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Abstract

In the current paper we present new empirical data and meta-analytic evidence for the role of dopamine-related genes as a susceptibility factor interacting with
the rearing environment for better and for worse, that is, increasing children’s susceptibility to both the adverse effects of unsupportive environments and
the beneficial effects of supportive rearing. In Study 1 we examined the readiness of 91 7-year-old children to donate their money to a charity (UNICEF).
We tested whether the association between attachment and donating behavior was moderated by the presence of the dopamine receptor D4 (DRD4)
7-repeat allele. The attachment story completion task was used to assess attachment as an index of the quality of the rearing environment. Children with secure
attachment representations donated more but only if they had the DRD4 7-repeat allele. In Study 2 we present the results of a meta-analysis of gene–
environment studies on children up to 10 years of age involving dopamine-related genes (dopamine receptor D2, DRD4, dopamine transporter). The
cumulative negative effects of these “risk genes” and adverse rearing environments have been stressed, but potentially cumulative positive effects of these same
genes interacting with positive rearing environments remained largely unnoticed. We examined the associations between negative and positive rearing
environments and developmental outcomes as moderated by dopamine-related gene polymorphisms. Children with the less efficient dopamine-related genes
did worse in negative environments than the comparisons without the “genetic risk,” but they also profited most from positive environments. Findings are
discussed in light of evolutionary theory, and illustrated with some practical implications of differential susceptibility.

With increasing availability of molecular genetic assessment
several interactions between measured genes and measured
environments have recently been found in studies on human
development. The most famous example is the Dunedin study
by Caspi and colleagues (2002), documenting the moderating
role of a specific genetic polymorphism in the association
between rearing adversities (e.g., the experience of child
maltreatment) and developmental outcome (e.g., antisocial
behavior). Most studies have emphasized the cumulative
negative effects of specific “risk genes” and an adverse rear-
ing environment, whereas potentially cumulative positive ef-
fects of the same risk genes (better called “susceptibility”
genes) interacting with positive rearing environments re-
mained understudied (Bakermans-Kranenburg & van IJzen-
doorn, 2007; Belsky, Bakermans-Kranenburg, & van IJzen-
doorn, 2007). Here we present new empirical evidence for
the importance of looking at the “bright side” of Gene�Envi-

ronment (G�E) interactions, and we present the first meta-
analysis of G�E studies on the bright side conducted thus
far, in order to test whether positive effects of G�E interac-
tions are as large as negative G�E interaction effects.

Most students of human development do not presume that
every child is equally susceptible to the same environmental
influences. Children with a reactive or fearful temperament or
a reactive stress response system appear to suffer most from
persistent family conflict or low quality of day care but also
appear to benefit disproportionately from supportive rearing
environments (Belsky, 1997; Belsky et al., 2007; Boyce &
Ellis, 2005; Boyce et al., 1995). For example, in a study on
children’s skin conductance level in response to fear-induc-
ing and neutral film clips, Gilissen, Bakermans-Kranenburg,
van IJzendoorn, and Van der Veer (2008) showed that more
fearful children with a less secure attachment relationship
showed the highest physiological reactivity to the frightening
film clip, whereas comparable children with a more secure re-
lationship showed the lowest reactivity. This is the essence of
the novel hypothesis of “differential susceptibility.” The evo-
lutionary-inspired proposition is advanced that some children
are more susceptible to both the adverse effects of unsup-
portive environments and the beneficial effects of supportive
rearing (Belsky, 1997; Boyce & Ellis, 2005). Bakermans-
Kranenburg and van IJzendoorn (2006, 2007) were the first
to suggest that allelic variation in, for example, dopamine-
related genes might act as a susceptibility factor.
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Recent work indeed documented the potential role of
dopamine-system genes, particularly dopamine receptor D4
(DRD4), for differential susceptibility. For example, children
with the DRD4 7-repeat allele and unresponsive mothers dis-
played more externalizing behavior problems than children
without the DRD4 7-repeat variant (irrespective of maternal
responsiveness), but children with the DRD4 7-repeat allele
and responsive mothers showed the lowest levels of external-
izing problem behavior (Bakermans-Kranenburg & van IJz-
endoorn, 2007). Are children with the DRD4 7-repeat allele
also more susceptible to environmental pressures to act in a
prosocial and altruistic way? The validity of the differential
susceptibility hypothesis can only be determined when re-
search not only examines risk environments and negative
child outcomes but also includes effects of positive environ-
ments or assesses positive outcomes. Donating behavior is
such a positive outcome.

Donating Behavior

The early roots of altruistic or prosocial behavior may be traced
to genetic and environmental factors shaping the individual’s
inclination to spend resources without the expectation of per-
sonal gain. Here we focus on the early roots of donating behav-
ior as an example of altruistic, prosocial behavior. Altruism has
been speculated to be an evolutionary-based universal compe-
tence of human beings and of a large variety of avian and mam-
malian species (Bowles, 2008; Darwin, 1871). The actual al-
truistic performance might be built on this competence as
well as its individual differences. Even if we assume an evolu-
tionary basis for altruism and empathic concern (Hrdy, 2009),
we may still ask whether individual differences in actual pro-
social performance are associated with situational determi-
nants or with differences in genetic makeup, with specific rear-
ing environments, or with the interaction between genes and
the environment (van IJzendoorn, Bakermans-Kranenburg,
Pannebakker, & Out, 2010).

Parenting, Attachment, and Prosocial Behavior

Twenty-seven years ago Hoffman (1984) suggested a poten-
tial role of parenting in promoting or hampering the develop-
ment of prosocial behavior. He contended that if parents cre-
ate a warm, sensitive atmosphere and consistently discipline
child behavior that is damaging to others, they pave the way
for feelings of empathy in their children. Nonempathic au-
thoritarian control combined with frequent threats and love
withdrawal may lead to compulsive compliance and a lack
of moral internalization (Richters & Waters, 1992; van IJzen-
doorn, 1997).

Sensitive parents who respond promptly and adequately to
the distress and anxiety of their children stimulate a secure
bond and simultaneously model the use of empathy and altru-
ism (De Waal, 2008; Hrdy, 2009; Spiecker, 1991; van IJzen-
doorn, 1997). We hypothesize that children with an insecure at-
tachment relationship with their primary caregiver may be less

inclined to act prosocially than children with secure relation-
ships. Mikulincer and Shaver (2008) presented experimental
evidence for the role of attachment in adult helping behavior.
They primed participants with security-enhancing figures who
served as a potential secure base and observed more compassion
with a woman in distress and more willingness to take over her
aversive tasks as opposed to participants in control conditions.

G 3 E Interactions and Differential Susceptibility

Although several behavior genetic studies have been conducted
on altruism in adult twins (e.g., Rushton, Lttlefield, & Lums-
den, 1986), only two twin studies have been published on chil-
dren’s observed prosocial behavior, in particular, empathic
helping behavior and concern for another person’s pain and dis-
tress. Volbrecht, Lemery-Chalfant, Akzant, Zahn-Waxler, and
Goldsmith (2007) did not find any genetic influence on em-
pathic concern of children aged 19–25 months, and both shared
and unique environmental factors explained the variation in
prosocial behavior. In contrast, Knafo, Zahn-Waxler, Van
Hulle, Robinson, and Rhee (2008) found a modest influence
of genetic makeup increasing with age and decreasing effects
of the shared environment in children aged 14–36 months. In
the absence of strong main or additive genetic effects on proso-
cial behavior, genetics might still play an important role in the
form of G�E interactions (Ebstein, Israel, Chew, Zhong, &
Knafo, 2010; Rutter, 2007). The same might be true in case
of the absence of strong effects of the shared environment.
Main effects within subgroups may be hidden in interactions
(Bronfenbrenner, 1979; Wachs, 1991), and children may be
differentially susceptible to their environment depending on
their genetic makeup (Belsky et al., 2007). In molecular genetic
studies G�E interactions can be examined directly (Ebstein
et al., 2010; Rutter, 2007). In our empirical study on donating
as well as in the subsequent meta-analysis we focus on dopa-
mine-system related genetic polymorphisms that we suspect
to index differential susceptibility (Bakermans-Kranenburg &
van IJzendoorn, 2007).

Dopamine-Related Genes as Susceptibility
or Plasticity Factors

Although much of the processes underlying G� E interac-
tions involving dopamine-related genes are still unknown,
the suggestion that dopamine-related genetic polymorphisms
play a role in differential susceptibility to the rearing environ-
ment is not far fetched. Low dopaminergic efficiency is asso-
ciated with decreased attentional and reward mechanisms
(Robbins, & Everitt, 1999), which may be advantageous or
disadvantageous dependent on specific environmental charac-
teristics (Suomi, 1997). The role of dopamine in feedback-
based learning was also tested in a neuroimaging study (Klein
et al., 2007). Subjects were grouped according to their dopa-
mine receptor D2 (DRD2) genotype. Carriers of the A1 allele
had significantly more difficulties learning from negative feed-
back. Moreover, their posterior medial frontal cortex, involved
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in feedback monitoring, responded less to negative feedback
than their comparisons’ did. However, they did not perform
worse than comparisons when provided with positive feedback.

In a neurobiological model of altered reinforcement mech-
anisms in attention-deficit/hyperactivity disorder (ADHD),
Tripp and Wickens (2008) hypothesize that children with
ADHD show diminished anticipatory dopamine cell firing
(called dopamine transfer deficit). Under conditions of delayed
or partial reinforcement learning would be slower or even fail
to occur: the weak anticipatory dopamine signal renders these
children more sensitive to immediate positive feedback. That
may explain why an intervention aimed at reducing toddler’s
externalizing behavior by enhancing parental positive disci-
pline proved to be most effective for children with the DRD4
7-repeat allele. The intervention enhanced parents’ use of
positive discipline strategies such as support and compliment-
ing, and children with the DRD4 7-repeat allele showed the
steepest decrease of externalizing behaviors in reaction to their
mothers’ increased used of positive discipline strategies (Bak-
ermans-Kranenburg, van IJzendoorn, Pijlman, Mesman, &
Juffer, 2008). The largest effects were actually found for chil-
dren with the DRD4 7-repeat allele whose parents showed the
largest increase in the use of positive discipline, underscoring
their sensitivity to positive feedback, which was enhanced
through the intervention.

The studies included in the meta-analysis examined the
moderating role of three dopamine-related genes, DRD2, do-
pamine transporter (DAT), and DRD4, although most studies
did not look explicitly for both the dark and the bright side of
differential susceptibility. The meta-analysis aims at system-
atizing and testing the available G�E studies covering dopa-
mine-related genes for differential susceptibility in children
up to 10 years.

The DRD4 gene has a variable number of tandem repeats
polymorphism in the 30 exon that varies from 2 to 11 repeats
across individuals. The D4 receptor participates in the media-
tion of dopaminergic transmission, and the 7-repeat allele shows
lower dopamine reception efficiency. Carriers of the DRD4
7-repeat allele have been found to be at risk for ADHD, impul-
sivity, and sensation seeking (Congdon, Lesch, & Canli, 2008;
Faraone et al., 2005; Li et al., 2006; Swanson et al., 2000).

The DAT gene has a variable number of tandem repeats
polymorphism in the 50 untranslated region. DAT is present
in the perisynaptic area of dopaminergic neurons in areas of
the brain where dopamine signaling is common. DAT pro-
vides the primary mechanism through which dopamine is
cleared from synapses, transporting dopamine from the syn-
apse into a neuron and terminating the dopamine signal. Hav-
ing a DAT 10-repeat allele has been found to increase the risk
to develop ADHD (for meta-analyses, see Faraone et al.,
2005; Maher, Marazita, Ferrell, & Vanyukov, 2002).

DRD2 is primarily expressed in the striatum, nucleus accum-
bens, and midbrain. The DRD2 TaqI alleles are commonly re-
ferred to as A1 and A2. The A1 allele is less frequent in most
populations, but its frequency varies considerably across ethnic
groups (Barr & Kidd, 1993). Presence of the A1 allele is related

to decreased DRD2 receptor expression and availability in the
striatum. The DRD2 receptor is implicated in executive control;
for example, carriers of the A1 allele are at higher risk for ad-
diction (Noble, 2003) and negative reinforcement seeking
(Berman, Ozkaragoz, Young, & Noble, 2002).

Hypotheses

In the current paper we present two studies. The first study on
7-year-old children examines their readiness to donate their
money, earned by diligently participating in a series of experi-
ments, to a charity (UNICEF) after watching a promotional
video clip. We expect to find children with a secure attach-
ment to be more willing to donate money to a charity, because
they may have experienced more often examples of sensitive
empathic concern from their parents. In line with the differen-
tial susceptibility model, however, the association between
attachment and donating behavior is hypothesized to be mod-
erated by the DRD4 genotype. A main effect of DRD4 on do-
nating behavior is not expected, but the strongest association
between attachment and donating behavior may be observed
for those children who have the DRD4 7-repeat allele.

In the second study we present meta-analytic evidence for
the role of dopamine-related genes (DRD2, DAT, DRD4) in
making children more or less open to rearing influences, for
better and for worse. As the number of measured G�E inter-
action studies has steeply increased recently, sufficient empir-
ical studies are available to conduct a meta-analysis to explore
the negative as well as positive effects of G�E interactions on
development and to compare the combined effect sizes for
both sides of the G�E equation. We expect the interactive ef-
fects of dopamine-related genes and positive environments
on child development to be as large as the interaction effects
of the same dopamine-related genes and risk environments.

Study 1

Method

Participants. Participants were 91 7-year-old twins (mean age
¼ 7.4 years, SD ¼ 0.3). The participants were the first-born
children of each twin pair (43 boys, 48 girls). The first-born
children were considered most representative, because they
are known to have had fewer perinatal problems. The mean
age of the mothers was 38.8 years (SD ¼ 3.4), and they had
completed 14.4 years of education on average (SD ¼ 3.1).
All participants were born in The Netherlands. None of the chil-
dren had serious medical problems. For further details about re-
cruitment, see Gilissen et al. (2008). Permission for the study
was obtained from the Committee for Medical Ethics of Leiden
University Medical Centre and the Ethics Committee of the Fac-
ulty of Social and Behavioral Sciences of Leiden University.

Procedure. Mothers came to the laboratory with their children
and they participated in a session consisting of two parts, in two
separate rooms; the first one in which the children were shown
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some film clips (see Gilissen et al., 2008) and where the UNI-
CEF donating task was administered, and the second one in
which attachment representations were measured. All proce-
dures were videotaped, and coding was done from videotape.
Different coders coded the various variables to guarantee that
they were unaware of other characteristics of the dyads.

Measures.

Donating behavior. High-cost donating behavior was mea-
sured by the amount of money (the number ofE0.20 coins) the
child donated (Krevans & Gibbs, 1996) in response to a video-
taped call for donation to UNICEF. Halfway through the lab
visit, the children received 10 pieces of E0.20 for their coop-
eration in the absence of their mother. They were then shown
a 2-min UNICEF promotional film of a child in a poor, devel-
oping country. At the end of this promo the voice-over asked
the children to donate money in a money box that was clearly
visible in the same room. The money box was filled with sev-
eral euros in order to enhance the credibility. To see whether
children would give money without extrinsic motivation, the
experimenter left the room after starting the promotional
film. The child had 60 s to make a donation. Then the experi-
menter came back into the room, and she asked in a standard-
ized way if the child would want to donate any money. The
mother returned after 5 min. Mothers were instructed to per-
suade their children to donate any money that they had kept
for themselves to UNICEF. Maternal behavior was not stan-
dardized. The absolute numbers of coins donated to UNICEF
after the standardized experimenter’s request was the index for
donating behavior. Donations before the experimenter probe
were almost nonexistent and thus too skewed to be analyzed
(van IJzendoorn et al., 2010). Donations at mothers’ request
were excluded from the donating index because mothers
used divergent strategies to stimulate or even force their chil-
dren to donate more money. The somewhat skewed distribution
of coins donated after the experimenter probe was normalized
through square root transformation (Tabachnik & Fidell, 2006).

Attachment story completion task. The security of the chil-
dren’s attachment representations was measured with the at-
tachment story completion task (Verschueren & Marcoen,
1994; based on Bretherton, Prentiss, & Ridgeway, 1990; Cas-
sidy, 1988). Each attachment-related story was coded as se-
cure, insecure–avoidant, insecure–bizarre/ambivalent, or, if
the child did not tell a clearly secure or insecure story, se-
cure/insecure. Stories classified as secure contained descrip-
tions of positive feelings and harmonious interactions between
the child and her/his mother without any negative, unclear, or
bizarre subjects or issues. Stories that showed negative, hostile,
or bizarre interactions with the mother figure were classified as
insecure–bizarre/ambivalent. Stories with minimal interaction
between mother and child, avoiding the topic, or reluctance to
complete the story were classified as insecure–avoidant.

Five coders independently rated the verbal transcripts of
the children’s stories. Coders were trained and reliable on a

set of 40 stories coded by Dr. Karine Verschueren (Leuven
University). Intraclass correlations for the five coders on 40
stories ranged between .90 and .95. To reduce the possibility
of an incorrect classification, all stories were coded twice by
different coders. In cases of disagreement, a third coder de-
cided. As prescribed by the coding system guidelines (Ver-
schueren & Marcoen, 1994), children received an overall
classification of their attachment representation as secure or
insecure on the basis of the classification of the five stories.
The alpha reliability of the five stories was modest (a ¼
0.59; for comparable a values of the stories, see Verschueren
& Marcoen, 1999). To test if story fluency was associated
with security, word count was done on the three control stor-
ies. Eighty percent of the control stories were transcribed. Se-
curity was not related to fluency, t (72) ¼ 20.52, p ¼ .60.

DRD4 genotyping. Cheek cells were collected at 50 months
of age. The amplification primers 50-GCGACTACGTGGT
CTACTCG-30 and 50-GGACCCTCATGGCCTTG-30 were
used. The exon 3 fragments were amplified by an initial dena-
turation step of 5 min at 95˚C, followed by 38 cycles of 45 s at
95˚C, 30 s at 60˚C, 1 min at 72˚C, and a final extension step of
5 min at 72˚C. The number of repeats for each sample was de-
termined by size fractionating the exon 3 polymerase chain re-
action products on a 2% agarose gel. The main DRD4 genotypes
in the sample (2/4, 4/4, 4/7) were in Hardy–Weinberg equilib-
rium,x2 (2, N¼ 75)¼ 1.25, p¼ .54. Children were grouped in
subgroups with long DRD4 (at least one DRD4 7-repeat allele)
versus short DRD4 (both alleles shorter than 7 repeats). Twenty-
two children (24%) were carriers of at least one DRD4 7-repeat
allele.

Results

Descriptives. Table 1 presents means and standard deviations
of the main variables, as well as the correlations between the
variables. Older children donated more to UNICEF (r ¼ .29,
p , .01), although the age range was small. There were no
other significant associations among background variables,

Table 1. Means, standard deviations, and correlations
of maternal age and education and child age and donating
behavior

Education Child
M SD Level Age Donating

Mother
Age 38.8 3.38 .20 .11 .16
Educationa 4.7 1.52 — 2.17 .17

Child
Age

(months) 88.8 4.03 — .29**
Donatingb 1.21 1.05 —

aRange ¼ 1 (unfinished vocational training) to 7 (university degree).
bThe total number of coins donated after the experimenter’s request (square root).
**p , .01.

M. J. Bakermans-Kranenburg and M. H. van IJzendoorn42



child characteristics, and child donating behavior. DRD4 geno-
type was not related to children’s donating behavior ( p¼ .20).

Donating behavior, attachment, and DRD4. In order to ex-
plain the differences between children’s donating behavior
on the basis of specific genetic and child factors, we conducted
a multivariate analysis with the total number of coins donated
after the experimenter’s probe as the dependent variable, with
attachment and DRD4 as factors, and maternal educational
level and child age as covariates. The model was significant,
F (5, 85)¼ 3.82, p , .01, h2 ¼ 0.18. Controlling for maternal
educational level ( p¼ .01) and child age ( p , .01), we found a
significant interaction effect of DRD4 and attachment security,
F (1, 85) ¼ 4.78, p ¼ .03 (see Figure 1). Attachment security
was related to donating more money to UNICEF, but only in
the presence of the DRD4 7-repeat allele.

To facilitate the interpretation of the interaction between
attachment and DRD4, we created four groups based on
DRD4 genotype (with or without the DRD4 7-repeat allele)
and attachment quality, resulting in secure children without
the DRD4 7-repeat allele (Group 1), insecure children without
the DRD4 7-repeat allele (Group 2), secure children with the
DRD4 7-repeat allele (Group 3), and insecure children with
the DRD4 7-repeat allele (Group 4). We hypothesized that
for children without the DRD4 7-repeat allele (Groups 1
and 2) the differences in attachment security would not be
predictive of their donating behavior, whereas for children
with the DRD4 7-repeat allele (Groups 3 and 4) we expected
that secure children would donate more than insecure children.
An analysis of variance on the number of coins donated after
the experimenter’s request, controlled for child age and mater-
nal education, showed significant contrasts: secure and insecure
children without the DRD4 7-repeat allele did not differ in the
number of coins they donated, t (87)¼20.68, p¼ .50, but for

children with the DRD4 7-repeat allele secure children donated
significantly more than their insecure counterparts, t (87) ¼
2.12, p ¼ .04. The contrast between insecure children with
the DRD4 7-repeat allele and the three other groups was actu-
ally significant, t (87)¼ 2.01, p¼ .048, showing that insecure
children with the DRD4 7-repeat allele donated less than all
other groups together. Secure children with the DRD4 7-repeat
allele tended to donate more than all other groups together,
t (87)¼21.66, p¼ .10, pointing to a model of differential sus-
ceptibility to attachment quality for children with the DRD4
7-repeat allele rather than a double risk model with the
DRD4 7-repeat allele and insecure attachment as risk factors.

Discussion

We found evidence for children with secure attachment repre-
sentations to be more willing to donate if they had the 7-repeat
variant of the DRD4 gene. The amount of money that children
without the DRD4 7-repeat allele donated was independent of
their attachment representation. We did not find main effects
of attachment or genotype on donating behavior.

Differential susceptibility. Children’s attachment representa-
tions can be considered mental crystallizations of their child-
rearing experiences, in particular, the degree to which their par-
ents interacted in a sensitive way. From ethological, develop-
mental, and ethical perspectives parental sensitivity may be
seen as one of the first and most salient models of altruistic
behavior and empathic concern in the children’s early lives
(Spiecker, 1991), and children’s attachment representations
mirror those experiences.

Although we failed to find a main effect for attachment se-
curity, we did find more donating behavior in secure children
with a specific genetic makeup. For children with the short

Figure 1. Donating of secure and insecure children with and without the dopamine receptor D4 7-repeat allele (DRD4-7R): the total number
of coins donated after the experimenter’s request, controlling for maternal education and child age.

Differential susceptibility 43



DRD4 variants attachment security did not make a difference
for the amount of money donated to UNICEF. For the donat-
ing behavior of children with the DRD4 7-repeat allele,
however, attachment security was important: secure children
were inclined to donate more money when they had the
DRD4 7-repeat allele, and insecure children with this poly-
morphism showed less donating. This two-sided effect of
the DRD4 7-repeat allele, for better and for worse, suggests
that the association between attachment security and donating
behavior is another example of differential susceptibility
(Belsky et al., 2007), similar to the association between
parental sensitivity and children’s externalizing behavior, de-
pendent on children’s DRD4 genotype (Bakermans-Kranen-
burg & van IJzendoorn, 2006, 2007). Both genetic and envi-
ronmental determinants of prosocial donating behavior
appear important but only when they are considered in inter-
action.

Limitations. Our study included a relatively small sample
of children. Because we built our study on earlier correla-
tional and experimental investigations in various samples
(Bakermans-Kranenburg & van IJzendoorn, 2007; see also
Sheese, Voelker, Rothbart, & Posner, 2007), we only tested
the DRD4 polymorphism as a potential moderator of the as-
sociation between attachment and donating, thus preventing
capitalization on chance. The use of attachment as a “proxy”
for the children’s environment is of course not ideal, and a
more direct assessment of their experiences should be pre-
ferred.

Another limitation is the restriction to one laboratory mea-
sure of prosocial behavior, which is donating to a charity. Rush-
ton and Wheelwright (1980) validated a similar assessment of
donating behavior of 6- to 10-year-olds, who in a lab setting
were asked to donate tokens to a charity. They found significant
associations of donating to a charity with teacher-assessed al-
truism and with children’s willingness to share scarce resources
with their friends. Eisenberg and colleagues (1987, 1999)
found that donating behavior was moderately stable across
time and tended to be positively related to other-oriented moral
reasoning as well as to spontaneous sharing of scarce resources
with peers as observed in the preschool classroom. Bachner-
Melman et al. (2005) found a main effect of the dopamine re-
ceptor gene in that DRD4 was associated with self-reported hu-
man altruism, which may suggest that our G�E findings are
restricted to observed altruism. Furthermore, the donating task
was embedded within a lab session with some stressful compo-
nents that might have interfered with donating behavior. Our
study included only 7-year-old children, and we should be care-
ful in making generalizations to other age cohorts. In their study
on 3- to 16-year-old children, Grunberg, Maycock, and An-
thony (1985) found that donating to a charity is not linearly re-
lated to age but reaches a dip around 7 years of age, as children
have become more aware of the importance of individual own-
ership that might be overgeneralized, analogous to young chil-
dren who overapply rules of grammar. Our study should there-
fore be repeated in other age cohorts.

Study 2

For our meta-analysis we systematically searched the data-
bases Web of Science and MEDLINE with the key words do-
pamin*, interact*, environment*, genet*, and G�E in the ti-
tle or abstract (the asterisk indicates that the search contained
the word or word fragment). The search was restricted to stud-
ies with children under the age of 10 years, and we excluded
medical treatment as the environmental variable. We finished
the search in April 2009. The selected studies examined the
moderating effect of DRD2, DAT, and DRD4 polymorphisms
(see Table 2).

We identified 15 pertinent effect sizes on 1,232 subjects,
providing data for two meta-analyses on the moderating role
of dopamine-related genes for the impact of rearing environ-
ment on development. Nine effect sizes concerned vulnera-
bility, that is, susceptibility to negative environmental factors.
These studies examined moderation by dopamine-related “risk
alleles” (DRD2-A1, DAT 10-repeat allele, DRD4 7-repeat al-
lele) of the association between adverse rearing environment
and behavioral disturbance such as externalizing behavior, sen-
sation seeking, and ADHD. Six effect sizes, enabling a focus on
the “bright side,” pertained to moderation of the relation be-
tween supportive contexts (e.g., warm–responsive parenting)
and positive behavioral outcomes (such as effortful control or
prosocial behavior) or the absence or reduction of negative be-
haviors (e.g., decrease in externalizing behavior after interven-
tion). The Comprehensive Meta-Analysis (Borenstein, Hedges,
& Higgins, 2009) program was used to transform the results of
the individual studies into the common metric of correlations.
The correlations of interest were those between parenting and
child behavior within each of the two genotype groups, one
consisting of carriers of the supposed risk alleles and the other
carrying their counterparts. Because genetic effects have been
found to differ between subjects from varying racial back-
grounds (e.g., Williams et al., 2003) and most studies involved
(only) Caucasian children, we decided to exclude non-Cauca-
sian subgroups (African American subgroup; Propper, Wil-
loughby, Halpern, Cox, & Carbone, 2007).

Vulnerability: Susceptibility to adverse
rearing environments

Waldman (2007) related mothers’ marital status and history
to their children’s ADHD diagnosis, taking into account chil-
dren’s DRD2 genotype. For children without the DRD2-A1
allele an ADHD diagnosis was not more likely when there
mothers had either never married or married more than
once compared to children whose mothers married only
once (effect size r ¼ 2.02), but for children carrying the
A1 allele the likelihood of an ADHD diagnosis increased sig-
nificantly when their mothers never married or married more
than once (effect size r¼ .29). Note that the study included chil-
dren with a clinical diagnosis and their (affected or unaffected)
siblings and control families with one or two children, so that
not all participants in the sample were independent.
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Wiebe et al. (2009) examined the combined effect of the
DRD2 genotype and maternal prenatal smoking on self-regu-
lation in a sample of neonates (4 weeks old) and in a sample
of preschoolers (3 to 6 years old). Smoking during pregnancy
is not only a direct risk for the developing baby, but it could
also be considered an indicator of a less supportive caregiving
environment (irresponsible or incompetent maternal behav-
ior, which is likely to extend beyond pregnancy) as is appar-
ent from low parental attentiveness to the child’s well-being
and neglect of child protection. In the infant sample, smoking
women were oversampled to make up about half of the sam-
ple; maternal smoking was assessed via standardized inter-
views and maternal urine analyses. Neonatal temperament
was observed in the infant’s home at 4 weeks of age, and
two factors were derived: attention and irritable reactivity.
The irritability of infants carrying the A1 allele was somewhat
higher when their mothers smoked during pregnancy than
when their mothers did not smoke (r¼ .13); for infants with-
out the A1 allele the effect size was r ¼2.08. The effects of
prenatal maternal smoking on the positive child dimension of
attention are presented in the next section.

The preschool study of Wiebe and colleagues (2009) relied
on retrospective reporting of smoking during pregnancy. Chil-
dren’s executive control was assessed with the Preschool Trail
Making Test (Espy & Cwik, 2004), which requests connect-
ing stimuli on a page in sequence, with and without potential
distractors. The number of errors was considered indicative of

lack of executive control. Children carrying the A1 allele
made more errors when their mothers smoked during preg-
nancy than when their mothers did not smoke (r ¼ .09); for
infants without the A1 allele the effect size was r ¼ 2.05.

Kahn, Khoury, Nichols, and Lanphear (2003; see also
Froehlich et al., 2007) examined the joint effects of DAT
polymorphisms and maternal prenatal smoking on childhood
hyperactivity–impulsivity, inattentiveness, and oppositional
behavior. Neither prenatal smoke exposure alone nor DAT
10-repeat/10-repeat genotype alone was associated with ele-
vated scores on hyperactivity–impulsivity or inattentiveness,
but children with both risk factors were significantly more hy-
peractive–impulsive and oppositional. No significant interac-
tion effect was found for inattentiveness. We combined the
findings for the three outcomes, resulting in effect sizes of r
¼ .31 for maternal prenatal smoking in the group of children
with the DAT 10-repeat/10-repeat genotype and r ¼ .14
for children without this genotype. Children with the DAT
10-repeat/10-repeat genotype were more vulnerable to the
negative effects of their mothers’ smoking during pregnancy.

Sheese et al. (2007) examined the moderating effect of
DRD4 on the association between quality of parenting as ob-
served from a videotaped free-play procedure and two child
outcomes: sensation seeking and effortful control. There were
no main effects of DRD4 or parenting quality on sensation
seeking, but the interaction between child DRD4 genotype
and parenting quality was significant. For children without

Table 2. Studies included in the meta-analyses

Study Age N Gene Environment Outcome

Babies, Wiebe et al. (2009) 1 month 98 DRD2 Prenatal smoking 1. Irritability, stress
dysregulation

2. Attention
Preschoolers, Wiebe et al.

(2009)
4.5 years 58 DRD2 Prenatal smoking Lack of executive control

Waldman (2007) 9.3 years 219 DRD2 Mother’s marital status ADHD diagnosis
Kahn et al. (2003) 5 years 161 DAT Maternal smoking during

pregnancy
Hyperactive–impulsive,

inattentive, oppositional
behavior

Gervai et al. (2007) 12 months (n¼ 96)
18 months (n¼ 42)

138 DRD4 Disrupted maternal
communication

Disorganized attachment

van IJzendoorn & Bakermans-
Kranenburg (2006)

15 months 63 DRD4 Parental unresolved loss Disorganized attachment

Propper, Willoughby, et al.
(2007)

18–30 months
(aggregate)

72 DRD4 1. Negative intrusive
parenting

Externalizing behavior

2. Warm–responsive
parenting

Bakermans-Kranenburg & van
IJzendoorn (2006)

39 months 47 DRD4 Maternal sensitivity Externalizing behavior

Sheese et al. (2007) 20 months 45 DRD4 Maternal sensitivity 1. Sensation seeking
2. Effortful control

Bakermans-Kranenburg et al.
(2008)

23–52 months
(development)

157 DRD4 Intervention; increase in
maternal pos discipline

Decrease of externalizing
behavior

van IJzendoorn et al. (2009) 7.4 years 91 DRD4 Security of attachment
(ASCT)

Prosocial behavior: donating

Knafo (2009) 7 years 83 DRD4 Maternal sensitivity Prosocial behavior: sharing

Note: DRD2, DRD4, dopamine receptors D2 and D4; DAT, dopamine transporter; ADHD, attention-deficit/hyperactivity disorder; ASCT, attachment story
completion task.
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the DRD4 7-repeat allele there was no significant effect of par-
enting quality on sensation seeking (r ¼ .22), but for children
with the DRD4 7-repeat allele the effect of parenting was sig-
nificant (r¼ .58). The effects of parenting on the positive child
dimension of effortful control are presented in the next section.

Propper and colleagues (2007) tested G�E interaction ef-
fects for two overlapping but not identical (r¼2.44) dimen-
sions of parenting, negative–intrusive and warm–responsive
maternal behavior. Focusing on externalizing behavior,
the associations with negative–intrusive parenting were in the
expected direction, and slightly larger for children with the
DRD4 7-repeat allele: for children with the DRD4 7-repeat al-
lele the effect size was r¼ .45; for children without the DRD4
7-repeat allele the effect size was r ¼ .35. The results for
warm–responsive parenting is reviewed in the next section.

In a longitudinal investigation of twins, maternal insensi-
tivity observed when the children were 10 months was related
to externalizing problems at 39 months of age (Bakermans-
Kranenburg & van IJzendoorn, 2006). For children carrying
the DRD4 7-repeat allele the association amounted to r ¼
.61, whereas for children without the risk allele the associa-
tion was r ¼ 2.07. Maternal insensitivity was related to ex-
ternalizing behavior, but only in the presence of the DRD4
7-repeat allele. It is important that DRD4 was not related to
maternal sensitivity, excluding active gene–environment cor-
relation as an alternative explanation for the findings.

A similar moderating effect of the DRD4 7-repeat allele was
found for the association between maternal unresolved loss or
trauma and infant attachment disorganization (van IJzendoorn
& Bakermans-Kranenburg, 2006). Unresolved loss or trauma
was measured with the Adult Attachment Interview (Hesse,
2008). Infant attachment disorganization is an early predictor
of externalizing behavior (for a meta-analysis, see Fearon, Bak-
ermans-Kranenburg, van IJzendoorn, Lapsley, & Roisman,
2010) and psychological disturbance later in life (Carlson,
1998). Maternal unresolved loss (which may be a proxy for ma-
ternal affective problems, preventing mothers from providing
the best environment they could otherwise provide) predicted
attachment disorganization with an effect size of r ¼ .81 for
children with the DRD4 7-repeat allele; for children without
the risk allele the association was nonsignificant (r ¼ 2.16).

Gervai and colleagues (2007) found contrasting results in
their combined sample of American high-risk and Hungarian
low-risk families. Reporting on the same child outcome, at-
tachment disorganization, they found a significant relation
between maternal disruptive communication and infant disor-
ganization among infants who did not carry the DRD4 7-re-
peat allele (r¼ .42), and no relation between maternal disrup-
tive communication and infant disorganization among infants
with the DRD4 7-repeat allele (r ¼ .02).

Susceptibility to supportive rearing environments:
The bright side

Six studies pertained to the relation between positive contexts
and positive behavioral outcomes. Wiebe et al. (2009) exam-

ined the combined effect of DRD2 genotype and the absence
or presence of maternal prenatal smoking on attention and
found that neonates with the “at-risk” A1 allele were more at-
tentive when not exposed to maternal prenatal smoking than
comparisons without the A1 allele whose mothers did not
smoke. In smoking conditions, their attention scores were
comparable. Thus, a stronger effect of the nonsmoking envi-
ronment for the infants with the A1 allele emerged (r ¼ .43)
relative to comparisons without the A1 allele (r ¼ 2.14).

Sheese et al. (2007) found no moderating effect of DRD4
on the association between quality of parenting and child ef-
fortful control (effect sizes r ¼ .00 for both genotypes).

The association between warm–responsive parenting and
lower levels of externalizing toddler behavior was examined
by Propper and colleagues (2007). For children with the
DRD4 7-repeat allele the correlation was r ¼ .07 (more
warm–responsive parenting was associated with less exter-
nalizing behavior) and for children without the DRD4 7-re-
peat allele the correlation was r ¼ 2.08.

Strong evidence for (differential) susceptibility to the envi-
ronment is provided by intervention studies, where the environ-
ment is experimentally manipulated. Children with the DRD4 7-
repeat allelewere found to be more susceptible to experimentally
induced changes in maternal discipline with respect to external-
izing behavior outcomes after an intervention aimed at enhanc-
ing maternal sensitivity and positive discipline strategies (Baker-
mans-Kranenburg et al., 2008). Children with the DRD4
7-repeat allele showed the largest decrease of externalizing be-
haviors after the intervention (r ¼ .29 vs. r ¼ .05 for children
without the DRD4 7-repeat allele), particularly when their par-
ents showed the largest increase in the use of positive discipline.

Finally, two studies examined the effect of parenting on
child prosocial behavior as moderated by the DRD4 geno-
type. In Knafo’s (2009) Israeli study children were asked to
share the stickers they had just received with a kid who had
no stickers. For children without the DRD4 7-repeat allele ob-
served supportive parenting was not related to the children’s
willingness to share their stickers (r¼2.01), but for children
with the DRD4 7-repeat allele more supportive and sensitive
parenting and less intrusiveness and negative affect were re-
lated to giving away (r ¼ .33). The outcome measure of giv-
ing away stickers is similar to the donating behavior as de-
scribed in our Study 1, and so are the results: for children
without the DRD4 7-repeat allele in our study attachment secur-
ity did not make a difference for the amount of money they do-
nated (r¼2.07), but for children with the DRD4 7-repeat allele
security predicted more money donated to UNICEF (r ¼ .43).

Meta-analysis

The Comprehensive Meta-Analysis program was used to trans-
form the results of the individual studies into the common
metric of correlations and to combine effect sizes (Borenstein
et al, 2009). As is evident from the narrative review, studies
could contribute to the meta-analysis of vulnerability studies
and the meta-analysis of the bright side when they reported
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negative as well as positive environmental or outcome mea-
sures, but the same result was never used twice. The implication
is, however, that some children were included in both meta-
analyses; as a result, it was impossible to directly compare
effect sizes across the two sets (i.e., to test whether children
with the risk alleles were more susceptible to negative rearing
effects compared to supportive rearing effects). Therefore, the
85% confidence intervals (CIs) for the point estimates of the
combined effect sizes were computed: nonoverlapping 85%
CIs suggest a significant difference between combined effect
sizes that are not independent (Goldstein & Healy, 1995; van
IJzendoorn, Juffer, & Klein Poelhuis, 2005). Heterogeneity
across studies was assessed using the Q-statistic. Significance
tests were performed through random effects models (Boren-
stein et al., 2009).

The combined effect size for behavioral disturbance in the
presence of adverse rearing influences amounted to r ¼ .37
( p , .001, 95% CI¼ 0.20, 0.51) for carriers of the risk alleles,
in a heterogeneous set of studies, Q (df¼ 8)¼ 25.83, p¼ .001.
The combined effect size for the comparisons without the risk
alleles was r¼ .10 ( p¼ .26, CI¼20.07, 0.26) in a heteroge-
neous set of studies, Q (df¼ 8)¼ 22.32, p¼ .004. Using a ran-
dom effects test, the difference was significant (Qcontrast¼ 5.24,
p¼ .02), supporting the idea that carriers of the risk alleles were
more vulnerable to environmental adversity (see Figure 2).

Turning to the bright side, that is, the association between
parental support and better adaptation, we found a combined
effect size of r¼ .31 ( p , .001, CI ¼ 0.16, 0.44) for carriers
of the putatively risk alleles in a homogeneous set of studies,
Q (df¼ 5)¼ 3.91, p¼ .56. The combined effect size for chil-
dren without the risk alleles was r ¼ 2.03 ( p ¼ .53, CI ¼
20.14, 0.07) in a homogeneous set of studies, Q (df ¼ 5)
¼ 1.66, p ¼ .89. The difference was again significant
(Qcontrast ¼ 13.84, p , .01). Children with alleles that in ad-

verse contexts put them at risk for behavioral disturbances
benefited significantly more from parental support than their
counterparts. Figure 2 illustrates the results.

The 85% CIs for the point estimates of the combined effect
size for children carrying the risk alleles were 0.25 to 0.48 for
effect sizes pertaining to vulnerability and 0.20 to 0.40 for ef-
fect sizes on positive outcomes. The CIs were clearly overlap-
ping, indicating no difference between the combined effect
sizes. In other words, children with the putatively risk alleles
were equally susceptible to negative and supportive influ-
ences. Moreover, the difference between the combined effect
sizes of the genetically at risk children and their counterparts
was 0.29 (Fisher Z ) for the vulnerability studies and 0.35
(Fisher Z ) for studies focusing on the bright side. The differ-
ence between the combined effect sizes in the second set of
studies is thus comparable to and even somewhat larger
than the difference in the first set of studies, suggesting that
the susceptibility effect is certainly not weaker than the vul-
nerability effect (see Figure 3).

Discussion

Central to the diathesis–stress model is the postulate that some
individuals are at heightened risk for psychiatric or behavioral
disturbance when they encounter adversity, whereas others,
lacking such (genetic) vulnerability, are not so affected when
exposed to the same adversity. Our meta-analytic results pro-
vide support for the hypothesis that seemingly “vulnerable”
individuals are actually more susceptible to the environment,
“for better and for worse.” For the first time, G� E studies
have been quantitatively meta-analyzed taking into account
both sides of differential susceptibility. Dopamine-related
genes that through their influence on attention and reward
mechanisms make children more vulnerable to negative parent-

Figure 2. Single study effects and combined effect sizes (thick lines) with standard errors (thin lines) for the association between negative or
positive parenting and child behavior for carriers of the supposed “risk alleles” (dopamine receptor D2 A1 alelle, dopamine receptor D4 7-repeat
allele, dopamine transporter 10-repeat/10-repeat alelle) and their counterparts without the risk allele.
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ing may actually turn out to be susceptibility genes that in sup-
portive family environments promote optimal development.
The dopaminergic system is engaged in attentional, motiva-
tional, and reward mechanisms (Robbins & Everitt, 1999);
lower dopaminergic signaling impedes negative feedback-
based learning (Klein et al., 2007) and is related to stronger pref-
erence for immediate reinforcers (Tripp & Wickens, 2008).

Limitations. The meta-analysis is limited because of the re-
stricted number of pertinent studies, in particular on the bright
side. We therefore included both studies with positive out-
comes and studies with positive environments, thus combining
outcomes from studies with observed positive environments
and studies where positive environment meant that specific
risk factors were absent. More studies on the association be-
tween environmental support and positive outcomes moderated
by dopamine-related genes are clearly needed, and the next
meta-analytic monitoring of progress in this area should be
more balanced in numbers of studies shedding light on the
risk versus the bright side of G�E interactions. Nevertheless,
the number of studies is not different from that included in a re-
cent ground-breaking meta-analysis on another series of G�E
studies, which are those pertaining to monoamine oxidase A
moderated associations between adverse environment and anti-
social outcomes (Kim-Cohen et al., 2006). Note that our meta-
analyses took both sides of the differential susceptibility hy-
pothesis into account, but it does not directly examine whether
children who do worse than comparisons in adverse environ-
ments also do better in supportive environments.

General Discussion

The associations between rearing environments and develop-
mental outcomes as moderated by dopamine-related gene
polymorphisms were examined in an empirical study and a
meta-analytic study. In the empirical study we found that se-
curely attached children showed more altruistic behavior than
insecurely attached children but only when they had the

DRD4 7-repeat allele. Children with this “susceptibility al-
lele” and an insecure attachment representation mirroring
their negative rearing experiences showed the lowest levels
of donating behavior. Our meta-analysis confirmed the role
of dopamine-related genes as moderators of the association
between positive as well as negative environmental factors
and developmental outcome. Differential susceptibility based
on dopamine-related genotypes appears to be a replicable
finding. Children with the less efficient dopamine-related
genes did worse in negative environments than the compari-
sons without the “genetic risk,” but they also profited most
from positive environments.

Experimental evidence needed

The susceptibility studies presented and discussed in the cur-
rent paper are mostly correlational. Some (e.g., Bakermans-
Kranenburg & van IJzendoorn, 2006) but not all studies
tested for gene–environment correlation that might be con-
founded with G� E effects. If the child evokes a specific
type of parenting through its genetic layout, the parenting
environment is dependent on the genetics of the child, ham-
pering the test of varying susceptibility to the same environ-
ment (Belsky et al., 2007). More suggestive of differential
susceptibility than such correlational evidence are (quasi)ex-
perimental studies, especially because they discount G� E
correlation interpretations of G�E findings (see Ellis Boyce,
Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011
[this issue]). Blair (2002) discovered that it was highly
negative infants who benefited most from a multifaceted in-
fant–toddler intervention program in terms of reduced levels
of externalizing behavior problems and enhanced cognitive
functioning. In a randomized intervention study Klein Vel-
derman, Bakermans-Kranenburg, Juffer, and van IJzendoorn
(2006) found that experimentally induced changes in mater-
nal responsiveness exerted greater impact on the attachment
security of highly negatively reactive infants than other in-
fants. In both experiments, environmental influences on “vul-

Figure 3. The differential susceptibility of dopamine-related genotypes for adverse and supportive environments in child development.
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nerable” children were “for better” instead of “for worse.” Ex-
perimental designs, using manipulation of the environment
through intervention in randomized control trials, take the
edge off alternative interpretations such as gene–environment
correlations and effectively tackle the issue of causation. It is
important that the next generation of studies on differential sus-
ceptibility use designs including interventions or other “natural
experiments” (Rutter, 2006) that allow for causal inferences.

Concerning susceptibility genotypes the question is whether
children with the susceptible variants of dopamine-related
genes would also be more susceptible to experimental manipu-
lation of the (family) environment. The findings of the first ex-
perimental G�E tests in human development conducted by
Bakermans-Kranenburg et al. (2008) indicate that children are
differentially susceptible to family intervention effects depend-
ing on genetic differences. In this intervention experiment
aimed at enhancing maternal responsiveness and positive disci-
pline strategies, the participants were not randomly assigned to
intervention and control groups according to their genetic
makeup, so the DRD4 gene polymorphisms were unequally
distributed across groups, which make the findings preliminary,
yet promising. In order to be able to make causal claims, we
need truly randomized trials in which treatment (“changes in
the environment”) and genotypes are randomly distributed.

The studies conducted on the susceptibility role of the dopa-
mine-related genes show associations between varied environ-
ments and developmental outcomes. This variety documents
the robustness of the G�E interpretation of differential suscep-
tibility for several domains of development and a rather large
variety of environmental influences. Differential susceptibility
therefore seems to be more a generic than a context-specific
phenomenon, which may of course not be restricted to the do-
pamine-related genes. Belskyand Pluess (2009) reviewed some
evidence for the potential moderating role of the serotonon
transporter gene and monoamine oxidase A, but it is not clear
whether studies on these genes have demonstrated a similar
consistent and impressive moderating effect, for better and
for worse, as in case of the dopamine-related genes. Compara-
tive meta-analyses may address this question in the near future.
When more G�E studies become available, it may also be pos-
sible to meta-analytically test what dopamine-related genes for
what developmental outcomes are the most pertinent modera-
tors of environmental influences. Moreover, we need to place
differential susceptibility more firmly in a longitudinal perspec-
tive (Wachs, 1983). The expression of genes is not a constant
that is independent of maturation or environment but is instead
a dynamic system (Kaffman & Meaney, 2007; van IJzendoorn,
Caspers, Bakermans-Kranenburg, Beach, & Philibert, 2010),
and only longitudinal studies can trace the development of dif-
ferential susceptibility as a dynamic interplay between genes
and environment.

Evolutionary background of differential susceptibility

Belsky (1997) emphasized the evolutionary rationale for
varying susceptibility to environmental influences. In a con-

tinually changing and essentially unpredictable environment,
the transmission of one’s genes will be facilitated by a diver-
sification of investments, that is, offspring with a differential
susceptibility to various environments. Because the future is
uncertain, parents in ancestral times could not know for cer-
tain (consciously or unconsciously) what rearing strategies
would maximize reproductive fitness. To protect against all
children being inadvertently steered in a direction that would
prove disastrous at some later point in time, developmental
processes were selected to vary children’s susceptibility to
rearing. In Belsky’s evolutionary model it would be impor-
tant to show that siblings within the same family are differen-
tially susceptible to the rearing environment, a study that still
has to be conducted.

Alternatively, Boyce and Ellis (2005; Ellis et al., 2011
[this issue]) posit an evolutionary–developmental theory of
varying biological sensitivity to context, pointing to a crucial
role of G�E interactions, and propose that susceptibility may
reflect prenatally and postnatally programmed hyperreactivity
to stress. From an evolutionary perspective, DRD4 appears to
be a promising gene in the search for differential susceptibil-
ity (Levitan et al., 2006). Ding et al. (2002) found that the 7-
repeat allele originated as a rare mutational event that never-
theless increased to high frequency in human populations by
positive selection, which has led to speculations about its
meaning for the evolution and adaptability of human devel-
opment (Ding et al., 2002; Wang et al., 2004), going beyond
the common labeling of the DRD4 7-repeat allele as mere risk
for the development of ADHD. From a statistical modeling
perspective, Wolf, Van Doorn, and Weissing (2008) make
the evolutionary emergence of responsive and unresponsive
individuals and their coexistence in the same species plausi-
ble, and they explicitly provide a theoretical foundation for
differential susceptibility as an outcome of natural selection
for humans and other species alike.

Susceptibility mechanisms

Several (nonmutually exclusive) explanations have been ad-
vanced for the heightened susceptibility of some children
compared to others. Boyce and Ellis (2005) propose a role
for heightened biological reactivity: psychobiological mecha-
nisms that monitor specific features of childhood environ-
ments are used as a basis for calibrating the development of
stress response systems to adaptively match those environ-
ments, resulting in high reactivity phenotypes emerging par-
ticularly in highly stressful and highly protected early social
environments. Suomi (1997) posits that the timidity of “up-
tight” infants affords them extensive opportunity to learn by
watching, a view that is perhaps consistent with the crucial
moderating role of dopamine-related genes, given the link be-
tween the dopamine system and attention. Kochanska, Askan,
and Joy (2007) contend that the ease with which anxiety is in-
duced in fearful children makes them highly responsive to pa-
rental demands, with positive outcomes in cases of sensitive
and warm parenting and negative outcomes in cases of harsh
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parenting. Fox, Hane, and Pine (2007) also point to fearfulness
and argued that elevated levels of fearfulness in infants (associ-
ated with the short serotonin transporter linked polymorphic
region [5-HTTLPR] allele) may interact with unresponsive par-
enting to increase inhibition in children. Alternatively, Belsky
(1997) speculated that negativity actually reflects a highly
sensitive nervous system, with negative consequences when
not regulated by the caregiver but with positive outcomes
when adequate parental coregulation occurs. In our view, this
points to a potentially central role for so-called sensory sensitiv-
ity, that is, openness to any environmental stimuli (Aron &
Aron, 1997; Evans & Rothbart, 2007; Posner & Rothbart,
2007), which has been associated with the dopamine system.

Ethnic differences in genetic susceptibility

Propper and colleagues (2007) tested G�E interaction effects in
both African American and European American families. Rel-
ative to European American parents, African American
mothers exhibited higher levels of negative–intrusive parenting
and lower levels or warm–responsive parenting. Of more inter-
est, in European American families the correlations between
parenting and externalizing behavior were larger for children
carrying the DRD4 7-repeat allele than for those without the
7-repeat allele, whereas the reverse was true for African Amer-
ican children. This three-way interaction of race, DRD4, and
parenting underscores the caveat that the generalizability of ge-
netic and G�E interaction effects to populations of a different
race is not evident. The meaning and context of specific paren-
tal behaviors may vary between different cultural groups (Dea-
ter-Deckard, Dodge, Bates, & Pettit, 1996), but the effect of
genes may also be dependent on race.

As an example, the short/short polymorphism of the sero-
tonin gene 5-HTTLPR is associated with the production of
higher levels of serotonergic function in the central nervous
system of African American participants but lower levels of
serotonergic function among European American partici-
pants (Williams et al., 2003). Propper et al.’s (2007) findings
of stronger effects for African American children without the
DRD4 7-repeat allele also seem to be reflected in a study on
body mass index as an indicator of health in a study among
chronically undernourished Ariaal pastoralists in Kenya (Ei-

senberg, Campbell, Gray, & Sorenson, 2008). Depending on
their way of living (settled or nomadic), males with different
DRD4 genotypes were less or more underweight. Although
the authors interpreted their data as indicative of the advan-
tage of the DRD4 7-repeat allele for nomadic men and a dis-
advantage for settled men, the data are actually more suppor-
tive of the idea that the African males without the DRD4
7-repeat allele were more reactive to their subsistence envi-
ronments.

Practical Implications and Conclusion

“What works for whom, and why” is still an unresolved issue
in parent training literature and in intervention studies more
generally. The average effects of parent training and other in-
tervention studies appear to be modest at best, but average
outcomes may hide the presence of large effects in suscepti-
ble participants and simultaneous small or absent effects in
less susceptible subjects. The differential susceptibility hy-
pothesis may contribute to insight into the differential effec-
tiveness of preventive or therapeutic parent training programs
for various groups of families at the levels of children as well
as their parents (van IJzendoorn, Bakermans-Kranenburg, &
Mesman, 2008). These insights may have important implica-
tions for family (and broader, child care) policy and lead to
pursuing optimal fit between intervention and target families.
A better fit between intervention and target group will result
in more cost-effective use of resources for (preventive) inter-
ventions. Of course, genotyping of potential intervention
participants may not be practically possible or ethically desir-
able, but genotypes may be associated with specific endophe-
notypes that can serve more easily as a basis for screening to
optimize the fit between individual and treatment. This is ob-
viously not an argument for withholding intervention from
less susceptible children (see Ellis et al., 2011 [this issue]).
First, for reasons of equity there cannot be a difference in eligi-
bility for intervention between children with the same needs;
second, apparently less susceptible children may simply be
less responsive to interventions that were tried or tested so
far and need different types of intervention. Differential sus-
ceptibility may ideally lead to differential intervention and
thus more effective treatment.
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