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Abstract Decades of research supports the presence of

significant genetic influences on children’s internalizing

(emotional), externalizing (acting out), and social diffi-

culties, including victimization. Additionally, being vic-

timized has been shown to relate to further behavioral

problems. The current study assessed the nature of the

gene–environment relationships between the DRD4 gene,

peer victimization, and externalizing and internalizing

difficulties in 6- to 10-year-old children. 174 children

(56 % girls; 88.6 % Caucasian, 3.4 % African American,

8 % mixed race or Mayan) and their parents were admin-

istered victimization and problem behavior questionnaires,

and DRD4 was genotyped for the children. An interaction

between genes (DRD4) and environment (victimization)

was significant and supported the differential susceptibility

model for verbal victimization and child-reported exter-

nalizing behaviors. Children with the DRD4 7-repeat allele

were differentially responsive to the verbal victimization

environment, such that those experiencing little to no vic-

timization reported significantly lower levels of external-

izing behaviors, but if they experienced high amounts of

victimization, they reported the highest levels of external-

izing behaviors. Thus, consideration of how genes and

environment affect children’s experiences of victimization

prior to adolescence is essential for understanding the tra-

jectory of both externalizing and internalizing behaviors

during adolescent development.

Keywords Victimization � DRD4 � Externalizing �
Internalizing � G 9 E interaction

Introduction

Burgeoning research demonstrates the high frequency at

which children and adolescents experience social difficul-

ties, specifically victimization, and associated mental

health challenges. As many as 50 % of children in the

United States experience at least one form of victimization

(Beaver et al. 2007), with prevalence rates as high as 20 %

for children by age 6 (Shojaei et al. 2009). Similarly,

13–22 % of United States children and adolescents expe-

rience a mental health disorder every year, a rate that has

been increasing over time (Costello et al. 2003; Merikangas

et al. 2010). Not surprisingly, research suggests a rela-

tionship between victimization and behavioral or mental

health concerns, including internalizing behaviors (Hawker

and Boulton 2000), externalizing behaviors (Reijntjes et al.

2011), loneliness (Qualter et al. 2013), suicidal ideation

and attempts (Gini and Espelage 2014), and later psychotic

symptoms (Wolke et al. 2014). Middle childhood is an

important developmental period for the study of victim-

ization, as prevalence research shows that victimization

becomes fairly common at about ages 6–9 years, with one

quarter of children in this age range reporting emotional

victimization (Turner et al. 2011). Middle childhood also

represents an important period for the emergence of mental

health difficulties that often continue into adolescence and
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adulthood, such as anxiety and impulse-control disorders

(Costello et al. 2003; Kessler et al. 2005). Finally, the

salience of the peer environment is increasing in this age

group, as peer acceptance or rejection play an important

role in psychological well-being (Werner and Crick 2004).

Considerable research on these topics has suggested that a

biopsychosocial framework is appropriate, with significant

biological and environmental influences on both victim-

ization and behavior problems in childhood. Moreover,

recent research has illuminated the potential role of genes

in an individual’s response to environmental risks for

problem behaviors (Newsome and Sullivan 2014). Exam-

ining gene–environment interactions clarifies the ways in

which genes and environment affect problem behaviors of

young children.

Genetic Influences on Internalizing, Externalizing,

and Social Difficulties

Decades of research supports the presence of significant

genetic influences on children’s internalizing (emotional),

externalizing (acting out), and social difficulties, with most

estimates suggesting that 30–80 % of the variance within

these difficulties can be attributed to genes (Kendler 2013).

One large twin study utilizing the Child Behavior Checklist

as a measure of parent-reported symptoms of externalizing

and internalizing difficulties in 8- to 17-year-old twins

found heritability estimates of 0.45–0.77 for the various

subscales (Spatola et al. 2007). Similarly, receiving ag-

gression from others, either within novel situations or

within the repeated pattern of interpersonal aggression that

we term peer victimization, appears heritable (Ball et al.

2008; Beaver et al. 2009; DiLalla and John 2014). This

likely occurs due to genetically influenced behavioral or

temperamental characteristics that may elicit bullying from

others, such as aggression or a shy temperament.

This evidence of significant heritability has led to re-

search examining which specific genes influence these

difficulties. One widely researched gene is the dopamine

DRD4 receptor gene. Although present throughout the

body, this gene notably is found in prefrontal and subcor-

tical brain regions that are associated with reward sensi-

tivity, emotion processing, and complex thinking skills

(Oak et al. 2010). There are several polymorphisms of this

gene that are composed of variable number repeats. Shorter

polymorphisms have been linked to more efficient binding

of dopamine (Plomin and Rutter 1998). Conversely, longer

DRD4 alleles (six or more repeats) have been associated

with a variety of problem behaviors and ‘‘difficult’’ tem-

perament characteristics (DiLalla et al. 2009). Specifically,

DRD4 has been linked to externalizing and internalizing

difficulties, including hyperactivity/impulsivity (Bana-

schewski et al. 2010), addictive behavior (McGeary et al.

2007), increased novelty-seeking (Ray et al. 2009), ag-

gression (Farbiash et al. 2014), oppositional defiance

(Kirley et al. 2004), increased victimization (Daigle 2010),

and depressive/mood symptoms (López León et al. 2005;

Xiang et al. 2008). Although a number of studies concep-

tualize DRD4 ‘‘risk’’ as having any ‘‘long’’ DRD4 alleles,

other studies suggest that the DRD4-7R (7-repeat) allele

may function differently from other long alleles, and thus

may represent the true ‘‘risk’’ genotype for DRD4,

although the 2R allele may be the comparable ‘‘risk’’ allele

for Asian individuals (Jiang et al. 2013).

The Relationship Between Peer Victimization

and Internalizing/Externalizing Difficulties

Peer victimization is heavily associated with difficulties in

both internalizing and externalizing pathology. Experi-

encing peer victimization has been associated with anxiety,

depression, loneliness, and low self-esteem (see reviews by

Hawker and Boulton 2000; Reijntjes et al. 2010). Peer

victimization also is related to increased aggression, ar-

gumentativeness, and the development of a hostile attri-

bution bias (see review by Reijntjes et al. 2011).

Interestingly, the relationship between peer victimization

and mental health problems appears to be bidirectional,

with each accounting for increases in the other over time

(Reijntjes et al. 2010, 2011). Thus, children who are vic-

timized represent a high-risk group who are often stuck on

a trajectory that leads to increased mental health problems

and more instances of victimization from peers. Indeed,

developmental cascade models derived by Vaillancourt

et al. (2013) indicate concurrent and predictive associations

between internalizing, externalizing, and peer victimization

difficulties across grades 3 through 8.

It is clear that the relationship between internalizing and

externalizing difficulties and peer victimization is strong.

The demonstrated heritability of each construct supports

the need to examine potential genetic factors that may

moderate the relationship between victimization and

mental health difficulties. Specifically, given its association

with internalizing and externalizing behaviors, as noted

above, DRD4 is an excellent candidate gene to investigate

further as a moderator for the relationship between peer

victimization and emotional/behavioral symptoms.

Gene–Environment Interactions

Gene–environment interactions (G 9 E) occur when the

effects of a given genotype (e.g., DRD4 status) depend on the

environment (e.g., peer victimization) that the child experi-

ences. It may be the case that certain youth are genetically

sensitive to different peer environments; in other words, the

effects of the peer environment may depend on the genotype
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of the child experiencing it. Two major G 9 E theories in-

clude diathesis-stress (Gottesman and Shields 1972) and

differential susceptibility (Belsky and Pluess 2009).

The diathesis-stress model states that individuals with

certain genetic predispositions may be at increased risk for

negative outcomes when they experience a negative envi-

ronment. Thismodel has been supportedwith research on the

MAO-A gene (Caspi et al. 2002), the serotonin 5-HTTLPR

polymorphism (see review by Nugent et al. 2011), and the

DRD4 gene (Bakermans-Kranenburg and van IJzendoorn

2006; DiLalla et al. 2009; Propper et al. 2007) when exam-

ining a wide range of negative environments. For example,

when studying the 5-HTTLPR gene, Sugden et al. (2010)

found that children with two short (S) alleles who were fre-

quently bullied were at the greatest risk for emotional

problems. Similarly, Benjet et al. (2010) found that peer

victimization significantly predicted depressive symptoms

only for preadolescent girls with the SS genotype. Regarding

theDRD4 gene, DiLalla et al. (2009) found that preschoolers

with a DRD4 allele with six or more repeats whose parents

demonstratedmore insensitive parenting were more likely to

be rated as high on externalizing behaviors. Thus, children

with the risk DRD4 genotype experienced more negative

outcomes when they experienced insensitive parenting

relative to children without this genotype who also experi-

enced insensitive parenting. Conversely, in the same study,

5-year-old children with the ‘‘risk’’ DRD4 genotype were

more aggressive than those without this genotype when they

were paired with a non-aggressive peer, but all children who

were paired with an aggressive peer showed increased ag-

gression themselves, showing a gene–environment interac-

tion in low-aggressive environments. Thus, for those

children with genetic risk, the threshold for aggression was

lower and they reacted aggressively even in a low-intensity

situation. One other study examining G 9 E with the social

environment and DRD4 found evidence for diathesis-stress

when examining the relationship between disadvantaged

neighborhoods and antisocial outcomes (Beaver et al. 2012).

Differential susceptibility theory suggests a different

mechanism by which genes and environments may interact

by examining the full environmental spectrum, including

both negative and positive environments. Instead of con-

ceptualizing certain genes as conferring only risk, differen-

tial susceptibility suggests that they should be viewed as

markers of ‘‘plasticity’’ or ‘‘malleability’’ to the environ-

ment, both negative and positive (Belsky and Pluess 2009).

Differential susceptibility states that a child with a ‘‘risk’’

gene who experiences a risky or negative environment is at

the highest risk for a negative outcome, but if placed in a

more positive environment, that child would actually display

the most positive outcomes. This theory has been supported

with DRD4 research in children examining the parenting

environment (Bakermans-Kranenburg and van IJzendoorn

2006, 2011; Jiang et al. 2013; Knafo et al. 2011). For ex-

ample, Nikitopoulos and colleagues (2014) found thatDRD4

moderated the relationship between early maternal care and

externalizing behavior during adolescence. Specifically,

those with a DRD4 allele with 7 or more repeats (7?R)

demonstrated greater difficulties when placed in a less re-

sponsive, less stimulating environment than those without

7?R. They also showed fewer externalizing difficulties

when placed in a more responsive and stimulating early care

environment than those with the shorter allele, providing

some support for a differential susceptibility (versus

diathesis-stress) conceptualization. Focusing on the peer

environment, Iyer et al. (2013) found evidence for a differ-

ential susceptibility model examining 5-HTTLPR in the re-

lationship between bullying and depression. They found that

adolescents with at least one S allele demonstrated sig-

nificantly higher levels of depression when they were highly

victimized, but significantly lower levels of depression when

they reported low levels of victimization. However, less is

known about whether this same differential pattern would be

found with DRD4 and peer victimization.

Compared to research on 5-HTTLPR, less G 9 E re-

search in the context of peer victimization has focused on

DRD4. One study of African American children examined

parenting and neighborhood influences rather than peers

specifically, but they did examine social environments in-

teracting with genotype (Simons et al. 2012). They found

that children with the short 5-HTTLPR allele and the

DRD4-7R allele who experienced negative social envi-

ronments were more likely to demonstrate high levels of

aggression, anger, and a hostile view of relationships. In

contrast, children with this genotype in positive social

environments were significantly less likely to demonstrate

these negative outcomes, suggesting differential suscepti-

bility. In a Dutch longitudinal adolescent sample,

Kretschmer et al. (2013) studied both positive and negative

peer environments to determine whether DRD4 behaved in

a differential susceptibility fashion, interacting with peer

environments to affect adolescents’ risk of delinquency.

Contrary to research supporting the DRD4-7R allele as the

susceptibility allele, they found that adolescents with the

DRD4-4R, versus DRD4-7R, allele were most susceptible

to the impact of both victimization and positive peer in-

teractions on future delinquent behavior.

Although these results provide interesting evidence for

differential susceptibility and diathesis-stress regarding

DRD4, the peer environment measures in these studies in-

cluded extreme situations of exposure to violent peers or

neighborhood violence, or the outcome was confined to

delinquent behavior. It is important to examine whether these

results would extend to more normative peer victimization

environments and to both externalizing and internalizing

difficulties, which were examined in the present study.
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Current Study

The aim of the current study was to assess the nature of the

gene–environment relationships between the DRD4 gene,

peer victimization, and externalizing and internalizing

difficulties in 6- to 10-year-old children. This age range

was chosen in order to include youth in elementary school,

as they were exposed to the school social situation but were

not yet fully adolescents, in the hopes that we would be

able to identify some important processes that precede the

increased levels of victimization that occur in adolescence

(Turner et al. 2011). Our goal was to consider social ex-

periences in the time prior to adolescence, although of

course it is possible that some of the older youth were

entering puberty. This was not assessed directly, but age

was included in analyses to determine if there was an age

effect. Although the majority of G 9 E DRD4 research

focuses on externalizing problems, we chose to assess ex-

ternalizing as well as internalizing problems given that

internalizing problems have been shown to be associated

with both DRD4 (Xiang et al. 2008) and peer victimization

(Hawker and Boulton 2000), as well as the fact that ex-

ternalizing and internalizing problems often co-occur

(Achenbach et al. 1991; Oland and Shaw 2005). This study

extends the previous literature by including a widespread

environmental stressor (peer victimization) within a dif-

ferential susceptibility framework. Specifically, we hy-

pothesized that children with the DRD4 ‘‘risk’’ genotype

(DRD4-7R) would be rated as having the greatest number

of externalizing and internalizing problems when experi-

encing high levels of verbal victimization (which we de-

fined as negative verbal communication) and physical

victimization (defined as physically negative events against

the child or his or her property). However, it also was

hypothesized that children with the DRD4-7R genotype

who experienced no verbal and physical victimization

would have the fewest externalizing and internalizing

problems. Importantly, in order to demonstrate differential

susceptibility, it also was hypothesized that children

without the DRD4-7R genotype (DRD4-no7R) would not

show different levels of problem behaviors as a function of

verbal or physical victimization experienced.

Method

Participants were drawn from two rounds of data collec-

tion, both of which were part of the Southern Illinois

Twins/Triplets and Siblings Study (SITSS; DiLalla 2002;

DiLalla et al. 2013), a longitudinal twin study of child

development that included twins who lived within about

2 h of a Midwestern university, all of whom were typically

developing (i.e., no diagnoses of developmental delay).

Twins were recruited via a number of methods, including

flyers, newspaper birth announcements, daycare recruit-

ment, word of mouth, and the lab’s social media page. One

round of data collection yielded 120 children (60 twin

pairs; 69 girls and 51 boys) aged 6–10 years old

(mean = 8.05, SD = 1.52) and their parents. Another

round of data collection three years earlier yielded an ad-

ditional 55 children [from 29 twin pairs (1 child refused

testing, 2 children’s data were incomplete); 29 girls and 26

boys] also aged 6–10 years old (mean = 8.82, SD = 1.28)

and their parents. For families with triplets or quadruplets,

only two randomly selected children were included in order

to avoid giving extra weight to families with more children.

The final combined sample utilized for this study consisted

of children from 24 monozygotic (MZ) pairs, 41 same-sex

dizygotic (DZ) pairs, and 22 opposite-sex DZ pairs of

twins. 88.6 % of the families reported their children were

Caucasian, 3.4 % reported that they were African Amer-

ican, and 8 % reported that they were either mixed race or

Mayan. Some genetic studies attempt to include only par-

ticipants of the same race. However, given that race was

self-reported and not genetically ascertained, and also

given that DRD4 behavioral effects have been differen-

tially noted for Asian individuals but not other racial

groups (Jiang et al. 2013), we maintained all children in

this study. We did, however, examine race as a covariate.

One child was not included in analyses because DNA data

were not conclusive for her, resulting in a final sample size

of 174 children from 89 families. This study was approved

by the Human Subjects Committee prior to its advent.

Procedure

Upon expressing interest in participating, families were

called and a date was scheduled for the children and at least

one parent to come to a campus lab for approximately one

hour to complete testing. Parents were given consent forms

and children were given assent forms prior to the beginning

of testing. They were informed of study goals, risks, ben-

efits, and confidentiality before providing informed con-

sent. There were two trained testers present at each study

so that twins could always be tested simultaneously. In

cases of triplets, there were three testers so all three chil-

dren could be tested at the same time.

After providing informed assent, each child went into a

separate room with a trained tester. Children were read

questions and marked their answers on an answer sheet.

For younger children or those who had difficulty with the

answer sheet, trained testers would allow the children to

provide verbal responses and the testers would mark the

answers on the sheet. We utilized pictorial aids of Likert-
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type scales, such as gumball machines (with different

levels of gumballs within the machine indicating how

much the child agreed with a statement) to facilitate

comprehension. A detailed testing protocol was utilized by

each tester to ensure standardization, including specific

prompts and alternative explanations for items that the

children may not have understood, given their age. Each

twin completed the same set of measures in the same order.

For one study, each questionnaire was separated by a lab

task (either a theory of mind task or an emotion recognition

task, neither of which is included in the present study). For

the other study, questionnaires were alternated with an

operant eye gaze task that involved watching pictures on a

computer. Testing room doors were not shut completely in

order to assure child safety. Thus, to increase privacy

during testing, ocean sounds were played in each testing

room, which eliminated any voice sounds across rooms.

After testing, each child was allowed to pick out a toy to

take home from several toys arranged on shelves, to thank

them for participating.

While the children were tested, one parent completed a

battery of separate measures for each twin (Child Behavior

Checklist and Multidimensional Peer-Victimization and

Bullying Scale were utilized in this study, as described

below). Although any parent was eligible to fill out the

measures, 93 % were completed by mothers, as they were

usually the parent to bring the children in. At the conclusion

of the testing session, parents received a gift card or were

mailed a check to compensate them for their participation.

Measures

Demographic Questionnaire

All families completed a basic demographic questionnaire

that assesses background information such as race, family

structure, family income, and parent age, occupation, and

education level. In our sample, the median yearly income

was $85,000–$90,000/year, ranging from less than $5,000

(2 %) to greater than $90,000 (40 %). Maternal and pa-

ternal education were rated on a 5-point scale (1 = no high

school degree; 2 = high school degree; 3 = technical

certificate; 4 = college degree; 5 = advanced training

beyond a college degree). In our sample, the median for

both maternal and paternal education was having a college

degree. These values are high compared to those of this

general region, where 89 % of adults have a high school

degree and 36 % have at least a college degree, and the

median family income is about $51,000 (Jackson Growth

Alliance website: http://www.jacksonbiz.org/infocenter/

demojc.html). However, that is not surprising and is fairly

typical of families who are willing to donate their time for

a research study.

DNA Collection

In order to obtain genetic data from children in the current

study, buccal cells were collected either when children

were tested at younger ages or during current testing if we

had not been able to collect these earlier. Collection oc-

curred three times during testing, separated by different

phases of the testing protocol. Before collection, parents

provided consent after being given information on the

purpose of collecting genetic material, the potential risks

and benefits, and our confidentiality process. Samples were

collected by swabbing the inside of both cheeks and gums

for 20 s three times during testing—once prior to testing,

once after the first child was tested, and finally after testing

was completed. This is standard protocol for collecting

buccal samples from young children. Samples were stored

in a freezer until they were ready to be sent for analysis.

For this project, samples were analyzed for DRD4 geno-

type. Allele sizes were scored by two investigators inde-

pendently; inconsistencies were reviewed and rerun if

necessary. Children were grouped as either DRD4 ‘‘risk’’

(DRD4-7R), having at least one allele with 7 repeats

(N = 57), or DRD4 ‘‘no risk’’ (DRD4-no7R), having no

alleles with 7 repeats (N = 117). Only 10 children had 2

alleles with the 7R variant, and therefore we did not

compare children with one versus two 7R alleles. The

earliest studies on DRD4 grouped participants as either

having fewer than seven repeats or having seven or more

repeats, but more recent studies suggest that the 7R variant

differs from other repeat alleles in function and that it is

incorrect to combine them with alleles with more repeats

(Jiang et al. 2013). Thus, we compared children with or

without a 7R allele. This sample was in Hardy–Weinberg

equilibrium, v2(1) = 0.90, p = .343.

Verbal and Physical Victimization

Two types of victimization, verbal and physical, were

measured using the Multidimensional Peer-Victimization

and Bullying Scale (MPVBS; Biebl et al. 2011), which is

an adapted form of the Multidimensional Peer Victimiza-

tion Scale (MPVS) created by Mynard and Joseph (2000).

The original 16-item scale contains 4 subscales of victim-

ization (physical victimization, social manipulation, verbal

victimization, and attacks on property). The creators

demonstrated good test–retest reliability for each subscale,

with Cronbach’s alpha scores ranging from 0.73 to 0.85

(Mynard and Joseph 2000). The questionnaire asks the

child to rate the frequency of each situation in his/her own

life (0 = never, 1 = once, 2 = more than once). The al-

tered version of the scale also includes parallel items that

query for bullying. For example, a question asking ‘‘How

often have you had property stolen from you by another
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child?’’ was later rephrased to read ‘‘How often have you

stolen property from another child?’’ The Likert-type scale

also was changed for the modified questionnaire to offer

more options (0 = never, 1 = once, 2 = two to five times,

3 = six to ten times, and 4 = more than ten times). This

adapted questionnaire yields the original 4 subscales of

victimization (physical victimization, social manipulation,

verbal victimization, and attacks on properties) and an

additional 4 scales of bullying (physical bullying, social

manipulation, verbal bullying, and attacks on properties).

For the present study, only the victimization items were

examined. Two higher order subscales were created, one

for verbal victimization (summing the social manipulation

and verbal victimization items into a single scale) and one

for physical victimization (summing physical victimization

and attacks on properties). The two higher order subscales

showed good reliability, Cronbach’s alpha = 0.82 and 0.85

for verbal and physical victimization, respectively.

Child-Rated Externalizing and Internalizing Problem

Behaviors

Children were asked to rate themselves on the Strengths and

Difficulties Questionnaire (SDQ; Goodman 1997, 2001) to

provide assessments of externalizing and internalizing

problem behaviors. The SDQ utilizes a three-point, Likert-

type response scale to examine conduct problems, emotional

symptoms, hyperactivity and inattention, peer relationship

problems, and prosocial behaviors, totaling 25 items with 5

items per category. The SDQ has both parent and child

versions, with the latter used in the current study. For each

item, children were asked to indicate whether a behavior was

not true, somewhat true, or certainly true of themselves.

The SDQ has been shown to have adequate internal con-

sistency (average alpha of 0.73) and test–retest stability after

5 months (average alpha of 0.62) for both children and parent

reports (Goodman 2001). In low-risk samples (such as the

sample utilized in the current study), it has been suggested

that combining the emotional and peer subscales into an in-

ternalizing scale and the conduct and hyperactivity subscales

into an externalizing scale is most useful (Goodman et al.

2010). Goodman and Scott (1999) found that correlations

between the internalizing and externalizing scales of the SDQ

were lower than these correlations on the Child Behavior

Checklist (CBCL; Achenbach and Rescorla 2001), suggest-

ingmore precise construct validity of the second-order scales.

For the present sample, Cronbach’s alphas were adequate,

0.69 for externalizing and 0.74 for internalizing.

Parent Ratings of Child Externalizing and Internalizing

Parents completed the Child Behavior Checklist (CBCL;

Achenbach and Rescorla 2001) to provide parent reports of

children’s externalizing and internalizing problem behav-

iors. The CBCL is a widely used measure comprising 113

items listing possible problem behaviors, which parents

endorse using a 3-point response scale, from 0 = this never

applies to my child to 2 = this is often a problem. Exter-

nalizing includes aggression and rule breaking behaviors,

and internalizing includes withdrawn, somaticizing, and

anxious behaviors. Cronbach’s alphas for our sample were

good for both scales, alpha = 0.87 for externalizing and

0.77 for internalizing.

Statistical Approach

Mixed model multilevel linear regression modeling in

SPSS 20 was used to examine the effects of victimization

and genotype status on children’s externalizing and inter-

nalizing behaviors. This method allows inclusion of sib-

lings (twins) within a family as a nested factor and

therefore allowed us to include two children from each

family in the analyses. Although the number of families in

this study is not large (89 families with 1 or 2 children from

each), this number is sufficient to yield unbiased parameter

estimates using this statistical method (Maas and Hox

2005).

Physical and verbal victimization scores were mean

centered, as suggested by Aiken and West (1991), to allow

for more interpretable results for the interaction analyses.

Main effects of physical and verbal victimization and

DRD4 status (dummy coded as 1 = DRD4-7R and

2 = DRD4-no7R) were examined first as fixed effects

(Model 1). Second, age, race, sex, and zygosity were ex-

amined one at a time to determine whether they were

significant covariates (Models 2–5). If they were sig-

nificant, then the significant variable was included in the

rest of the analyses. Third, the hierarchical nature of the

data set (including siblings from the same family) was

examined by including family as a random effect, allowing

examination of whether y-intercepts vary across individual

families (Model 6). Fourth, we examined whether adding

random slopes for the victimization variables was benefi-

cial to the models (Model 7). Doing this allows examina-

tion of whether the regression slopes (rather than

intercepts) vary across families. Finally, interactions be-

tween physical victimization and DRD4 risk status and

then between verbal victimization and DRD4 risk status

were examined (Models 8 and 9). Maximum likelihood

estimation was used so that models could be compared

statistically (Field 2013). The best fitting models were

those with significantly improved model fit based on Chi

square comparison tests as well as lowest Aikike infor-

mation criterion (AIC) test (Akaike 1974). The AIC is

based on the Chi square but controls for number of esti-

mated parameters. The AICc (AIC corrected) is similar but
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uses a correction for sample size (Hurvich and Tsai 1989)

and therefore is a better test for small samples. An im-

portant advantage of the AICc test over the Chi square

difference test is that non-nested models can be compared

by using the AICc. The model with the lowest AICc value

is considered the best-fitting model of those that are tested.

Results

Physical and verbal victimization scores and CBCL inter-

nalizing and externalizing were positively skewed; there-

fore, these variables were square root transformed to

eliminate skew. SDQ internalizing and externalizing were

normally distributed and did not require transformation.

Descriptive statistics for all study variables are included in

Table 1. Correlations between study variables are pre-

sented in Table 2.

Prior to determining the existence of G 9 E effects,

Belsky et al. (2007) suggest that it is valuable to determine

whether gene–environment correlations may be providing

a confound that should be controlled during G 9 E ana-

lyses. They suggest that it is important to rule out sig-

nificant correlations between the moderator (DRD4 in this

case) and the independent variables (physical and verbal

victimization here), and between the moderator and the

outcome variables (internalizing and externalizing here).

To do this, we calculated a Spearman’s q correlation be-

tween DRD4 group and each of the independent and de-

pendent variables. There were no significant group

differences between children with and without the 7-repeat

allele for either verbal (q = 0.07, p = .395) or physical

(q = -0.06, p = .426) victimization, nor for child-re-

ported or parent-reported externalizing (q = 0.05,

p = .518, and q = 0.07, p = .341, respectively) or child-

reported or parent-reported internalizing (q = 0.07,

p = .362, and q = 0.15, p = .055, respectively). Thus,

these possible gene–environment correlation confounds

were not problematic for this study.

Effects of Victimization and DRD4 Status

on Child-Reported Behavior Problems

Externalizing Problem Behaviors

As can be seen in Table 3 (Models 2–5), neither age, sex,

race, nor zygosity (MZ versus DZ) were significant pre-

dictors of SDQ externalizing behaviors. Model 6 included

family status in the model as a random effect. Although

this model was not significantly better fitting than Model 1,

family status was maintained in the rest of the analyses

because it is theoretically important to control for shared

family status when including two children from the same

family. Random slopes (Model 7) were not significant, nor

was the physical victimization 9 DRD4 status interaction

(Model 8). However, Model 9, which included verbal

victimization 9 DRD4, provided a significantly better fit

and was the best-fitting model, with the lowest AICc value

of 908.191. Parameter estimates are provided in Table 4.

The verbal victimization 9 DRD4 interaction effect

was probed by re-running Model 9 (without DRD4 as an

IV) separately for the two DRD4 risk groups (see Table 5),

as per Field (2013). These models showed that verbal

victimization was significantly and positively predictive of

SDQ externalizing for children with the 7-repeat DRD4

allele but not for children without the 7-repeat allele (see

Fig. 1). Specifically, children with DRD4-7R who reported

the most victimization showed the highest levels of

Table 1 Descriptive statistics

for variables used in analyses
Variable Total sample DRD4 status

DRD4-7R (N = 57) DRD4-no7 (N = 117)

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Physical victimizationa 0.91 (0.84) 0–3.50 0.94 (0.91) 0–3.50 0.89 (0.81) 0–3.38

SQRT phys. victimization 0.71 (0.49) 0–1.87 0.75 (0.54) 0–1.87 0.70 (0.47) 0–1.84

Verbal victimizationa 1.03 (0.91) 0–3.63 0.90 (0.86) 0–3.50 1.10 (0.94) 0–3.63

SQRT verb. victimization 0.84 (0.50) 0–1.90 0.79 (0.49) 0–1.87 0.86 (0.51) 0–1.90

SDQ externalizing 5.82 (3.51) 0–15 5.63 (3.51) 0–14 5.91 (3.53) 0–15

SDQ internalizing 5.77 (3.98) 0–20 5.49 (4.11) 0–20 5.92 (3.93) 0–16

CBCL externalizinga 7.10 (6.90) 0–32 5.62 (5.35) 0–25 7.83 (7.54) 0–32

SQRT CBCL externalizing 2.18 (1.26) 0–5.66 2.05 (1.08) 0–5 2.23 (1.34) 0–5.66

CBCL internalizinga 5.39 (4.95) 0–23 4.26 (3.58) 0–14 5.87 (5.39) 0–23

SQRT CBCL internalizing 1.94 (1.08) 0–4.80 1.73 (0.94) 0–3.74 2.03 (1.12) 0–4.80

No DRD4 group differences were significant
a Variable was significantly positively skewed and was square root transformed to eliminate skewness
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Table 2 Intercorrelations among study variables, using transformed scores as in Table 1

Age DRD4a Zygositya Phys. victim. Verbal victim. SDQ ext. SDQ int. CBCL ext. CBCL int.

Age 1.0

DRD4 -0.06 1.0

Zygosity 0.10 0.04 1.0

Physical victim. -0.17* -0.06 -0.00 1.0

Verbal victim. -0.11 0.07 0.09 0.70*** 1.0

SDQ externalizing -0.01 0.05 0.16* 0.34*** 0.35*** 1.0

SDQ internalizing -0.34*** 0.07 0.12 0.47*** 0.46*** 0.45*** 1.0

CBCL externalizing -0.03 0.07 0.00 0.12 0.23** 0.17* 0.29*** 1.0

CBCL internalizing 0.04 0.15 0.05 0.14 0.17* 0.10 0.28*** 0.56*** 1.0

* p\ .05; ** p\ .01; *** p\ .001
a Spearman’s rho correlations were used for dichotomous variables DRD4 and zygosity

Table 3 Mixed model multilevel linear regression modeling results, with SDQ externalizing as the dependent variable and physical and verbal

victimization and DRD4 genotype, and their interactions, as independent fixed effects

Model -2lnL (df) AICc Vs model D-2lnL (df) p value

1. Main fixed effects (victimization, DRD4) and random intercepts 900.045 (5) 910.045

2. Model 1 ? sex covariatea 898.972 (6) 911.478 1 1.073 (1) ns

3. Model 1 ? age covariatea 899.496 (6) 912.002 1 0.559 (1) ns

4. Model 1 ? race covariatea 899.624 (6) 912.130 1 0.421 (1) ns

5. Model 1 ? zygositya 897.306 (6) 909.812 1 2.639 (1) ns

6. Model 1 ? adding sibship as random effectb 899.215 (6) 911.721 1 0.830 (1) ns

7. Model 6 ? random slopes for victimization scores 897.210 (8) 914.088 5 2.005 (2) ns

8. Model 6 ? physical victimization 9 DRD4 896.827 (7) 911.506 5 2.388 (1) ns

9. Model 6 1 verbal victimization 3 DRD4 893.512 (7) 908.191 5 5.703 (1) <.025

AICc (Hurvich and Tsai 1989) = AIC ? [2 k(k ? 1)/(n – k - 1)], where k = number of estimated parameters and n = sample size. Model 9,

which is in bold, is the best fitting model, with lowest AICc value and most parsimonious Chi square. (Note that Model 9 remained the best fitting

model even when sibship status was not included.) See Table 4 for parameter estimates
a Sex, age, race, and zygosity were not significant and were dropped from the remaining models
b Although sibship status was not significant, it was maintained in all remaining models to account for shared family status

Table 4 Mixed model

multilevel linear regression

modeling parameter estimates

for best models predicting SDQ

externalizing (Model 9) and

internalizing (Model 6)

SDQ Externalizing SDQ Internalizing

Estimate 95 % CI p value Estimate 95 % CI p value

Fixed effects

Intercept 5.62 3.75; 7.48 .000 8.39 4.28; 12.50 .000

Age 20.66 -1.04; -0.29 .001

Zygosity 1.11 -0.12; 2.34 .077

DRD4 genotype 0.16 -0.92; 1.22 .779 0.54 -0.53; 1.62 .321

Physical victimization 1.19 -0.20; 2.58 .093 2.00 0.66; 3.35 .004

Verbal victimization 5.99 2.09; 9.88 .003 1.72 0.40; 3.03 .011

Verbal 9 DRD4 22.59 -4.70; -0.48 .017

Random effects

Within-family effect 1.30 0.23; 7.55 .264 2.85 1.27; 6.41 .016

Significant predictors are indicated in bold
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externalizing behaviors, whereas DRD4-7R children who

reported the least victimization had the lowest externaliz-

ing behavior scores. Importantly, note that the cross-over

point in the graph is at approximately SDQ = 5.5, which is

about the mean value for this sample and certainly within

the range of interest for this measure (Roisman et al. 2012).

Notably, victimization was not related to externalizing

problem behaviors for DRD4-no7R children.

Internalizing Problem Behaviors

The same analyses were repeated for children’s self-reported

internalizing problem behaviors. As can be seen from

Table 6, there was no significant effect of sex or race.

However, age and zygosity were significant, with younger

children and DZ twins reporting more internalizing behav-

iors. Thus, these covariates were maintained for the rest of

the analyses, although zygosity was no longer significant

after sibship was added to the model (Model 6). The hier-

archical structure of our data set was modeled in Model 6 by

including family (sibship) as a random effect, and this also

yielded an improved model fit, meaning that the intercepts

for the relationship between victimization and internalizing

problem behaviors vary across families. Neither random

slopes (Model 7) nor physical or verbal victimiza-

tion 9 DRD4 interactions (Models 8 and 9)were significant.

Although Model 9 had the lowest AICc, the Chi square dif-

ference test was not significant. Additionally, examination of

the parameter estimates for this model showed that the in-

teraction term was not significant. Thus, Model 6 was con-

sidered the best-fitting, most parsimonious model, with

nearly the lowest AICc value of 903.037. Final model pa-

rameter estimates are presented inTable 4 and show that age,

physical victimization, and verbal victimization were sig-

nificant predictors of child-reported internalizing problems.

Effects of Victimization and DRD4 Status on Parent-

Reported Behavior Problems

Externalizing Problem Behaviors

The same series of models were examined using parent-

reported CBCL externalizing problem behaviors (see

Table 7). There was no significant effect of sex, age, race,

or zygosity, so these covariates were dropped from the rest

of the models. The hierarchical structure of our data set

was then included in Model 6 and yielded an improved

model fit. When random slopes were added to the model

(Model 7), there was no significant improvement in model

fit. Similarly, when victimization 9 DRD4 interaction ef-

fects were added to the model (Models 8 and 9), no sig-

nificant improvement in model fit was seen. Thus, the best

fitting model was Model 6, with AICc = 549.912. Pa-

rameter estimates in Table 8 show that children who re-

ported increased verbal victimization were rated by their

parents as having more externalizing problem behaviors,

although this did not differ by DRD4 status.

Table 5 Mixed model multilevel linear regression modeling pa-

rameter estimates separately for DRD4-7R and DRD4-no7 groups to

probe interaction for SDQ externalizing

SDQ externalizing

Estimate 95 % CI p value

DRD4-7R

Fixed effects

Intercept 5.70 4.78; 6.62 .000

Physical victimization 1.82 -0.05; 3.68 .056

Verbal victimization 3.20 1.18; 5.21 .003

Random effects

Within-family effect 4.92 2.01; 12.02 .028

DRD4-no7

Fixed effects

Intercept 5.93 5.30; 6.57 .000

Physical victimization 1.46 -0.42; 3.33 .127

Verbal victimization 0.68 -1.06; 2.41 .442

Random effects

Within-family effect 0.47 0.00; 460.71 .776

Significant predictors are indicated in bold

Fig. 1 Interaction of DRD4 and verbal victimization predicting to

SDQ externalizing problem behaviors. Variables are plotted without

transformation (see Table 1 for means and ranges). The slope for the

DRD4-7R group is significant; the slope for the DRD4-no7R group is

not
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Internalizing Problem Behaviors

Finally, the same models were run examining parent-re-

ported CBCL internalizing problem behaviors as the

dependent variable (see Table 9). Neither age, sex, race,

nor zygosity (Models 2–5) were significantly related to

internalizing problem behaviors. Although the model fit

improved when the hierarchical structure of the data set

Table 6 Mixed model multilevel linear regression modeling results, with SDQ internalizing as the dependent variable and physical and verbal

victimization and DRD4 genotype, and their interactions, as independent fixed effects

Model -2lnL (df) AICc Vs model D-2lnL (df) p value

1. Main fixed effects (victimization, DRD4) and random intercepts 910.753 (5) 921.113

2. Model 1 ? sex covariatea 910.386 (6) 922.892 1 0.367 (1) ns

3. Model 1 ? age covariate 896.882 (6) 909.882 1 15.871 (1) \.001

4. Model 3 ? race covariatea 894.566 (7) 909.244 3 2.316 (1) ns

5. Model 3 ? zygosity 892.612 (7) 907.291 3 4.470 (1) \.05

6. Model 5 1 adding sibship as random effect 886.159 (8) 903.037 4 6.453 (1) <.025

7. Model 6 ? random slopes for victimization scores 884.692 (10) 906.050 5 1.467 (2) ns

8. Model 6 ? physical victimization 9 DRD4 886.158 (9) 905.262 5 0.001 (1) ns

9. Model 6 ? verbal victimization 9 DRD4 883.609 (9) 902.713 5 2.550 (1) ns

AICc (Hurvich and Tsai 1989) = AIC ? [2 k(k ? 1)/(n – k - 1)], where k = number of estimated parameters and n = sample size. Model 6,

which is in bold, is the best fitting model, with most parsimonious Chi square and nearly lowest AICc value. See Table 4 for parameter estimates
a Age and zygosity, but not sex or race, were significant covariates and were included in all models

Table 7 Mixed model multilevel linear regression modeling results, with CBCL externalizing as the dependent variable and physical and verbal

victimization and DRD4 genotype, and their interactions, as independent fixed effects

Model -2lnL (df) AICc Vs model D-2lnL (df) p value

1. Main fixed effects (victimization, DRD4) and random intercepts 558.760 (5) 569.120

2. Model 1 ? sex covariatea 558.742 (6) 571.248 1 0.018 (1) ns

3. Model 1 ? age covariatea 558.760 (6) 571.266 1 0.000 (1) ns

4. Model 1 ? race covariatea 555.488 (6) 567.488 1 3.272 (1) ns

5. Model 1 ? zygositya 558.569 (6) 571.076 1 0.191 (1) ns

6. Model 1 1 adding sibship as random effect 537.406 (6) 549.912 1 21.354 (1) <.001

7. Model 6 ? random slopes for victimization scores 533.876 (8) 550.754 5 3.530 (2) ns

8. Model 6 ? physical victimization 9 DRD4 537.268 (7) 551.947 5 0.138 (1) ns

9. Model 6 ? verbal victimization 9 DRD4 537.353 (7) 552.032 5 0.053 (1) \.025

AICc (Hurvich and Tsai 1989) = AIC ? [2 k(k ? 1)/(n – k - 1)], where k = number of estimated parameters and n = sample size. Model 6,

which is in bold, is the best fitting model, with lowest AICc value and most parsimonious Chi square. See Table 8 for parameter estimates
a Sex, age, race, and zygosity were not significant and were dropped from the remaining models

Table 8 Mixed model

multilevel linear regression

modeling parameter estimates

for best models (Model 6)

predicting CBCL externalizing

and internalizing

CBCL externalizing CBCL internalizing

Estimate 95 % CI p value Estimate 95 % CI p value

Fixed effects

Intercept 1.86 1.16; 2.56 .000 1.44 0.85; 2.02 .000

DRD4 genotype 0.17 -0.22; 0.57 .391 0.29 -0.05; 0.62 .090

Physical victimization -0.16 -0.63; 0.31 .494 0.03 -0.35; 0.42 .863

Verbal victimization 0.65 0.19; 1.11 .006 0.10 -0.28; 0.47 .609

Random effects

Within-family effect 0.70 0.42; 1.14 .000 0.55 0.34; 0.87 .000

Significant predictors are indicated in bold

J Youth Adolescence (2015) 44:1478–1493 1487

123



was added to the model (Model 6), there were no sig-

nificant relationships observed between child-reported

victimization and parent-reported problem behaviors and

none of the interactions were significant (see Table 8). The

best fitting model included adding family as a random ef-

fect (Model 6), with AICc = 495.735. Final parameter

estimates are presented in Table 8.

Discussion

Being victimized can lead to a number of negative out-

comes, including both externalizing and internalizing

problem behaviors (Hawker and Boulton 2000; Reijntjes

et al. 2010, 2011). However, as a function of their geno-

type, some children appear to be at increased risk for

negative outcomes after being victimized. Specifically, in

this study we showed that children with at least one copy of

the 7-repeat allele of the DRD4 gene may be differentially

susceptible to victimization exposure in terms of their ex-

ternalizing behaviors. DRD4-7R children who were ver-

bally victimized were significantly more likely to have self-

reported externalizing problem behaviors compared to

DRD4-7R children who were not verbally victimized.

Conversely, children with this genotype showed the fewest

externalizing problems in an environment without verbal

victimization. Children without a 7-repeat allele of the

DRD4 gene did not show differences in externalizing be-

haviors as a function of being victimized, suggesting that

they may be protected from the negative effects of being

victimized. However, they also did not exhibit significantly

fewer problem behaviors when they were in a positive,

non-victimizing environment, whereas the DRD4-7R

children did. Thus, for externalizing problems, our study

supports the basic tenets of differential susceptibility the-

ory for the DRD4 genotype within a victimization

environment. Interestingly, we did not show an interaction

between DRD4 and victimization for internalizing prob-

lems, which appears to be consistent with other research

(Bakermans-Kranenburg and van IJzendoorn 2006). In-

stead, both physical and verbal victimization put children

at risk for internalizing problems regardless of children’s

DRD4 status.

Developmental Implications

Our examination of children aged 6–10 years provides

information about some of the important processes that put

children at risk for the ill effects of early victimization at a

time before they reach adolescence, at which time bullying

behaviors are often associated with dangerous and more

substantial consequences (Heilbron and Prinstein 2010;

Laird et al. 2001). Our results demonstrate that negative

peer experiences negatively impact behavior problems

even at this younger age, and this may be true especially

for children with certain biological dispositions to respond

more negatively to that victimization. These early experi-

ences may put youth at risk for more negative peer expe-

riences in adolescence, suggesting the possibility of a

negative trajectory from early victimization to greater

problems in adolescence. This highlights the importance of

understanding these processes developmentally, prior to

adolescence. Given that victimization in childhood and

adolescence predicts maladaptive outcomes into adulthood,

an approach that appreciates both developmental periods

likely provides the most comprehensive view of these

difficulties (Klomek et al. 2010).

Gene–Environment Interaction Theories

Much research examining gene–environment interactions

focuses on diathesis-stress theory. Although diathesis-

Table 9 Mixed model multilevel linear regression modeling results, with CBCL internalizing as the dependent variable and physical and verbal

victimization and DRD4 genotype, and their interactions, as independent fixed effects

Model -2lnL (df) AICc Vs model D-2lnL (df) p value

1. Main fixed effects (victimization, DRD4) and random intercepts 506.768 (5) 517.127

2. Model 1 ? sex covariatea 504.843 (6) 517.349 1 1.925 (1) ns

3. Model 1 ? age covariatea 505.806 (6) 518.312 1 0.962 (1) ns

4. Model 1 ? race covariatea 505.898 (6) 518.404 1 0.870 (1) ns

5. Model 1 ? zygositya 506.526 (6) 519.032 1 0.242 (1) ns

6. Model 1 1 adding sibship as random effect 483.229 (6) 495.735 1 13.539 (1) <.001

7. Model 6 ? random slopes for victimization scores 483.100 (8) 499.978 5 0.129 (2) ns

8. Model 6 ? physical victimization 9 DRD4 482.396 (7) 497.075 5 0.833 (1) ns

9. Model 6 ? verbal victimization 9 DRD4 481.516 (7) 496.195 5 1.583 (1) ns

AICc (Hurvich and Tsai 1989) = AIC ? [2 k(k ? 1)/(n – k - 1)], where k = number of estimated parameters and n = sample size. Model 6,

which is in bold, is the best fitting model, with lowest AICc value and most parsimonious Chi square. See Table 8 for parameter estimates
a Sex, age, race, and zygosity were not significant and were dropped from the remaining models

1488 J Youth Adolescence (2015) 44:1478–1493

123



stress is a well-supported theory, it conceptualizes certain

genotypes as inherently ‘‘bad’’ (Belsky et al. 2009) and

only examines negative environments. Instead, it may be

useful to consider differential susceptibility theory, stating

that certain genotypes are ‘‘susceptibility’’ rather than

‘‘risk’’ genotypes (Kennedy 2013). By assessing ‘‘suscep-

tible’’ youth in both negative and positive environments,

we may be able to identify the potential they may have for

more positive outcomes if placed in environments that

better fit their biological predispositions. Our findings are

consistent with these differential susceptibility findings.

Specifically, we showed that children with a DRD4-7R

allele reported significantly fewer externalizing problem

behaviors when they reported a peer environment devoid of

verbal victimization, but they reported significantly more

externalizing behaviors when they reported large amounts

of verbal victimization from their peers. Children without

this allele showed no differences in externalizing behaviors

as a function of their peer victimization environment.

However, it is important to note that we did not assess

overtly positive environments and outcome behaviors. In

our study, the absence of victimization was meant to rep-

resent a positive environment and the absence of exter-

nalizing or internalizing problems was conceptualized as a

positive outcome. Although we did not assess specific

aspects of the positive, non-victimized environments, it is

likely that these environments consisted of more positive

peer relationships than environments characterized by high

amounts of victimization, since friendships have been

shown to protect against victimization (Hodges et al. 1999;

Kendrick et al. 2012). Given that positive peer relation-

ships have been linked with a number of positive outcomes

such as happiness, improved attitudes towards school, and

better adjustment (Holder and Coleman 2009; Majors

2012), we believe that an environment characterized by

low amounts of victimization can be viewed as positive in

this way. However, a more accurate assessment of the

positive side of the environmental spectrum would include

ratings of the presence of a specific positive environment,

such as positive life events or the number of friendships a

child has (Bakermans-Kranenburg and van IJzendoorn

2011). Additionally, although the lack of externalizing and

internalizing problems is positive, future studies assessing

the effects of the peer environment may consider assessing

for more overtly positive outcome behaviors, such as

prosociality. Recent research on the effects of parenting has

suggested that DRD4-7R children exhibit the most proso-

cial behaviors when they experience secure attachments to

their mothers (Bakermans-Kranenburg and van IJzendoorn

2011) or when they experience positive parenting during a

parent–child interaction (Knafo et al. 2011), but show the

least prosociality when experiencing insecure attachments

or negative parenting, supporting differential susceptibility.

However, prosocial behaviors have not been a target

variable for studies examining victimization. Nevertheless,

a differential susceptibility framework was supported in the

current study, as we found differential responsivity, or

susceptibility, to the environment as a function of

genotype.

Differences in Types of Victimization

Interestingly, we only observed G 9 E effects for verbal

victimization and not for physical victimization. One

explanation for this may be that verbal victimization is

more subjective than physical victimization. It is easier to

misinterpret relational or verbal victimization than it is to

misinterpret being physically harmed. Perhaps DRD4-7R

children’s susceptibility to the environment could also

translate into a perception bias related to verbal victim-

ization. If children with this genotype have a perception

bias (i.e., cognitive distortion) leading them to over-in-

terpret events in an all-or-nothing fashion, then they

might perceive everything as all good or all bad (see Beck

et al. 1979, for a comprehensive description of cognitive

distortions). Thus, when they perceive the environment to

be good, they would perceive everything in a positive

light, including both others’ behaviors as well as their

own. Conversely, when they perceive the environment to

be bad, they would perceive the environment as well as

their own behaviors to be negative. Interestingly, the

G 9 E results did not hold up for parent ratings. If

children’s perception biases are responsible for the G 9 E

results that we found, then indeed we would not expect to

find this interaction when using parent reports as outcome

measures. Thus, our results support the possibility that

DRD4-7R children may have a perception bias toward

viewing the world in an all-positive or all-negative light,

whereas DRD4-no7R children may have a more balanced

approach. The relationship between cognitive distortions

and internalizing/externalizing difficulties has been well

documented in community and clinical samples of chil-

dren and adolescents (Barriga et al. 2000; Leung and

Wong 1998). Further research examining the association

between children’s perceptions and different genotypes

would further elucidate this issue.

We also only observed G 9 E for externalizing and not

internalizing behavior problems. This appears to be con-

sistent with other studies (Bakermans-Kranenburg and van

IJzendoorn 2006) and may be related to the fact that ge-

netic influences on internalizing appear to be stronger in an

environment without stressors or negativity (Hicks et al.

2009a). Hicks and colleagues demonstrated that nonshared

environment becomes the most important predictor of in-

ternalizing problems in environments characterized by any

of a number of stressors, such as antisocial peers or parent–
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child relationship problems. This did not hold true for

externalizing problem behaviors (Hicks et al. 2009b). Thus,

in a study examining victimization as the relevant envi-

ronment in G 9 E, it is not surprising that this interaction

was significant for externalizing problems and not sig-

nificant for internalizing problems.

Strengths and Limitations

There are several strengths that this study brings to the

examination of victimization and children’s problem be-

haviors in a pre-adolescent sample. One important strength

of this study is the effort to broaden our current under-

standing of gene–environment relationships by examining

the full range of a typically occurring environmental

problem (peer victimization) and its association with

genotype. Our research supports the growing need to ex-

amine gene–environment relationships beyond ‘‘risk’’

models such as diathesis-stress theory. Indeed, findings

such as these help us to determine how to prevent mal-

adaptive symptoms in children following stressful life

events, underscoring the important risk or protective role

that genotype may play. A second strength of our study is

the inclusion of both children’s and parents’ reports of

children’s behaviors, especially considering that we found

different results depending on the reporter of the problem

behaviors. We have previously shown that parents tend to

report less victimization when compared to children’s self-

report, especially verbal victimization, which is more dif-

ficult than physical victimization for parents to observe

(John and DiLalla 2013). We now demonstrate also that

parent reports of children’s problem behaviors, both ex-

ternalizing and internalizing, do not show evidence of

G 9 E, whereas children’s reports do. Consideration of

children’s perceptions of both their environments and their

own behaviors may yield important information about how

genotype relates to perception biases.

There are several important limitations to this study

that merit discussion. The primary limitation is the small

sample size. Gene–environment interactions are difficult

to ascertain in small samples because the power is so low,

and therefore of course these results will require repli-

cation (Roisman et al. 2012). We maximized our sample

by including all children in a mixed model multilevel

linear regression model, but we still had very limited

power to detect robust interactions. Nonetheless, the re-

sults we obtained were consistent with differential sus-

ceptibility theory and with previous research on

externalizing problem behaviors. The problem with under-

powered studies lies with the potential to accept the null

hypothesis mistakenly (Type II errors), and we in fact

have found a significant result, suggesting the possibility

of having committed a Type I error, which is less of a

concern with under-powered studies (Field 2013; Spy-

brook et al. 2011). However, because of our small sample

size, we could not conduct analyses examining three-way

interactions. Thus, for example, we did not explore

whether there were any interactions with sex of child.

Further research with a larger sample should address such

issues. In addition, it is possible that with a larger sample

we would have been able to identify G 9 E with parent

reports. Further research with a larger sample will be

necessary to explore this.

Additionally, our sample consisted primarily of upper to

middle class Caucasian families, and thus generalizability

is suspect. Replication across a more diverse sample would

be beneficial. This is especially true because the impact of

victimization may vary across different cultures. A third

important limitation is that we included children across a

fairly large age range, from 6 to 10 years. These children

have in common that they are all in elementary school,

which was our goal, but it also is true that some of the older

children might have been beginning puberty, which would

certainly affect their behaviors. Age was a significant

predictor of internalizing, with younger children reporting

more internalizing problems, but not of externalizing. It

will be important to replicate this study with a much larger

sample of youth of different ages to determine whether the

very youngest children differ from the oldest.

Conclusion

We have demonstrated that, for externalizing problems,

young school-age children are differentially susceptible to

the victimization environment depending on their DRD4

genotype. Children with a 7-repeat allele who report high

amounts of verbal victimization report high levels of ex-

ternalizing problems, whereas children with the 7-repeat

allele who report little or no verbal victimization report few

externalizing behavior problems. Importantly, those with-

out the 7-repeat allele do not report differences in problem

behaviors as a function of being victimized. For internal-

izing problems, both physical and verbal victimization

were significant predictors of child reported problems, but

there was no evidence of G 9 E. Examining this age group

helps to illuminate early risk for the negative trajectory of

social consequences into adolescence and adulthood. In-

deed, our research examining the factors involved in how

school age youth respond to victimization at the beginning

of this negative trajectory contributes to a more compre-

hensive view of the complex etiology of adolescent be-

havior problems.
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