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Parenting intervention effects on
 children’s externalizing
behavior: the moderating role of genotype and temperament
Geertjan Overbeek
Recent research suggests that children’s heightened

susceptibility to parenting may have a (poly)genetic basis, and

may be grounded in children’s temperament. However, much

current evidence is of a preliminary—correlational—nature.

Because in correlational designs alternative explanations for

gene–environment (G � E) or temperament–environment

(T � E) interactions cannot be discounted, it is pivotal to

conduct experimental studies in which parenting is actively

manipulated. Based on data from a recently conducted

randomized trial (n = 387) of the Incredible Years parenting

intervention, experimental evidence is provided for G � E and

T � E interactions in an at-risk population of children aged 4–8

years. The discussion centers around the use of polygenetic

data and microtrial designs, and provides suggestions for how

to integrate endophenotypes in tests of G � E and T � E.
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Children’s externalizing behavior is characterized by

disobedience, defiance of authority, an angry or irritable

mood state, and verbal or physical aggression toward

others. A childhood-onset of externalizing behavior marks

a heightened risk for a clinical diagnosis of externalizing

disorders in young adulthood [1] and increases the likeli-

hood of health problems, substance abuse, financial hard-

ship and delinquency in adulthood [2]. Especially dys-

functional parenting and impaired family functioning

have been identified as crucial factors in the development

of children’s externalizing behavior [3,4]. These findings

imply that parenting interventions might yield significant

reductions in children’s externalizing behavior. Although

meta-analyses indeed show that parenting interventions

are effective [5] with sustained effects until months or
www.sciencedirect.com
even several years later [6,7�], these effects are generally

of a limited size.

One possible explanation for the lower effect sizes for

many parenting interventions is that children may differ

in the extent to which they benefit from enriched parent-

ing. Unfortunately, most intervention studies do not

examine any differentiation in intervention response

trajectories, and thus cannot speak to the issue of which

children benefit most from improved, more positive par-

enting. Based on a differential susceptibility hypothesis,

however, we would expect this. Specifically, the differ-

ential susceptibility hypothesis [8–11] implies that chil-

dren most vulnerable to adverse parenting would also

benefit most from positive parenting. Importantly, chil-

dren’s differential susceptibility may be grounded in

children’s genotype or temperament.

Indeed, different meta-analyses suggest that genetic

polymorphisms related to the regulation of dopamine

(DAT1, DRD2, DRD4) [12], serotonin (5HTTLPR) [13],
and the degradation of specific enzymes (MAOA) [14], can
modulate the effects of both adverse and enriched envir-

onments on children’s pathological and prosocial devel-

opment. There is also meta-analytical evidence that

shows that children’s susceptibility to parenting has a

temperamental basis [15��]. Children with a difficult

temperament, specifically, appear more vulnerable to

negative parenting but also appear to profit more from

positive parenting. The Slagt et al. [15��] meta-analysis

showed that these inter-individual differences in suscep-

tibility could be indexed across different outcome mea-

sures, such as children’s externalizing and internalizing

problems and children’s levels of social and cognitive

competence.
Themeta-analyses reviewed above should be interpreted

with caution, however, because they might to some

extent be distorted by publication bias [16]. In addition,

most studies meta-analyzed until now have relied on

correlational research designs. Although such correla-

tional studies provide much insight, they do come with

several important limitations [see also 17�]. First, they are
unable to rule out alternative explanations for gene or

temperament-by-environment interactions (G � E and

T � E, respectively). More specifically, they do not con-

trol for confounding effects of the linkages between

children’s genotype or temperament and—in this

case—the child’s parenting context. For instance, chil-

dren with a difficult temperament perhaps evoke more
Current Opinion in Psychology 2017, 15:143–148
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controlling and harsh parenting, and this effect may

confound any identified person–environment interaction

in a correlational design. Second, most previous correla-

tional studies on G � E or T � E have been underpow-

ered because of limited variance in the pathological

outcome and environmental risk measure and in the

G � E or T � E interaction terms [see 18].

These issues of low statistical power and uncontrolled

confounder mechanisms can be effectively resolved in

experiments in which parenting is actively manipulated.

This is increasingly recognized in the field, and lead us to

develop project ORCHIDS [19]. Project ORCHIDS fea-

tures a randomized controlled trial of the Incredible Years

(IY) parenting intervention in an at-risk sample of

387 families of children 4–8 years, who were screened

for elevated levels of disruptive behavior (i.e., 75th per-

centile on the Eyberg Child Behavior Inventory). Eligible

families were randomly allocated to a control group or to

an intervention group that received 15 two-hour IY ses-

sions. In these IY sessions, parents engaged in parent

group discussions, did role-plays, and examined and dis-

cussed video-vignettes. The IY intervention is aimed at

empowering parents and at guiding parents toward using

more positive, reward-based parenting strategies (e.g.,
child-led play and using praise and incentive schemes)

and toward using sensitive, consequent disciplining prac-

tices (e.g., limit setting, ignoring unwanted behavior) [20].

Our randomized trial of IY showed that it significantly

increased parent-reported positive parenting and success-

fully reduced parent-reported negative parenting and
Figure 1
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externalizing behavior in children [21]. Evidence for

G � E emerged, showing that the IY intervention effects

were much more pronounced in boys—not girls—with a

high score on a dopamine-based polygenic index that

comprised DAT1, DRD2, DRD4, MAOA, and COMT poly-

morphisms [22��]. The analyses also showed that, as

expected, this effect was explained by improvements

in positive parenting (Figure 1). Boys high on the poly-

genic plasticity index, and whose parents increased most

in positive parenting, showed the greatest decline in

parent-reported externalizing behavior from pretest to

follow-up. Notably, the genetic moderation of the IY

intervention effect was only present for parent-report

data; when we analyzed observational data from parent-

–child interactions no significant G � E emerged. Per-

haps this can be explained by the relatively limited

variance in the observational measure of child externaliz-

ing behavior [21] in this study.

TheORCHIDS data also showed that the IY intervention

effects were moderated by children’s temperament, with

a significant T � E emerging for children’s effortful con-

trol—but not children’s negative reactivity. This interac-

tion effect demonstrated that children higher on effortful

control retained the beneficial behavior effect of IY at

follow-up, whereas children low on effortful control

bounced back to pre-intervention levels of disruptive

behavior at follow-up (G Overbeek et al., unpublished;
Table 1). Although this appeared to support the notion of

temperament-based differential susceptibility in chil-

dren, our analyses also demonstrated that children’s tem-

perament and externalizing behavior developed in
es (n=18)
es (n=14)

les (n=20)
les (n=38)

ttest follow-up
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l. [22��]).
tively, low or high levels of improvement in parent-reported positive
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Table 1

Direct effects of Incredible Years and interaction effects with temperament

B (S.E.) b

Direct effects

Incredible Years ! externalizingD12 �6.08 (1.59)** �0.19

Incredible Years ! externalizingD23 3.87 (1.62)* 0.14

Negative affect ! externalizingD12 0.20 (1.39) 0.01

Negative affect ! externalizingD23 �0.22 (1.41) �0.01

Effortful control ! externalizingD12 �1.03 (1.49) �0.05

Effortful control ! externalizingD23 2.48 (1.51) 0.14

Interaction effects

Negative affect � Incredible Years ! externalizingD12 �0.03 (1.63) �0.00

Negative affect � Incredible Years ! externalizingD23 �0.94 (1.60) �0.05

Effortful control � Incredible Years ! externalizingD12 1.68 (1.59) 0.07

Effortful control � Incredible Years ! externalizingD23 �3.22 (1.58)* �0.16

Note:Model fit: x2(8) = 12.15, p = 0.145, CFI = 0.991, RMSEA = 0.037. D12 denotes change from pretest to posttest (T1 to T2); D23 denotes change

from posttest to follow up (T2 to T3).
* p < 0.05.
** p < 0.01.
tandem. Specifically, children whose parents participated

in the IY intervention simultaneously decreased in exter-

nalizing behavior and increased in effortful control (and

decreased in negative reactivity). These findings are more

in line with a spectrum hypothesis, which holds that difficult

temperament may be a less intense, mild form of disrup-

tive behavior. Maybe child ‘temperament’in the form

currently conceptualized and measuredis not a separate

entity that modulates the effects of parenting on child

behavior, but rather maps onto a larger construct of

externalizing behavior, with both temperament and

externalizing behavior affected by parenting. Notably,

our analysis of ORCHIDS data demonstrated that effort-

ful control and negative reactivity were not related to

children’s score on a dopaminergic polygenetic index.

In any case, our findings generally appear to be in line

with evidence that emerged from other randomized con-

trolled trials (RCTs) of parenting interventions. For

example, one previous RCT that tested a video-feedback

intervention to promote positive parenting and sensitive

discipline (VIPP-SD), demonstrated that it was effective

in reducing child disruptive behavior—but only for chil-

dren who carried a DRD4 7-repeat allele [23]. Another

RCT examined the effects of a behavioral parent training

for parents of children with an ADHD diagnosis, and

showed that children carrying one or no DAT1 10-repeat

allele profited more strongly from intervention-induced

changes in parenting compared to children with two

DAT1 10-repeat alleles [24]. Finally, another RCT using

the Incredible Years program showed that intervention

outcomes may depend on the temperament profile of

children. In this study, emotionally dysregulated children

had a greater intervention-induced decrease in external-

izing behavior compared to ‘headstrong’ children [25].
www.sciencedirect.com
Although the outcomes of the intervention studies

reviewed above may be debated on the extent to which

they ‘prove’ the differential susceptibility hypothesis,

they do suggest that gene–environment and

temperament–environment interactions underlie the

development of externalizing child behavior. In doing

so, however, traditional RCTs provide omnibus tests of

the effects of parenting interventions as a whole. It is

crucial to note that such parenting interventions are like

drug cocktails; they contain multiple, potentially effica-

cious ingredients (i.e., discrete parenting behaviors

taught) that are delivered together as one intervention

package [26]. Little is known, however, about which

changes in parenting behaviors drive the actual interven-

tion effects [27,28]. Especially genetically and tempera-

ment-informed microtrials can solve this problem, by

showing which specific changes in parenting behaviors

lead to reductions in children’s externalizing behavior,

and for which subtypes of children the effects of these

parenting changes come out strongest [29��]. Although
some pioneering microtrials have recently been con-

ducted [30,31�,32]—focusing on manipulations of paren-

tal self-efficacy and parents’ sensitive play behaviors—

these have not included gene or temperament measures

to understand which children (or parents, for that matter)

are most affected by the experimental manipulation.

In delineating an ecologically valid microtrial of chil-

dren’s susceptibility to parenting—looking at real-time

parent–child interactions—a fruitful approachmight be to

rely on examinations of interrupted time series (ITS). An

ITS experiment [33] can help to estimate a developmen-

tal trajectory across repeated measurements of children’s

externalizing behavior, which is at one point interrupted

by a micro-level parenting intervention (see Figure 2).
Current Opinion in Psychology 2017, 15:143–148
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Figure 2
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Hypothesized outcome of interrupted time series.

Note: CDB = child disruptive behavior; PCI observations = parent–child interaction observations; numbers denote interaction episodes.
One advantage of an ITS approach is the significantly

increased statistical power, because of the multiple mea-

surements at the pre- and post-intervention stage.

Another advantage is that the ITS approach, compared

to pre-post RCTs, allows for a more refined test of

competing hypotheses about potentially non-linear inter-

vention effects. Thus, because an ITS approach allows for

the analysis of multiple complex change processes, it may

prove invaluable for studying gene or temperament-

based differential susceptibility to parenting in children.

It will be crucial, however, to perform such ITS studies in

at-risk families, characterized by dysfunctional parenting

practices or aversive parent–child interactions. Only in

such samples will a pre-intervention episode truly consti-

tute a ‘for worse’, negative parenting condition. Also,

because micro-interventions are not expected to bring

about large effects on distal outcomes [26], it will be

essential to examine the parenting and child behavior

outcomes in ecologically valid, observed parent–child

interactions directly following a manipulation of the

parenting context [see 31�].

In our ORCHIDS study [21] we followed up on recent

calls from geneticists to move away from overly simplistic,

single candidate gene analyses. However, our—and

others’—use of cumulative polygenetic indices [34] is

still relatively limited, as it relies on using only a handful

of markers, or relies on breaking down the overall poly-

genetic index into separate categories of more versus less

susceptible subgroups. Such an approach may neither

resolve the problem of low statistical power, nor does it

fully exploit all genetic information available. In addition,

simply summing different genetic markers may be a poor

conceptual reflection of the more complex interrelations
Current Opinion in Psychology 2017, 15:143–148
among them [35]. Specifically, it does not seem likely that

every genetic marker has a similar impact (as is implicitly

assumed in a cumulative approach). Rather, one genetic

marker may be dominant, or the co-existence of specific

markers may lead to synergistic, rather than additive,

effects. In future research, polygenetic indices ideally

contain variants that are part of a genetic pathway with

a known neurobiological function. Ideally, also, such

genetic variants have established links to an outcome

of interest, through GWAS [11,36].

Do the findings from ORCHIDS and related RCTs on

G � E and T � E have any real-life implications or

benefits for clinical practice? We think they do, but in

the longer run and when several prerequisites are met.

Specifically, if experimental research (i.e., RCTs, micro-

trials, and ITS experiments) yield G � E effects with

sufficiently large effect sizes that are replicated across

studies and that generalize to real-world clinical settings,

clinicians and child practitioners may benefit greatly.

These benefits primarily relate to increased cost-effec-

tiveness and precision of clinical practice [37]. If parents

and children benefit more from parenting interventions

that are designed to meet their specific needs, based on

their genetic or temperamental susceptibility, it becomes

possible to target subgroups with interventions differing

in intensity, duration, and even clinical focus. In addition,

genetically or temperamentally informed micro-trials can

be used to examine etiological processes underlying

children’s externalizing behavior. This provides crucial

input for improving the specificity of parenting interven-

tions, identifying the child and parent characteristics and

family dynamics that need to be targeted for optimal

result [38].
www.sciencedirect.com
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The last point may be especially relevant, given that

currently the developmental processes through which

G � E and T � E affect children’s externalizing behavior

are unclear [39��]. A crucial question remains: how does

children’s (poly)genetic susceptibility work? The answer

to this question may be found in the examination of

endophenotypes, or bio-behavioral traits. These endo-

phenotypes may determine how children react to parental

behaviors and emotions in the socialization process

[37,40]. Indeed, it has been demonstrated that

individuals’ reactivity to environmental stimuli can be

gauged on different levels: neurobiological, psychophysi-

ological, and behavioral. For example, patterns of activity

in brain areas [41,42], hostile reactivity in aversive family

interactions [43], facial muscle tension, and respiratory

sinus arrhythmia [44,45] may all be likely ‘candidate

endophenotypes’ to include in our examinations of

gene-by-parenting and temperament-by-parenting inter-

actions in explaining variance in child externalizing

behavior.

[80_TD$DIFF]Conflict of interest statement
The author reports no conflicts of interest.

Acknowledgements
I would like to thank Patty Leijten and Joyce Weeland for commenting on a
concept version of this manuscript [81_TD$DIFF]. Also, I would like to thank Alithe van
den Akker for preparing and conducting the analyses on children’s effortful
control and negative reactivity. The ORCHIDS study was funded by the
Netherlands Organization for Scientific Research (NWO: 452-10-005). I am
greatly thankful to all the Incredible Years trainers for their devotion and
commitment in helping the parents develop toward more postive family
functioning. Finally, I am thankful for the continued contribution of the
parents and children to our study.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest
�� of outstanding interest

1. Kim-Cohen J, Caspi A, Moffitt T, Harrington H, Milne BJ: Prior
juvenile diagnoses in adults with mental disorder:
developmental follow-back of a prospective-longitudinal
cohort. Arch Gen Psychiatry 2013, 60:709-717.

2. Moffitt TE, Arseneault L, Belsky D, Dickson N, Hancox RJ,
Harrington HL, Houts R, Poulton R, Roberts BW, Ross S et al.: A
gradient of childhood self-control predicts health, wealth, and
public safety. PNAS 2011, 108:2693-2698.

3. Cunningham CE, Boyle MH: Preschoolers at risk for attention-
deficit hyperactivity disorder and oppositional defiant
disorder: family, parenting, and behavioral correlates. J
Abnorm Psychol 2002, 30:555-569.

4. Rothbaum F, Weisz JR: Parental caregiving and child
externalizing behavior in nonclinical samples: a meta-
analysis. Psychol Bull 1994, 116:55-74.

5. Menting ATA, Orobio de Castro B, Matthys W: Effectiveness of
The Incredible Years parent training to modify disruptive and
prosocial child behavior: a meta-analytic review. Clin Psychol
Rev 2013, 33:901-913.

6. Lundahl B, Risser HJ, Lovejoy MC: A meta-analysis of parent
training: moderators and follow-up effects. Clin Psychol Rev
2006, 26:86-104.
www.sciencedirect.com
7.
�

Van Aar J, Leijten P, Orobio de Castro B, Overbeek G: Sustained,
fade-out or sleeper effects? A multilevel meta-analysis of
parenting interventions for disruptive child behavior. Clin
Psychol Rev 2017, 51:153-163 http://dx.doi.org/10.1016/j.
cpr.2016.11.006 ISSN 0272-7358.

This meta-analysis shows that parenting interventions generally have
sustained effects on children’s disruptive behavior, until up to several
years post-intervention.

8. Boyce WT, Ellis BJ: Biological sensitivity to context: I. An
evolutionary-developmental theory of the origins and
functions of stress reactivity. Dev Psychopathol 2005, 17:271-
301.

9. Belsky J, Bakermans-Kranenburg MJ, Van IJzendoorn MH: For
better and for worse: differential susceptibility to
environmental influences. Curr Dir Psychol Sci 2007, 16:300-
304.

10. Belsky J, Pluess M: Beyond diathesis stress: differential
susceptibility to environmental influences. Psychol Bull 2009,
135:885-908.

11. Belsky J, Van IJzendoorn MH: Genetic differential susceptibility
to the effects of parenting. Curr Opin Psychol 2017. (this issue).

12. Bakermans-Kranenburg MJ, Van IJzendoorn MH: Parenting
matters: family science in the genomic era. Fam Sci 2016,
2011:26-36.

13. Karg K, Burmeister M, Shedden K, Sen S: The serotonin
transporter promoter variant (5HTTLPR), stress, and
depression meta-analysis revisited. Arch Gen Psychiatry 2011,
68:444-454.

14. Byrd AL, Manuck SB: MAOA, childhood maltreatment, and
antisocial behavior: meta-analysis of a gene–environment
interaction. Biol Psychiatry 2013, 75:9-17.

15.
��

Slagt M, Dubas JS, Dekovi�c M, Van Aken MAG: Differences in
sensitivity to parenting depending on child temperament: a
meta-analysis. Psychol Bull 2016.

This meta-analysis systematically examines temperament-based mod-
eration effects in the relationship from parenting to children’s externaliz-
ing behavior, showing that children’s difficult temperament might be a
factor that makes them more susceptible to both negative and positive
parenting practices.

16. Duncan LE, Keller MC: A critical review of the first 10 years of
candidate gene-by-environment interaction research in
psychiatry. Am J Psychiatry 2011, 168:1041-1049.

17.
�

Bakermans-Kranenburg MJ, Van IJzendoorn MH: The hidden
efficacy of interventions: gene � environment interactions
from a differential susceptibility perspective. Annu Rev Psychol
2015, 66:11:1-11:29.

This meta-analysis shows that across a variety of experimental designs (i.
e., RCTs, microtrial, and nanotrials) and outcomes, there is evidence to
support the notion of differential susceptibility in children and adolescents
for intervention effects.

18. Caspi A, Hariri A, Holmes A, Uher R,Moffitt TE:Genetic sensitivity
to the environment: the case of the serotonin transporter gene
and its implications for studying complex diseases and traits.
Am J Psychiatry 2010, 167:509-527.

19. Chhangur RR, Weeland J, Overbeek G, Matthys WCHJ, Orobio de
Castro B: ORCHIDS: an observational-randomised trial of
childhood differential usceptibility. BMC Public Health 2012,
12:917-924.

20. Gardner F, Leijten PHO: Incredible Years parenting
interventions: current effectiveness research and future
directions. Curr Opin Psychol 2017. (this issue).

21. Weeland J, Chhangur RR, Van der Giessen D, Matthys W, Orobio
de Castro B, Overbeek G: Intervention effectiveness of the
Incredible Years parent training: new insights into
sociodemographic and intervention-basedmoderators.Behav
Ther 2016, 48(1):1-18 http://dx.doi.org/10.1016/j.
beth.2016.08.002 ISSN 0005-7894.

22.
��

Chhangur RR, Weeland J, Overbeek G, Matthys W, Orobio de
Castro B, Van der Giessen D, Belsky J: Genetic moderation of
intervention efficacy: dopaminergic genes, The Incredible
Current Opinion in Psychology 2017, 15:143–148

http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0005
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0005
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0005
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0005
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0010
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0010
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0010
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0010
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0015
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0015
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0015
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0015
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0020
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0020
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0020
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0025
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0025
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0025
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0025
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0030
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0030
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0030
http://dx.doi.org/10.1016/j.cpr.2016.11.006
http://dx.doi.org/10.1016/j.cpr.2016.11.006
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0040
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0040
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0040
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0040
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0045
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0045
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0045
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0045
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0050
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0050
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0050
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0055
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0055
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0060
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0060
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0060
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0065
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0065
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0065
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0065
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0070
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0070
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0070
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0075
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0075
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0075
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0080
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0080
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0080
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0085
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0085
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0085
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0085
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0090
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0090
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0090
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0090
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0095
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0095
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0095
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0095
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0100
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0100
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0100
http://dx.doi.org/10.1016/j.beth.2016.08.002
http://dx.doi.org/10.1016/j.beth.2016.08.002


148 Parenting
Years, and externalizing behavior in children. Child Dev 2016
http://dx.doi.org/10.1111/cdev.12612.

Using latent growth curve analysis to estimate effects of the Incredible
Years parenting intervention, this paper shows that the intervention
effects are moderated by a dopamine-based polygenetic index. Speci-
fically, children with a higher score on a polygenetic index were found to
benefit more from the parenting intervention.

23. Bakermans-Kranenburg MJ, Van IJzendoorn MH, Pijlman FTA,
Mesman J, Juffer F: Experimental evidence for differential
susceptibility: dopamine D4 receptor polymorphism (DRD4
VNTR) moderates intervention effects on toddlers’
externalizing behavior in a randomized controlled trial. Dev
Psychol 2008, 44:293-300.

24. Van den Hoofdakker BJ, Nauta M, Dijck-Brouwer DAJ, Van der
Veen-Mulders L, Sytema S, Emmelkamp PMG, Minderaa RB,
Hoekstra PJ: Dopamine transporter gene moderates response
to behavioral parent training in children with ADHD: a pilot
study. Dev Psychol 2012, 48:567-574.

25. Scott S, O’Connor TG: An experimental test of differential
susceptibility to parenting among emotionally dysregulated
children in a randomized controlled trial for oppositional
behavior. J Child Psychol Psychiatry 2012, 53:1184-1193.

26. Leijten P, Dishion T, Thomaes S, Raaijmakers M, Orobio de
Castro B, Matthys W: Bringing parenting interventions back to
the future: how randomized microtrials may benefit parenting
intervention efficacy. Clin Psychol Sci Pract 2015, 22:47-57.

27. Forehand R, Lafko N, Parent J, Burt KB: Is parenting the
mediator of change in behavioral parent training for
externalizing problems of youth? Clin Psychol Rev 2014,
34:608-619.

28. Leijten, P., Melendez-Torres, G., Knerr, W., Overbeek, G.,
Gardner, F. Why children comply: a multilevel meta-analysis of
parenting behaviors that shape child compliance, In preparation.

29.
��

Howe GW, Beach SRH, Brody GH: Microtrial methods for
translating gene–environment dynamics into preventive
interventions. Prev Sci 2010, 11:343-354.

This paper provides a theoretical background and methodological review
of the use and purpose of microtrial designs in research on gene–
environment interactions.

30. Casse JFH, Oosterman M, Schuengel C: Verbal persuasion and
resilience of parenting self efficacy: preliminary findings of an
experimental approach. Fam Sci 2015, 6:23-30.

31.
�

Mouton B, Roskam I: Confident mothers, easier children: a
quasi-experimental manipulation of mothers’ self-efficacy. J
Child Fam Stud 2015, 24:2485-2495.

This paper features amicrotrial aimed at boosting parents’ perceived self-
efficacy. The study showed that an experimental manipulation (i.e., bogus
feedback about parental efficacy based on a previous mother–child
interaction) increased observed maternal sensitivity and decreased chil-
dren’s disruptive behavior.

32. Kochanska G, Kim S, Boldt LJ, Nordling JK: Promoting toddlers’
positive social-emotional outcomes in low-income families: a
play-based experimental study. J Clin Child Adolesc Psychol
2013, 42:700-712.
Current Opinion in Psychology 2017, 15:143–148
33. Biglan A, Arie D, Wagenaar AC: The value of interrupted time-
series experiments for community intervention research. Prev
Sci 2000, 1:31-48.

34. Belsky J, Beaver KM: Cumulative genetic plasticity, parenting,
and adolescent self-regulation. J Child Psychol Psychiatry 2011,
52:619-625.

35. Dick DM, Agrawal A, Keller MC, Adkins A, Aliev F, Monroe S,
Sher KJ: Candidate gene–environment interaction research:
reflections and recommendations. Perspect Psychol Sci 2015,
10:37-59.

36. Salvatore J, Aliev F, Bucholz K, Agrawal A, Hesselbrock V,
Hesselbrock M et al.: Polygenic risk for externalizing disorders:
gene-by-development and gene-by-environment effects in
adolescents and young adults.Clin Psychol Sci 2014, 3:189-201.

37. Overbeek G, Weeland J, Chhangur RR: Research on gene–
environment interdependence: honing the tools and
examining the angles. Eur J Dev Psychol 2012, 9:413-418.

38. Reiss D, Leve LD:Genetic expression outside the skin: clues to
mechanisms of genotype � environment interaction. Dev
Psychopathol 2007, 19:1005-1027.

39.
��

Weeland J, Overbeek G, Orobio de Castro B, Matthys W:
Underlying mechanisms of gene–environment interactions in
externalizing behavior: a systematic review and search for
theoretical mechanisms. Clin Child Fam Psychol Rev 2015,
18:413-442.

A narrative review of G � E literature related to family adversity and
children’s externalizing behavior. It shows that research outcomes are
highly heterogeneous, with many contrasting findings, and provides
theoretical pointers to possible endophenotypes that might be studied
as explanatory mechanisms underlying G � E.

40. Fisher PA, Skowron EA: Social-learning parenting intervention
research in the era of translational neuroscience. Curr Opin
Psychol 2017. (this issue).

41. Stice E, Yokum S, Burger K, Epstein L, Smolen A: Multilocus
genetic composite reflecting dopamine signaling capacity
predicts reward circuitry responsivity. J Neurosci 2012,
32:10093-10100.

42. Murphy SE, Norbury R, Godlewska BR, Cowen PJ, Mannie ZM,
Harmer CJ et al.: The effect of the serotonin transporter
polymorphism (5-HTTLPR) on amygdala function: a meta-
analysis. Mol Psychiatry 2013, 18:512-520.

43. Davies PT, Cichetti D: How and why does the 5-HTTLPR gene
moderate associations between maternal unresponsiveness
and children’s disruptive problems? Child Dev 2013, 85:484-
500.

44. Weeland J, Slagt M, Brummelman E, Matthys W, Orobio de
Castro B, Overbeek G: 5-HTTLPR expression outside the skin:
an experimental test of the emotional reactivity hypothesis in
children. PLoS One 2015, 10:e0141474.

45. Obradovic J, Bush NR, Boyce WT: The interactive effect of
marital conflict and stress reactivity on externalizing and
internalizing symptoms: the role of laboratory stressors. Dev
Psychopathol 2011, 23:101-114.
www.sciencedirect.com

http://dx.doi.org/10.1111/cdev.12612
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0115
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0115
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0115
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0115
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0115
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0115
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0120
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0120
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0120
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0120
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0120
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0125
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0125
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0125
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0125
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0130
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0130
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0130
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0130
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0135
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0135
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0135
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0135
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0145
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0145
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0145
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0150
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0150
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0150
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0155
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0155
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0155
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0160
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0160
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0160
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0160
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0165
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0165
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0165
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0170
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0170
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0170
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0175
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0175
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0175
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0175
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0180
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0180
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0180
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0180
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0185
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0185
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0185
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0190
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0190
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0190
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0195
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0195
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0195
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0195
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0195
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0200
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0200
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0200
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0205
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0205
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0205
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0205
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0210
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0210
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0210
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0210
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0215
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0215
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0215
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0215
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0220
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0220
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0220
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0220
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0225
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0225
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0225
http://refhub.elsevier.com/S2352-250X(16)30123-3/sbref0225

	Parenting intervention effects on children's externalizing behavior: the moderating role of genotype and temperament
	Conflict of interest statement
	Acknowledgements
	References and recommended reading


