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Experimental Evidence for Differential Susceptibility: Dopamine D4
Receptor Polymorphism (DRD4 VNTR) Moderates Intervention Effects on
Toddlers’ Externalizing Behavior in a Randomized Controlled Trial

Marian J. Bakermans-Kranenburg, Marinus H. Van [Jzendoorn, Femke T. A. Pijlman,

Judi Mesman, and Femmie Juffer
Leiden University

In a randomized controlled trial we tested the role of genetic differences in explaining variability in
intervention effects on child externalizing behavior. One hundred fifty-seven families with 1- to
3-year-old children screened for their relatively high levels of externalizing behavior participated in a
study implementing Video-feedback Intervention to promote Positive Parenting and Sensitive Discipline
(VIPP-SD), with six 1.5-hr intervention sessions focusing on maternal sensitivity and discipline. A
moderating role of the dopamine D4 receptor (DRD4) variable-number tandem repeat (VNTR) exon III
polymorphism was found: VIPP-SD proved to be effective in decreasing externalizing behavior in
children with the DRD4 7-repeat allele, a polymorphism that is associated with motivational and reward
mechanisms and Attention Deficit Hyperactivity Disorder (ADHD) in children. VIPP-SD effects were
largest in children with the DRD4 7-repeat allele whose parents showed the largest increase in the use
of positive discipline. The findings of this first experimental test of (measured) gene by (observed)
environment interaction in human development indicate that children may be differentially susceptible to
intervention effects depending on genetic differences.
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Externalizing behaviors in preschoolers predict a variety of
problems in later childhood (Campbell, Spieker, Burchinal, Poe, &
National Institute of Child Health and Human Development, 2006;
Keenan, Shaw, Delliquadri, Giovannelli, & Walsh, 1998; Romano,
Tremblay, Boulerice, & Swisher, 2005), and even in toddlers
externalizing behavior shows considerable stability (Alink et al.,
2006). The development of externalizing problems has been asso-
ciated with environmental influences, in particular inadequate par-
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enting (e.g., Belsky, Hsieh, & Crnic, 1998; Burke, Loeber, &
Birmaher, 2002; Greenberg, 1999; Patterson, 1976, 1982; Snyder,
1995), as well as with genetic factors (Boomsma, Busjahn, &
Peltonen, 2002; Haberstick, Schmitz, Young, & Hewitt, 2005).

Little is known about the interplay between genetic and envi-
ronmental factors in shaping externalizing behaviors. Some de-
scriptive longitudinal studies on insensitive or harsh parenting
found evidence for the importance of genetic vulnerabilities in
predicting externalizing behavior in early childhood (Bakermans-
Kranenburg & Van IJzendoorn, 2006) or antisocial behavior in
adulthood (Caspi et al., 2002). In the current experimental inter-
vention study we examined whether toddlers’ genetic differences
may explain differential effectiveness of an intervention aimed at
decreasing externalizing behavior through improving parental dis-
cipline and interaction skills. To our knowledge the current study
is the first experimental test of (measured) gene by (observed)
environment interaction in child development.

Differential Susceptibility and Genetic Vulnerability

Almost 40 years ago, Thomas, Chess, and Birch (1968) had
already noted that infant characteristics may interact with parent-
ing to produce poorer (or better) child outcomes. Belsky (1997a,
1997b, 2005; Belsky, Bakermans-Kranenburg, & Van IJzendoorn,
2007) recently emphasized the evolutionary rationale for varying
susceptibility to environmental influences in siblings. In a contin-
ually changing and essentially unpredictable environment the
transmission of one’s genes will be facilitated by a diversification
of investments, that is, offspring with a differential susceptibility
to various environments. Similarly, Boyce and Ellis (2005a,
2005b) posited an evolutionary—developmental theory of varying
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biological sensitivity to context, pointing to a crucial role of
gene—environment interactions. Belsky (1997a) has suggested that
difficult, negatively emotional infants may be most affected by
rearing influences. A growing number of studies confirm the
moderating role of child negative emotionality in the association
between inadequate parenting and the development of externaliz-
ing behavior, for example in the context of day care (Crockenberg
& Leerkes, 2005), during family conflict (Ramos, Guérin,
Gottfried, Bathurst, & Oliver, 2005), and, most importantly, in
intervention contexts (Blair, 2002; Klein Velderman, Bakermans-
Kranenburg, Juffer, & Van IJzendoorn, 2006).

A complementary approach is the search for “genetic vulnera-
bilities” to negative child rearing experiences that enhance the risk
for negative developmental outcomes (Fox et al., 2005; Rutter,
2006). Studies examining the influence of (measured) gene by
(measured) environment interactions have illustrated that genes are
involved in both the dynamics and the outcome of development
(Rutter, Moffitt, & Caspi, 2006), although much of the processes
are still unknown. In a pioneering study, Caspi et al. (2002) found
a measured gene (Monoamine oxidase A, or MAO-A; see Brunner,
1996) by measured environment (maltreatment) interaction for
antisocial behaviors in adult males. Maltreated children with a
genotype conferring low levels of MAO-A expression were more
likely to develop antisocial problems in adulthood than compari-
sons. Bakermans-Kranenburg and Van IJzendoorn (2006) targeted
the dopamine D4 receptor (DRD4) gene in relation to insensitive
parenting as predictive of toddlers’ externalizing behaviors. The
exon III DRD4 7-repeat allele has been associated with several
forms of externalizing problems across the life span, such as
aggression and Attention Deficit Hyperactivity Disorder (ADHD;
Ebstein, Benjamin, & Belmaker, 2002; Schmidt, Fox, Rubin, Hu,
& Hamer, 2002). The 7-repeat allele has been linked to lower
dopamine reception efficiency; the dopaminergic system is en-
gaged in attentional, motivational, and reward mechanisms (Rob-
bins & Everitt, 1999). Parental insensitivity was found to be
associated with externalizing behaviors in preschoolers, but only in
the presence of the DRD4 7-repeat polymorphism. The increase in
externalizing behaviors in children with the 7-repeat allele exposed
to insensitive care compared with children without these combined
risks was six fold. The results were replicated in the second half of
the sample (Bakermans-Kranenburg & Van IJzendoorn, 2006).
The dopamine system may therefore affect the susceptibility to
environmental influences and may thus play an important role in
gene—environment interactions.

VIPP-SD and Externalizing Behaviors

From a meta-analysis on 70 attachment-based intervention stud-
ies, it was concluded that rather brief and focused interventions
proved to be most effective in enhancing the quality of parenting
(a “less is more” approach: Bakermans-Kranenburg, Van IJzen-
doorn, & Juffer, 2003). Video-feedback Intervention to promote
Positive Parenting (VIPP; Juffer, Bakermans-Kranenburg, & Van
IJzendoorn, 2007) is a brief and focused program in which parent
and child are videotaped during daily situations at home, and
feedback is provided to stimulate parents’ interactive skills. To
prevent the development of externalizing problem behaviors, the
VIPP approach has been extended with a focus on parental sensi-
tive discipline (VIPP-SD). Sensitive discipline includes child-

oriented discipline methods, such as induction (Hoffman, 1984),
empathy for the child when frustrated or angry (Lieberman, 2004),
and avoidance of coercive cycles (Patterson, 1982).

Studies using the VIPP approach showed positive effects on
parental sensitivity and/or attachment security in nonclinical
groups, for example in adoptive families (Juffer, Bakermans-
Kranenburg, & Van 1Jzendoorn, 2005), and in at-risk and clinical
groups, such as mothers with an insecure representation of attach-
ment (Klein Velderman et al., 2006) and mothers with eating
disorders and their infants (Stein et al., 2006). In a previous report
on the current sample, Van Zeijl, Mesman, Van 1Jzendoorn, et al.
(2006) showed that VIPP-SD was effective in promoting sensitive
discipline interactions in the intervention group as compared with
the control group. Molecular genetic information on this sample,
however, became available just recently, and the current study
examines the role of DRD4 polymorphisms in explaining differ-
ential effectiveness of VIPP-SD.

Hypotheses

In a randomized controlled trial, the VIPP-SD intervention
program was tested in 157 families screened for their children’s
relatively high levels of externalizing behavior. The first question
was whether the intervention effects are moderated by the
variable-number tandem repeat (VNTR) polymorphism in exon III
of the DRD4 in that the children with the 7-repeat allele show the
largest decrease of externalizing behaviors. The second question
was whether maternal positive discipline (significantly enhanced
by VIPP-SD; Van Zeijl, Mesman, Van IJzendoorn, et al., 2006)
interacts with DRD4 to shape developmental outcome. The answer
to the latter question might provide insight into the mechanism of
an experimentally induced Gene X Environment interaction.

Method
The SCRIPT Study

The SCRIPT study (Screening and Intervention of Problem
behavior in Toddlerhood) investigated the effectiveness of an early
intervention program aimed at reducing externalizing behavior in
1- to 3-year-old children by enhancing maternal sensitivity and
adequate discipline strategies. It consisted of a screening phase in
a general population sample and a randomized case-control inter-
vention phase in a selected subsample of children with relatively
high levels of externalizing behavior.

Sample

Participants were recruited from community records of several
cities and towns in the western region of the Netherlands (see Van
Zeijl, Mesman, Van [Jzendoorn, et al., 2006). Parents of 4,615 1-,
2-, and 3-year-old children were sent questionnaires by mail
(screening phase). We obtained 2,408 questionnaires from primary
caregivers (response rate 52%). There were no child age or child
sex differences between responding and nonresponding families
(p = .11 and p = .38, respectively). Children with scores above
the 75th percentile on the Child Behavior Checklist (CBCL) Ex-
ternalizing Problems scale (age 1 year: scores = 13; age 2 years:
scores = 19; age 3 years: scores = 20) were selected for the
intervention study. About 2 years after the intervention, the inter-
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vention study sample (N = 237) was contacted to take part in the
collection of DNA material. Cheek cells were collected from 171
children; 157 of them had complete follow-up data. 94% of the
mothers were Caucasian, and the majority of the parents were well
educated (M = 3.72 on a scale ranging from 1 = elementary
school to 5 = university degree). These children and their families
did not significantly differ from the intervention study sample on
experimental group membership (intervention vs. control), mater-
nal age, child age, gender, number of siblings, and level of exter-
nalizing behavior at any of the assessments (ps = .09-.98). Thus,
the children in the current subsample did not react differently to
the intervention compared to the total sample.

Procedure

Four months after the screening, families were invited for a
pretest in the laboratory. Mother and child completed several tasks

Table 1

(coded afterwards from videotapes by independent coders, un-
aware of experimental condition and other data concerning the
participants) and mothers were asked to fill out some question-
naires. After the pretest, a computer-generated list randomly as-
signed families, stratified for age group, to either the control group
(n = 83) or the intervention group (n = 74). There were no
differences between groups regarding initial level of child exter-
nalizing behavior, DRD4 genotype, parental educational level, or
child and maternal age (ps > .23). The only statistically significant
difference was the percentage of boys, which was higher in the
control group (64%) compared with the intervention group (47%;
see Table 1). Gender was however unrelated to the presence of the
DRD4 7-repeat allele (p = .77). Families in the intervention group
received six home visits and, parallel in timing, families in the
control group received six telephone calls. Approximately 1 year
after the pretest, families from both the intervention and control

Background Variables, Maternal Positive Discipline, and Externalizing Behavior in Intervention and Control Groups

Intervention group

Total (N = 157) (n = 83) Control group (n = 74)
Measure M SD M SD M SD

Parental educational level 3.72 1.03 3.69 1.02 3.76 1.03

Maternal age at screening (years) 33.5 3.94 33.5 4.02 33.5 3.88

Boys ™ 86 (55%) 39 (47%) 47 (64%)

DRD4 7-repeat allele® 49 (31%) 28 (34%) 21 (28%)

Screening

Child age (months) 23.1 10.28 233 10.31 23.0 10.31

Child externalizing behavior 23.76 6.82 24.30 6.95 23.16 6.65
Overactive 3.93 1.54 3.95 1.66 391 1.42
Oppositional 15.17 4.95 15.53 4.78 14.76 5.15
Aggressive 4.67 2.63 4.82 2.85 4.50 2.38

Pretest

Child age (months) 27.0 10.20 272 10.28 26.8 10.17

Child externalizing behavior 25.24 8.19 25.72 7.97 24.72 8.45
Overactive 4.36 1.67 4.25 1.72 4.47 1.62
Oppositional 15.94 5.70 16.36 5.50 15.47 5.93
Aggressive 4.95 2.67 5.11 3.01 4.77 2.25

Maternal positive discipline —0.02 2.09 —0.00 2.29 —0.05 1.84

Posttest

Child age (months) 39.3 10.34 39.5 10.43 39.1 10.30

Child externalizing behavior 23.17 8.67 22.93 8.21 23.43 9.20
Overactive 3.80 1.91 3.61 1.87 4.00 1.96
Oppositional 14.66 5.57 14.58 5.25 14.74 5.95
Aggressive 4.71 3.03 4.73 2.98 4.69 3.10

Maternal positive discipline™ 0.13 2.15 0.62 245 —0.43 1.60

Follow-up

Child age (months) 522 10.54 535 10.46 511 10.60

Child externalizing behavior 21.47 8.84 21.55 9.08 21.36 8.62
Overactive 3.50 1.80 3.43 1.87 3.57 1.73
Oppositional 14.15 6.07 14.23 6.00 14.07 6.18
Aggressive 3.82 2.59 3.89 2.71 3.73 247

Note. DRD4 = dopamine D4 receptor.
# Values are n (%).
“p < .05.

" p < .01. (Significance level for difference between intervention and control groups.)
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group visited the laboratory for the posttest, using the same pro-
cedures as the pretest. One year after the posttest mothers com-
pleted the CBCL as part of the follow-up.

VIPP-SD Intervention Program

The SCRIPT study applied the video-feedback method known
as VIPP-Sensitive Discipline (VIPP-SD), aimed at parental sensi-
tivity and sensitive parental discipline (Juffer et al., 2007). A
female intervener went into the families’ homes to provide per-
sonal feedback on parenting, using videotaped mother—child in-
teractions as well as information on the development of young
children in general (see Van Zeijl, Mesman, Van IJzendoorn, et al.,
2006). The duration of each home visit was approximately 1.5 hr.
The first four intervention sessions took place every month, the last
two sessions every other month. In between home visits, the
interveners selected specific video fragments and prepared com-
ments based on the themes of each specific intervention session.
Themes of the intervention included the importance of adequate
and prompt responses to the child’s signals, sharing emotions,
distraction and induction as noncoercive responses to difficult
child behavior, positive reinforcement, the use of a “sensitive
time-out,” and consistent and adequate discipline strategies. Ses-
sions 5 and 6 were “booster sessions,” aimed at consolidating
intervention effects by integrating the tips and feedback given in
the previous sessions. At the end of the program, the mothers
received a brochure with tips and exercises on the key issues of the
intervention.

Parallel to the intervention sessions, the mothers in the control
group received six telephone calls as a dummy intervention, to
ensure comparable motivation and attention in the intervention and
control group and to prevent selective attrition. During these
telephone calls mothers were asked to talk about general child
development issues (e.g., sleeping, eating, playing), but no advice
was given at any time.

Instruments

Externalizing behavior. The Child Behavior Checklist for 1.5-
to S-year-old children (CBCL/1.5-5; Achenbach & Rescorla,
2000) was completed by the mothers during the screening phase,
the pretest, posttest and follow-up. Van Zeijl, Mesman, Stolk, et al.
(2006) showed that the broadband Externalizing Problems scale
was also applicable to 1-year-old children. We focused on the
Externalizing Problems scale and its constituent syndrome scales
Overactive (5 items), Oppositional (17 items), and Aggressive (9
items). The internal consistencies (Cronbach’s alpha) were .66,
.89, and .75, respectively (N = 2,408).

Maternal discipline. Maternal discipline strategies were ob-
served in the laboratory sessions during a 10-min “don’t” task. The
child was shown a treat, which was subsequently given to the
mother with the (written) instruction to refrain from giving the
treat to the child until the end of the session, 10 min later. The
following positive maternal discipline strategies were observed:
distraction, induction, and understanding. The average intraclass
correlation (single rater, absolute agreement) for intercoder reli-
ability (for all separate pairs of five coders) was .85 (range .61-.95;
n = 30). An overall positive discipline score was computed by
adding the standardized frequencies of the three positive discipline

strategies (factor loadings .79, .57, and .78, Van Zeijl, Mesman,
Van 1Jzendoorn, et al., 20006).

Genotyping. DNA samples were incubated in lysis buffer and
genomic DNA was isolated using the Chemagic buccal swab kit
(Chemagen Biopolymer-Technologie; Baesweiler, Germany). The
average yield of DNA was 4 pg per sample. For amplification
primers 5'-GCGACTACGTGGTCTACTCG-3" and 5'-
AGGACCCTCATGGCCTTG-3" were used. The DRD4 exon III
fragments were amplified by an initial denaturation step of 5 min
at 95 °C, followed by 38 cycles of 45 s 95 °C, 30 s 60 °C, 1 min
72 °C, and a final extension step of 5 min 72 °C. The number of
repeats for each sample was determined by size, fractionating the
exon III PCR products on a 2% agarose gel. The main DRD4
genotypes in the sample (2/4, 4/4, 4/7, 7/7) were in Hardy-
Weinberg equilibrium, x* (df = 3, N = 131) = 2.85, p = .42.
Children were grouped in subgroups with long DRD4 (at least one
7 repeat) versus short DRD4 (both alleles shorter than 7 repeat).
Long DRD4 was present in 31% of our sample.

Results

A repeated measures ANOVA with experimental condition
and long versus short allele of the DRD4 gene as between-
subjects factors and time as within-subjects factor was per-
formed to assess the development of externalizing behavior
across screening, pretest, posttest, and follow-up assessments.
The three-way interaction of Experimental condition X
DRD4 X Time was significant, F(1, 153) = 4.46, p = .04,
partial m* = .03. For children with the 7-repeat DRD4 allele,
the intervention was effective in decreasing externalizing be-
havior, particularly at follow-up, F(1, 47) = 4.47, p = .04,
partial > = .09, whereas for children without the 7-repeat
DRD4 allele the intervention was not effective, F(1, 106) =
0.24, p = .63, partial 1> = .00 (see Figure 1). A priori contrasts
of the mean change scores from pretest to follow-up showed a
significant difference between the 7-repeat intervention group

CBCL externalizing
28
26
24
22 N
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20
= A= 7- control (n=53)
18 11 - A - 7+ control (n=21)
@l 7. intervention (n=55)
=== 7+ intervention (n=28)
16 T T T
screening pretest posttest follow-up
Figure 1. Development of externalizing behavior (as indicated by scores

on the Child Behavior Checklist [CBCL] Externalizing Problems scale)
across screening, pretest, posttest, and follow-up for intervention and
control groups with (7+) and without (7—) the dopamine D4 receptor
(DRD4) 7-repeat allele.
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and the other groups, 7#(153) = —2.06, p = .04. None of the
other groups showed significant contrasts, underscoring the
susceptibility of the 7-repeat group to the intervention. Explor-
ing whether the intervention affected any specific type of ex-
ternalizing problems (overactive, oppositional, or aggressive
behaviors), we found a significant three-way interaction effect
for oppositional behavior, F(1, 153) = 4.34, p = .04, partial n* =
.03, but not for overactive (p = .39) or aggressive (p = .14)
behavior. The intervention produced a decrease of oppositional
behavior, but only in children with the 7-repeat allele of the DRD4
gene. No main or interaction effects for gender were found.
Because in a previous report we found that VIPP-SD signifi-
cantly improved maternal use of positive discipline strategies (Van
Zeijl, Mesman, Van IJzendoorn, et al., 2006), we tested whether
this intervention effect on parenting was a significant factor ex-
plaining the decrease in externalizing behavior in intervention
children with the long DRD4 allele. It should be noted that the
intervention significantly improved maternal use of positive dis-
cipline strategies also in the current sample, F(1, 155) = 7.76,p <
.01, partial > = .05, but that the intervention did not differentially
impact mothers of children with versus without the long DRD4
allele, F(1, 153) = 0.88, p = .35. For externalizing behavior, the
four-way interaction of Experimental condition X DRD4 X Moth-
ers’ increased use of positive discipline (change in positive disci-
pline, i.e., posttest residuals controlled for positive discipline at the
pretest, dichotomized with a median split) X Time was significant,
F2, 149) = 3.16, p = .045, partial > = .04 (d = 0.47).
Intervention children with the 7-repeat DRD4 allele showed a
decrease in externalizing behavior at follow-up (but not at the
immediate posttest), particularly when their mothers improved
more in the use of sensitive discipline strategies between pretest
and posttest assessments (see Figure 2). For control children, such
decreases in externalizing behavior were not found (see Figure 3).
Surprisingly, control children without the 7-repeat allele whose
mothers did not improve much in the use of sensitive discipline

CBCL externalizing
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16 T T T

screening

pretest posttest follow-up

Figure 2.  Development of externalizing behavior (as indicated by scores
on the Child Behavior Checklist [CBCL] Externalizing Problems scale)
across screening, pretest, posttest, and follow-up for intervention groups
with more (+) or less (—) increased use of positive discipline (disc) after
the intervention, for children with (7+) and without (7—) the dopamine D4

receptor (DRD4) 7-repeat allele.
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Figure 3.  Development of externalizing behavior (as indicated by scores
on the Child Behavior Checklist [CBCL] Externalizing Problems scale)
across screening, pretest, posttest, and follow-up for control groups with
more (+) or less (—) increased use of positive discipline (disc) after the
intervention, for children with (7+) and without (7—) the dopamine D4
receptor (DRD4) 7-repeat allele.

showed a decline in externalizing behavior at follow-up, but the
decline was not significant.

For oppositional behavior the four-way interaction was also
significant, F(2, 149) = 3.76, p = .03, partial n*> = .05. Interven-
tion children with the 7-repeat DRD4 allele whose mothers im-
proved most in the use of sensitive discipline strategies between
pretest and posttest assessments showed the lowest levels of op-
positional behavior at follow-up.

Discussion

Gene—environment interactions may play an important role in
explaining differential effectiveness of interventions. We found
evidence for a larger intervention effect on externalizing behaviors
in toddlers with a 7-repeat allele of the DRD4 gene. Children with
the 7-repeat allele showed the largest decrease of externalizing
behaviors after the intervention, in particular when their parents
showed the largest increase in the use of positive discipline. It
should be noted that these effects were not apparent at the first
posttest assessment, immediately after the intervention, but be-
came manifest at the follow-up, about 1 year later. Although we
had expected lower levels of externalizing behavior immediately
after the intervention, we already had suggested increasing long-
term effectiveness of VIPP-like interventions because of the fam-
ily system dynamics involved in this type of interventions (see Van
[Jzendoorn, Bakermans-Kranenburg, & Juffer, 2005). Our findings
indicate that children are differentially susceptible to experimen-
tally induced changes in the environment depending on genetic
differences. In our case children who varied in the presence of the
DRD4 7-repeat allele were differentially susceptible to experimen-
tally induced changes in maternal discipline with respect to exter-
nalizing behavior outcomes. Experimentally manipulated gene—
environment interactions leave little room for alternative
interpretations in terms of passive or evocative gene—environment
correlations.
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Gene—environment interactions may be crucial for understand-
ing the differential susceptibility of vulnerable versus resilient
individuals to inadequate or changing environments. In the med-
ical sciences the search for gene—environment interactions with
implications for treatment has started some years ago, for example
in the area of essential hypertension (Imumorin et al., 2005). The
outcomes of these studies are suggested to lead to more effective
primary and secondary prevention programs involving lifestyle
interventions in which the role of stress is taken into account,
particularly for individuals at increased genetic risk for the disease.

In the psychiatric and behavioral sciences the study of (mea-
sured) gene by (measured) environment interactions still is in a
perinatal stage (Caspi & Moffitt, 2006). At this point only one
replicated and robust finding has been established, namely the
moderating role of MAOA for the impact of childhood maltreat-
ment on antisocial behavior. A meta-analysis of five independent
studies with varying outcomes demonstrated that the association
between maltreatment and externalizing problems is significantly
stronger in the group of males with the genotype conferring low
versus high MAOA activity (Kim-Cohen et al., 2006).

The dopamine D4 receptor gene appears to be another promis-
ing gene in the search for differential susceptibility. In one of the
few psychiatric studies on gene—environment interactions, Levitan
et al. (2006) suggested that DRD4 is an excellent candidate for
genetic association studies, as it has a number of functionally
different VNTR polymorphisms. They found a significant interac-
tion between season of birth and DRD4 7 repeat increasing the risk
for obesity in seasonal affective disorder. The reward value of food
is supposed to be different for individuals with or without the
7-repeat allele. In vitro studies suggest that the 7-repeat allele has
decreased affinity for dopamine, which results in a weaker trans-
mission of the intracellular signals in comparison to other alleles
(Levitan et al., 2006). Ding et al. (2002) found that the 7-repeat
allele originated as a rare mutational event that nevertheless in-
creased to high frequency in human populations by positive selec-
tion. This may imply rather strong evolutionary advantages of the
phenotypes related to this polymorphism.

In the first developmental study on the role of DRD4 in differ-
ential susceptibility to observed rearing influences Bakermans-
Kranenburg and Van IJzendoorn (2006) found that children with
the 7-repeat DRD4 allele and insensitive mothers displayed sig-
nificantly more externalizing behaviors than children without the
DRD4 7-repeat allele. To test the “favorable side” of the differ-
ential susceptibility hypothesis (Belsky et al., 2007), children with
the long DRD4 alleles reared by sensitive mothers were contrasted
with the other groups, and they showed the lowest levels of
externalizing behavior. Thus, children with the 7-repeat DRD4
allele were more susceptible to both sensitive and insensitive
parenting (Bakermans-Kranenburg & Van IJzendoorn, 2007).

Why would DRD4 moderate the effects of an attachment-based
intervention on externalizing behaviors? The VIPP-SD focuses on
increasing parental sensitive responses to the children’s signals
and prompt reactions to disciplinary transgressions. In fact, the
VIPP-SD can be conceptualized as an intervention that enhances
the reward value of parental stimuli (or perhaps more generally:
the reward value of the parent) by creating a more concordant and
prompt interplay between the child’s and the parent’s communi-
cative signals. Parents learn to read the child’s signals more
accurately and are enabled to broaden their repertoire of novel

stimuli that trigger the child’s attention and that fulfill its motiva-
tional interests. A sensitive parent may be better able to address
any novelty-seeking orientation of the child.

Results from animal research suggest that the D4 receptor could
play a key role in the dopaminergic modulation of the perception
of environmental stimuli (Falzone et al., 2002). We submit that
children with the 7-repeat allele are genetically less sensitive to
environmental stimuli because of their hypodopaminergic DRD4
functioning and thus need more sensitive environments to feel
connected and responsible for changes in the environment. Seeger,
Schloss, Schmidt, Riiter-Jungfleisch, & Henn (2004) suggest that
the DRD4 7-repeat allele is associated with a reward deficiency
syndrome. If children are less sensitive to the reward or reinforce-
ment value of their parents’ interactions, the relation between the
child’s actions and the parent’s responses needs more emphasis in
order to make the child aware of the communicative link. As
children with DRD4 7-repeat alleles need this emphasis on the
reward value of parental responses most, they may be the ones who
gain most from experimentally enhanced parental sensitivity.

Current findings should be independently replicated. Although
gene—environment interactions are usually moderate in size and
may be elusive, Evans (1985) stated that even moderate effects
explaining as little as 1% of the total variance should be considered
important—whereas we found 4% of the variance explained. The
reported moderate effect size (d = 0.47) indicates a substantial
change in the development of externalizing behavior for children
with DRD4 7-repeat alleles as a result of the intervention. Because
we built our study on an earlier correlational investigation in a
different sample (Bakermans-Kranenburg & Van IJzendoorn,
2006; see also Sheese, Voelker, Rothbart, & Posner, 2007), we
only tested DRD4 polymorphisms as a potential moderator of the
effects of the increased use of positive discipline, thus preventing
capitalization on chance. Control children without the 7-repeat
allele also showed some decline in externalizing behavior at
follow-up, pointing to a potential protective effect of the short
DRD#4 variants that might be confirmed in a replication study with
more power. Replication and—in a later stage—meta-analyses are
strongly recommended as strategies for rigorously testing the
validity of reported gene to behavior associations (e.g., loannidis,
2003).

Focused search for relevant genes and pertinent environments
that constitute interaction effects is needed to enhance the chance
of replication. In the current study the subgroup of children with
the DRD4 7-repeat allele was substantial (n = 49) but too small to
allow for a formal test of mediation explaining the decrease in
child externalizing behavior through changes in parenting in this
specific subgroup. Building on the current findings, intervention
studies with samples selected for a more balanced presence of the
DRD4 7-repeat allele may provide more insight into the processes
that render interventions differentially effective (J. Belsky, per-
sonal communication, February 7, 2007).

The moderating role of DRD4 in our study does not imply
immediate practical applications. We know that children respond
differently to the intervention and that this differential susceptibil-
ity is partly based on genetic differences. Our study supports the
concept of differential susceptibility as linked to gene-—
environment interaction. What is needed now is more insight into
the endophenotypes related to DRD4 (Kieling, Roman, Doyle,
Hutz, & Rohde, 2006), for example, problems with sustained
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attention to environmental stimuli, that may be used for screening
families with children who are anticipated to profit most from the
intervention efforts.
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