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This study investigated whether children scoring higher on a polygenic plasticity index based on five dopamin-
ergic genes (DRD4, DRD2, DAT1, MAOA, and COMT) benefited the most from the Incredible Years (IY) parent
program. Data were used from a randomized controlled trial including 341 Dutch families with 4- to 8-year-old
children (55.7% boys) showing moderate to high levels of problem behavior. IY proved to be most effective in
decreasing parent-reported (but not observed) externalizing behavior in boys (but not girls) carrying more
rather than fewer dopaminergic plasticity alleles; this Gene x Intervention effect was most pronounced in the
case of boys whose parents’ manifested the most positive change in parenting in response to the intervention.
These results proved robust across a variety of sampling specifications (e.g., intention to treat, ethnicity).

Elevated levels of externalizing behavior (e.g.,
aggression, oppositional behavior, disobedience) in
the early years of life forecasts a variety of problems
later in childhood (Campbell et al, 2006). Left
untreated, externalizing behavior often worsens with
age and tends to persist over time (Mesman, Bongers,
& Koot, 2001; Vaughn, Salas-wright, Delisi, &
Maynard, 2013), generating substantial social and
economic costs to individuals and society (Raaijmak-
ers, Posthumus, Van Hout, Van Engeland, & Mat-
thys, 2011; Scott, Knapp, Henderson, & Maughan,
2001). These observations underscore the importance
of early intervention to ameliorate such early emerg-
ing problems. Some of the most effective interven-
tions in this regard are designed to increase positive
parenting behavior. Such behavioral parent training
programs employ parents as change agents, enabling
them to deploy more positive parenting practices,
thereby reducing problematic child behavior (Fore-
hand, Lafko, Parent, & Burt, 2014).
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Not all children benefit equally from intervention-
induced changes in positive parenting behavior.
Conversely, not all children who appear to be at risk
for developing externalizing problems—as a result
of exposure to unsupportive, negative, and harsh
parenting—do so. These differential responses to,
respectively, parenting support and risk raise ques-
tions about the source of such heterogeneity. For
quite some time now it has been presumed that some
children are more at risk because of their own char-
acteristics of “vulnerability,” be they temperamental,
physiological, and/or genetic in nature. Indeed, this
notion is central to the long-standing diathesis—stress
model of Person x Environment interaction that has
informed much research (e.g., Zuckerman, 1999).
However, this “vulnerability” framework is less ade-
quate in explaining heterogeneity in response to
environmental support and enrichment.

Recently, an alternative Person x Environment
framework has been advanced which explicitly
addresses differential response to both risk and
support. This differential susceptibility perspective
stipulates that the very personal characteristics that
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make a child especially vulnerable to adversity may
also enable him or her to benefit more so than
others from support and enrichment (Belsky, Baker-
mans-Kranenburg, & Van IJzendoorn, 2007; Belsky
& Pluess, 2009, 2013; Boyce & Ellis, 2005, Ellis,
Boyce, Belsky, Bakermans-Kranenburg, & Van
IJzendoorn, 2011)). In doing so, this evolutionary
inspired framework implies that it will be children
regarded as especially vulnerable to adversity due
to their personal characteristics who would benefit
the most from efforts to promote well-being, to pre-
vent problems from developing in the first place,
and to ameliorate existing problems (Belsky & Van
[Jzendoorn, 2015; Van IJzendoorn & Bakermans-
Kranenburg, 2015).

Here, we test this differential-susceptibility-
derived proposition that some children are more
susceptible to intervention-induced environmental
change than others by focusing on their genetic
makeup. Specifically, we test the hypothesis that
children manifesting moderate to high levels of
problem behavior and carrying more of particular
variants of a set of dopaminergic genes (i.e., “plas-
ticity alleles”) will benefit more than their peers
from the Incredible Years (IY) parenting interven-
tion (Webster-Stratton, 2001b). This prediction is
also based on recent research on the genetic moder-
ation of intervention efficacy (Belsky & Van IJzen-
doorn, 2015; Van IJzendoorn & Bakermans-
Kranenburg, 2015) and evidence that dopaminergic
genes moderate environmental effects in a differen-
tial-susceptibility-related, “for-better-and-for-worse”
manner (Bakermans-Kranenburg & Van IJzendoorn,
2011). Because IY seeks to change children by
increasing positive parenting, including their use of
praise, tangible rewords, and other positive rein-
forcements (e.g., Beauchaine, Webster-Stratton, &
Reid, 2005; Gardner, Hutchings, Bywater, & Whi-
taker, 2010), we also predicted, following Baker-
mans-Kranenburg, Van IJzendoorn, Pijlman,
Mesman, and Juffer (2008), that it would be chil-
dren who carried the most putative plasticity alleles
and whose parents evinced the most increase in
positive parenting in response to the IY program
who would benefit the most from the intervention.

Parenting and Externalizing Behavior

Extensive evidence indicates that parenting
behavior is longitudinally associated with child
behavior (e.g., Miner & Clarke-Stewart, 2008). Nega-
tive parenting strategies in particular are related to
elevated levels of externalizing behavior, including
inconsistent  discipline, disapproval, harshness,

physical discipline, lack of positive tone, and coer-
cion (Gershoff, 2002; Pettit & Bates, 1989; Shaw,
Keenan, & Vondra, 1994). In contrast, positive par-
enting strategies that convey warmth and acceptance
and provide positive consequences for desirable
behavior while enhancing the parent—child relation-
ship can prevent externalizing behavior from persist-
ing and increasing over time (Dishion et al., 2009;
Gardner, Shaw, Dishion, Burton, & Supplee, 2007).

The Incredible Years Program

Given these observations, it is not surprising that
efforts to prevent the development of severe exter-
nalizing problem behavior have targeted parenting,
seeking to reduce negative while promoting posi-
tive parenting practices. IY parent training (Web-
ster-Stratton, 2001b) is one such program designed
to prevent the development of child externalizing
behavior problems or to ameliorate early emerging
problems and is therefore the specific focus of this
report. IY has been evaluated in over 50 studies
and proven effective in both clinical and commu-
nity samples (Menting, Orobio de Castro, & Mat-
thys, 2013; Webster-Stratton & Hammond, 1997;
Weeland, Chhangur et al., in press). IY intervention
effects have been replicated independently (e.g.,
Scott, Spender, Doolan, Jacobs, & Aspland, 2001),
and results include reductions in externalizing
behavior that endure several years after exposure to
the program (e.g., Jones, Daley, Hutchings, Bywa-
ter, & Eames, 2008; Posthumus, Raaijmakers, Maas-
sen, Van Engeland, & Matthys, 2012).

Important to appreciate, however, is that average
effect size of IY and most other parenting interven-
tions are small to moderate in magnitude (McCart,
Priester, Davies, & Azen, 2006), with children vary-
ing in the degree to which they benefit from the
program. In fact, a recent meta-analysis of IY effec-
tiveness chronicled a substantial effect in treatment
studies, but a small effect in indicated prevention
research on children identified as having minimal
but detectable signs or symptoms (d = .20, Menting
et al., 2013). Even the most successful interventions
for externalizing behavior might be effective for
only about two-thirds of children (see Webster-
Stratton & Hammond, 1997). Such results highlight
the need to illuminate potential moderators of inter-
vention efficacy. It seems plausible that such deter-
minants of variation in response to intervention
could be genetic in character, as responsiveness to
changes in parenting may depend on reward sensi-
tivity. Specifically, the dopaminergic system would
seem to play a pivotal role due to its link with



reward sensitivity and reinforcement learning (Bak-
ermans-Kranenburg & Van IJzendoorn, 2011).

Differential Susceptibility to Environmental Influences

Decades of research informed by the diathesis—
stress model of Person x Environment interaction
(Zuckerman, 1999) made clear that some individu-
als are more susceptible to the negative effects of
exposure to diverse conditions of contextual adver-
sity (e.g., poverty, depressed mother, harsh parent-
ing) and that this enhanced vulnerability to
adversity might be a function of their personal
characteristics (i.e., temperamental, physiological, or
genetic characteristics). Recent theorizing has called
attention to the fact that the very individual attri-
butes that appear to make some children more vul-
nerable to adversity might also make them more
likely to benefit from supportive environmental
conditions. Indeed, differential-susceptibility theo-
rizing postulates that some children are more devel-
opmentally plastic or malleable “for better and for
worse” rather than just more likely to succumb to
negative rearing conditions (Belsky & Pluess, 2009,
2013; Belsky et al., 2007; Boyce & Ellis, 2005).

A growing body of evidence is consistent with
this claim (Belsky & Pluess, 2009, 2013). Especially
important for the purposes of this study is research
documenting the role of dopaminergic genes in
moderating a variety of environmental effects in a
for-better-and-for-worse,  differential-susceptibility-
related manner. For example, Foley et al. (2004)
found that boys with the MAOA low-activity allele
were more likely than their high-activity counter-
parts to be diagnosed with conduct disorder when
exposed to high levels of childhood adversity but
were less likely to do so when exposed to low levels
of adversity. The polymorphisms selected for inclu-
sion in the work reported herein have been found to
moderate environmental effects in Gene x Environ-
ment (G x E) research in a similar differential-sus-
ceptibility-related manner (Belsky & Pluess, 2013;
Van IJzendoorn & Bakermans-Kranenburg, 2015).
The current investigation is therefore specifically
conceptualized in such terms rather than in terms of
vantage sensitivity—which refers to factors that
make some individuals more susceptible to positive
exposures but does not make them more susceptible
to negative ones (Pluess & Belsky, 2013).

Why Dopaminergic Genes?

Dopamine is an excitatory neurotransmitter
involved in motivational, attentional, and reward
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processes. It is heavily expressed in dopaminergic
pathways in the brain (e.g., the ventral tegmental
area, nucleus accumbens, and prefrontal cortex)
where it appears to modulate excitatory signaling
(Blum et al., 1996). This signaling plays an impor-
tant role in reward processing. Different dopamin-
ergic polymorphisms are known to alter reward
processing—that makes children and adolescents
apparently more or less prone to environmental
cues of reward by affecting how much dopamine
moves into a synapse or how quickly it is reab-
sorbed or degraded (Matthys, Vanderschuren, &
Schutter, 2013; Moore & Depue, 2016). This might
influence how susceptible children are to parenting
practices based on reward. Here, we focus on the
cumulative function of several polymorphisms that
are known to affect levels of dopamine signaling in
the brain and thereby possibly contribute to indi-
vidual differences in reward processing: The 7-
repeat allele of DRD4, the Al allele of DRD2, the
10-repeat allele of DATI, the low-activity allele of
MAOA, and the val allele of COMT.

All the above listed allelic variants have been
linked to increased sensitivity to environmental
influences in a for-better-and-for-worse manner (Bel-
sky & Pluess, 2009, 2013). Consider in this regard
evidence of Laucht et al. (2007) showing that adoles-
cents carrying the DATI 10-repeat allele manifested
most and least inattention problems when living
under high- and low-aversive conditions, respec-
tively, compared to other children. Relatedly, Kim-
Cohen et al. (2006) found that boys carrying the
MAQOA low-activity allele were rated by teachers and
mothers as having more mental health problems
than other boys when experiencing physical abuse
but fewer problems when not mistreated. Notable, in
fact, is Bakermans-Kranenburg and Van IJzendoorn’s
(2011) meta-analysis showing that individual dopa-
mine-related genes moderate diverse environmental
effects in a differential-susceptibility-related manner
in the case of children under 10 years of age. Just as
noteworthy, however, is that G x E results of corre-
lational studies have proven difficult to replicate,
and the interpretation of G x E effects has not
always been straightforward (e.g., Duncan & Keller,
2011).

Gene x Intervention Interaction

A major step forward in testing G x E builds on
an experimental paradigm that involves interven-
tion. As such, G x I (Gene x Intervention) research
has several advantages (Belsky & Van IJzendoorn,
2015; Van IJzendoorn & Bakermans-Kranenburg,
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2015). First, it eliminates possible Gene x Environment
correlations (rGE) that plague interpretation of vir-
tually all G x E work (Bakermans-Kranenburg &
Van IJzendoorn, 2015; Chhangur, Weeland,
Matthys, & Overbeek, 2015). Second, G x I research
provides a means for establishing differential sus-
ceptibility due to its focus on environmental enrich-
ment. Third, standardized interventions afford
precise and thus reliable measurement of the envi-
ronment, thereby reducing measurement error.
Fourth, G x I designs provide considerably more
statistical power due to the dichotomous parameter-
ization of an environmental factor (i.e., experimen-
tal/control) as well as a targeted focus on “at-risk”
samples (Bakermans-Kranenburg & Van IJzendoorn,
2015).

Research on genetic moderation of intervention
efficacy is growing following a pioneering study
showing that video-feedback intervention designed
to reduce externalizing behavior by promoting sensi-
tive parenting and positive discipline proved effec-
tive only for children carrying 7-repeat alleles of the
DRD4 gene (Bakermans-Kranenburg et al., 2008).
More recent research further revealed that children
carrying the 7-repeat allele disproportionately bene-
fited from computerized training designed to
enhance phonemic awareness (Kegel, Bus, & van
IJzendoorn, 2011) and, separately, text comprehen-
sion (Plak, Kegel, & Bus, 2015). Working with older
children—African American adolescents growing up
in rural Georgia—Brody, Yu, and Beach (2015)
observed that a family-based intervention designed
to prevent, among other things, substance use
proved effective principally for teenagers carrying
this same putative plasticity allele. Most notably,
Van IJzendoorn and Bakermans-Kranenburg (2015)
meta-analysis found that genetic moderation of effi-
cacy proved to be the norm, even across interven-
tions of varying intensity (Van IJzendoorn &
Bakermans-Kranenburg, 2015). One limitation of vir-
tually all G x I work to date, however, is its focus
on single candidate genes, thus failing to do justice
to the polygenic nature of development.

Current Study

The research reported herein evaluates the genetic
moderation of the efficacy of the IY program. Rather
than focusing on a single candidate gene, we
employ a systems’ approach (Nikolova, Ferrell,
Manuck, & Hariri, 2011), creating a dopaminergic
polygenetic composite (based on the allelic variants
already highlighted). Following Belsky and Beaver
(2011), we gave children one point for each

polymorphism for which they had at least one puta-
tive plasticity allele (i.e., 0/1 scoring, range: 0-5).
We predicted that children scoring highest on the
polygenic index would show the greatest decrease
in externalizing behavior in response to the 1Y inter-
vention; and that this would be especially so when
parents evinced substantial rather than limited
improvement in their positive parenting behavior in
response to intervention. In other words, it would
be children carrying many rather than few plasticity
alleles whose parents changed the most who would
benefit most from the IY program. After evaluating
these predictions with all children, we conducted a
series of sensitivity analyses based on appreciation
that (a) inclusion of children who vary in their race/
ethnicity could be problematic when genetics are a
focus of interest (Propper, Willoughby, Halpern,
Carbone, & Cox, 2007) and (b) results can differ
when only cases with complete data are studied ver-
sus when an intention-to-treat design is employed.
In all analyses, G x I effects were tested separately
for boys and girls because one of the polymor-
phisms included in our polygenic index, the MAOA,
is sex linked (Byrd & Manuck, 2014).

Method
The ORCHIDS Study

Data for the research reported here come from
the ORCHIDS study (Observational Randomized
Controlled Trial on Childhood Differential Suscepti-
bility) conducted in the Netherlands. Data were col-
lected in two cohorts from November 2012-2013
through November 2013-2014. Detailed information
about the sample and sampling appears elsewhere
(Chhangur, Weeland, Overbeek, Matthys, & Orobio
de Castro, 2012; Weeland, Chhangur et al, in
press). Using a randomized control design, the
ORCHIDS study addresses the differential effective-
ness—across children with varying temperamental
and genetic characteristics—of the IY program in
reducing externalizing behavior in 4- to 8-year-old
children showing moderate to high levels of such
problems by enhancing a warm parent—child rela-
tionship through child-directed play; coaching of
social, emotional, and academic skills; praise and
rewards; effective limit setting; and handling (e.g.,
ignore and time-out techniques).

Sample

Participants were recruited in two cohorts via
two Dutch regional health care organizations.



Parents of 20,084 children aged 4-8 were mailed a
questionnaire to assess frequency of externalizing
child behavior (i.e., screening stage), resulting in
5,876 questionnaires returned in a timely manner
(response rate: 22.5%). Children scoring at or above
the 75th percentile on the Eyberg Child Behavior
Inventory (ECBI) intensity score scale (n =1,524)
were eligible for the randomized controlled trial
(RCT). If parents reported moderate to high levels
of externalizing behavior of multiple children
within a family, the child with highest ECBI Inten-
sity score was invited. A total of 1,393 mother—child
or father—child dyads were thus invited to partici-
pate, and 61% of these to-be-recruited families were
reached; 46% of the latter (N = 387) agreed to par-
ticipate. ECBI Intensity scores from screened fami-
lies (M =265, SD =0.52) differed from invited
families, M =3.59, SD = 0.46; t(5,872)= —89.57,
p <.001, and from those who agreed to participate,
M =364, SD =047, t(5,872)=-2890, p <.001,
though those who agreed to participate scored
somewhat higher than those invited but did not
participate, #(1,522) = —2.54, p = .01.

Cheek cells were collected for DNA assaying
from 385 children (failed genotyping assay: n = 2),
with the primary analysis sample consisting of
341 of these children and their parents; 44
families randomized to the intervention group
are excluded from the primary analysis because
they did not attend any of the intervention
sessions. Notably, those excluded (M = 3.66) did
not differ from those included on the ECBI Inten-
sity score (M = 3.71, p = .56). Most parents partici-
pating in the RCT were mothers (89.4%),
Caucasian (90.5%), and well educated (23.3%
vocational training, 42.9% higher vocational train-
ing or university). Intervention and control groups
did not differ on sample characteristics (i.e., age,
child age, gender, number of siblings, educational
level, ethnicity) and baseline externalizing behav-
ior (see Table 1).

Design and Procedure

Two months following screening, trained
research assistants conducted pretest home visits to
collect DNA and observational data from the child,
questionnaires to measure child externalizing
behavior, and positive parenting behavior were e-
mailed to parents a week earlier. Subsequently,
families were randomly assigned (ratio: 1:1) to con-
trol (n = 190) or intervention group (n = 197); recall
that 44 families allocated to intervention did not
attend any sessions and were thus excluded from
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Table 1
Sociodemographic Information and Initial Level of Externalizing Behavior
for Control and Intervention Groups by Gender

Control Interven-
Total group tion group
Boys (N =190) (n = 100) (n =90)
Age child (years) 63 134 64 138 61 129
Age parent (years) 379 470 38.0 4.63 37.0 481
% mother 92.6 94.0 91.1
Number of children 23 082 23 077 23 0.8
Education mother
% low 19.5 19.0 20.0
% medium 27.4 26.0 28.9
% high 52.6 45.0 50.0
Education father
% low 21.1 21.0 21.1
% medium 28.4 24.0 33.3
% high 479 51.0 444
% Caucasian mother 91.5 91.0 91.1
% Caucasian father 90.5 91.0 88.9
% single parent 9.5 7.0 122
Externalizing behavior ~ 3.83 050 3.77 051 3.89 049
Girls (N =151) (n =90) (n=61)
Age child (years) 63 125 62 118 64 135
Age parent (years) 384 497 393 499 384 498
% mother 89.4 88.0 90.2
Number of children 22 076 20 0.18
Education mother
% low 20.7 18.9 23.3
% medium 27.3 30.0 23.3
% high 51.3 50.0 53.3
Education father
% low 31.3 322 30.0
% medium 23.3 24.4 21.7
% high 429 41.1 45.0
% Caucasian mother 93.4 95.6 90.2
% Caucasian father 92.1 95.6 86.9
% single parent 8.0 5.6 11.7

Externalizing behavior ~ 3.56 0.54 353 049 3.62

Note. None of the groups differed significantly on sociodemo-
graphic characteristics and initial parent-reported externalizing
behavior with independent samples t-test or chi-square test.
Low = completed middle or high school; medium = completed
vocational training; high = completed higher vocational training
or university.

the primary analyses. Approximately 4 and
8 months after the pretest (i.e., posttest, follow-up),
parents again completed the questionnaires and
observations were made of child externalizing
behavior. The Institutional Review Broad in the
Netherlands (METC UMC Utrecht, protocol number
11-320/K) approved the study.



6 Chhangur et al.

Incredible Years Parent Training

The IY program uses a collaborative group
approach; group leaders serve as facilitators rather
than experts while seeking to empower parents.
Issues and topics addressed include the importance
of child-directed play, social and emotion coaching,
the use of praise to reward and incentives to moti-
vate appropriate behavior, and the importance of
consistency in the use of noncorporal disciplinary
practices. This trial involved 14 weekly sessions in
which parents watched and discussed video vign-
ettes of parent—child interactions, engaged in role
playing, and discussed family experiences in small
(sub)groups. More specifically, following each vign-
ette, group leaders asked questions to stimulate dis-
cussion on (in)effective parenting behavior and
alternative approaches. Before sessions, parents
received exercises to practice at home, read relevant
literature, and practiced behavior management
skills with their child. A final and 15th session took
place a month following the 14th session, serving
as a “booster” to consolidate intervention effects by
repeating, discussing, and practicing skills. The
intervention groups consisted of 8-15 parents.
Parents attended an average of 11 of the 15 sessions
(M =10.85, SD = 3.95). Although the parent who
filled out the questionnaires attended the sessions,
the other parent was allowed to do so as well.
Every group was led by two group leaders. Main
leaders had a background in clinical child psychol-
ogy, had experience running IY groups before the
study commenced, and were officially certified
group leaders. All leaders received 2-hr supervision
sessions at least three times across the 14-week per-
iod. Besides these, regular intersession meetings
between group leaders took place (see also Wee-
land, Chhangur et al., in press).

Measures
Parent-Reported Externalizing Behavior

The ECBI (Eyberg & Pincus, 1999), used at
screening, pretest, posttest, and follow-up, assessed
child externalizing problems. One of the instru-
ment’s two scales is the focus of in this report. This
Intensity subscale consists of 36 items tapping fre-
quency of externalizing behavior using a 7-point
Likert-type scale (0 = never to 7 = always). Example
items are: “Does not obey house rules” and
“Whines.” The internal consistencies (Cronbach’s
alpha) were .85, .86, and .88 at pretest, posttest, and
follow-up, respectively.

Observed Externalizing Behavior

The Dyadic Parent-Child Interaction Coding Sys-
tem was used to measure observed externalizing
behavior (Robinson & Eyberg, 1981, Webster-Strat-
ton, 1989). At all three measurement times, parent—
child dyads were observed for 20 min, divided into
4- to 5-min episodes: (a) free play (i.e., to get used
to being videotaped), (b) child-directed play (ie.,
child picked a toy and directed the session), (c) par-
ent-directed play (i.e,, parent picked a toy and
directed the session), and (d) clean-up (i.e., parent
instructed child to clean-up). In the latter three epi-
sodes, negative child behavior was coded using five
categories: indirect command noncompliance, direct
command noncompliance, cry-whine—yell, destruc-
tive behavior, and physical negative behavior. A
total summed score based on these three episodes
and reflecting the frequency of these behaviors
served as the observational index of externalizing
behavior. The interepisodes correlations among
within-episodes composites were significantly corre-
lated at pretest (r = .11-.48), posttest (r = .25-.40),
and follow-up (r = .17-.38) measurement occasions.

Observations were coded by six trained research
assistants blind to condition and measurement
wave. Monthly calibration meetings were held to
prevent observer drift. A random 20% of observa-
tions were independently coded by two coders una-
ware of which observations would be used to
assess interobserver agreement. Interrater reliability,
based on intraclass correlation, were .83, .82, and
.70 at pretest, posttest, and follow-up, respectively.

Parent-Reported Positive Behavior

The Parent Practices Inventory (PPI; Webster-
Stratton, 2001a), used at all measurement occasions,
assessed parenting skills and discipline styles.
Although positive parenting behavior was also
observed, the fact that little variance was detected
in the observational data precluded us from using
this measure as an outcome. The PPI consists of 15
scales, each containing several items related to how
parents typically respond to their child’s appropri-
ate and inappropriate behavior (measured using a
7-point Likert-type scale: 0 = not likely at all/never to
7 = very likely/always). For this report, praise and
incentives (11 items) and positive verbal discipline
(9 items) were combined to create an index of posi-
tive parenting behavior (e.g., “When my child com-
plete chores I praise him,” “When my child refuses
do to something I discuss the problem with him,”
and “When my child behaves well, it is important



to set up rewards or privileges”). Cronbach’s alphas
were .73, .76, and .79 at pretest, posttest, and
follow-up, respectively.

Genotyping

Genotyping was conducted at BaseClear laborato-
ries, Leiden, The Netherlands, using well-estab-
lished methods. Buccal swabs collected from
children were incubated in lysis buffer (100 mM
NaCl, 10 mM Ethylenediaminetetraacetic acid
(EDTA), 10 mM Tris pH 8, 0.1 mg/ml proteinase
K, and 0.5% w/v sodium dodecyl sulfate (SDS))
until further processing. Genomic DNA was iso-
lated from the samples using the Chemagic buccal
swab kit on a Chemagen Module I workstation
(Chemagen Biopolymer-Technologie AG, Baeswei-
ler, Germany). All analyses were performed auto-
matically using specialized genotyping software.
Each plate’s results were checked by a laboratory
worker (and checked by a second worker); those
showing notable deviations or failings were
repeated. As a control check, each 96 wells plate
contained one blank and analyses were continued
only if the blank showed a negative result. Overall,
genotyping yielded a success rate of approximately
99% or higher for the five polymorphisms central to
this report.

DRD2 and COMT

To determine the SNPs of DRD2 rs1800497 and
COMT 154680, 1 ul of the isolated samples were
analyzed using TaqgMan chemistry (Cat. #4351379,
Applied Biosystems, Leiden, The Netherlands).
Samples were run on an ABI-7500 Real-Time PCR
instrument and data were analyzed using 7500 Sys-
tem SDS software (Baseclear BV Leiden, The Neth-
erlands). DRD2 genotypes (n =247 A2/A2, n =122
A2/Al1, n=14 Al/Al) were in Hardy—Weinberg
equilibrium (HWE), »*(1, n =383) =0.05, p = .82
(n =4 no genotyping); COMT genotypes (n = 90
met/met, n =185 met/val, n = 108 val/val) were
in HWE, y*(1, n=383)=0.04, p=.84 (n=4 no
genotyping).

DRD4

For all variable number tandem repeat (VNTR)
polymorphisms (i.e., DRD4, DAT1, and MAOA),
1 pl of PCR product was mixed with 0.3 pl LIZ-500
size standard (Applied Biosystems Leiden, The
Netherlands) and 11.7 pl formamide (Applied
Biosystems) and run on a AB 3730 genetic analyzer
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set up for fragment analyses with 50 cm capillaries.
Results were analysed using GeneMarker software
(Softgenetics). The region of interest from the DRD4
gene was amplified by PCR using a FAM-labeled
primer 5-GCGACTACGTGGTCTACTCG-3' and a
reverse primer 5-AGGACCCTCATGGCCTTG-3'.
Typical PCR contained between 10 and 100 ng
genomic DNA templates, 10 pmol of forward and
reverse primers. PCR was carried out in the pres-
ence of 7.5% Dimethyl sulfoxide (DMSO), 5x buffer
supplied with the enzyme, and with 1.25 U of
LongAmp Taqg DNA Polymerase (NEB) in a total
volume of 30 ul using the following cycling condi-
tions: initial denaturation step of 10 min at 95°C,
followed by 27 cycles of 30 s at 95°C, 30 s at 60°C,
60 s at 65°C, and a final extension step of 10 min at
65°C. Genotypes (n = 248 [no 7-repeat/no 7-repeat],
n =119 [no 7-repeat/7-repeat], n =8 [7/-repeat/7-
repeat]) were in HWE, y*1, N =375) =211,
p = .15 (n = 12 no genotyping).

DAT1

The region of interest from the DATI1 gene was
amplified by PCR using a FAM-labeled primer 5'-
TGTGGTGTAGGGAACGGCCTGAG-3' and a
reverse primer 5-CTTCCTGGAGGTCACGGCT
CAAGG-3'. Typical PCR contained between 10 and
100 ng genomic DNA templates, 10 pmol of for-
ward and reverse primers. PCR was carried out in
the presence of 3.3% DMSO with 1.25 U of Long-
Amp Tag DNA Polymerase (NEB) in a total volume
of 30 ul using the following cycling conditions: ini-
tial denaturation step of 5 min at 95°C, followed by
29 cycles of 30 s at 95°C, 30 s at 68°C, 60 s at 65°C,
and a final extension step of 5 min at 65°C. Geno-
types (n =31 [no 10-repeat/no 10-repeat], n = 148
[no 10-repeat/10-repeat], n =203 [10-repeat/10-
repeat]) were in HWE, v*(1, N =382)=0.03,
p = .86 (n = 5 no genotyping).

MAOA

The region of interest from the MAOA gene was
amplified by PCR using a FAM-labeled MR primer
5'-GGATAACAATTTCACACAGG-3/, forward pri-
mer 5'-ggataacaatttcacacagg ACAGCCTGACCGTG
GAGAAG-3, and a reverse primer 5-GGAC
CTGGGCAGTTGTGC-3'. Typical PCR contained
between 10 and 100 ng genomic DNA templates,
1 pmol of forward primer, and 10 pmol of labeled
MR and reverse primers. PCR was carried out in
the presence of 5% DMSO with 1.25 U of LongAmp
Tag DNA Polymerase (NEB) in a total volume of
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30 pl using the following cycling conditions: initial
denaturation step of 5 min at 94°C, followed by 38
cycles of 30 s at 94°C, 30 s at 55°C, 30 s at 72°C,
and a final extension step of 4 min at 72°C. Geno-
types for boys were n =80 low/low and n =123
high/high (n =11 no genotyping). Because boys
have only one X chromosome, only girls were
included in the HWE calculation. Genotypes for
girls (n =23 low/low, n =75 low/high, n =96
high/high) were in HWE, ¥*(1, N =167) =0.13,
p = .73 (n = 6 no genotyping).

Polygenic Scoring

Each polymorphism was assigned a point if the
child was carrying at least one of the putative plas-
ticity alleles; these values were then summed to cre-
ate a polygenetic plasticity index ranging from 0 to
5. To create groups of reasonable size for statistical
analysis, children scoring low (0-2) and high (3-5)
on this polygenic index were distinguished. The
distribution of those scoring low or high on the
polygenic index of plasticity was, for boys, respec-
tively, 23.2% (n = 44) and 29.5% (n = 56) in the con-
trol group and 17.9% (n = 34) and 29.5% (n = 56) in
the intervention group. The comparable distribution
for girls was, respectively, 19.9% (n =30) and
39.7% (n =60) in the control group and 12.6%
(n=19) and 27.8% (n=42) in the intervention

group.

Results

Latent growth curve modeling (LGCM) in Mplus
(Muthén & Muthén, 1998) was performed initially
on all children, irrespective of their race/ethnicity
and separately for boys and girls, to assess the

Table 2

development of externalizing behavior across pret-
est, posttest, and follow-up assessments. Because
individual growth is estimated for each child,
LGCM is an excellent approach for examining vari-
ation in the development of externalizing behavior
while considering whether certain predictors are
associated with differential trajectories. Full infor-
mation maximum likelihood was used to treat miss-
ing data. Experimental condition (i.e., intervention
vs. control) and the polygenetic plasticity index
(i.e., more vs. few) served as predictors in the pri-
mary model. Because the intervention was focused
on inducing positive parenting behavior, and pre-
sumed to affect children by changing parenting, we
used a Parallel Process LGCM to evaluate whether
genetically moderated intervention effects were
more pronounced when parents increased more
rather than less in positive parenting behavior (i.e.,
Gene x Slope positive parenting on slope child
externalizing behavior; Cheong, MacKinnon, &
Khoo, 2003). Model fit is considered good if the
root mean square error of approximation (RMSEA)
is <.08 and mediocre if <.10. Comparative fit
index (CFI) values should be > .95 (Hu & Bentler,
1999).

Genetic, Intervention, and Gene x Intervention Effects
Parent-Reported Child Externalizing Behavior

With regard to specific effects, we consider first
effects on problem behavior at pretest before turn-
ing attention to change over time (i.e., slope).
Inspection of Table 2 indicates that for both boys
and girls there were no significant main effects of
treatment condition (i.e., IY vs. control) on the pret-
est intercept (boys: Pp= —.036, p =.65; girls:
Bo=—.001, p=.99), thereby indicating that the

G x E Interactions Between Condition and Polygenetic Plasticity Index in the Development of Reported Externalizing Behavior by Gender

Predictor Intercept Slope $ (@ CFI RMSEA p value
Male (n = 190)

Condition —.036 (.08) —.041 (.02)* 6.70 (3) 0.99 .08

Polygenetic plasticity alleles —.030 (.07) .010 (.01)

Condition x Polygenetic Plasticity Index —.022 (.15) —.183 (.07)** 2.24 (4) 1.00 <.001 .84
Female (n = 151)

Condition —.001 (.08) —.055 (.03)* 6.46 (3) 0.98 .09

Polygenetic plasticity alleles —.162 (.07) —.005 (.02)*

Condition x Polygenetic Plasticity Index .038 (.17) .085 (.10) 6.82 (4) 0.98 .07

Note. As * < df, the CFI is set to 1.0 and RSMEA to < .001, which makes it sufficient to read off whether the p value is not significant.
Condition: 0 = control group; 1 = intervention group. CFI = comparative fit index; RMSEA = root mean square error of approximation.

*p < .05. **p < .01



randomization process proved effective in equating
groups for initial levels of problem behavior. For
girls there was a significant main effect of the poly-
genic index of plasticity on the pretest intercept
(Bo = —.163, p =.03), indicating that girls who
scored high on the index had fewer problems ini-
tially. Turning to the prediction of slope, treatment
condition proved significant in the case of both boys
(B1 = —.041, p = .04) and girls (B; = —.055, p = .05),
revealing that parent-reported externalizing behav-
ior decreased more in the intervention than control
group. The models of intercept and slope showed a
relatively good  fit for boys  (¥’[df =3,
n =190] = 6.70, CFI =0.99, RMSEA = .08), but a
mediocre fit for girls (x*[df =3, n = 151] = 6.45,
CFI = 0.98, RMSEA = .09).

In a second phase of modeling, the Condi-
tion x Polygenic Index interaction term was
included. This two-way interaction proved signifi-
cant for slope for boys (B; = —.183, p = .01; y[df = 4,
n =190] =221, CFI = 1.00, RMSEA < .001, partial
n? = .04), though not for girls (B, =.085, p = .37;
x’ldf = 4, n = 151] = 7.06, CFI = 0.98, RMSEA = .07,
partial > =.00). Thus, the intervention was most
effective in decreasing parent-reported externalizing
behavior for boys with high polygenic scores, partic-
ularly by time of follow-up (partial n* = .20; see
Figure 1). A series of planned comparisons testing
the hypothesis that the high polygenic index boys in
the intervention group would benefit most from the
intervention revealed that in comparison to all other

ECBI Intensity Scale

Dopaminergic Polygenetic Plasticity 9

boys this hypothesized highly susceptible subgroup
of children assigned to the intervention (a) did not
differ from all other boys on parent-reported exter-
nalizing behavior at pretest, F(1, 180) = 1.00, p = .40,
but (b) scored significantly lower at follow-up, F(1,
180) = 3.78, p = .01 and thus (c) evinced significantly
greater reduction (i.e., change) from pretest to fol-
low-up than all other boys, F(1, 180) = 5.29, p = .001.

Observed Child Externalizing Behavior

Inspection of Table 3 indicates that the main
effect of condition on the pretest intercept of
observed externalizing behavior proved significant
(Bo = -196, p = .01), as did that for slope (B; = —.108,
p=.03), but only for boys (¥’[df=75,
n =188] =492, CFI=1.00, RMSEA = .02, partial
n? = .05), not for girls (intercept: By = .020, p = .81;
slope: B; = —.028, p = .56; y*[df = 3, n = 151] = .001,
CFI = 1.00, RMSEA = < .001, partial n> = .00). Com-
pared to the control group, IY boys showed not only
more externalizing behavior at pretest but also the
steepest decrease over time when controlling for
baseline differences. Both the main effect of the poly-
genic index and the Condition x Polygenic Index
interaction term proved nonsignificant for both boys
and girls (boys: By = —.003, p = .98, xz[df =6,
n = 188] = 4.92, CFI = 1.00, RMSEA = < .001, partial
n?=.00; girlss By =-.101, p=.30, [df=4,
n = 151] = 1.12, CFI = 1.00, RMSEA = < .001, partial
n? = .00; see Table 3). These latter results indicate

33

== & = Control 0-2 Plasticity Alleles (n=44)

327 ==@==Control 3-5 Plasticity Alleles (n=56)

3.1 4| == 4 =Intervention 0-2 Plasticity Alleles (n=34)
e=@== [ntervention 3-5 Plasticity Alleles (n=56)

3 T

Pretest Posttest Follow-up

Figure 1. Development of parent-reported externalizing behavior (as indicated by scores on the Eyberg Child Behavior Inventory [ECBI]
Intensity Score scale) across pretest, posttest, and follow-up for control and intervention groups with 0-2 putative polygenetic plasticity

alleles or 3-5 such alleles.
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Table 3

G x E Interactions Between Condition and Polygenetic Plasticity Index in the Development of Observed Externalizing Behavior by Gender

Predictor Intercept Slope $ (@dh CFI RMSEA p value
Male (n = 188)

Condition .196 (.08)** —.108 (.05)* 5.51 (5) 0.95 .02

Polygenetic plasticity alleles —.045 (.08) —.004 (.05)

Condition x Polygenetic Plasticity Index .005 (.15) —.003 (.10) 5.53 (6) 1.00 <.001 48
Female (n = 151)

Condition .020 (.09) —.016 (.05) 0.01 (3) 1.00 <.001 .99

Polygenetic plasticity alleles .002 (.08) —.028 (.05)

Condition x Polygenetic Plasticity Index 117 (.17) —.101 (.10) 1.12 (4) 1.00 <.001 .89

Note. As x* < df, the CFI is set to 1.0 and RSMEA to < .001, which makes it sufficient to read off whether the p value is not significant.
Condition: 0 = control group; 1 = intervention group. CFI = comparative fit index; RMSEA = root mean square error of approximation.

*p < .05, **p < 01.

that children’s genetic makeup neither predicted
their observed externalizing behavior nor moderated
the effect of the intervention on this behavior.

The complementary figures for observed exter-
nalizing behavior in boys and parent-reported and
observed externalizing behavior in girls are shown
in the Supporting Information.

Gene x Positive Parenting Change

As a preliminary step before evaluating whether
the G x I effects would prove most pronounced
when parents evinced the most increase in positive
parenting, we evaluated whether, in general, par-
ents assigned to the experimental group increased
more in positive parenting than those assigned to
the control group. This expectation was confirmed.
Although condition proved nonsignificant for pret-
est intercept of reported positive parenting behavior
(Bo = .131, p =.13), it was significant for slope
By =141, p=.001; y’[df =12, n=190] = 32.42,
CFI = 0.96, RMSEA = .10). Thus, compared to the
control group, 1Y parents showed more improve-
ment in positive parenting behavior over time.

To examine whether the effect of this change in
positive parenting on change in boys’ externalizing
behavior was moderated by the polygenetic
dopaminergic index, we used the continuous par-
enting slope variable reflecting change over time in
positive parenting behavior to formulate a two-way
interaction term involving it and the polygenetic
index. This two-way interaction proved significant
in predicting change (i.e., slope) in reported exter-
nalizing behavior (B, = —.881, p = .04). To graphi-
cally depict this interaction, we created two control
subgroups (high and low polygenic index) and four
intervention subgroups, the latter reflecting whether
boys had a high or low polygenic score combined

with whether their parent increased a lot or a little
in positive parenting behavior: low polygenic—low
positive parenting increase (n = 14), low polyge-
netic-high positive parenting increase (n = 18), high
polygenic-low positive parenting increase (n = 20),
and high polygenic-high positive parenting increase
(n = 38). Inspection of Figure 2 reveals that boys
with high scores on the polygenic plasticity index
whose parents increased most in positive parenting
evinced the greatest decline in parent-reported
externalizing behavior; although note that the indi-
vidual slope for boys scoring high on the polyge-
netic index whose parents showed less
improvement in parenting was also significant.

Sensitivity Analyses

As a robustness check, a final series of analyses
were undertaken (see Table 4). These sought to
determine whether the significant results reported
pertaining to the genetic moderation of intervention
efficacy in the case of boys would hold under vary-
ing sampling and design conditions, appreciating
that (a) inclusion of children who vary in their race/
ethnicity could be problematic when studying
G x E (Propper et al., 2007) and (b) results may dif-
fer when only analyzing complete (i.e., completer
only) versus intention-to-treat data. The previously
documented G x I effects on the slope of reported
externalizing behavior proved significant in all sen-
sitivity analyses: Caucasian boys only with complete
data (B = —.149, p = .05 (y’[df = 4, n = 168] = 2.92,
CFI = 1.00, RMSEA = < .001), all boys with inten-
tion-to-treat data (B; = —.184, p =.01; xz[df =4,
n=210] =492, CFI=1.00, RMSEA =.03), and
Caucasian boys only with intention-to-treat data
(B = —.168, p=.02; y’df=4, n=185]=6.13,
CFI = 0.99, RMSEA = .05). Similarly, as the data
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Figure 2. Development of parent-reported externalizing behavior (as indicated by scores on the Eyberg Child Behavior Inventory [ECBI]
Intensity Score scale) across pretest, posttest, and follow-up for intervention group with low or high increase in positive parenting (as
indicated by slope scores on the construct of Positive Parenting derived from the Parent Practices Inventory [PPI] and boys with 0-2

putative polygenetic plasticity alleles or 3-5 such alleles.

Table 4
Summary of the Effects of Concern: Sensitivity Analyses

Sensitivity analyses

All boys: Complete data

Caucasian boys only:

All boys: Intention-to-treat Caucasian boys only: Inten-

(n = 190) Complete data (1 = 168) data (n = 210) tion-to-treat data (n = 185)
Intercept Slope Intercept Slope Intercept Slope Intercept Slope

Intervention effect on externalizing behavior:

Reported®  —.036 (.08) —.041 (.02)*  —.011 (.08) —.035 (.02) —.004 (.08) —.019 (.02) —.004 (.08) —.019 (.02)

Observed® 196 (.08 —.108 (.05)* 199 (.08)  —.088 (.05) 193 (.07)**  —.125 (.05)** 208 (.07)**  —.109 (.05)**
Gene x Intervention effect on externalizing behavior:

Reported®  —.022 (.15) —.183 (.07)** 046 (.15) —.149 (.08)* —.077 (.15) —.168 (.07  —.077 (.15) —.168 (.07)**

Observed® .005 (.15) —.003 (.10) 078 (.16)  —.032 (.11) —.066 (.14) .064 (.10) .001 (.15) .037 (.10)
Intervention effect on positive parenting:

Reported® 131 (.09) 141 (.04)** 113 (.09) 191 (.05)*** .097 (.08) 085 (.04)* .101 (.08) 154 (.04)***
Slope positive parenting by genes on externalizing behavior:

Reported® —.881 (.43)* —.657 (.32)* —1.682 (.82)* —.814 (.07)"
*Model fitted the data good. "Model fitted the data mediocre.
p < .08. *p < .05. **p < .01. ***p < 001.
displayed in Table 4 indicate boys with high poly- . .

play y &h poly Discussion

genic scores whose parents increased a lot in the
intervention condition showed the greatest decline
in parent-reported externalizing behavior in all anal-
yses (though in one case the effect was not signifi-
cant, p <.08). These results underscore the
robustness of results in the primary analyses chroni-
cling the genetic moderation of intervention efficacy.

The purpose of this study was to evaluate (a)
whether some children prove more susceptible than
others to the beneficial effects of the IY parent train-
ing program due to their greater genetic plasticity,
measured by means of a polygenic dopaminergic
index, and (b) whether this would prove especially
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the case when parents increased their positive par-
enting behavior substantially in response to the IY
program. In pursing these aims, we sought to
extend recent observational and intervention
research, which has focused mostly on single candi-
date genes as moderators of environmental effects
(Belsky & Van IJzendoorn, 2015; Van IJzendoorn &
Bakermans-Kranenburg, 2015). We created a com-
posite polygenic index of select dopaminergic genes
in order to focus on a specific functional system
that might moderate the anticipated effect of the IY
program (Nikolova et al., 2011).

Results revealed that boys, but not girls, carrying
many putative plasticity alleles decreased signifi-
cantly in parent-reported, but not observed, exter-
nalizing behavior as a result of their parents’
involvement in the IY program. Such IY-treatment-
induced change was not evident in boys in the
experimental group carrying few dopaminergic
plasticity alleles—or boys assigned to the control
group, irrespective of the latter’s polygenic plastic-
ity score. These results are consistent with the
meta-analytic findings of Van IJzendoorn and Bak-
ermans-Kranenburg (2015) indicating that effects of
diverse experimental manipulations and interven-
tions are substantially stronger in the case of carri-
ers of putative plasticity alleles than those
presumed, for genetic reasons, to be less susceptible
to environmental influences. Upon first considera-
tion, the findings for boys appear consistent with
the differential susceptibility theory (Belsky &
Pluess, 2009, 2013; Belsky et al., 2007; Boyce & Ellis,
2005). The fact, however, that children assigned to
the control group who had many plasticity alleles
did not evince the greatest increase (or least
decrease) in problems over time means that the for-
worse pattern of change did not materialize, only
the for-better pattern.

Especially notable with respect to the G x I find-
ings is that the genetically moderated intervention
effect (on boys’ parent-reported externalizing
behavior) proved most pronounced when positive
parenting behavior improved the most in response
to the IY program. This seems to validate the claim
that parent-training effects, like 1Y, on children’s
problem behavior are indirect and due to effects on
positive parenting behavior (see also Klein Velder-
man, Bakermans-Kranenburg, Juffer, & Van IJzen-
doorn, 2006). Such results raise questions about
why some parents changed more than others—in a
positive way—in response to the intervention.
Quite conceivably it could have something to do
with their own genetic makeup and therefore their
dopaminergic plasticity. Unfortunately, this critical

issue could not be addressed herein because genetic
data on parents were not available (see Chhangur
et al., 2015).

It is also notable that evidence of genetic moder-
ation of intervention efficacy only emerged in child
behavior reported by parents and not in case of
observed externalizing behavior. This is consistent
with the overall intervention effect for this sample
(see Weeland, Chhangur et al., 2016). It seems plau-
sible that the null G x I findings reported here for
observed behavior could be due to the limited sam-
pling period (i.e.,, 20 min) and highly structured
observation context. After all, parental reports
reflect, presumably, extensive opportunity to
observe child behavior across days, weeks, and
months diverse situations.

Although the overall effects of the 1Y parent pro-
gram (on boys and girls together) were more pro-
nounced at the immediate posttest relative to the
delayed follow-up (see Weeland, Chhangur et al.,
2016), inspection of Figures 1 and 2 makes clear
that, in the case of the more genetically susceptible
boys, treatment effects were not especially evident
immediately after the intervention but became so
by about 4 months later. This observation suggests
that it may take time, in the case of more geneti-
cally susceptible boys, for increases in positive par-
enting induced by the IY intervention to become
consolidated and thus influence child behavior. Par-
enting interventions are designed to change the
well established, coercive, and repetitive cycle of
aversive parent—child interactions that induces and
maintains antisocial behavior (coercive interaction,
Patterson, 1982). Thus, it may take a while before
increases in parenting-based reinforcement pro-
cesses become established as a result of the IY pro-
gram, thereby downregulating externalizing
behavior.

Although the boys scoring lower on the poly-
genic index in the experimental group changed less
than those with higher polygenic scores, the ques-
tion arises whether this would have proven to be
the case had the intervention lasted longer. Had
more time been allowed for parents to improve
their parenting, via more intervention sessions
and/or as a result of a later occurring follow-up
evaluation, it is possible that the intervention chil-
dren with fewer plasticity alleles could have caught
up with those who responded more quickly to the
IY intervention. Also, a very different intervention
—or even one administered at an earlier age—
might have proven more effective with children
with fewer plasticity alleles. Thus, even if we get to
the point where we could confidently conclude that



a particular program—Ilike IY—does not work
equally well for all, this would not lead to the con-
clusion that the unaffected children are entirely
nonsusceptible to intervention effects but rather that
different children may benefit from different
approaches (e.g., Chorpita & Daleiden, 2009).

It remains unclear why the hypothesized G x I
effects emerged only in the case of boys. Impor-
tantly, this was not a statistical artifact of there
being greater variance in boys’ than girls’ external-
izing behavior. In fact, the overall main effect of the
intervention was similar in both subsamples in case
of reported externalizing behavior. Nevertheless,
we are not the first to document polygenic modera-
tion of an environmental effect that is restricted to
boys. Belsky and Beaver (2011) observed the same
when investigating effects of parenting on adoles-
cent self-regulation in their nonexperimental
research. Such results led them to speculate that
girls may be more easily socialized, which could
account for why girls carrying few putative plastic-
ity alleles proved as subject to the parenting effects
as those carrying many. It will take additional
research to determine whether the Belsky and Bea-
ver (2011) proposal indeed explains the variation in
G x I findings across boys and girls chronicled
herein. Further work is also called for to gain
insight into the processes that could explain how
the individual genes included in our polygenic
index influence dopaminergic functioning in the
brain and, thus, make some boys seemingly more
susceptible to the beneficial effects of IY than
others.

In addition to raising intriguing issues for future
research, the current inquiry had multiple strengths.
Most notably, it involved an experimental research
design and focused on multiple rather than single
candidate genes known to play a role in the func-
tioning of dopaminergic neurotransmitter system.
Genes selected were based on prior differential-sus-
ceptibility-related G x E and G x I findings. These
strengths do not obviate limitations that must be
acknowledged. Perhaps the most important, which
applies to almost all RCTs, is that the generalization
of results might be limited to families willing to be
randomized, with equal chance of being assigned to
an experimental and control group. Although some
of the families that did not enroll may have been
put off by the demand of attending 14 weekly ses-
sions lasting 2 hr, others may have not been willing
to take the chance of receiving no intervention ser-
vice. Not to be overlooked is the relatively modest
sample size. Even though an experimental design
increases power relative to an observational study
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(Bakermans-Kranenburg & Van IJzendoorn, 2015),
especially when testing a moderated intervention
effect, it is certainly possible that a larger sample
might have revealed significant intervention effects
even in girls or boys carrying fewer putative plas-
ticity alleles.
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Figure S1. Development of Observed Externaliz-
ing Behavior in Boys (as Indicated by Scores on the
Dyadic Parent—Child Interaction Coding System
[DPICS] Child Negative Behavior Scale) Across
Pretest, Posttest, and Follow-Up for Control and

Intervention Groups With 0-2 Putative Polygenetic
Plasticity Alleles or 3-5 Such Alleles

Figure S2. Development of Parent-Reported
Externalizing Behavior in Case of Girls (as Indi-
cated by Scores on the Eyberg Child Behavior
Inventory [ECBI] Intensity Score Scale) Across Pret-
est, Posttest, and Follow-Up for Control and Inter-
vention Groups With 0-2 Putative Polygenetic
Plasticity Alleles or 3-5 Such Alleles

Figure S3. Development of Observed Externaliz-
ing Behavior in Girls (as Indicated by Scores on the
Dyadic Parent-Child Interaction Coding System
[DPICS] Child Negative Behavior Scale) Across
Pretest, Posttest, and Follow-Up for Control and
Intervention Groups With 0-2 Putative Polygenetic
Plasticity Alleles or 3-5 Such Alleles



