& Pluess, 2009; Boyce & Ellis, 2005). Especially in the context of parenting, this “for better
and for worse” effect has found support, where it has been shown that due to certain
genetic variations or temperament traits, some children are more sensitive to both positive
and negative parenting than others (Bakermans-Kranenburg & Van IJzendoorn 2015;
Slagt et al. 2018).

Research has attempted to uncover how genetic variations eventually produce 
differences in susceptibility to the environment, investigating so-called endophenotypes, 
which are genetically informed, stable biobehavioral traits (Wong, Fox, Ng, & Lee, 2011).
Endophenotypes are relevant in studying differential susceptibility because they might
function as biological markers of an underlying genetic susceptibility that is directly 
measurable (APA, 2019). In the present study we investigated the associations between
positive parenting and child empathy (“for-better”) and negative parenting and child
externalizing behavior (“for-worse”), and how these associations would be moderated by 
children’s physiological (skin conductance, heart rate variability) and cognitive (attentional
bias) endophenotypes. We examined both a negative behavioral outcome, externalizing
behavior, and a positive behavioral outcome, empathy. We chose child empathy as an 
outcome variable representing positive behavioral development as literature consistently 
demonstrates the beneficial effects of positive parenting on the development of empathy 
in children (for a recent meta-analysis see Boele et al., 2019). 

Endophenotypes: Skin conductance, Heart Rate Variability and Attentional Bias 
The autonomic nervous system consists of two branches, the parasympathetic nervous
system (PNS) and the sympathetic nervous system (SNS). In situations of stress, the PNS
is inhibited due to a reduction in vagal influence on the sinoatrial node of the heart, 
enabling a fight-or-flight modus to cope with the challenge (Porges, 2007). Changes
in skin conductance (electrodermal activity), controlled by the SNS, are a measure of 
autonomic arousal, reflecting autonomic changes in the electrical potential of the sweat 
glands at the skin’s surface (Dawson, Schell, & Filion, 2007). Up to this date, there is little 
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research that investigates changes in skin conductance in response to parenting stimuli. 
However, with regards to other stimuli, in adults, literature generally shows that skin
conductance response (SCR) and skin conductance level (SCL) increase in response to
both positive and negative film clips and pictures of human interactions and faces (SCR:
e.g. Balconi, Vanutelli, & Finocchiaro, 2014; Bradley, Codispoti, Cuthbert, & Lang, 2001; 
Lang, Greenwald, Bradley, & Hamm, 1993; SCL-changes: e.g. Bos, Jentgens, Beckers, & 
Kindt, 2013; Gomez, Zimmermann, Guttormsen-Schär, & Danuser, 2005). Furthermore,
research shows that skin conductance increases when emotional pictures (whether 
pleasant or unpleasant) are viewed compared to neutral pictures (Lang et al., 1993).

In addition to skin conductance, we also examined heart rate variability (HRV), 
which is a measure of SNS and PNS interplay, indicating how flexible an individual is 
able to adapt to changes and regulate emotions (for reviews see El Sheik & Erath, 2011;
Beauchaine, Gatzke-Kopp, & Mead, 2007; Appelhans & Luecken, 2006). Literature
provides evidence of HRV modulating effects of both negative and positive social 
situations (for a meta-analysis, see Shahrestani et al, 2015). Most empirical research 
indicates that HRV declines in adults and children during a challenging situation, relative 
to baseline levels, which reflects that the body copes with the challenge at hand (e.g. 
Porges, 2007, 2011; Shahrestani et al., 2014; Shahrestani et al, 2015). For example, recent 
meta-analytical evidence (Shahrestani et al., 2014) shows hat in children of 0 to 12 years 
old, HRV decreased in response to socially stressful tasks (e.g. strange situation or still
face paradigm). Prior literature has also examined HRV as a moderator of effects of family 
adversity (for a review see El-Sheikh & Erath, 2011). For example, less HRV decline in
response to video-taped parent-child conflict (Gordis, Feres, Olezeski, Rabkin, & Trickett, 
2010), audiotaped parental arguments (e.g. El-Sheikh, Harger, & Whitson, 2001; El-Sheikh
& Erath, 2011), hostile–withdrawn coparenting (Leary & Katz, 2004), and audio-taped
marital conflict (for a review see Whitson & El-Sheikh, 2003; Katz & Gottman, 1995; El-
Sheikh & Whitson, 2006; Katz & Gottman, 1997) has been associated with stronger effects 
of negative parenting on child externalizing behavior (El-Sheik et al., 2001;Whitson & El-
Sheikh, 2003; El-Sheikh, 2001; Katz & Gottman, 1995; Katz & Gottman, 1997; El-Sheikh & 
Whitson, 2006; Gordis et al., 2010), peer conflict (Leary & Katz, 2004), and physical health
(Whitson & El-Sheikh, 2003).

With regards to positive social situations, the polyvagal theory proposes that an 
increase in HRV facilitates social interactions (Porges, 2007, 2011, Beauchaine et al., 2007) 
and refines social skills in dyadic interaction contexts (Appelhans & Luecken, 2006).
Research has shown that HRV increases when positive emotions such as cheerfulness and 
calmness are experienced (Geisler, Vennewald, Kubiak, & Weber, 2010) and that increases 
in HRV are associated with positive trait emotionality (Oveis, Cohen, Gruber, Shiota, & 
Haidt, 2009). For parent-child interactions there is indeed meta-analytic evidence that 
HRV in children increases in positive interactions (Shahrestani et al., 2014). In line with 
the polyvagal theory and prior literature supporting an increase in HRV in response to
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positive social situations and emotions, we expect to find that children’s HRV increases in 
response to positive parenting-related stimuli in the present study.

In summary, HRV and skin conductance have been assessed to both negative and 
positive parenting-related stimuli across studies, but not within the same study, thus not
allowing a test of differential susceptibility. Only a few studies have investigated children’s 
HRV and skin conductance as moderators of parenting-related stimuli, and these only 
included negative parenting and externalizing behavior, thereby excluding the “for-better”
side of the differential susceptibility spectrum (e.g. Kochanska, Brock, Chen, Aksan, & 
Anderson, 2015; El-Sheikh, Keller, & Erath, 2007; El-Sheikh & Erath, 2011). To address
this gap in the literature, we assessed changes in HRV and skin conductance in response to
both negative and positive parenting stimuli as moderators (i.e. differential susceptibility 
factors) in the associations between negative parenting and child externalizing behavior, 
and positive parenting and child empathy.

In addition to skin conductance and HRV, attentional bias might be an endophenotype 
related to genetic differential susceptibility. Accumulating literature demonstrates that 
children differ in their attentional processing of social cues. Although some children have
an attentional bias to either negative or positive cues (Davies, Thompson, Hentges, Coe, & 
Sturge-Apple, 2020), some children, e.g. depending on their genetic profile, show greater
negative as well as positive attentional bias (for a review see Fox & Beevers, 2016). For
example, in a study by Fox and colleagues (2011), participants were assigned to either 
a positive or negative attentional bias modification (ABM) procedure. Results showed
that following the ABM procedure, individuals with the SS-allelic variant displayed 
greater attentional bias to both positive and negative affective pictures. In the present 
study, we examined whether two facets of attentional bias, attentional engagement (when 
attention is captured by a stimulus) and attentional disengagement (when attention is held 
by a stimulus) function as differential susceptibility endophenotypes in the association 
between positive and negative parenting, and positive and negative child behavior.

Prior literature on differential susceptibility and related concepts such as “biological 
sensitivity to context” (Boyce & Ellis, 2005) and “sensory processing sensitivity” (Aron, 
Aron, & Jagiellowicz, 2012; Aron & Aron, 1997) indicates that only a minority of the 
population is highly sensitive. Previous research that examined subgroups of children’s
sensitivity to parenting found relatively small groups of highly reactive children ranging 
from 10-35% of the sample (Pluess et al., 2018; Slagt, Dubas, Ellis, Van Aken, & Deković, 
2019; Lionetti et al., 2018). In the present study, we therefore furthermore examined 
whether a small subgroup of highly susceptible children (10-35%) could be distinguished 
based on their skin conductance responses, HRV changes and attentional engagement and 
disengagement levels.
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Present Study
Our first aim was to examine whether physiological and cognitive endophenotypes 
moderated the associations between positive parenting and child empathy (“for-better” 
end of differential susceptibility spectrum), and negative parenting and child externalizing
behavior (“for-worse” end of differential susceptibility spectrum). We hypothesized that 
the association between negative parenting and child externalizing behavior, and between 
positive parenting and empathy would be stronger for children with 1) greater SCR to
negative/positive dynamic face expressions, 2) greater SCL-increase to a negative/positive 
parenting film clip, 3) less HRV-decline to a negative– and more HRV increase in response
to a positive parenting film clip, and 4) greater attentional engagement with– and slower 
disengagement from negative/positive parenting pictures. Our second aim was to assess 
whether a subset of children reacted strongly to both negative and positive (parenting) 
stimuli (i.e., a differentially reactive group), as assessed by the five endophenotype
measures of SCR, SCL-change, HRV-change, attentional engagement with- and attentional
disengagement from both negative and positive (parenting) stimuli. We hypothesized that 
there would be a relatively small cluster of children (approximately 10-35%) who would
respond relatively strongly to the negative and positive (parenting) stimuli, differentiated
from a larger cluster of children that responded less strongly to both.

Method

Participants and Procedure
The study included 26 parent-child dyads: of the children (Mage= 7.57, SD = 0.98) 16 were 
boys, and of the parents (Mage= 41.04, SD = 4.04) 21 were mothers. For most children, both 
parents were born in the Netherlands (20 mothers and 19 fathers) and most parents (14)
were either married or living together, around a third were single (7), and 2 came from
a blended family configuration, and 3 were ‘divorced or in a divorce’. Most of mothers’
(18) and fathers’ (14) highest education was university or higher vocational education, five
mothers and five fathers completed intermediate vocational education, and the rest of the 
mothers (3) and fathers (6) completed high school, and 1 father indicated the answer option
‘other’. Most parents were employed (23), and the remaining parents were stay-at home
parents (1) or indicated not working due to disability (2), or did not answer the question 
(1). The study was approved by the Ethics Review Board research ethics committee of 
the Faculty of Social and Behavioral Sciences, University of Amsterdam prior to start
(protocol number 2018-CDE-9210). 

Participants were recruited via primary schools within the city of Amsterdam. Schools
were approached via email and then followed up by phone call, and asked whether they 
would like to publish the invitation of the present study in their school newsletter.
Additionally, flyers of the study were handed out on the street to parents in front of schools
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and spread throughout the city of Amsterdam in public places. The invitation consisted
of a short description of the study and a link to a website, where parents could read the
information letter and sign up to participate. Parent and child were then invited to the 
University of Amsterdam Family Lab. There were no inclusion or exclusion criteria for
participation except that the envisioned criteria regarding age of participating children
was 6 to 8 years old, resembling a young age group of children that are still old enough to 
understand the present study tasks. Upon arrival, parents gave informed consent. Then, 
parent and child were guided to the computer where the child would complete three tasks,
organized in two blocks: in block 1 the information processing task, and in block 2 the 
dynamic face expressions task and the film clips task. The order of the two blocks was
counterbalanced and the order of the two tasks within block 2 was also counterbalanced.
In the film clips task, a negative and a positive parenting film clip was shown. The order 
of these two films was counterbalanced within this task. This resulted in a total of eight 
different orders, with participants randomly assigned to one. During both blocks, parents
were seated in another room than the children. During block 1, parents completed the
same information processing task as their child and during block 2, they completed 
questionnaires on a computer. Between block 1 and block 2 parents were brought back 
into the child’s room to be there for when the heart rate and skin conductance electrodes
were attached to the child. As a compensation for participation, parents were given a 10 
euro voucher and a brochure with parenting advice, and the child received a small gift.

Questionnaire Measures

Positive and Negative Parenting
Parents reported on their positive and negative parenting by filling out the Parenting 
Practices Inventory (PPI; Webster-Stratton, 2001). Items of the subscales of Positive Verbal
Discipline (9 items) and Praise and Incentives (11 items) were used to construct a measure
of positive parenting. Items of the subscales of Harsh and Inconsequent Discipline (15 
items) and Physical Punishment (6 items) of The Parenting Practices Inventory (PPI; 
Webster-Stratton, 2001) were combined to form a measure of negative parenting. For each
item, parents indicated how likely it was that they would implement a specific parenting 
practice in a certain situation on a 7-point Likert scale ranging from 1 (never) to 7 (r always), 
such as “Raise your voice” or “Praise or compliment your child”. All items were averaged 
to create a mean score (Cronbach’s α = 0.78 for positive parenting, and 0.79 for negative 
parenting).

Child Externalizing Behavior
Parents completed the externalizing behavior subscale of the Child Behavior Checklist
(CBCL; Verhulst, Koot, Akkerhuis, & Veerman, 1990) for ages 6-18, which consists of the
subscales Aggressive Behavior (18 items) and Rule-Breaking Behavior (17 items). Items 
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were scored on a 3-point Likert scale, ranging from 0 (totally not), 1 (a bit or sometimes),
to 2 (often), assessing how the child acts now or has acted in the past two weeks, such as 
“Steals from home” or “Threatens others”. Scores on all items were summed to create a
score of externalizing behavior (Cronbach’s α  = 0.90).

Child Empathy
The Gryffith Empathy Measure (GEM; Dadds et al., 2008) is a 23-item measurement
instrument of parent-reported empathy of their child, with items rated on a nine-point 
Likert scale ranging from 1 (strongly disagree) to 9 (strongly agree). Example items include
for example “My child gets upset when another person is acting upset“ ”, or “Seeing another 
child laugh makes my child laugh”. A mean score was computed across items (Cronbach’s
α  = 0.86).

Stimuli

Information Processing Task
Participants were presented with photos depicting negative parent-child interactions 
(negative stimuli) and positive parent-child interactions (positive stimuli) and neutral 
photos which depicted offices or waiting rooms (neutral stimuli). After completing a 
practice trial, the child completed the task, in which the participant saw a fixation-shape 
in the middle of the screen, which was followed by either a neutral, negative, or positive 
stimuli. After this stimuli, a probe– consisting of a shape like the fixation-shape- appeared
on either the right or left side of the screen. The duration of this probe was randomized
to be 1000 ms or 400 ms. If the probe appeared on the same side as the stimuli, then this
represented a “congruent” trial. In “incongruent” trials the probe appeared on the other 
side (Koster, De Raedt, Goeleven, Franck, & Crombez, 2005). For further details on the
procedure, see Supplementary Materials C.2. Incongruent trials were used to calculate a 
score of attentional disengagement by subtracting the mean reaction time to incongruent
neutral stimuli from the mean reaction time to incongruent negative/positive stimuli.
Congruent trials were used to calculate a score of attentional engagement by subtracting
the mean reaction time to congruent negative/positive stimuli from the mean reaction 
time to congruent neutral stimuli. (Koster et al., 2005, Waters, Mogg, Bradley, & Pine,
2008). 

Dynamic Face Expressions Task
The dynamic face expressions for this task were selected from the validated Amsterdam Set
of Face Expressions (ASFE; Van der Schalk, Hawk, Fischer, & Doosje, 2011). The dynamic 
face expressions showed an actor for 5 seconds, who turned from the side to frontal view,
portraying an emotional expression with increasing intensity. Face expressions were shown
in three blocks of eleven each. Each block started out with three neutral face expressions, 
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and then continued with eight emotional face expressions. The neutral face expressions 
served as pre-trial stimuli to allow the participant to become accustomed to the face 
stimuli. The eight emotional face expressions consisted of two emotional face expressions
for each of the four emotions: anger, contempt, joy, and pride. For each emotion, one of the
two expressions was acted out by a male, and the other one by a female. One of them was
randomized to be of northwest-European ethnicity, and the other one of Mediterranean 
ethnicity. Between each face expression, a ten second clip of a nature scene (slow moving
ocean water) was shown, to allow for a return back to baseline. Trial time for each block 
was 165 seconds, resulting in a total trial time of eight minutes and 25 seconds. The child 
was instructed that it would see a variety of face expressions and nature scenes, and to 
simply look at the presentation without doing anything else.

Film Clip Task
There were three types of film clips in this task: a baseline, a positive parenting, and a
negative parenting film clip. Each baseline film clip consisted of a muted uneventful excerpt 
of 300 seconds from an episode of the cartoon series of Mr. Bean. The negative parenting 
film clip was a 90-seconds scene from the Dutch movie “Voetbalvader” (Soccerdad) by 
Jiskefet, where a father scolds his son for performing poorly in a soccer match. The positive
parenting film clip was a 95-seconds production of the research team of the present study, 
where a father praises and shows warmth towards his son after a tennis match. Before and 
after each emotional film clip a baseline film clip was presented. The order of the negative 
and positive parenting film clips was counterbalanced. The total time of the film clips task 
was 18 minutes. As a manipulation check, children were asked to indicate ‘how they liked
the father in the movie’ by circling one of five smileys ranging from angry to happy after 
each parenting film clip (see Supplementary Materials C.1). Children liked the father in 
the negative clip significantly less than the father in the positive clip, t(24)= -31.18, p< .001.

Endophenotypes

Heart Rate Variability (HRV) Changes
Electrocardiograms (ECG) were made using a custom made portable amplifier with a 1GΩ 
input resistance and a bandwidth of 0.1Hz (6dB/oct) to 250Hz (24 dB/oct) containing 
a National Instruments NI-USB6210 A/D converter to digitize the analogue data at a
rate of 1000 S/s. Vsrrp98 was used to record and analyze heart rate variability (Vsrrp98
v11, University of Amsterdam, 1998-2018). We used three disposable pre-gelled Ag/AgCl 
3M Red Dot electrodes to measure ECG in LEAD-II configuration. Two electrodes were 
attached left and right just beneath the collar bone, and the third (ground) electrode on the
left side of the stomach. Heart rate data was analyzed using Vsrrp98, a program that detects
r-tops from the ECG recording and calculates heart rate variability with the root mean 
square of successive differences in inter-beat-intervals, allowing a maximum difference
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of +/- 33% in successive inter-beat-interval lengths for heart rate variability (Molenkamp, 
2011). The ECG signal was cleaned with a 50Hzm 4th order Butterworth low pass filter to 
increase the accuracy of the r-top search algorithm. HRV-changes were assessed during
the film clips task. In order to assess children’s HRV-changes to the emotional film clips, 
the mean of HRV for the last 90 seconds of the baseline, positive, and negative film clips
were recorded. A difference score was then calculated by subtracting the HRV mean of 
the emotional film clip (negative or positive parenting film clips) from the HRV mean of 
the preceding baseline film clip (Zeegers et al., 2018). Positive values indicate a decrease in
HRV, signifying greater emotion regulation to the emotional film clip, whereas negative 
values indicate an increase in HRV

Skin Conductance Responses (SCR)
Skin conductance measures were recorded with a portable amplifier using a sine wave
shaped excitation voltage (1V pk-pk, 50Hz) on the electrodes. Electrodes were custom 
made curved Ag/AgCl electrodes with a dimension of 20x16mm, applied to the middle 
phalanges of the middle and ring finger of the left hand and measured in microsiemens. 
Vsrrp98 was used to record and analyze skin conductance (Vsrrp98 v11, University of 
Amsterdam, 1998-2018). SCR was assessed in response to the dynamic face expressions
task, and defined as increases in amplitude of at least 0.100 microsiemens occurring 
during the stimulus presentation. This increase in amplitude was calculated by Vsrrp98 as 
the difference between minimum and maximum SCR during the presentation interval of 
the dynamic face expression (Bublatzky, Guerra, & Alpers, 2018). No SCRs were generated 
for responses where the maximum value occurred before the minimum (Molenkamp,
2011). All SCRs to anger and contempt expressions were averaged into a score of ‘negative’ 
face expressions, and all SCRs to joy and pride expressions were averaged into a score of 
‘positive’ face expressions (e.g. Skwerer et al., 2008). Since the neutral faces served merely 
as pre-trial stimuli to allow the participant to get accustomed to faces, these were not 
included in the data analyses (Skwerer et al., 2008). Higher SCR reflects greater arousal 
due to greater SNS activation.

Skin Conductance Level (SCL) Changes
In order to assess children’s changes in SCL in response to the film clips, the mean of 
SCL for intervals of each 10 seconds for the last 90 seconds of both the baseline, positive 
parenting, and negative parenting film clips were computed (Bos, Jentgens, Beckers, & 
Kindt, 2013), yielding nine SCL means, of which the maximum value was used for analysis.
For the baseline film clips, the average of the nine SCL means was computed. To compute 
SCL-changes in response to the emotional film clips, a difference score was calculated by 
subtracting the average of SCL means of the baseline film clip that preceded the emotional 
film clip from the maximum SCL value of the emotional film clips (e.g., El Sheikh, 2007). 
A larger difference score reflects a greater increase in SCL from the baseline film clip to 
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SCL to the emotional film clip, signifying a larger increase in arousal due to greater SNS 
activation.

Attentional Bias
We utilized a modified version of the Posner (1980) exogenous cueing task (see Koster et 
al., 2005; Waters et al., 2008), which allowed us to distinguish between the engagement
and disengagement components of attentional bias (Cisler & Koster, 2010). Attentional 
engagement and disengagement were calculated on the basis of reaction times (RT) in
milliseconds to the positive, negative and neutral stimuli. Attentional engagement to
negative/positive stimuli was calculated by subtracting the mean RT to congruent negative/
positive stimuli from the mean RT to congruent neutral stimuli. The greater the scores, 
the greater (faster) the attentional engagement to negative/positive parenting photos. 
Attentional disengagement from negative/positive stimuli was calculated by subtracting
the mean RT to incongruent neutral stimuli from the mean RT to incongruent negative/
positive stimuli (Koster et al., 2005; Waters et al., 2008). The greater the scores, the slower
the disengagement from negative/positive parenting photos, respectively. 

Data Analysis
The study was pre-registered at the Open Science Framework (doi: 10.17605/OSF.
IO/5WXSU). Details on missing data, outliers, and assumptions can be found in
Supplementary Materials C.2. To assess whether parenting was associated with child 
behavior outcomes, multiple linear regression analyses were conducted in SPSS (version 
25) with the Hayes’ PROCESS macro (Hayes, 2017). Child externalizing behavior and child 
empathy were outcomes. Next, we examined whether associations between positive and 
negative parenting stimuli and externalizing behavior and empathy were moderated by 
each of the five endophenotypes (SCR, SCL-change, HRV-change, attentional engagement 
and disengagement). All analyses were run with sex of the child as a covariate. We 
generated 95% bias-corrected confidence intervals using 5,000 bootstrap samples using
ordinary least squares estimation (Hayes, 2017). The moderator and independent variables 
were centered on their mean prior to analyses within PROCESS. If the analyses revealed a
significant interaction, regions of significance were generated with the Johnson-Neyman 
technique (see e.g., Bauer & Curran, 2005).

To identify whether there might be homogenous groups of cases that indicate a
differential susceptibility pattern we conducted five hierarchical cluster analyses using
wards linkage method, one for each of the endophenotypes. The squared Euclidean
distances were used as the distancing metric (e.g. Doron, Trouillet, Maneveau, Neveu,
& Ninot, 2015). A two-cluster solution was examined to see if a relatively small cluster
of children who responded strongly to both the negative and positive (parenting) cues 
was differentiated from another cluster. To visualize the two clusters, scatterplots were 
generated for SCR, SCL-change, HRV-change, attentional engagement and attentional
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disengagement, with responses to the positive stimuli on the x-axis and to the negative
stimuli on the y-axis.

Results

Descriptive Statistics

Questionnaire Measures
Descriptives and correlations for the study variables are displayed in Table 1. Parents
reported high levels of negative and positive parenting, see Table 1. Parents reported levels
of child externalizing behavior that were in the normal range (Achenbach, 2001). Child 
empathy had a mean score of 6.23 (SD= 1.06), which represents empathy scores in the 
upper half of the respective nine-point Likert scale ranging from 1 (strongly disagree) to
9 (strongly agree).

Endophenotype Measures
The mean score on SCRs to positive dynamic face expressions was slightly higher 
than the mean score on negative dynamic face expressions, but this difference was not
significant, t(24)= -1.87, p= .073. This is in line with the idea that SCR is an endophenotype
that indicates sensitivity to context regardless of valence. The mean SCR to positive 
dynamic face expressions differed significantly from zero, t(24)= 4.67, p< .001, and for 
negative dynamic face expressions as well, t(24)= 4.50, p< .001, indicating that there were 
significant SCRs to positive and negative dynamic face expressions. SCL also significantly 
increased in response to both the negative (t(23)= -6.33, p< .001) and positive parenting
video (t(23)= -5.51, p< .001) relative to baseline. There were no significant differences in 
the mean SCL-change to the positive versus negative parenting film clip (t(22)= 1.21, p=
.24). For HRV-change, there were no significant differences in HRV-change between the 
positive and the negative parenting film clip (t(22)= 0.66, p= .519). Furthermore, results
showed that participants disengaged equally fast from positive and negative (relative to
neutral) pictures, t(21)= -0.05, p= .961. Participants also engaged equally fast to positive
and negative (relative to neutral) pictures, t(21)= -0.81, p= .429.

Correlational Analyses
Correlations are displayed in Table 1. Negative parenting was significantly associated
with more child externalizing behavior, whereas positive parenting was not associated 
with child externalizing behavior. Externalizing behavior and empathy were not signi-
ficantly correlated. There were no significant correlations between either positive or
negative parenting and the endophenotype measures, except that negative parenting was
negatively associated with disengagement from negative parenting pictures. There were no 
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significant correlations between either child externalizing behavior or child empathy and
the endophenotype measures, with the exception of one correlation, where child empathy 
was negatively correlated with SCRs to negative dynamic face expressions. Regarding
correlations between endophenotype measures, the following four (from 45) correlations
were significant and all positive: SCRs to positive dynamic face expressions and SCRs
to negative dynamic face expressions, SCL-changes to positive parenting film clip and
SCRs to negative dynamic face expressions, disengagement from negative parenting 
pictures and disengagement from positive parenting pictures, and engagement to negative
parenting pictures and engagement to positive parenting pictures.

Research Aim 1: Moderation Analyses
The results of the moderation analyses are displayed in Tables 2 and 3. The overall model
was significant in the model where attentional engagement was tested as a moderator in 
the association between negative parenting and child externalizing behavior, F(4,14)=
3.47, p = .036, R2 = .50. The overall models where SCR, SCL-change, HRV-change, and 
attentional disengagement were tested as moderators in the association between negative
parenting and child externalizing behavior were not significant (SCR: F(4,18)= 1.15, p =
.364, R2 = .20; SCL-change: F(4,17)= 1.15, p = .269, R2 = .25; HRV-change: F(4,17)= 1.81, p
= .173, R2 = .30; attentional disengagement: F(4,14)= 2.91, p = .060, R2 = .45). Furthermore,
none of the overall models were significant where the endophenotype measures were each
tested as moderators in the association between positive parenting and child empathy 
(SCR: F(4,18)= 0.53, p = .714, R2 = .33; SCL-change: F(4,17)= 0.98, p = .444, R2 = .43; HRV-
change: F(4,17)= 0.60, p = .671, R2 = .35; attentional engagement: F(4,14)= 0.81, p = .542, 
R2 = .19 attentional disengagement: F(4,14)= 0.46, p = .763, R2 = .12).

For attentional engagement results indicated a moderation effect, and also a positive
main effect of negative parenting on child externalizing behavior was found. For the
moderation effect, the Johnson-Neyman interval revealed that when engagement was zero
and lower, negative parenting and externalizing behavior were significantly related (t(14) 
= 2.15, p = .05, b = 4.10). In other words, for children who were slower to engage with
negative parenting photos, the relationship between negative parenting and externalizing
behavior was stronger (see Figure 1).

For attentional disengagement results indicated a moderation effect, and also a positive 
main effect of negative parenting on child externalizing behavior was found. In this model, 
a significant proportion of the total variance in the outcome was uniquely attributable to 
the interaction, R2

change = 0.25, F(1, 14) = 6.30, p = .025, with a medium to large effect size 
of Cohen’s f2ff = 0.33 (Cohen, 1988). Specifically, the Johnson-Neyman interval revealed that
when disengagement was zero and lower, negative parenting and externalizing behavior
were significantly related (t(14) = 2.15, p = .05, b = 4.95). In other words, for participants 
faster to disengage from negative parenting pictures, the relationship between negative
parenting and externalizing behavior was stronger (see Figure 2).
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Chapter 5

Figure 1. Attentional Engagement Moderates the Association Between Negative Parenting and Child  Externalizing
Behavior.

Note. The simple slopes analysis demonstrated a slope of 12.76 (SE= 3.51, p= .003) for “low” levels (1 SD below the
mean), a slope of 5.77 (SE= 1.98, p= .012) for “average” levels (the mean), and a slope of -1.23 (SE= 2.68, p= .654)
for “high” levels on engagement (1 SD over the mean).

Figure 2. Attentional Disengagement Moderates the Association Between Negative Parenting and Child  Externalizing
Behavior.

Note. The simple slopes analysis demonstrated a slope of 9.11 (SE= 2.83, p= .006) for “low” levels (1 SD below the
mean), a slope of 3.29 (SE= 2.41, p= .193) for “average” levels (the mean), and a slope of -2.53  (SE= 3.78, p= .514)
for “high” levels on disengagement (1 SD over the mean).
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Results showed that neither SCR, SCL-change, nor HRV-change moderated the
association between negative parenting and child externalizing behavior. A positive
main effect of negative parenting on child externalizing was found in these models.
Furthermore, results showed that none of the endophenotype measures moderated the
association between positive parenting and child empathy, and no main effects were
found. Child sex was not significant in any of the models.

Research Aim 2: Cluster Analyses
Figure 3 displays the scatterplots for the individual cluster analyses for all five endopheno-
types (SCR, SCL-change, HRV-change, attentional engagement, attentional disengagement, 
in the respective order from left to right). When examining the relative sizes (N) of cluster
group 1 versus cluster group 2 (see Table 4), it becomes apparent that the cluster profiles 
for attentional engagement and attentional disengagement met the expected profile of 
a smaller, highly reactive cluster group differentiated from a larger less reactive cluster 
group. Specifically, the smaller highly reactive cluster group for engagement comprised 
31.8% (n = 7) of the present study’s sample, representing a small ‘highly susceptible’ subset 
of children (cluster 2) that reacted strongly in terms of attentional engagement to both
negative and positive (parenting) stimuli. Similarly, for attentional disengagement, the 
smaller ‘highly susceptible’ subset of children (cluster 2) that disengaged slower from 
(and thus had greater attentional bias to) both negative and positive (parenting) stimuli
comprised 36.4% (n = 8) of the study’s sample.

For the endophenotypes SCR, SCL-change, and HRV-change there was also a cluster 
group (cluster 2) where there were heightened responses to both negative and positive 
stimuli (in terms of higher SCR, greater SCL-change, and greater HRV-decrease)
differentiated from another cluster group (cluster 1) with weaker responses to both 
negative and positive stimuli. However, the cluster with heightened responses to negative 
and positive stimuli did not comprise approximately 10-35 % of the study’s sample, but 
consisted of around half of the study’s sample for SCR (48%) and SCL-change (47.83%),
and consisted of only one participant for HRV-change (4.76%). However, similar to the 
clusters for engagement and disengagement, there was no cluster group that was more
strongly responsive to either positive or negative stimuli, regardless of group size.

Exploratory Analyses
Table 4 displays the cluster group means (and standard deviations) of all five endopheno-
types to positive and negative stimuli type, and the outcomes of independent samples
t-tests assessing whether the cluster group means differed significantly. Results indicate 
that for all endophenotypes the reactions and attentional bias to the positive and negative 
stimuli were significantly stronger in cluster group 2 (in terms of higher SCR, greater
SCL-increase, faster engagement and slower disengagement) than in cluster group 1. In
regards to the means of the variables child externalizing behavior, child empathy, negative 
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parenting, and positive parenting, results show no difference between cluster 1 and cluster
2 for none of the endophenotype cluster analyses, with the exception of a significant
difference between cluster group 1 and cluster group 2 on child empathy in the cluster 
analyses for attentional disengagement, with empathy higher in cluster 1. Furthermore
there was also a significant difference between cluster group 1 and cluster group 2 on
negative parenting in the cluster analyses for attentional disengagement, with negative 
parenting higher in cluster 2.

Chapter 5

Figure 3. Scatterplots of Endophenotype Measures.

Note. From left to right: mean SCRs to negative and positive dynamic face expressions, SCL-changes to negative 
and positive parenting film clips, HRV-changes to negative and positive parenting film clips, mean attentional 
engagement to negative and positive parenting pictures, mean attentional disengagement to negative and positive
parenting pictures.
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Table 4. Descriptives by Cluster Group and Respective Independent Samples t-Tests.

   Cluster 1 (N= 13) Cluster 2(N=12) t-test
Variable M  SD M SD     t df p
SCR neg .19 .22 1.29 0.74 -4.971 12.81 <.001
SCR pos 0.22 0.19 1.60 0.99 -4.741 11.77 <.001
CEB 7.08 5.99 11.67 8.77 -1.521 19.24 .146
CEMP 6.63 1.00 5.88 1.01 1.86 23 .076
Neg. PB 2.59 .63 2.74 .75 -.52 21 .610
Pos. PB 4.97 .60 4.54 .59 1.75 21 .095

   Cluster 1 (N= 12) Cluster 2 (N=11)
Variable M SD M SD     t df p
SCL-Δ neg .10 1.29 3.94 2.36 -4.90 21 <.001
SCL-Δ pos .91 1.93 4.76 1.89 -4.83 21 <.001
CEB 9.42 9.04 9.91 6.72 -0.15 21 .884
CEMP 6.25 1.09 6.33 1.17 -0.17 21 .863
Neg. PB 2.79 .59 2.48 .75 -1.10 20 .285
Pos. PB 5.00 .65 4.57 .57 1.64 20 .120

Cluster 1 (N= 20) Cluster 2 (N=1)
Variable M  SD M SD     t df p
HRV-Δ neg -.68 10.10 64.31 - -6.281 19 <.001
HRV-Δ pos -.26 13.35 31.24 - -2.301 19 .033
CEB 9.95 7.87 2.00 - .991 19 .337
CEMP 6.34 .91 5.70 - .701 19 .493
Neg. PB 2.65 .62 1.62 - 1.16 18 .124
Pos. PB 4.79 .67 4.85 - -.09 18 .931

Cluster 1 (N= 15) Cluster 2 (N=7)
Variable M  SD M SD    t      df p
ENG neg -.04 .05 .04 .03 -3.55 20 .002
ENG pos -.03 .05 .06 .04 -4.45 20 <.001
CEB 8.40 7.58 8.71 6.97 -0.09 20 .927
CEMP 6.45 .96 5.37 .92 2.47 20 .022
Neg. PB 2.45 .62 2.93 .78 -1.45 17 .142
Pos. PB 4.92 .68 4.43 .54 1.54 17 .931

Cluster 1 (N= 14) Cluster 2 (N=8)
Variable M SD M SD     t df p
DISENG neg -.05 .03 .08 .06 -7.02 20 <.001
DISENG pos -.04 .09 .06 .07 -2.56 20 .019
CEB 8.63 7.44 8.43 7.38 -0.06 20 .953
CEMP 6.25 1.08 6.02 1.08 -0.48 20 .638
Neg. PB 2.18 .53 2.84 .68 2.24 17 .039
Pos. PB 5.01 .58 4.61 .70 -1.30 17 .217

Note. T-test: 1equal variances not assumed; SCR neg= skin conductance responses to negative dynamic face
expressions, SCR pos= skin conductance responses to positive dynamic face expressions, SCL-Δ neg= skin 
conductance changes to negative parenting film clip, SCL-Δ pos= skin conductance changes to positive
parenting film clip,  HRV-Δ neg= heart rate variability changes to negative parenting film clip, HRV-Δ pos= 
heart rate variability changes to positive parenting film clip, ENG neg =  attentional engagement to negative 
parenting pictures, ENG pos = attentional engagement to positive parenting pictures, DISENG neg =  attentional 
disengagement from negative parenting pictures, DISENG pos = attentional disengagement from positive 
parenting pictures, CEB= child externalizing behavior, CEMP= child empathy, Neg. PB= negative parenting 
behavior, Pos. PB= positive parenting behavior.
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Discussion

The present study assessed whether the physiological endophenotypes of heart rate variability, 
skin conductance response and skin conductance level, and the cognitive endophenotypes 
of attentional engagement and disengagement moderated the associations between negative 
parenting and child externalizing behavior, and positive parenting and child empathy. The
results showed that negative parenting was associated with heightened child externalizing 
behavior in all models. However, no significant associations were found between positive
parenting and externalizing behavior. In addition, we found that as children were slower
to engage with (meaning they had less attentional bias to) negative parenting pictures, the
relationship between negative parenting and child externalizing behavior became stronger.
Furthermore, we found that as children were faster at disengaging from (meaning they 
had less attentional bias to) negative parenting pictures, the relationship between negative
parenting and externalizing behavior became stronger. In contrast, no moderation effects
were observed for the other endophenotypes (i.e., SCR, SCL-change, HRV-change) neither in
the association between negative parenting and externalizing behavior, nor in the association
between positive parenting and empathy. Regarding the association between positive
parenting and child empathy, none of the endophenotypes moderated this relationship. 
In regards to our second main research question, our hypotheses were (partially) in line
with a differential susceptibility pattern: the results of the cluster analyses showed that the
cluster profiles of the two cluster solutions for attentional engagement and disengagement
corresponded to the pattern of one smaller highly reactive cluster group which comprised
approximately 10-35 % of the study’s population, differentiated from another larger less 
reactive cluster group. For the other endophenotypes, also a pattern of one highly reactive 
cluster group (cluster 2) and another, larger, less reactive cluster group (cluster 1) was found. 
However, the sizes of those highly reactive cluster groups did not correspond to a smaller
cluster of approximately 10-35% of the study’s population.

The findings that in children with slower engagement and faster disengagement, the 
association between negative parenting and child externalizing behavior was stronger do 
not fit with a differential susceptibility perspective, but rather with literature illustrating 
hypo-responsivity to emotional stimuli in children with externalizing behavior and
callous-unemotional (CU) traits. As such, studies on children with CU traits have 
consistently demonstrated diminished sensitivity and failure to attend to emotional 
expressions (e.g. Blair, 2008) and eye-regions (e.g. Billeci et al., 2019) of people’s faces. 
This, however, remains speculative as we did not explicitly differentiate between subtypes
of externalizing behavior and we further only found this hypo-responsivity pattern for 
attentional bias but not for the physiological endophenotype measures. Last, it needs to 
be considered that the present study was conducted on a small sample, which poses an
increased chance of type-I error, warranting a cautious interpretations of the findings.

In light of the second research aim, the findings of a small ‘highly susceptible’ group 
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that showed greater attentional bias in terms of engagement and disengagement, next 
to a larger ‘less susceptible’ group are in line with related recent research on children’s
differential susceptibility to parenting, which shows a similar pattern of a smaller highly 
reactive group to positive and negative emotions of their mother, and a respective larger
average reactive group (Slagt et al., 2019). Interestingly, the results also show that for
the ‘highly susceptible’ group (Cluster 2) there seems to be a pattern of higher negative
parenting and lower positive parenting, combined with higher externalizing behavior and
lower empathy for the highly susceptible group for the cluster analyses on engagement
and SCR. The same pattern emerged for the cluster analyses on disengagement, with the 
exception of externalizing behavior being higher in the less susceptible group (Cluster
1). These findings suggests that the highly susceptible group may represent a different
subpopulation of children, that experience more negative parenting than those in the 
less susceptible cluster. Taken together, our results show that there was indeed a group of 
children that was directly reactive to experimentally manipulated parenting stimuli in a 
“for-better-and-for-worse” manner, but we also found that there was a group of children 
that was more responsive to negative—but not positive—parenting stimuli that exhibited
greater externalizing behavior. Together, the moderation results and the findings of the
cluster analyses seem to suggest the existence of different types of susceptible children in 
regards to attentional engagement and disengagement.

Specifically, these findings highlight an important aspect in regards to the assessment
and conceptualization of differential susceptibility. Specifically, most previous differential 
susceptibility research indicates that some children are more susceptible to the effects of 
positive and negative parenting by studying their susceptibility to naturally occurring 
variation in the environment, usually in regards to long-term developmental trajectories
(e.g. Belsky & Pluess, 2009; Ellis et al., 2011). However, the present results suggest that 
certain children also show direct stronger responses to positive and negative parenting 
stimuli, as reflected immediately—with faster attentional engagement to positive and
negative parenting pictures. This short-term assessment of differential susceptibility, or
“differential reactivity” (Slagt et al., 2019), has been investigated to a far lesser extent 
than the more commonly studied long-term developmental perspective of differential
susceptibility (e.g. Belsky & Pluess, 2009; Ellis et al., 2011). Whereas the long-term
differential susceptibility approach depends on assessment of variation as it naturally 
occurs in the environment, short-term assessment of differential susceptibility focuses on
assessing immediate changes following children’s exposure to experimentally manipulated
stimuli or environments (e.g., Sasaki et al., 2013; Slagt, Dubbas, van Aken, Ellis, & Dekovic, 
2019; Quas, Bauer, Boyce, 2004). Such tests are vital to testing differential susceptibility,
as not every individual experiences the same variation in regards to positive and negative
parenting experiences in the natural environment. Therefore, using endophenotypes to 
assess children’s direct physiological and cognitive responses to positive and negative
parenting can yield valuable insights to the conceptual understanding of differential 
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susceptibility and its underlying biological pathways. All in all, the present study and 
prior literature demonstrating differential reactivity highlight the importance of also 
studying differential susceptibility from a short-term – above and beyond a long-term 
developmental perspective– to demonstrate proof of principle of differential susceptibility.

A recent study assessed both differential reactivity and differential susceptibility, by 
assessing whether the same children who exhibited stronger immediate emotional reactivity 
to mothers negative and positive emotions were also those most affected by negative and
positive parenting in their later externalizing behavior and prosocial development. The
results supported differential reactivity but not differential susceptibility, indicating that
children showing immediate “for-better-and-for-worse” emotional reactivity to parenting
do not necessarily show more susceptibility to parenting in their long-term development
(Slagt et al., 2019). These differences may be explained from a neurobiological perspective, 
in which immediate differential reactivity relies on neural connections that have already 
been established to produce a phenotypic outcome (Stamps, 2016; Snell-Rood, 2013), 
whereas developmental differential susceptibility may rely on the formation of new neural 
connections occurring over a longer time span (Slagt et al., 2019).
Overall, we encourage future research to incorporate the use of intermediate phenotypes 
(endophenotypes), to examine how these genetically-informed, directly measurable 
biobehavioral traits relate to differential susceptibility on a micro versus macro timescale.
The present study results are in line with studies indicating support for differential reactivity 
(e.g. Sasaki et al., 2013; Slagt, Dubbas, van Aken, Ellis, & Dekovic, 2019; Quas, Bauer,
Boyce, 2004), highlighting the usefulness of implementing endophenotype measures to 
assess children’s direct responses to parenting (stimuli) and thereby shedding light onto
the biological systems implicated in children’s (differential) susceptibility. By furthermore 
assessing differential susceptibility on both the large and small timescale jointly in future
research, we can gain further valuable insights into immediate versus developmental 
biobehavioral processes underlying differential susceptibility. This may yield valuable
insights into the conditions (e.g. developmental time window) under which differential
susceptibility may operate, thereby advancing our understanding and conceptualization.

There are a few limitations in the present study. First, because of the cross-sectional 
research design no conclusions can be made about how specific endophenotypes affect 
children’s development of externalizing behavior over time. Furthermore, parents
reported both on their parenting and child behavior, with such a uni-informant approach 
potentially biasing respective associations. Notwithstanding these limitations, the present 
study still yields a valuable contribution, in part based on its focus on both positive 
and negative parenting practices, which allows testing of the differential susceptibility 
hypothesis. Furthermore, most studies which do provide a measure of both negative and 
positive parenting with the goal of testing differential susceptibility often only implement 
a negative outcome variable, such as child externalizing behavior. In the present study 
we provided such a positive child outcome measure (child empathy) to be able to
conduct a stringent test of differential susceptibility. Lastly, this study comprised various 
extensive psychophysiological assessments, namely two different facets of attentional 
bias (engagement and disengagement), HRV-change and two different skin conductance8484
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measures: SCR to assess event-related responses to a specific stimuli of a short time
window (dynamic face expressions), and SCL-change to assess the basal slow changing 
skin conductance levels in an individual in response to longer-lasting stimuli (parenting 
film clips).

In conclusion, the results of the present study need to be interpreted with caution due
to the low sample size and power; however, the study yields valuable recommendations
for future research aiming to assess differential susceptibility to parenting with
endophenotype-based measures. The results provided partial support for a differential
susceptibility perspective, finding preliminary evidence for the existence of a highly 
susceptible versus a less susceptible group for attentional engagement and disengagement
to positive and negative parenting pictures. However, given that the moderation results did
not show such a differential susceptibility pattern, more research is needed to understand
how different assessment approaches of differential susceptibility may capture different
types of susceptible children. Assessing endophenotypes may therefore represent a useful
measure for future research to investigate how immediate cognitive and physiological 
reactivity underlies differential reactivity to parenting stimuli. In future research this
could be compared to how endophenotypes modulate long-term associations between
parenting and child developmental trajectories, to improve our understanding of the
conditions (e.g. time windows) under which differential susceptibility may operate. This, 
combined with explicitly differentiating between subgroups of externalizing behavior
may represent a first helpful step in elucidating the role that attentional bias and also
physiological measures such as skin conductance and heart rate variability may play as
endophenotypic susceptibility factors in children’s development of externalizing behavior 
and positive behavior outcomes.
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The overarching aim of the present dissertation was to examine which biologically informed 
susceptibility factors, such as dopaminergic genetic variants and endophenotypes at the 
physiological and cognitive level underlie children’s and adolescents’ susceptibility to the 
parent and peer environment in their development of externalizing and prosocial behavior.
One review (Chapter 4) and three empirical studies (Chapters 2, 3, and 5) were conducted 
to investigate this question. In this chapter, a summary and overarching discussion of the
research findings is provided. In the second part of this chapter, strengths and limitations
of the studies are discussed, followed by suggestions for future research.

Summary of Main Findings
In Chapter 2 we investigated whether a polygenic index (of the dopamine polymorphisms 
DRD4, DRD2, DAT1, MAOA, and COMT) underlies children’s susceptibility to parenting
in their development of externalizing behavior. We aimed to expand prior research on
children’s genetic susceptibility to parenting that has predominantly examined either 
single candidate genes or a dichotomous genetic index, by implementing a continuous 
polygenic index. With this approach, specific regions of statistical significance could
be identified in the genetic moderation of the association between parenting and the
outcome variable (Bauer & Curran, 2005), expanding on prior research that has shown
that multiple genes act in a cumulative manner to explain susceptibility to environmental 
contexts (Belsky & Beaver, 2011; Dick, 2011; Dick et al., 2015). We reported on data from a
3-wave longitudinal study including 190 families with 4 to 8 year old children at-risk for 
externalizing behavior problems. Parents reported on questionnaire measures of negative 
and positive parenting and their child’s externalizing behavior. With a moderation 
analysis we tested whether the continuous polygenic index moderated the associations 
between negative and positive parenting and children’s later externalizing behavior in a
“for-better-and-for-worse” manner. The results of this longitudinal study were not in line 
with our expectation of a differential susceptibility effect, namely that the associations 
would become stronger with increasing scores on the polygenic susceptibility index. In 
contrast, we found that for children with a higher score on the polygenic index, positive 
parenting was related to a decrease in externalizing behavior—but rather than that this 
effect was less strong for children with lower scores on the polygenic index, positive
parenting was related to an increase in externalizing behavior for them.

In Chapter 3, we aimed to expand the literature that primarily investigates children’s 
differential susceptibility to the parenting-context by investigating adolescents’
differential susceptibility to the peer-context, in addition to the parent-context. We
conducted a 2-wave, 2-year longitudinal study with 177 adolescents (Mage= 13.34 years, 
SDage= 1.05 at wave 1), in which adolescents reported on questionnaire measures of their 
relationship with parents and their best friend, and their externalizing behavior. With
moderation analyses, we investigated whether for adolescents with high levels of sensory 
processing sensitivity there would be stronger associations between negative relationship 
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quality with parents and best friend and adolescents’ later externalizing behavior. Also,
we investigated whether for adolescents with high levels of sensory processing sensitivity 
there would be stronger associations between support from parents and best friend and 
later decreased adolescents’ externalizing behavior. Partially in line with expectations, the 
results of this longitudinal study showed that for adolescents with higher, but not lower
levels of sensory processing sensitivity, negative relationship quality with best friend –but
not with parents– was related to an increase in externalizing behavior. However, sensory 
processing sensitivity did not moderate the longitudinal associations between support
from best friend or parents and later externalizing behavior, or the association between
negative relationship quality with parents and later externalizing behavior.

Chapter 4 addressed current and future perspectives in research on genetic
and endophenotype-based differential susceptibility to parenting, with a focus on
methodological and conceptual issues. From reviewing prior literature in the field, 
it becomes evident that there are certain challenges in the assessment of differential
susceptibility, such as that most of the studies in the field assess the within-subject 
phenomenon of differential susceptibility with between-subject designs, and do not assess
the full spectrum (positive and negative) of both the environmental condition and outcome 
variable in the same study. Furthermore, little is known about the developmental processes
through which genetic susceptibility expresses itself in phenotypic child development 
outcomes (e.g. externalizing behavior). Endophenotypes may represent a useful measure 
to investigate this, endophenotypes being heritable, relatively stable biobehavioral traits
(Iacono, 2018). As such, endophenotypes may represent intermediate expressions between 
an underlying genetic susceptibility and ultimately phenotypic expression (e.g. external
emotional or behavioral manifestations), shedding light on the biological pathways 
between geno- and phenotype (Weeland, Overbeek, de Castro, & Matthys, 2015). In
Chapter 4, we aimed to add onto literature by first addressing these challenges in prior
literature, and in a second step proposing an experimental paradigm that jointly assesses 
genetic– and endophenotypic susceptibility in the association between parenting and 
child developmental outcomes. By implementing both a positive and negative parental 
environmental measure and a negative and positive child outcome an appropriate test of 
differential susceptibility to parenting can be conducted.

In Chapter 5, we executed a study that was designed in line with the recommendations 
from the study reported in Chapter 4, by assessing children’s reactions to both a positive
and a negative environment, with both a positive and negative outcome measure. A lab
study with 25 children (Mage= 7.57, SDage= 0.98) and one of their parents (Mage= 41.04, 
SDage = 4.04) using a within-subjects design was conducted, where children participated
in a series of physiological and cognitive assessments to experimentally manipulated
(parenting) stimuli. Reactivity to these stimuli was measured in terms of children’s skin 
conductance, heart rate variability and attentional bias (attentional engagement and
disengagement) to positive and negative parenting stimuli as putative endophenotype 
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markers of (differential) susceptibility. During this assessment, parents reported on
questionnaire measures of negative and positive parenting, and their child’s externalizing
and prosocial behavior (empathy). First, in research aim one of this study, it was 
investigated with moderation analyses whether reactivity to negative (parenting) stimuli 
on the endophenotype measures moderated the association between negative parenting 
and child externalizing behavior, and whether reactivity to positive (parenting) stimuli on 
the endophenotype measures moderated the association between positive parenting and 
empathy. We expected that these associations would be stronger for children that showed
the strongest responses to the (parenting) stimuli on endophenotypic measures of skin 
conductance response– and level changes, heart rate variability, and attentional engagement 
and disengagement. We found that when children had slower attentional engagement to, 
and faster attentional disengagement from negative parenting pictures, the association
between negative parenting and child externalizing behavior became stronger. The other 
endophenotypes (skin conductance and heart rate variability changes) did not moderate 
this association, and furthermore none of the endophenotypes moderated the relationship
between positive parenting and child empathy. Secondly, in research aim two of this study, 
we assessed with cluster analyses whether there was a smaller group (approximately 10-
35 % of the study’s population) that reacted both strongly to the negative and positive 
stimuli on the endophenotypic measures, that could be differentiated from a larger less 
reactive group. This hypothesis was partially confirmed: for attentional engagement 
and disengagement there was a smaller cluster group of children that reacted strongly 
to both negative and positive parenting stimuli, differentiated from a larger group that
reacted less strongly to both negative and positive parenting stimuli. For the physiological 
endophenotypes (skin conductance response, skin conductance level change, heart rate 
variability) we also found that there was a group of children that reacted strongly to both 
negative and positive parenting stimuli, next to another group of children that responded 
less strongly to both.

Gene-Based Susceptibility
The findings of Chapter 2 highlight important issues related to the construction of 
genetic indices and conceptualization of genetic susceptibility. For example, our findings 
underscored the importance of using a continuous, rather than a dichotomous polygenic 
index in order to capture nuances in genetic susceptibility. With such an approach a greater 
amount of variability in genetic susceptibility can be assessed and power is increased.
What the results of Chapter 2 may indicate is that the dopaminergic allelic variants in 
our polygenic index are implicated in impulse control problems (e.g. Colzato, Van den
Wildenberg; Van der Does, & Hommel, 2010; Weeland et al., 2015). Impulse control
problems are characterized by a reward-dominant response style, that reflects itself in
activation of the behavioral activating system and heightened motivation to obtain rewards
(Muñoz & Anastassiou-Hadjicharalambous, 2011; Wallace, Malterer, &Newman, 2009).
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As such, for children with more of the dopaminergic allelic variants (a higher polygenic
score), an increased reward sensitivity may explain why positive parenting (i.e. praise,
incentives, and positive verbal discipline) was associated with a decrease in externalizing 
behavior. Children with low polygenic scores may, however, profit less from positive 
parenting due to a lower reward responsivity—for them, positive parenting was related
to an increase in externalizing behavior. Parents from at-risk families may inadvertently 
implement dysfunctional strategies such as upregulating rewarding behaviors, in order to
elicit a change or temporary reduction in their children’s problematic behavior, which over 
time however further reinforce externalizing behavior. This could explain why for children 
with low polygenic scores positive parenting was related to an increase in externalizing
behavior. However, since we did not assess behavioral impulsivity in this study and did 
not assess coercive cycles between parent and child, this explanation remains speculative.
The results indicate that both a higher and lower score on the polygenic index can be 
a marker of heightened susceptibility to parenting in children, both working through 
different phenotypic expressions, related to differences in underlying reward processing 
to parenting.

Indeed, it is still unclear what the neurobiological processes are via which certain
polymorphisms can affect behavioral outcomes. For example, whereas certain putative 
dopamine polymorphisms code for the degradation of dopamine (e.g. COMT, MAOA),
others function to influence the density and functioning of dopamine receptors (e.g. 
DRD2, DRD4, DAT1). Both types of polymorphisms have been empirically linked to
increased susceptibility to the development of externalizing problems in the context of 
an adverse parenting or family environment (Weeland et al., 2015). For example, some 
research proposes that higher activity of brain dopamine underlies behavioral outcomes
such as externalizing behavior as a function of hypersensitivity to punishment and reward
cues (Berridge, 2007; Gatzke-Kopp, 2011; Pessiglione, Seymour, Flandin, Dolan, & Frith,
2006). Other research posits that a dopamine deficiency is linked to hyposensitivity to
punishment or reward cues, resulting in sensation seeking behaviors that are linked to
the development of problematic behavioral outcomes (Beauchaine & Gatzke-Kopp, 2012;
Byrd & Manuck, 2014; Comings & Blum, 2000; Matthys, Vanderschuren, & Schutter, 
2013). This dissertation, like most prior research on children’s genetic susceptibility to
externalizing behavior, used an empirical approach, where the polymorphisms in the
genetic index have been selected based on empirical evidence of linkages to (differential) 
susceptibility to environmental influences in the development of externalizing behavior 
(cf. Belsky & Beaver, 2011; Chhangur, et al. 2017). Suggestions for future research may entail 
constructing a genetic index according to the functions of the individual polymorphisms
(e.g. degradation or uptake of dopamine), to shed more light on the neurobiological 
mechanisms underlying children’s susceptibility to parenting in the development of 
externalizing behavior.
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Over the last years, remarkable progress has especially been made in child development 
research incorporating behavioral genetics. However, at the same time, criticism and
skepticism has been raised in regards to the use of genetic data in behavioral research (e.g.,
Dick et al., 2015). One of the main points of concern is that oversimplified approaches 
of conceptualizing genetic susceptibility are used that may not correspond to true
genetic complexity (Dick et al., 2015; Dick, Latendresse, & Riley, 2011). Future research
in behavioral genetics may benefit from incorporating approaches that can assess a 
greater amount of genetic variation, such as for example genome-wide studies (GWAS) 
where several thousand single-nucleotide polymorphisms in the human genome can be
examined. This approach differs from a hypothesis-driven approach as implemented in 
the present dissertation, where certain genetic variants are selected and tested on the basis 
of an underlying mechanism that implicates these variants as susceptibility factors in the 
interaction with an environmental condition to produce a certain developmental outcome
(Belsky & Beaver, 2014). With GWAS a significantly greater amount of genetic variation
can be assessed through the identification of specific chromosomal regions. However, 
this approach cannot pinpoint specific genetic variants that are responsible for the
neurobiological processes that relate the genotype and phenotype to one another, requiring
extensive additional testing (Sebastiani, Timofeev, Dworkis, Perls, & Steinberg, 2009). A 
suggestion for future research could therefore be to implement genome-wide polygenic risk 
score approaches, where several hundred relevant polygenic variants are derived in a first 
step from GWAS analyses and are then used to test hypotheses about gene-environment 
interactions in the development of a (mental) health outcome (Halldorsdottir & Binder, 
2016). For example, research using a genome-wide PRS for major depressive disorder in a
sample of 1645 adult participants showed that the PRS interacted with childhood trauma
in predicting risk for major depressive disorder (Peyrot et al., 2014). In another study, a
PRS for externalizing disorder, derived from GWAS results of 1249 adults, interacted with 
adolescents’ reported parental monitoring in the prediction of adulthood externalizing 
disorder (Salvatore et al., 2015). Similarly, another study used a GWAS-derived polygenic 
score of environmental sensitivity, with results showing that parenting interacted with the
polygenic score in the association with emotional problems in a sample of 1406 children 
(Keers et al., 2016). In a recent innovative approach by Nelemans and colleagues (2019), 
223 single nucleotide polymorphisms were not derived from GWAS, but rather 14 genes
were selected based on their neurobiological function, namely with all single nucleotide
polymorphisms belonging to oxytocin pathways. A weighted polygenic index was then 
created with principal covariates regression, which predicted adolescents’ social anxiety 
symptoms. Specifically, results showed that one polygenic component (comprised of 
multiple single nucleotide polymorphisms across several different genes coding for the
oxytocin system), interacted with dysfunctional parenting in the association with later 
social anxiety symptoms. Thus, developmental researchers may profit from integrating
polygenic risk scores derived from GWAS in their gene-environment analyses to elicit 
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how environments such as parenting interact with genetic predisposition to explain the 
development of externalizing behavior.

Endophenotype-Based Susceptibility
In the present dissertation we examined several endophenotypes in the physiological and
cognitive pathways as susceptibility markers. One of the cognitive endophenotypes we 
investigated was sensory processing sensitivity, as a susceptibility factor to parent and 
peer influences. Our findings do not support the notion (e.g. Lionetti et al., 2019; Slagt 
et al., 2018) that sensory processing sensitivity is associated with heightened sensitivity 
to both a negative and positive environmental exposure. Rather, our findings are in line 
with prior studies showing that for individuals with high sensory processing sensitivity,
a negative family environment was related to the development of mental and behavioral
problems in children and adults (e.g., Booth et al., 2015; Liss et al., 2005). These findings fit
into the larger literature on the diathesis-stress perspective, which regards environmental 
sensitivity primarily as a vulnerability for developing problematic outcomes when faced
with adversity (Monroe & Simons, 1991; Zuckermann, 1999). However, some limitations
of this study warrant caution in drawing conclusions about a diathesis-stress effect
too firmly. Firstly, even though the two empirical studies of Chapters 2 and 3 allowed
testing the differential susceptibility framework by assessing children to both positive
and negative environmental measures, a further improvement to the test of differential
susceptibility would represent the inclusion of also both a negative and positive outcome. 
Only a minority of studies up to this date have conducted a test of differential susceptibility 
assessing the full spectrum (positive and negative) of both the environmental condition
and outcome variable in the same study (Slagt et al., 2016). Such tests are necessary in 
order to elucidate whether highly susceptible children show for example also the greatest 
developments of prosocial behavior when exposed to environmental enrichment (Belsky,
Bakermans-Kranenburg, & Van IJzendoorn, 2007; Roisman et al., 2012).

Another cognitive endophenotype that we investigated in the present dissertation 
was attentional bias, in terms of attentional engagement and attentional disengagement
(Chapter 5). Specifically, in the moderation analysis of Chapter 5 (research aim one), we 
found that the association between negative parenting and child externalizing behavior 
became stronger as children exhibited less attentional bias (in terms of slower engagement 
and faster disengagement from negative parenting pictures). The findings appear to fit
with literature demonstrating that a pattern of hypo-responsivity to socio-emotional
stimuli is characteristic of children with externalizing behavior that is tied in with
callous-unemotional traits. However, due to not having assessed subtypes of externalizing 
behavior and the low sample size in the study, this explanation remains speculative. For
the cluster analysis in Chapter 5 (research aim two), the results for attentional engagement 
and disengagement were in line with expectations and recent empirical research (e.g.
Lionetti, et al., 2018; Slagt, Dubas, Ellis, Van Aken, & Deković, 2019) and evolutionary-
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based theories indicating a 10-35% population frequency of highly sensitive individuals 
(e.g. Aron, Aron, Jagiellowicz, 2012; Pluess et al., 2018; Wolf, van Doorn, & Weissing,
2008) to both negative and positive stimuli. These findings highlight how children showed 
immediate stronger responses to positive and negative parenting stimuli, as reflected 
directly in greater attentional bias to positive and negative parenting pictures. If these 
findings were indeed to hold true in the general population, this raises the question of 
whether stratifying the sample according to susceptibility may represent a useful step
to find a differential susceptibility effect that may exist among a subgroup of the study’s 
sample. A recent study by Slagt et al. (2017) tested this and showed that children’s reactions 
to positive and negative feedback –in terms of negative affect and antisocial intentions, and
positive affect and prosocial intentions– were not dependent on susceptibility group (high
versus low negative emotionality), thus not supporting a differential susceptibility effect
(Slagt et al., 2017). Taken together, the results regarding the cognitive endophenotype 
measures in Chapter 5 suggest the existence of different groups of susceptible children in
regards to attentional bias (attentional engagement and disengagement). However, these 
findings should be interpreted with caution due to the low sample size and multiple testing.
It is suggested that future research investigates how different types of susceptible children
may be present within a studied sample and how these can be distinguished from one 
another. Overall, even though the cognitive endophenotypes of attentional bias (Chapter 
5) and sensory processing sensitivity (Chapter 3) did not appear to function specifically 
as a differential susceptibility markers, they seem to be implicated in the modulation of 
children’s susceptibility to the parent and peer environment, encouraging future research 
to investigate specifically how.

In this dissertation we also tested several physiological endophenotype measures, 
namely HRV, skin conductance level, and skin conductance response (Chapter 5). Children 
indeed manifested significant reactions to positive and negative (parenting) stimuli in
terms of changes in heart rate variability, skin conductance level, and skin conductance
response, encouraging the use of the endophenotype measures in future research. Even 
though these endophenotypes did not moderate the associations between parenting 
and child behavior, the results for the cluster analyses in Chapter 5 (research aim two) 
show that some children seem to be more physiologically reactive to both negative and
positive parenting stimuli. These immediate heightened responses to negative and positive
parenting stimuli that we observed on the physiological endophenotypes in a group of 
children (albeit not the hypothesized 10-35 % of the study’s sample) indicate that it may 
be worthwhile to continue studying these endophenotypes as markers of (differential) 
susceptibility to parenting. Furthermore, the use of physiological endophenotype measures
in the present dissertation yielded important insights related to practical issues related to 
assessment of heart rate variability and skin conductance in children in the age range
of ~6-8 years. That is, it seems more difficult for children than for adults to minimize 
physical movement during a series of lab assessments. Measures of skin conductance and 
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heart rate variability have been shown to be sensitive to physical movement, reflected in 
immediate changes in the signal (e.g. Boucsein et al., 2012; Laborde, Mosley, Thayer, 2017).
These artefacts can be reduced by instructing individuals to minimize movement (Shaffer,
Combatalade, Peper, Meehan, 2016), which however proved to be more difficult in practice
when assessing younger children.

Overall, the findings in the present dissertation seem to suggest that the investigated 
cognitive endophenotypes (sensory processing sensitivity, attentional bias) may be most
relevant to investigate further as susceptibility markers that may moderate associations 
between the parent/peer environment and child developmental outcomes. However, given
that we found that children also showed immediate responses to positive and negative 
(parenting) stimuli, not only on attentional bias but also in terms of changes in HRV, 
skin conductance level, and skin conductance response, we encourage future researchers 
to continue investigating these physiological endophenotypes to establish their role as 
susceptibility factors to peer and parent influences. Taken together, even though the
exact role of cognitive and physiological endophenotypes in children’s susceptibility 
to parenting/peers is still unclear, the examination of these endophenotypes in this
dissertation provided suggestions for the assessment of endophenotypic susceptibility to
the parent and peer environment and respective future research designs.

Assessing Differential Susceptibility at Different Time Scales
In the present dissertation, genetic susceptibility and endophenotypes were assessed as 
markers of (differential) susceptibility at different time scales. Whereas in Chapters 2 and 
3, we investigated how individual characteristics interacted with a positive and negative
parent/peer environment in predicting long-term changes in child outcomes, Chapter 
5 assessed children’s immediate, real-time responses to positive and negative parenting 
stimuli. This assessment of immediate differential susceptibility, or “differential reactivity” 
(Stamps, 2016; Slagt et al., 2019), has been empirically studied to a significantly lesser 
extent when compared with the more frequently investigated developmental perspective
of differential susceptibility of how certain traits interact with an environment in the 
prediction of later developmental outcomes (Belsky & Pluess, 2009; Ellis et al., 2011). The 
advantage of studying differential reactivity is that it provides information about “realized 
plasticity” (measured phenotypic variability in direct responses to a stimulus) rather than 
“potential plasticity” (the ability to show different phenotypic responses to environmental 
experiences) (Stamps & Krishnan, 2014). This is especially relevant when studying certain
susceptibility factors (e.g. genes), as developmental susceptibility may not express itself at
any given time window, especially in children when neurological adaptations that underlie 
(differential) susceptibility have not been completed yet. Interestingly, recent research
comparing differential susceptibility to parenting on a long-term versus short-term time
scale indicated that susceptibility found on these different time scales may be unrelated,
or in other words may not capture the same group of susceptible children (Slagt et al., 
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2019). Even though in Chapter 5 we did not conduct an experimental test of differential 
reactivity, the findings of a differentially reactive group in the cluster analyses of research 
aim two, adds to this call for future research that above and beyond studying differential 
susceptibility from a long-term perspective, short-term assessments of differential
susceptibility are necessary to demonstrate differential susceptibility’s proof of principle.

A Critical View on Differential Susceptibility to Parenting and Peer Influences
Overall, it becomes evident that there are a range of conceptual and methodological
issues related to the testing of the differential susceptibility model and interpretation 
of respective results. Whereas differential susceptibility to parenting has undoubtedly 
aggregated support within the last decade, there is also a significant literature base
that has not found support for differential susceptibility. This observation of mixed
findings holds independent of which susceptibility factor (e.g. genetic, physiological, 
temperament) is studied. A recent meta-analysis on children’s temperament-based
differential susceptibility to parenting for example provided in part support for differential
susceptibility, but also in part for other models of environmental susceptibility (diathesis-
stress and vantage sensitivity models) (Slagt et al., 2016). In addition, this meta-analysis
makes clear that susceptibility factors, such as temperament, may not only interact with
parenting but may also change (evoke certain) parenting behaviors. In many previous 
studies it cannot be distinguished whether temperament was involved in a moderating 
or evocative manner, which may have resulted in inflated estimations of the moderating 
effect of temperament (Slagt et al., 2016). Furthermore, most previous studies assessed
a restricted range (either only positive or only negative) of the parenting environment
(e.g. Kochanska & Kim, 2013) or of the child outcomes (e.g. Mesman et al., 2009), or 
both (e.g. Leve et al., 2005). Thereby differential susceptibility has to be inferred across, 
rather than within, studies. Furthermore, only a few pioneering studies (e.g. Slagt, Dubas, 
Ellis, van Aken, & Decović, 2019; Slagt et al., 2017) up to this date have implemented a 
within-person test of differential susceptibility by exposing the same individual to both 
a negative and positive environmental condition—which is nevertheless crucial, as the
differential susceptibility phenomenon is a within-person phenomenon. Yet another
critique of previous research is that it has been mostly correlational in nature. Similarly, 
Chapters 2 and 3 in this dissertation also did not measure responses to an experimentally 
manipulated environment, but rather assessed longitudinal associations between
positive and negative environmental exposures and child and adolescent externalizing 
behavior. These type of between-subject designs can indicate a correlational differential 
susceptibility effect. However, differential susceptibility represents a within-subject
phenomenon implying a causal effect of environment interacting with susceptibility to 
determine a behavioral outcome. In order to adequately test this, within-person study 
designs need to be implemented –above and beyond between-subject studies–in which
the same child is exposed to both a negative and a positive environment and then assessed 
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in response to each environment on the outcome variable(s) of interest. In Chapter 5, 
we addressed these limitations by examining how differential susceptibility to parenting 
may be expressed at the within-person, endophenotype level, assessing the full spectrum 
(positive and negative) of parental environment and child outcome. Although the study 
serves as a proof of concept with regards to the design, and in eliciting relatively strong 
immediate reactions to both positive and negative parenting on the endophenotype 
measures, it was still limited by its small sample size.

The mixed evidence for differential susceptibility may be in part related to different
types of susceptibilities co-existing in the general population, where some children
may be, for instance, highly susceptible to only negative (diathesis-stress), or to positive
(vantage sensitivity) environments, yet others may be highly susceptible to both negative 
and positive environments, and others to none (non-susceptible). Considering the possible
existence of various susceptibility groups in a given study’s sample and their different 
effects, could explain why it proves rather difficult to find a differential susceptibility effect 
with between-subject designs. Taken together, the results of literature and meta-analytical 
research up to this date illustrate the mixed findings on differential susceptibility in the
field, and that does not include the rather many small scale studies in the field –including
Chapter 5 of the present study–or the issue of publication bias of significant differential
susceptibility results.

Strengths and Limitations
The present dissertation yields several contributions to the field. Firstly, and as described
previously, most of the studies conducted up to this date on genotype-based differential 
susceptibility have examined a single genetic variant or a dichotomous genetic susceptibility 
(of “high” and “low” susceptibility). We added to this literature by implementing a
genetic index composed of several polymorphisms that have been linked empirically to
(differential) susceptibility to social contexts in the development of externalizing behavior
(Belsky & Beaver, 2011; Chhangur, et al. 2017). By implementing such a continuous
polygenic index, we could assess a greater amount of genetic variability and test whether 
these genes function in a cumulative manner in interacting with the environment to 
predict a developmental outcome (Belsky & Beaver, 2011; Boyce & Ellis, 2005). Secondly,
up to this date, most studies on susceptibility to positive and negative environmental
contexts have focused on young children in regards to the parenting context. However,
susceptibility to positive and negative environmental influences has been assessed to a 
lesser extent in adolescents, and specifically not in the peer context. Given the prominent
role that peers play in shaping adolescents developmental trajectories (Beyers, & Seiffge-
Krenke, 2007; Lansford, Criss, Pettit, & Bates, 2003; Vander Zanden et al., 2000), we 
aimed to expand current literature by assessing adolescents’ sensory processing sensitivity 
to both a positive (support) and negative (negative relation quality) peer environment in 
association with adolescent’s externalizing behavior one year later. The individual studies 
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in the present dissertation each assessed both a positive and negative environment in the 
same population, which allows testing of differential susceptibility, rather than inferring 
differential susceptibility across studies that assessed either only a positive or negative 
environment. To further refine our test of differential susceptibility we implemented,
unlike most studies in the field, also a positive and negative outcome variable (see
Chapter 5). Thirdly, the present dissertation investigated a range of different biologically 
informed susceptibility factors (endophenotypes). We conducted extensive assessments 
of psychophysiological measures, such as two different types of skin conductance (skin 
conductance response and level) and attentional bias (attentional engagement and
disengagement). That way it is possible to investigate differential susceptibility in different 
physiological and cognitive pathways. Lastly, by conducting empirical studies assessing 
both the long-term developmental perspective of differential susceptibility (Chapter 2 and
3) and the short-term perspective of differential reactivity (Chapter 5), we gained more
insight regarding differential susceptibility on both a macro and a micro timescale.

Despite the contributions that the present dissertation yielded, several limitations need 
to be discussed. First, in Chapters 2 and 3, we assessed susceptibility to both a positive and 
negative environment, but only included a negative outcome variable. However, without 
assessing also the full range of outcomes (negative and positive), we cannot assess whether
certain children develop the most prosocial behavior when exposed to environmental
enrichment (Belsky et al., 2007; Roisman et al., 2012). Therefore, in those studies we could 
only make inferences about the “for-better” end of the differential susceptibility spectrum
when observing a reduction in a negative outcome. Secondly, in order to assess the within-
person phenomenon of differential susceptibility, the same child needs to be exposed to
both a negative and a positive environment. Given that two of the three empirical studies 
in this dissertation used between-subject designs, no inferences can be drawn from these 
studies about differential susceptibility operating at the within-person level. Fourth, 
other methodological limitations need to be addressed, such as the single-informant 
approach of using exclusively parent- or adolescent reported questionnaire data to assess
the environment and outcome measure. Therefore, a bias may have been introduced given 
that parents reported both on their parenting and child behavior (Chapters 2 and 5), and 
adolescents reported both on their behavior and their relationship with their parents 
and peers (Chapter 3). Furthermore, another pertinent issue represents the low sample
size in Chapter 5. Due to this lower sample size and the several moderation analyses that 
were run, increased risk for type-I error needs to be considered and findings should be
interpreted with caution. Furthermore, even though the sample size was significantly 
larger in Chapters 2 and 3, adequate sample size for e.g. G×E studies is determined by 
several additional factors, such as coding of phenotype and genotype (dichotomous 
versus continuous), and minor allele frequency (Dick et al., 2011). To illustrate, Dick and 
colleagues (2011) showed that for a replication of the effects of a strong single nucleotide
polymorphism candidate in the association with major depressive disorder (a phenotype 
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affecting > 5 % of adults in the U.S. annually) with a power of .80, alpha level of 0.05
and a minor allelic frequency of 0.1, a total 4261 participants (half in control condition) 
would be needed. Moderation designs require an additional amount of participants to 
yield sufficient power, highlighting that most G×E studies in the field of parenting and 
differential susceptibility -including our study in Chapter 2- are likely underpowered.
Lastly, and related to this point, even when the issue of sample size would be appropriately 
addressed, it is important to note that any polygenic index scores consisting of a handful 
of polymorphisms, as was done in Chapter 2, only assesses a small amount of the existing 
variability in genetic susceptibility, despite being more advanced than a candidate-gene
approach. This highlights the use of other approaches that are able to assess a greater 
amount of genetic variation.

Future Research
Based on our present research, several suggestions can be made for future research. First of 
all, we encourage future research to jointly assess genotypic and endophenotypic measures
together in one study, to shed more light onto how genetic susceptibility may express
itself in intermediate phenotypes (endophenotypes), to eventually produce phenotypic
developmental outcomes. In the present dissertation, genotype and endophenotype 
were assessed in separate studies and in different study populations. In Chapter 4 we
advocated for such a joint assessment of genotype and endophenotype, however, due to 
the small sample size in the study aimed to implement this (in Chapter 5), the analysis
and incorporation of genetic data did not prove to be reasonable. Thus, for future research
a next step would entail assessing both genotype and endophenotype in relation to the
phenotype of interest jointly in the same paradigm. For example, this could be assessed 
in a mediated-moderation model where genotype effects are assessed in relation to a 
child developmental outcome, mediated by endophenotypes, moderated by the parenting
context.

Another suggestion for future research concerns the assessment of interactions 
between multiple physiological endophenotypic measures in one study. Similar to how 
environmental factors interact with an individual’s psychophysiological susceptibility 
to produce a developmental outcome, various physiological systems interact with each
other to regulate cognitive and physical processes. Physiological systems in the autonomic 
nervous system are directed by the different branches of the autonomic nervous system,
namely the sympathetic nervous system (SNS), and the parasympathetic nervous system
(PNS). These two branches can work in opposition to each other (co-activation and co-
inhibition), meaning that the individual systems activate the opposite physiological
responses, or in reciprocity with one another (reciprocal (para)-sympathetic activation),
where both systems promote either up or down-regulation of the autonomic nervous 
system (El-Sheikh, 2011). In non-clinical samples, children generally show a reciprocal
sympathetic activation, in response to a stressful situation; however, it has been shown
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that children with externalizing behavior often display coinhibition when exposed to a 
stressful task (Beauchaine, Gatzke-Kopp, & Mead, 2007; Boyce et al, 2001). Furthermore, 
it has been shown that for children exposed to marital discord, functioning of the PNS
and SNS (as assessed by skin conductance and heart rate variability) in opposite directions 
served as a susceptibility factor for externalizing behavior. However, when the PNS and 
SNS worked reciprocally, this served as a protective function (El-Sheikh et al., 2009; El-
Sheikh, 2011). This highlights the importance of investigating the specific interactions
between various psychophysiological measures in relation to the outcome variable, rather
than assessing and drawing inferences about these individual measures in isolation. In 
the present dissertation we assessed both skin conductance and heart rate variability,
but did not assess how these two measures interact in potentially indicating different
susceptibility profiles. It is suggested that future research not only assesses various
psychophysiological measures as independent measures in one study, but also focuses on
assessing the interactions between these various physiological systems in relation to the
outcome.

Lastly, within recent years there has been a surge in epigenetic research demonstrating 
that not only genes can shape susceptibility to the environment, but that environmental
influences can change the expressions of genes over time as well. This perspective thus views 
children’s genetic susceptibility to parenting as a malleable, rather than a predetermined,
stable factor, with the important implication that parenting on the long run may alter
children’s genetic susceptibility, in turn leading to changes in how children are affected 
by parenting in the future. Studies chronicling how certain genetic profiles make children
more susceptible to parenting in their development of externalizing behavior have been 
commonplace the last two decades in the child development literature (e.g. Bakermans-
Kranenburg & Van IJzendoorn, 2011, 2015; Belsky & Beaver, 2011); however, only within
recent years developmental scientists have begun investigating how epigenetic processes
(DNA methylation) may underlie the relationships between dysfunctional parenting and 
child problem behavior (Overbeek, Creasey, Wesarg, Huijzer‐Engbrenghof, & Spencer, 
2020). Specifically, there is preliminary evidence that dysfunctional parenting is associated
with epigenetic changes in the children’s glucocorticoid genetic pathways (e.g. van
IJzendoorn, Bakermans-Kranenburg, & Ebstein, 2011). This has profound implications
for intervention science, and recent literature proposes that parenting interventions may 
be able to reverse these epigenetic mechanisms (e.g., Overbeek et al., 2020). If epigenetic 
patterns do underlie parent-child processes, this would have profound implications for
intervention science. As such, successful reversal of DNA methylation processes in children
through e.g. parenting interventions would undoubtedly redefine parenting interventions
as indispensable tools that can yield long-lasting effects due to their ability to reprogram
children’s stress reactivity on a biological level (Overbeek et al., 2020). Not only would 
such advancements in epigenetics change intervention and prevention science, but they 
would also change the outlook on– and conceptualization of evolutionary-inspired models
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on susceptibility to rearing experiences (such as differential susceptibility), encouraging
future research on children’s genetic susceptibility to parenting to incorporate such 
epigenetic perspectives.

General Conclusion
Overall, the studies in this dissertation show that dopaminergic genetic variants but
also endophenotypes such as sensory processing sensitivity and attentional bias may be
involved in the modulation of children’s susceptibility to the parent and peer environment
in their development of externalizing and prosocial behavior. However, it seems to be 
difficult to identify children and adolescents that are susceptible to both negative and 
positive parenting and peer environments, “for-better-and-for-worse”. The conditions
and study designs under which differential susceptibility is being tested seem to have 
crucial effects on whether such a differential susceptibility effect can be detected and 
the magnitude to which such an effect can be expected, calling for further investigation.
Next to considering common study design issues related to the assessment of differential
susceptibility, there are multiple other conceptual and methodological considerations to
be taken into account depending on the type of susceptibility factor that is being studied. 
Overall, the present dissertation provided several specific suggestions for how future 
studies could, and perhaps should, examine children’s genetic and biologically informed
susceptibility to parenting and the peer environment.

Summary and General Discussion

6
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Supplementary  Materials

Supplementary Materials A

DRD2 and COMT. The SNP’s of the TT DRD2 rs1800497 and COMT rs4680 polymorphisms T
were analyzed with TaqMan® chemistry (Cat. # 4351379, Applied Biosystems). Analysis 
was done with 1ul of saliva sample in the 7500 System SDS software on the ABI-7500 Real-
Time PCR instrument. We combined 1 microliter of PCR product with 0.3 μl LIZ-500 size 
standard (Applied Biosystems) and 11,7 μl formamide (Applied Biosystems) and fragment 
analyzed it with the AB 3730 instrument (50 cm capillaries). GeneMarker software was 
used for analysis, with DRD2 genotypes (n = 247 A2/A2, n = 122 A2/A1, n = 14 A1/A1) in
Hardy-Weinberg equilibrium (HWE) χ2(1, n = 383) = .05, p = .82 (n = 4 no genotyping). 
Similarly for the COMT genotypes, following details applied: T n = 90met/met, n = 185met/
val, n = 108val/val) were in HWE, χ2(1, N = 383) = .04,N p = .84 (n = 4 no genotyping).

DRD4. Primers 5’- GCGACTACGTGGTCTACTCG -3’ (FAM-labelled) and 5’- 
AGGACCCTCATGGCCTTG -3’ (reverse primer) were used to amplify the relevant area 
of the DRD4. Between 10 to 100 ng genomic DNA templates were yield in the standard
PCR reactions, with forward and reverse primers of 10pmol implemented. PCR was
conducted with 7.5% DMSO with 5x buffer (supply: enzyme and 1.25U of LongAmp Taq 
DNA Polymerase (NEB), 30 μl volume) and cycling conditions in respective order: 1) 
initial denaturation (10 min at 95oC), 2) 27 cycles of 30 sec 95oC, 30 sec 60oC, 60 sec 
65oC, 3) final extension (10 min 65oC). Genotypes (n = 248 no7R/no7R, n = 119 no7R/7R, 
n = 8 7R/7R) were set in HWE, χ2(1, N = 375) = 2.11,N p = .15 (n = 12 no genotyping).

DAT 1. Primers 5’- TGTGGTGTAGGGAACGGCCTGAG -3’(FAM-labelled) and 5’- 
CTTCCTGGAGGTCACGGCTCAAGG -3’ (reverse primer) were used to amplify the
relevant area of the DAT 1. Between 10 to 100 ng genomic DNA templates were yield in the 
standard PCR reactions, with forward and reverse primers of 10pmol implemented. PCR 
was conducted with 3.3% DMSO with 1.25U of LongAmp Taq DNA Polymerase (NEB) (30 
μl volume) with cycling conditions of 1) denaturation (5 min at 95oC), 2) 29 cycles of 30 
sec 95oC, 30 sec 68oC, 60 sec 65oC, 3) and an extension of 5 min 65oC. Genotypes (n = 31 
no10R/no10R, n = 148no10R/10R,n=20310R/10R) were set in HWE,χ2(1, N = 382) = .03, N p
= .86 (n = 5 no genotyping).

MAOA. Primers 5’-GGATAACAATTTCACACAGG-3’ (FAM-labelled) and 
5’-ggataacaatttcacacaggACAGCCTGACCGTGGAGAAG-3’ (reverse primer) were used to 
amplify the relevant area of the MAOA. Between 10 to 100 ng genomic DNA templates 
were yield in the standard PCR reactions, with forward primer (1 pmol), reverse and MR 
primers (10 pmol). PCR was conducted with 5 % DMSO with 1.25U of LongAmp Taq DNA 
Polymerase (NEB) (30 μl volume) with following cycling conditions in respective order: 1)
initial denaturation (5 min at 94oC), 2) 38 cycles of 30 sec 94oC, 30 sec 55oC, 30 sec 72oC,
and 3) final extension (4 min 72oC). Genotypes (n = 97 low/low, n = 77 low/high, n = 196
high/high) were set in HWE, χ2 (1, N = 370) = 112.61, N p = .001 (n = 17 no genotyping).
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Supplementary Materials B

Table B.1 Regression Analysis Results for Child Externalizing Behavior T2 With Moderator Sensory Processing 
Sensitivity.

Child externalizing behavior T2 Child externalizing behavior T2
Regression B(CI) SE  β p Regression B(CI)  SE   β p
Intercept 4.00(2.32,5.68) .85 .00 <.001 Intercept 5.41(3.84,6.99) .80 -.00 <.001
EXT T1 .59(.44,.75) .08 .51 <.001 EXT T1 .41(.29,.54) .07 .44 <.001
Neg. Rel. Parents 1.97(-.12,4.06) 1.06 .13 .064 Sup. Parents -4.39(-8.25,-.53) 1.95 -.15 .026
SPS -.11(-1.22,1.00) .56 -.01 .844 SPS -.33(-1.50,.85) .60 -.04 .581
Neg. Parent × SPS -.21(-2.39,1.98) 1.11 -.01 .853 Sup. Parents × SPS -1.34(-5.97,3.29) 2.35 -.04 .569

Note. EXT = child externalizing behavior, Neg. Rel. Parents = negative relationship quality with parents, Sup.
Parents = support from parents, SPS = sensory processing sensitivity, T= time.

Table B.2 Regression Analysis Results for Child Externalizing Behavior T2 With Moderator Sensory Processing 
Sensitivity.

Child externalizing behavior T2 Child externalizing behavior T2
Regression B(CI)  SE   β   p Regression B(CI)  SE   β    p
Intercept 3.72(2.11,5.33) .82 -.00 <.001 Intercept 3.45(1.85,5.06) .81 .01 <.001
EXT T1 .62(.48,.77) .07 .54 <.001 EXT T1 .66(.51,.80) .07 .57 <.001
Neg. Rel. Friend 1.19(-.64,3.02) .93 .08 .200 Sup. Friend 2.49(-.14,5.12) 1.33 .12 .063
SPS .29(-.82,1.39) .56 .03 .607 SPS -.07(-1.18,1.05) .56 -.01 .908
Neg. Rel. Friend × SPS 2.29(.19,4.40) 1.06 .14 .032 Sup. Friend × SPS -.94(-4.40,2.51) 1.75 -.04 .590

Note. EXT = child externalizing behavior, Neg. Rel. Friend = negative relationship quality with best friend, Sup.
Friend = support from best friend, SPS = sensory processing sensitivity, T= time.
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Figure B.1 Sensory Processing Sensitivity (SPS) Moderates the Association Between Negative Relationship Quality With
Best Friend at T1 and Child  Externalizing Behavior at T2.

Note. The simple slopes analysis demonstrated a slope of  -.78 (SE= 1.40, p= .576) for “low” levels of SPS (1 SD
below the mean), a slope of 1.19 (SE= .93, p= .200) for “average” levels (the mean) of SPS, and a slope of 3.17 (SE=
1.20, p= .009) for “high” levels of SPS (1 SD above the mean).
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Supplementary Materials C

C.1 Manipulation Check

C.2 Additional Information on Stimuli Selection, Procedure and Analyses

Information Processing Task. Photos were chosen from an open source photo provider
(bigstockphoto.com). Prior to being used in the task, 12 normal adult volunteers rated the 
negative and positive parenting photos on how harsh and warm they perceived the photo,
ranging from 1 (=very warm/harsh) to 7 (=not at all harsh/warm). The negative parenting
photos were rated as significantly more harsh than warm (t(11)= 5.37, p< .001) and the 
positive parenting photos were rated as significantly more warm than harsh (t(11)= 5.63,
p< .001). For the positive, negative and neutral parenting photo category each, there were
four different photo combinations of son and daughter paired with each mother and 
father respectively, to control for gender of the child and parent. For each combination
three different photos were presented. Thus in total there were 12 different photos for 
the positive, negative and neutral parenting photo category each, resulting in a total of 
36 photos. The full set is available from the first author, upon request. Each photo was 
presented a total of four times, resulting in a total of 144 trials. Sixteen practice trials 
preceded the actual test trials. Photos were balanced on predominant colors featured in
the photo (e.g. color of clothing and background). Further criteria for selection were that
in the photo the parent, and not the child, was shown initiating the interaction (e.g. parent 
yelling at the child), and that the depicted parent-child interaction did not take place in 
the context of an activity (e.g. playing a game).

At the beginning of the task the experimenter verbally guided both the child and
parent through the practice trial instructions, which were also displayed in written form
alongside with visual examples on the screen. The purpose of the practice trials was for 
the child to understand and get used to the task. After these instructions, the child first 
completed a simplified practice trial. In the practice trial, consisting of 16 rounds, the child
first saw a fixation-shape (rectangle, square or circle) in the middle of the screen. After the
fixation-shape vanished, one of the three primes, either the neutral, positive, or negative 
parenting photo, appeared on either the left or the right side of the screen. The child was 
asked to press as fast and accurately as they could on the side on which the prime occurred,
by pressing the ‘f ’ key on the keyboard to indicate the left side and the ‘j’ key for the right
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side. After this practice trial, the actual task was introduced. In this task, the participant
again saw a fixation-shape, which was again followed by either a neutral,  negative, or
positive prime. After this prime, a probe- consisting of a shape like the fixation-shape-
appeared on either the right or left side of the screen. The stimuli duration of this probe 
was randomized to be 1000 ms or 400 ms. If the probe appeared on the same side as where
the prime had been situated, then this represented a “congruent” trial. Likewise, if the
probe appeared on the other side where the prime had not been situated, this represented
an “incongruent” trial (Koster et al., 2005). There were about 30% incongruent, and 70% 
congruent trials (Fox, Russo, Bowles, & Dutton, 2001; Clarke, MacLeod, & Guastella,
2013).  Incongruent trials were used to calculate a score of attentional disengagement, and 
congruent trials were used  to calculate a score of attentional engagement.
Missing Data and Outliers. From all 26 participating children , data on the film clip task 
was available for 23 children for the positive parenting film clip, and for 24 children for
the negative parenting film clip. Outliers were detected for one participant in the film clip
task data on the SCL measures during the second baseline film clip. For skin conductance
(SCR and SCL) and heart rate variability data, outliers were defined as standardized values 
of over and below 3  (Persson et al., 2005; Kemper, Hamilton, & Atkinson, 2007; Zeegers
et al., 2018). Outliers were assigned values one unit smaller than the largest non-outlier
score on the measured variable of that specific participant (see Tabachnick & Fidell, 2013, 
p. 112; Zeegers et al., 2018). Those altered data points demonstrated standardized values 
below or at 3. Data analyses were run on the original and on the altered data, yielding very 
similar results. This indicates that the outliers did not have an impact on the outcomes,
and results of the original data are presented. For the dynamic face expression task, data
was available for 25 children, and no outliers were detected. For every participant, there
were a number of trials where a dynamic face expression did not elicit a skin conductance
response amplitude over the minimum threshold to classify as a skin conductance 
response (increases in amplitude < 0.100 microsiemens). A missing data analysis (Little’s
MCAR test; Little, 1988) indicated that these missing data points were however missing
completely at random (χ2 = 231,433, DF = 330, p = 1.00; 100 iterations), whereby pairwise 
deletion was used in the creation of mean scores for analysis, to make use of all available 
data per participant (Acock, 2005). For the information processing task, valid data was 
available for 22 out of 26 participants. For one of these participants technical failure didn’t
allow participation in the task. The other three participants had over 25 % of trials missing
due to outliers and/or invalid responses and were thus excluded from analysis (Bradley, 
Mogg, Falla, & Hamilton, 1998). This exclusion criteria represents a quality check that 
participants sustained their attention throughout the task and were actively engaged
in participation of the paradigm (Langner & Eickhoff, 2013). Outliers were classified as 
reaction times of standardized values greater than 3 of a participants individual mean 
reaction time or reaction times under 200 ms and were excluded from analysis (3,2 % of 
trials) (e.g. Waters et al., 2008; Koster, 2005). Invalid trials represented trials with either 

Supplementary  Materials



558230-L-bw-Fischer558230-L-bw-Fischer558230-L-bw-Fischer558230-L-bw-Fischer
Processed on: 20-4-2021Processed on: 20-4-2021Processed on: 20-4-2021Processed on: 20-4-2021 PDF page: 127PDF page: 127PDF page: 127PDF page: 127

127

incorrect responses (3,7 % of trials), or trials where no response was made within the valid 
3000 ms reaction time window (6,4 % of trials), and were excluded from analysis (e.g.
Waters et al., 2008; Koster, 2005). Pairwise deletion was used to handle these resulting 
missing data points in the creation of mean scores used for analysis. For the questionnaire 
measures, data was available for 23 parents. No data points were missing for these 23
participants, because a forced choice survey question format was used.

Assumptions and Data Distribution. Bivariate correlations between the primary 
predictor variable and moderator variable in each moderation analysis showed no concern 
for multicollinearity (r<.90) (see Table 1). Data was checked for assumptions of multivariate 
normality, linearity, and homoscedasticity. Examination of normal Predicted Probability 
(P-P) plots of regression standardized residuals show that the residuals approximately fit 
the line of linearity, and scatterplots of standardized regression residuals and predicted
values show close enough random displacement of residuals. The dependent variables
(child externalizing behavior and child empathy) were assessed on skewness and kurtosis 
and analyses showed that they were in the acceptable range for both child externalizing
behavior (skewness= .833, kurtosis= -.349) and for child empathy (skewness= .029,
kurtosis= .297).
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Gene and Endophenotype-Based Differential Susceptibility in Children and Adolescents
Externalizing behaviors in children, such as aggression and rule-breaking behavior, are
related to problematic developments in later life, such as delinquency, academic problems,
and substance abuse. Parenting and peers have been found to play key roles in shaping
children’s developmental trajectories. While a positive parenting and peer environment 
may protect against the development of externalizing behavior and facilitate the
development of prosocial behavior, a negative parenting and peer environment represents
a risk factor for children’s and adolescents’ development of externalizing behavior. 
However, not all children are expected to be equally affected by social environments. The
diathesis-stress model has long posited that some individuals are impacted to a greater
extent by the detrimental effects of an adverse environment than others, due to individual 
vulnerabilities. More recently, it has been recognized that individuals do not only differ
in the extent to which they vary in response to a negative environment, but also how 
much they are impacted by the beneficial effects of a positive environment. The differential 
susceptibility hypothesis holds that the same children who are impacted the most by the
negative effects of an adverse rearing environment may also reap the most benefits from an 
enriched parenting environment, in a so-called “for-better-and-for-worse” fashion. Lastly, 
with a shifting focus on the effects of a positive environment on child development within 
the last years, the vantage sensitivity model has been developed. This model posits that 
some children disproportionately benefit from supportive, enriched social environments 
(e.g. supportive parenting), whereas others profit little or not at all from such positive
experiences.

Crucially, these models converge on the central idea that these differences in 
susceptibility to the environment may in part depend on neurobiological variation
grounded in children’s genotypes. Significant advances have been made in gene-
environment research, showing that certain genetic variants (polymorphisms) may be 
implicated in children’s differential susceptibility to parenting. However, many of these
earlier studies only examined a single polymorphism, referred to as a candidate-gene
approach, which has increasingly received criticism within the last years for not doing
justice to true genetic complexity. In recent years, more advanced approaches have
emerged, such as polygenic indices, that are designed to capture a greater amount of 
genetic variability. In this dissertation, we used a polygenic index composed of several 
polymorphisms implicated in the dopamine pathways, to investigate children’s differential
susceptibility to parenting. Despite the rapid progress that has been made in the field of 
genetic susceptibility to the environment, there is still little known about the biological 
pathways through which genotype affects susceptibility to environmental influences.
Researchers have aimed to examine this “black box” by investigating endophenotypes,
or “internal” phenotypes. Endophenotypes refer to relatively stable, biobehavioral traits
in physiological, cognitive, and temperament pathways. Studying endophenotypes is 
relevant because they may shed light on the pathways from genotype- to phenotype.
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In the present dissertation we investigated the physiological endophenotypes of heart 
rate variability and skin conductance, and the cognitive endophenotypes of attentional
bias and sensory processing sensitivity. The central objective of this dissertation was to
test dopaminergic genetic variants, and endophenotypes of heart rate variability, skin
conductance, attentional bias, and sensory processing sensitivity as potential markers of 
differences in children’s and adolescents’ susceptibility to negative and positive parenting
and peer environments in relation to their externalizing and prosocial behavior.

Studies in this Dissertation
In Chapter 2, we investigated whether a genetic index, consisting of specific polymorphisms
in the dopamine pathways (DRD4, DRD2, DAT1, MAOA, and COMT), would modulate 
children’s susceptibility to parenting in their development of externalizing behavior. 
These polymorphisms have been selected as they have been found to be involved in
modulating children’s sensitivity to parental punishment and reward in a “for-better-and-
for-worse” fashion. As multiple genetic variants have been shown to have an aggregate 
effect on susceptibility to the environment, we created a continuous polygenic index, 
rather than testing a single candidate gene or a dichotomous genetic index, as commonly 
done in prior studies on children’s genetic susceptibility to parenting. We used data from a 
3-wave longitudinal study ‘ORCHIDS’, including 190 families with children aged between
4 and 8 years that were at risk for externalizing behavior problems. Parents completed
questionnaire measures regarding their negative and positive parenting, and their child’s 
externalizing behavior. With moderation analyses, we tested whether for children with
higher scores on the continuous polygenic index negative parenting would be more 
strongly associated with an increase in later externalizing behavior (“for-worse”), and
whether positive parenting would be more strongly associated with a decrease in later 
externalizing behavior (“for-better”). The results did not provide support for such a
differential susceptibility effect. Rather, we found that positive parenting was associated
with a decrease in later externalizing behavior for children with higher polygenic scores; 
but rather than that this effect was less pronounced for children with lower polygenic
scores, positive parenting was associated with later increased externalizing behavior for
them.

To add to literature that predominantly examines differential susceptibility in children 
in regards to the parenting-environment, we tested adolescents’ differential susceptibility ’
to the peer and parent context in Chapter 3. We reported on data of a 2-wave, 2-year
longitudinal study including 177 adolescents (Mage= 13.34 years, SDage= 1.05 at wave 1)
that completed questionnaire measures regarding their externalizing behavior, and their
relationship quality with their best friend and parents. We hypothesized that having a
negative relationship quality with parents and best friend would be related to an increase
in externalizing behavior, and that these associations would be stronger for adolescents 
who scored higher on sensory processing sensitivity. Furthermore we hypothesized that
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support from parents and best friend would be related to a decrease in externalizing 
behavior, and that these associations would be stronger for adolescents who scored higher
on sensory processing sensitivity. Moderation analyses revealed that our expectations
were partially confirmed, showing that a negative relationship quality with best friend 
–but not with parents– was associated with an increase in later externalizing behavior for
adolescents who scored higher, but not for those who scored lower on sensory processing
sensitivity. None of the other associations between support from best friend or parents and 
adolescents’ later externalizing behavior, nor the association between negative relationship 
quality with parents and adolescents’ later externalizing behavior were moderated by 
sensory processing sensitivity.

In Chapter 4 we aimed to expand the literature by reviewing prior literature on 
children’s differential susceptibility to parenting and addressing prevalent methodological 
and conceptual issues in the field. From reviewing the literature it became apparent
that prior studies predominantly assessed differential susceptibility –a within-subject
phenomenon– with between subject designs, and did not assess the full range of both
a positive and negative (parenting) environment and/or child outcome within the same 
study. Furthermore, we highlight that there is still little knowledge about the developmental
processes through which genetic susceptibility interacts with the environment in
producing phenotypic outcomes (e.g. externalizing behavior). Studying endophenotypes 
may provide us with more insights about the biological pathways between geno- and
phenotype, as endophenotypes are relatively stable, biobehavioral traits that represent
intermediate expressions between genetic susceptibility and phenotypic, developmental
outcomes. In a second part, we propose an experimental paradigm in which genetic and
endophenotypic susceptibility factors are jointly examined in one study to test children’s
susceptibility to parenting. In order to provide a stringent test of differential susceptibility, 
we propose a within-study design where children are both assessed to a negative and a
positive parenting environment in relation to a negative and a positive child outcome.

The study in Chapter 5 implemented the suggestion proposed in Chapter 4 to assess 
the full range of both a negative and positive parenting environment and negative and
positive child outcome. Twenty-five children (Mage= 7.57, SDage= 0.98) and one of their 
parents (Mage= 41.04, SDage = 4.04) participated in a within-subjects lab study, where 
children were assessed in regards to their reactivity to negative and positive (parenting) 
stimuli with physiological (heart rate variability, skin conductance) and cognitive
(attentional bias: attentional engagement and disengagement) endophenotype measures.
Meanwhile, parents filled out a series of questionnaires on their child’s externalizing and 
prosocial behavior (empathy), and their negative and positive parenting. In a first research
aim we used moderation analyses to test the hypotheses that the associations between 
negative parenting and child externalizing behavior, and positive parenting and child 
empathy would be stronger for children with the strongest responses to negative parenting 
stimuli on the endophenotype measures. Results show that negative parenting was related 
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to more child externalizing behavior for children with slower attentional engagement
to, and faster attentional disengagement from negative parenting pictures. The other 
endophenotypes did not moderate the association between negative parenting and child 
externalizing behavior, nor did any of the endophenotypes moderate the association
between positive parenting and child empathy. In a second research aim we used cluster 
analyses to test the hypothesis that there would be a smaller cluster group of children, 
comprising approximately 10-35 % of the sample, that would show strong reactions to 
both the negative and positive (parenting) stimuli on the endophenotype measures, next
to a larger less reactive cluster group. Partially in line with hypotheses, we found a group
that showed strong reactions to both negative and positive stimuli on the endophenotype
measures of attentional engagement and disengagement, next to a larger group that was 
less reactive to both negative and positive stimuli. For the physiological endophenotypes 
we found that there was group that showed strong reactions to both negative and positive
stimuli, differentiated from a group that showed less strong reactions to both.

Overall Conclusions
The studies in this dissertation indicated that genetic variants in the dopamine pathways, 
but also the cognitive endophenotypes of sensory processing sensitivity and attentional 
bias may modulate children’s and adolescents’ susceptibility to the parent and peer 
environment in relation to their externalizing and prosocial behavior. However, it appears 
to be challenging to identify children and adolescents that show heightened susceptibility 
to negative and positive parenting and peer conditions, “for-better-and-for-worse”. The 
extent to which a differential susceptibility effect can be expected or may be found appears
to be related to the conditions and the type of study design used to test the differential 
susceptibility hypothesis, encouraging future research to further investigate this.

Overall, the studies in this dissertation highlight the cognitive endophenotypes of 
sensory processing sensitivity and attentional bias and the polygenic dopamine index 
as the most relevant susceptibility factors that may function as moderators in the 
associations between peer and parent conditions and externalizing behavior. However, we 
also encourage further investigation of the physiological endophenotypes as susceptibility 
factors to parent and peer environments well, as we found that children were also directly
reactive to both negative and positive parenting stimuli not only in terms of attentional 
bias, but also on measures of heart rate variability, skin conductance level, and skin
conductance response. 

The present dissertation furthermore emphasizes the relevance of testing differential 
susceptibility at different time scales. In Chapter 2 and 3 we adopted a long-term approach 
of investigating whether susceptibility markers moderated the longitudinal associations
between a negative and positive parent and peer condition and a later child outcome, with
results not supporting a differential susceptibility effect. However, in line with our finding 
in Chapter 5 that some children showed immediate strong responses to both positive
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and negative parenting stimuli on the endophenotype measures, the present dissertation
shows that above and beyond investigating differential susceptibility from a long-term,
developmental perspective, short-term assessments of differential susceptibility are 
essential to demonstrate proof of concept of differential susceptibility. Furthermore,
the results of Chapter 5 highlight the important consideration that different types of 
susceptible children may be found within a given study’s sample. Specifically, the finding 
in research aim one, that negative parenting was associated with children’s externalizing
behavior for children with low attentional bias, suggest a different group of susceptible
children than those who showed immediate strong attentional bias to both positive and
negative parenting pictures in research aim two. It is suggested that future research
investigates how such assessment approaches may differ in terms of the different types 
of susceptibility subgroups that they may capture. Considering that different types of 
susceptible individuals may co-exist in the general population, some children, for instance,
may be disproportionately susceptible to only negative (diathesis-stress), or positive
(vantage sensitivity) parent or peer environments, yet others may be disproportionately 
susceptible to both negative and positive parent or peer influences, and others to none
(non-susceptible). Given that these different types of susceptible children may all form 
part of a given study’s sample, it becomes apparent why it may be challenging to detect a 
differential susceptibility effect, regardless of which study design is implemented to test
differential susceptibility (experimental within-person tests are also not immune to this
problem). Lastly, it needs to be considered that detection of a differential susceptibility 
effect may in part be related to the specific susceptibility factor being studied, meaning 
that some susceptibility markers may modulate children’s susceptibility in a “for-better-
and-for-worse” fashion whereas other do not capture this effect.

The present dissertation furthermore highlights that there are certain issues in 
regards to the assessment of differential susceptibility in prior literature. In Chapter 4 we
highlight that most studies assessing children’s susceptibility to parenting use between-
subject, correlational designs to assess the within-person phenomenon of differential 
susceptibility, and furthermore only assess a restricted spectrum of either only a positive 
or negative environmental condition or child outcome. Assessing the full spectrum in the 
context of within-subject designs is however crucial in order to be able to test whether those
children that are most negatively influenced by adverse experiences may also develop the 
most positively (e.g. prosocial behavior) when experiencing environmental enrichment. 
Taken together, literature undoubtedly indicates support for differential susceptibility– 
however, there is also a significant body of literature that does not support the differential 
susceptibility hypothesis, regardless of which susceptibility factor is examined, and this
does not take into account potential artificial inflation of significant findings due to
publication bias.

The overarching aim of this dissertation was to examine whether genetic variants in 
the dopamine pathways, and endophenotypes of heart rate variability, skin conductance,
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attentional bias, and sensory processing sensitivity would function as potential markers 
of differences in (differential) susceptibility to negative and positive parenting and peer 
environments, respectively. We found that a dopaminergic polygenic index (Chapter 2)
and cognitive endophenotypes of attentional bias (Chapter 5) and sensory processing
sensitivity (Chapter 3) did not seem to function specifically as differential susceptibility 
markers, but nevertheless seem to be involved in modulating children’s and adolescents’
susceptibility to the parent and peer environment. Furthermore, the present dissertation 
highlighted relevant suggestions for future research, such as assessing genetic and
endophenotypic susceptibility factors jointly in one experimental paradigm, to elucidate 
how genotype may express itself in intermediate phenotypes (endophenotypes), to
ultimately produce behavioral outcomes. Taken together, the studies in the present 
dissertation provided insights into the use of genotypic and various endophenotypic
measures to assess children’s and adolescents’ (differential) susceptibility to the parent and 
peer environment, encouraging further research to investigate how these susceptibility 
factors are implicated in the development of children’s and adolescents’ externalizing and 
positive behavior outcomes.
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Differentiële Ontvankelijkheid Door Genen en Endofenotype bij Kinderen en Adolescenten
Externaliserend gedrag bij kinderen, zoals agressie en regel-overtredend gedrag,
zijn gerelateerd aan ontwikkelingsproblemen op latere leeftijd, zoals delinquentie, 
leermoeilijkheden en middelengebruik. Twee factoren die een grote rol spelen in de 
ontwikkeling zijn opvoeding en leeftijdsgenoten. Een omgeving die gekenmerkt wordt door
een ondersteunende opvoeding en positieve omgang met leeftijdsgenoten, kan enerzijds 
beschermend werken tegen de ontwikkeling van externaliserend gedrag en anderzijds 
de ontwikkeling van prosociaal gedrag stimuleren. Een hardvochtig opvoedklimaat en
een negatieve omgang met leeftijdsgenoten vormen daarentegen risicofactoren voor de
ontwikkeling van externaliserend gedrag bij kinderen en adolescenten. Toch blijken 
niet alle kinderen in dezelfde mate beïnvloed te worden door hun sociale omgeving. Het 
diathese-stress model heeft lange tijd verondersteld dat sommige individuen in een hogere
mate worden beïnvloed door de schadelijke effecten van een ongunstige omgeving dan 
andere. Dit verschil werd toegewezen aan individuele kwetsbaarheden. Tegenwoordig 
wordt echter aangenomen dat individuen niet alleen verschillen in de mate van hun 
reactie op een negatieve omgeving, maar ook in de mate waarin zij kunnen profiteren van
een positieve omgeving. De differentiële ontvankelijkheidshypothese stelt dat kinderen 
die het meest negatief beïnvloed worden door de negatieve effecten van een ongunstig 
opgroeiklimaat, ook het meest profiteren van een verrijkte omgeving; zij zijn dus zowel 
in “negatieve” als in “positieve” zin het meest ontvankelijk. De afgelopen jaren is in
toenemende mate aandacht besteed aan de effecten van een positieve omgeving op de 
ontwikkeling van kinderen. Hieruit is het voordeelgevoeligheidsmodel ontwikkeld. Dit
model neemt aan dat sommige kinderen disproportioneel profiteren van een verrijkte 
omgeving (bijv. een ondersteunende opvoeding), terwijl andere kinderen nauwelijks of 
helemaal geen profijt hebben van dit soort positieve ervaringen.

Het gemeenschappelijke idee van bovenstaande modellen is dat de verschillen 
tussen kinderen in ontvankelijkheid voor de omgeving gedeeltelijk afhangen van de 
neurobiologische variatie, gelegen in het genotype. De vooruitgangen die de afgelopen
jaren in gen-omgevingsonderzoek zijn geboekt, tonen aan dat bepaalde genetische
varianten (polymorfismen) betrokken zijn bij de verschillen tussen kinderen wat betreft 
ontvankelijkheid voor opvoeding. Veel van deze eerdere studies hebben echter alleen een
enkel polymorfisme onderzocht, de zogeheten kandidaat-gen benadering. De afgelopen jaren 
is hier in toenemende mate kritiek op geleverd: er zou onvoldoende recht worden gedaan aan
de genetische complexiteit. Recentelijk zijn er meer geavanceerde benaderingen ontwikkeld, 
zoals polygenetische indices, die gericht zijn op een grotere genetische variatie. In dit
proefschrift is een polygenetische index gebruikt, bestaande uit verschillende polymorfismen 
die betrokken zijn bij de dopaminebanen, om de verschillen in de ontvankelijkheid 
voor opvoeding bij kinderen te onderzoeken. Ondanks de snelle ontwikkelingen op het 
terrein van de genetische ontvankelijkheid voor de omgeving, is nog altijd weinig bekend
over de biologische banen waarlangs het genotype inwerkt op de ontvankelijkheid voor 
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omgevingsinvloeden. Onderzoekers hebben geprobeerd deze “black box” in kaart te brengen 
door bestudering van endofenotypen. Endofenotypen verwijzen naar relatief stabiele, 
biogedragsmarkers in fysiologische, cognitieve en temperamentbanen. Onderzoek naar 
endofenotypen biedt meer inzicht in de banen die betrokken zijn van genotype tot fenotype. 
In dit proefschrift zijn fysiologische (hartslagvariabiliteit en huidgeleiding) en cognitieve
(aandachtsvertekening en hoogsensitiviteit) endofenotypen onderzocht. De voornaamste 
doelstelling van dit proefschrift was te onderzoeken of dopaminerge genetische varianten
en de endofenotypen hartslagvariabiliteit, huidgeleiding, aandachtsvertekening en 
hooggevoeligheid indicatoren zijn van verschillen in de ontvankelijkheid voor negatieve en 
positieve opvoeding en omgang met leeftijdsgenoten bij kinderen en adolescenten, in relatie 
tot hun externaliserende en prosociale gedrag.

Onderzoeken in dit Proefschrift
In Hoofdstuk 2 is onderzocht of een genetische index, bestaande uit specifieke 
polymorfismen in de dopaminebanen (DRD4, DRD2, DAT1, MAOA en COMT), de
ontvankelijkheid voor opvoeding moduleert in de ontwikkeling van externaliserend 
gedrag. Deze polymorfismen zijn geselecteerd omdat deze betrokken blijken bij het 
moduleren van de gevoeligheid van kinderen voor straf en beloning door ouders, 
zowel in positieve als in negatieve zin. Omdat is aangetoond dat meerdere genetische 
varianten een gezamenlijk effect hebben op de ontvankelijkheid voor de omgeving, is een 
continue polygenetische index gecreëerd, in plaats van een enkel kandidaat gen of een 
dichotome genetische index, zoals in eerdere studies veel is gedaan. De data is afkomstig 
uit een longitudinale studie ‘ORCHIDS’ met drie meetmomenten. De steekproef 
bestond uit 190 gezinnen met kinderen in de leeftijd van 4 tot 8 jaar, die risico liepen 
op externaliserende gedragsproblematiek. Ouders vulden vragenlijsten in die betrekking 
hadden op negatief en positief opvoedgedrag en op externaliserend gedrag van hun kind. 
Met behulp van moderatie analyses is onderzocht of voor kinderen met hogere scores 
op de continue polygenetische index negatief opvoeden sterker geassocieerd is met een 
toename in later externaliserend gedrag (in negatieve zin), en of positief opvoeden sterker 
geassocieerd is met een afname in toekomstig externaliserend gedrag (in positieve zin). De 
onderzoeksresultaten leverden geen bewijs voor een differentieel ontvankelijkheidseffect.
Wel werd gevonden dat positief opvoeden geassocieerd was met een afname in toekomstig
externaliserend gedrag bij kinderen met hogere polygenetische scores, maar dit effect bleek 
minder uitgesproken voor kinderen met lagere polygenetische scores. Positief opvoeden
hing voor hen juist samen met een toename in toekomstig externaliserend gedrag.

In eerder onderzoek zijn voornamelijk de verschillen in ontvankelijkheid voor 
opvoeding bij kinderen onderzocht. Om de bestaande literatuur aan te vullen is in
Hoofdstuk 3 de differentiële ontvankelijkheid voor de context van leeftijdsgenoten en
ouders onderzocht bij adolescenten. Er is gebruik gemaakt van data van een tweejarige 
longitudinale studie met twee meetmomenten. De steekproef bestond uit 177 adolescenten
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(Mleeftijd= 13.34 jaar, SDleeftijd= 1.05 op meetmoment 1) die vragenlijsten invulden over hun 
externaliserend gedrag en de kwaliteit van de relaties met hun beste vriend en hun ouders. 
Verondersteld werd dat een negatieve relatiekwaliteit gerelateerd zou zijn aan een toename
in externaliserend gedrag en dat deze associaties sterker zouden zijn voor adolescenten die 
hoger scoorden op hoogsensitiviteit. De tweede hypothese was dat steun van ouders en hun
beste vriend gerelateerd zou zijn aan een afname van externaliserend gedrag en dat deze
associaties sterker zouden zijn voor adolescenten die hoger scoorden op hoogsensitiviteit. 
Deze verwachtingen werden door moderatie analyses deels bevestigd. Er kwam naar voren
dat een negatieve relatiekwaliteit met de beste vriend – maar niet met ouders – samenhing 
met meer toekomstig externaliserend gedrag voor adolescenten die hoger scoorden, maar
niet voor hen die lager scoorden op hoogsensitiviteit. Geen van de andere associaties 
tussen positieve steun van de omgeving en het toekomstige externaliserend gedrag werd
gemodereerd door hoogsensitiviteit. Dit bleek ook het geval voor de associatie tussen een 
negatieve kwaliteit van de relatie met ouders en het latere externaliserend gedrag van
adolescenten.

In Hoofdstuk 4 is geprobeerd een bijdrage te leveren aan de reeds bestaande literatuur. 
Dit is gedaan door eerdere literatuur over de verschillen in ontvankelijkheid voor opvoeding
bij kinderen te bestuderen en de methodologische en conceptuele problemen binnen dit
veld in kaart te brengen. Uit de bestudering van de literatuur kwam naar voren dat eerdere
onderzoeken voornamelijk de verschillen in ontvankelijkheid onderzochten aan de hand
van vergelijkingen tussen kinderen. Het differentiële ontvankelijkheidsmodel gaat er
echter van uit dat dezelfde kinderen die bovengemiddeld kwetsbaar zijn voor negatief 
opvoeden ook bovengemiddeld kunnen profiteren van positieve opvoeding. Het gehele 
spectrum van zowel positieve als negatieve omgevingen en uitkomsten is niet bestudeerd 
binnen hetzelfde onderzoek. Verder wordt onderstreept dat er nog steeds weinig bekend 
is over de ontwikkelingsprocessen waarlangs de genetische gevoeligheid interacteert met
de omgeving in de totstandkoming van fenotypische uitkomsten (bijv. externaliserend 
gedrag). Het bestuderen van endofenotypen zou meer inzicht kunnen opleveren in
de biologische banen tussen geno- en fenotype. Endofenotypen zijn relatief stabiele, 
biogedragsmarkers die expressies voorstellen tussen genetische ontvankelijkheid enerzijds 
en fenotypische, ontwikkelingsuitkomsten anderzijds. In het tweede gedeelte wordt een 
experimenteel onderszoeksmodel voorgesteld waarin genetische en endofenotypische 
gevoeligheidsfactoren gezamenlijk onderzocht worden om de ontvankelijkheid voor 
opvoeding van kinderen te onderzoeken. Er wordt een ontwerp voorgesteld waarin 
dezelfde kinderen worden beoordeeld op zowel een negatief als een positief opvoedklimaat 
in relatie tot een negatieve en positieve uitkomst. 

Het onderzoek in Hoofdstuk 5 heeft bovenstaande suggestie uit Hoofdstuk 4 uitgevoerd. 
25 kinderen (Mleeftijd = 7.57, SDleeftijd = 0.98) en één van hun ouders (Mleeftijd = 41.04, SDleeftijd 
= 4.04) namen deel aan laboratoriumonderzoek, waarin zij werden beoordeeld op hun 
reactiviteit op negatieve en positieve (opvoed)stimuli met behulp van fysiologische 
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(hartslagvariabiliteit, huidgeleiding) en cognitieve (aandachtsvertekening: attentional 
engagement en disengagement) endofenotype metingen. Ondertussen vulden ouders een 
aantal vragenlijsten in over externaliserend en prosociaal gedrag (empathisch vermogen) 
van hun kind en over hun eigen negatieve en positieve opvoedgedrag. In een eerste 
onderzoek is met behulp van moderatie analyses de hypothese getoetst dat de associaties 
tussen negatief opvoeden en externaliserend gedrag, en tussen positief opvoeden en 
het empathisch vermogen sterker zouden zijn voor kinderen met de sterkste reacties op 
negatieve opvoedstimuli op de endofenotype metingen. Uit de resultaten komt naar voren 
dat negatieve opvoeding gerelateerd was aan meer externaliserend gedrag voor kinderen 
met tragere attentional engagement en snellere attentional disengagement voor negatieve 
opvoedafbeeldingen. De andere endofenotypen bleken de associaties tussen negatieve 
opvoeding en externaliserend gedrag van het kind niet te modereren. Dit gold eveneens 
voor de associatie tussen positief opvoeden en empathisch vermogen van het kind. In 
een tweede onderzoek is gebruik gemaakt van geclusterde analyses om te onderzoeken 
of er een kleiner cluster kinderen, bestaande uit ongeveer 10-35% van de steekproef, zou 
zijn dat sterke reacties zou laten zien op zowel de negatieve als positieve (opvoedings)
stimuli op de endofenotype metingen, naast een groter, minder reactief cluster kinderen. 
Gedeeltelijk in lijn met deze hypothese werd een groep gevonden die sterke reacties op 
zowel negatieve als positieve stimuli op de endofenotype metingen attentional engagement 
en disengagement liet zien, naast een grotere groep die minder reactief bleek voor zowel 
negatieve als positieve stimuli. Voor de fysiologische endofenotypen bleek enerzijds een 
groep die sterke reacties op zowel negatieve als positieve stimuli liet zien en anderzijds een 
groep die minder sterke reactie op de stimuli vertoonde. 

Conclusie
De onderzoeken in dit proefschrift toonden aan dat genetische varianten in de 
dopaminebanen, maar ook de cognitieve endofenotypen hoogsensitiviteit en 
aandachtsvertekening de ontvankelijkheid van kinderen en adolescenten voor de omgeving
(opvoeding en leeftijdsgenoten) kunnen moduleren bij het voorspellen van externaliserend 
en prosociaal gedrag. Het is echter moeilijk om kinderen en adolescenten te identificeren die
een verhoogde ontvankelijkheid voor negatieve en positieve omgevingen laten zien, zowel 
in positieve als in negatieve zin. De mate waarin een differentieel ontvankelijkheidseffect
gevonden zou kunnen worden lijkt gerelateerd aan de gebruikte condities en het type 
onderzoeksmodel. Toekomstig onderzoek dient dit verder te onderzoeken. 

Al met al brengen de onderzoeken in dit proefschrift de cognitieve endofenotypen 
hoogsensitiviteit en aandachtsvertekening en de polygenetische dopamine index als 
de meest relevante ontvankelijkheidsfactoren naar voren die als moderatoren kunnen 
functioneren in de associatie tussen omgevingen en externaliserend gedrag. Verder 
onderzoek naar de fysiologische endofenotypen als ontvankelijkheidsfactoren voor 
omgevingen wordt aangemoedigd, omdat kinderen ook direct blijken te reageren op 
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zowel negatieve als positieve opvoedstimuli. Dit is niet alleen het geval in termen 
van aandachtsvertekening, maar ook op de metingen van hartslagvariabiliteit, 
huidgeleidingslevel en huidgeleidingsrespons. 

Verder onderstreept het huidige proefschrift het belang van onderzoek naar de 
verschillen in ontvankelijkheid op verschillende tijdsschalen. In Hoofdstuk 2 en 3 is 
een lange-termijnaanpak gebruikt om te onderzoeken of ontvankelijkheidsmarkers de 
longitudinale associatie tussen omgevingen en uitkomsten modereerden. De resultaten 
vormden geen ondersteunend bewijs voor een differentieel ontvankelijkheidseffect. 
Toch laat het huidige proefschrift zien dat naast het onderzoeken van verschillen 
in ontvankelijkheid vanuit een lange-termijn, ontwikkelingsperspectief, ook korte-
termijnmetingen van verschillen in ontvankelijkheid essentieel zijn om het bewijs van 
differentiële ontvankelijkheid aan te tonen. Verder maken de resultaten uit Hoofdstuk 
5 duidelijk dat verschillende typen ontvankelijke kinderen deel uit kunnen maken van 
een steekproef. Uit het eerste onderzoek bleek dat negatieve opvoeding geassocieerd was 
met externaliserend gedrag voor kinderen met een lage aandachtsvertekening. Dit lijkt 
een andere groep ontvankelijke kinderen dan de kinderen die een onmiddellijke sterke 
aandachtsvertekening lieten zien voor zowel positieve als negatieve opvoedingsstimuli 
in het tweede onderzoeksgedeelte. Toekomstig onderzoek zou zich kunnen richten 
op hoe zulke benaderingen kunnen verschillen in termen van de verschillende typen 
ontvankelijke subgroepen. Verschillende typen ontvankelijke individuen zouden 
samen kunnen voorkomen in de algemene populatie. Sommigen zouden bijvoorbeeld 
disproportioneel ontvankelijk kunnen zijn voor enkel negatieve (diathese-stress) of 
positieve (voordeelgevoeligheid) omgevingen. Anderen zouden disproportioneel gevoelig 
kunnen zijn voor zowel negatieve als positieve omgevingen en weer anderen voor geen 
van beide (onontvankelijk). Wanneer deze verschillende typen ontvankelijke kinderen 
allemaal deel uitmaken van eenzelfde steekproef is het een uitdaging om een differentieel 
ontvankelijkheidseffect te detecteren, ongeacht welk onderzoeksdesign gehanteerd wordt 
om de verschillen in ontvankelijkheid te toetsen. Experimentele modellen ontworpen 
om verschillen binnen dezelfde kinderen te onderzoeken, zijn ook niet immuun voor 
dit probleem. Ten slotte dient rekening te worden gehouden met de mogelijkheid dat 
detectie van een differentieel ontvankelijkheidseffect deels gerelateerd zou kunnen zijn 
aan de specifieke ontvankelijkheidsfactor die wordt bestudeerd. Dit betekent dat sommige 
ontvankelijkheidsindicatoren de ontvankelijkheid van kinderen in positieve en in 
negatieve zin zouden kunnen moduleren, terwijl dit bij andere niet het geval is. 

Verder worden in huidig proefschrift de problemen wat betreft de differentiële 
ontvankelijkheid in eerdere literatuur onderstreept. In Hoofdstuk 4 werd benadrukt dat 
de meeste studies die de ontvankelijkheid van kinderen voor opvoeding bestudeerden, 
correlatiemodellen gebruikten voor verschillen tussen kinderen. Differentiële 
ontvankelijkheid is echter een fenomeen dat gaat over verschillen binnen dezelfde 
kinderen. Verder bleek dat eerder onderzoek alleen een beperkt spectrum van alleen 
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een positieve of negatieve omgevingsconditie of alleen een kind uitkomst beoordeelde. 
Het onderzoeken van het volledige spectrum binnen dezelfde kinderen, wordt echter als 
cruciaal beschouwd om te kunnen toetsen of de kinderen die het meest negatief worden 
beïnvloed door ongunstige ervaringen zich ook het meest positief (bijv. prosociaal gedrag) 
zouden kunnen ontwikkelen wanneer zij worden blootgesteld aan een verrijkte omgeving. 
Concluderend levert de literatuur zeker bewijs voor differentiële ontvankelijkheid. Er is 
echter ook een aanzienlijk aantal studies die deze hypothese niet ondersteunt, ongeacht 
welke ontvankelijkheidsfactor wordt onderzocht. Hierbij wordt geen rekening gehouden 
met mogelijke kunstmatige inflatie van significante resultaten door publicatiebias. 

Het overkoepelende doel van dit proefschrift was te onderzoeken of genetische 
varianten in de dopaminebanen, en de endofenotypen hartslagvariabiliteit, huidgeleiding, 
aandachtsvertekening en hoogsensitiviteit mogelijke indicatoren zouden kunnen zijn van 
verschillen in (differentiële) ontvankelijkheid voor negatieve en positieve omgevingen. Er 
werd gevonden dat een dopaminerge polygenetisch index (Hoofdstuk 2) en de cognitieve 
endofenotypen aandachtsvertekening (Hoofdstuk 5) en hoogsensitiviteit (Hoofdstuk 3) 
niet specifiek functioneerden als differentiële ontvankelijkheidsindicator. Toch lijken 
deze wel betrokken bij de modulatie van de ontvankelijkheid voor omgevingen (ouders 
en leeftijdsgenoten) bij kinderen en adolescenten. Verder bracht dit proefschrift een 
aantal relevante suggesties voor toekomstig onderzoek naar voren, zoals het gezamenlijk 
beoordelen van genetische en endofenotypische ontvankelijkheidsfactoren in een 
experimentele onderzoeksopzet. Dan zou duidelijk kunnen worden hoe het genotype 
zichzelf tot uiting kan brengen in tussenliggende fenotypen (endofenotypen), hetgeen 
uiteindelijk leidt tot gedragsuitkomsten. Concluderend leverden de studies in het huidige 
proefschrift inzichten in het gebruik van genotypische en verschillende endofenotypische 
metingen om de (verschillen in) ontvankelijkheid voor de omgeving (opvoeding en 
leeftijdsgenoten) bij kinderen en adolescenten te beoordelen. Toekomstig onderzoek dient 
zich te richten op hoe deze ontvankelijkheidsfactoren betrokken zijn bij de ontwikkeling 
van externaliserend en positief gedrag bij kinderen en adolescenten. 
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