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Abstract

Maltreatment places children at risk for psychiatric morbidity, especially conduct problems. However, not all
maltreated children develop conduct problems. We tested whether the effect of physical maltreatment on risk for
conduct problems was strongest among those who were at high genetic risk for these problems using data from the
E-risk Study, a representative cohort of 1,116 5-year-old British twin pairs and their families. Children’s conduct
problems were ascertained via parent and teacher interviews. Physical maltreatment was ascertained via parent
report. Children’s genetic risk for conduct problems was estimated as a function of their co-twin’s conduct disorder
status and the pair’s zygosity. The effect of maltreatment on risk for conduct problems was strongest among those at
high genetic risk. The experience of maltreatment was associated with an increase of 2% in the probability of a
conduct disorder diagnosis among children at low genetic risk for conduct disorder but an increase of 24% among
children at high genetic risk. Prediction of behavioral pathology can attain greater accuracy if both pathogenic
environments and genetic risk are ascertained. Certain genotypes may promote resistance to trauma. Physically
maltreated children whose first-degree relatives engage in antisocial behavior warrant priority for therapeutic
intervention.

Maltreatment poses severe risks to childrenient in early childhood is antisocial behavior
health and development and is increasinglyDodge, Bates, & Pettit, 1990; Lansford,
coming to the attention of primary careDodge, Pettit, Bates, Crozier, & Kaplow, 2002;
clinicians and other community professional&mith & Thornberry, 1995; Widom, 1989;
(Cicchetti & Manly, 2001; Sedlak & Broad- Widom & Maxfield, 2001. Such early-onset
hurst, 1996. A major consequence of maltreat-antisocial behavior is, in turn, associated with
life-long and pervasive mentéMoffitt, Caspi,
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show such marked variation in their responseent study was to determine whether children’s
to maltreatment. Such variability would begenetic risk for conduct disorder exacerbated
observed if there were genetically influencedhe effect of physical maltreatment on their
individual differences in susceptibility to en-conduct problems and we used the twin de-
vironmental experiences like maltreatment, aign to test this hypothesis.
concept referred to as “gene—environment in- When data are collected on twins, a child’s
teraction” (GXE; Kendler & Eaves, 1986; genetic risk for disorder can be estimated as a
Rutter & Silberg, 2002 The GXE concept is function of his or her co-twin’s diagnostic sta-
familiar to clinicians as the “host—pathogertus and the pair’'s zygosit§Andrieu & Gold-
interaction” in a patient’'s vulnerability or re- stein, 1998; Kendler & Kessler, 1995; Ottman,
sistance to diseasgEvans & Relling, 1999; 1994). These analyses are premised on the test-
Hill, 1999) and to developmentalists as theable assumption that the disorder of interest is
“diathesis—stress” interaction in an individual'sheritable, meaning that evidence is required to
vulnerability or resistance to pathogenic expeestablish that genes partly account for individ-
riences(Monroe & Simons, 1991 In this ar- ual differences in the disorder. Because MZ
ticle, we test the hypothesis that children’swins share 100% of their genes, it can be in-
conduct problems emerge when geneticallferred that a child’s genetic risk for the disor-
vulnerable children encounter family environ-der is high if his or her MZ co-twin has a
ments in which they are maltreated. That mangtiagnosis of disorder and low if his or her MZ
children are not at genetic risk for conducto-twin does not have a diagnosis of disorder.
problems may explain, in part, why the expeThat is, if a disorder is genetically influenced
rience of maltreatment does not always resuéind a child’s MZ co-twin is diagnosed with
in the development of conduct problems.  the disorder, then that child must share all of
To analyze GXE with real precision, onethe susceptibility genes for disorder. In con-
must specify both the environmental risk andrast, DZ twins share only half their genes, on
the genotype. Although twin studies of anti-average. Thus, if a child’'s DZ co-twin has a
social behavior have shown that genetidiagnosis of disorder, then the child’s genetic
factors influence early-emerging conduct probrisk of disorder is high, but not as high as for
lems(Arseneault, Moffitt, Caspi, Taylor, Rijs- MZ twins because the child may not share the
dijk, Jaffee, Ablow, & Measelle, 2003; vansusceptibility genes with his or her co-twin. If
den Oord, Verhulst, & Boomsma, 1996; vara child’s DZ co-twin does not have a diagno-
der Valk, Verhulst, Neale, & Boomsma, 1998 sis of disorder, then that child’s genetic risk
functional genes for these problems have ydor disorder is low, but not as low as for MZ
to be reliably identified. There are some promtwins because the child may have inherited
ising candidatesRowe, 200}, and one study susceptibility genes for disorder while his or
has reported that a monoamine oxidase Aer co-twin did not. Therefore, MZ and DZ
(MAOA) polymorphism is associated with setwins can be placed along a continuum of ge-
vere antisocial behavior in the presence afetic risk as a function of their co-twins’ diag-
childhood maltreatment in a New Zealand sanmostic status. A child’s genetic risk is highest
ple of males(Caspi, McClay, Moffitt, Mill, if his or her co-twin has a diagnosis of disor-
Martin, Craig, Taylor, & Poulton, 2002How- der and the pair are MZ and a child’s genetic
ever, for a complex trait like antisocial behav+isk is lowest if his or her co-twin does not
ior, genetic risk is likely to involve multiple have a diagnosis of disorder and the pair are
genes(Plomin & Crabbe, 2000that interact MZ. DZ twins’ genetic risk falls intermediate
with experiences such as maltreatment to ire these two groups.
fluence children’s development. In assessing the interplay between genetic
If, as is currently the case, the actual, mulrisk for conduct problems and physical mal-
tiple genes are unknown, data from monozytreatment, we examined correlations and in-
gotic (MZ) and dizygotioDZ) twin pairs can teractions between genetic risk for conduct
be used to study the interplay between genetgroblems and physical maltreatment. Evi-
and environmental risks. The goal of the curdence for a gene—environme{@E) correla-
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tion would be observed if those at higher levelsf measurement error, and it is a known risk

of genetic risk were more likely to be mal-factor for children’s problem behaviotMay-

treated. Evidence of GXE would be observedard, 1997; Moffitt & E-Risk Study Team,

if the effect of physical maltreatment on con2002. The sampling strategy resulted in a fi-

duct problems varied as a function of genetioal sample in which two-thirds of study moth-

risk (Kendler & Eaves, 1986 ers accurately represented all mothers in the
general populatiofages 15—48 yearsn En-
gland and Wales in 1994-19%&stimates de-

Method rived from the General Household Survey;
Bennett, Jarvis, Rowlands, Singleton, & Ha-

The Environmental Risk (E-Risk) selden, 1996 The other one-third of study

Study sample mothers(younger only constituted a 160%

oversample of mothers who were at high risk

Participants are members of the E-Risk Lonbased on their young age at first birthges
gitudinal Twin Study, which investigates how15-20 yearks To provide unbiased statistical
genetic and environmental factors shapestimates that could be generalized to the pop-
children’s development. The study follows arulation of British families with children born
epidemiological sample of families with youngin the 1990s, we corrected the data reported in
twins who were interviewed in the home wherthis article with weighting to represent the pro-
the twins were ages 5 and 7 years. The E-Rigbortion of maternal ages in that population
sampling frame was two consecutive birth co¢Bennett et al., 1996
horts(1994 and 199kin the Twins’ Early De- Of the 1,203 eligible families, 1,1183%)
velopment Study, a birth register of twins borrparticipated in home-visit assessments when
in England and WalegTrouton, Spinath, & the twins were 5 years old, forming the base
Plomin, 2002. The full register is adminis- sample for the study. Four percent of families
tered by the government’s Office of Nationalrefused and 3% were lost to tracing or could
Statistics, which invited parents of all twinsnot be reached after many attempts. With par-
bornin 1994 and 1995 to enroll. Of the 15,90&nts’ permission, questionnaires were mailed
twin pairs born in these 2 years, 71% joinedo the children’s teachers, and teachers re-
the register. Our sampling frame excludedurned questionnaires for 94% of cohort chil-
opposite-sex twin pairs and began with the 73%ren. Written informed consent was obtained
of register families who had same-sex twinsfrom mothers. The E-Risk Study has received

The E-Risk Study sought a sample size oéthical approval from the Maudsley Hospital
1,100 families to allow for attrition in future Ethics Committee.
years of the longitudinal study while retaining Zygosity was determined with a standard
statistical power. An initial list of families was zygosity questionnaire, which has been shown
drawn from the register to target for home visto have 95% accuradyPrice, Freeman, Craig,
its, with a 10% oversample to allow for non-Petrill, Ebersole, & Polmin, 2000 Ambigu-
participation. The probability sample wasous cases were zygosity-typed using DNA. The
drawn using a high-risk stratification strategysample includes 56% MZ and 44% DZ twin
High-risk families were those in which thepairs. Gender is evenly distributed within zy-
mother had her first birth when she was 2@osity (49% male.
years of age or younger. We used this sam- Data were collected within 120 days of the
pling (a) to replace high risk families who weretwins’ fifth birthday. Research workers vis-
selectively lost to the register via nonresponséed each home for 2.5-3 hr in teams of two.
and(b) to ensure sufficient base rates of probWhile one interviewed the mother, the other
lem behaviors given the low base rates exested the twins in sequence in a different part
pected for 5-year-old children. Early firstof the house. Families were given shopping
childbearing was used as the risk-stratificatiormouchers for their participation, and children
variable because it was recorded for virtuallgyvere given books and stickers. All research
all families in the register, it is relatively free workers had university degrees in behavioral
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science, and experience in psychology, anthrethen mothers gave informed consent to pro-
pology, or nursing. Each research worker conceed with the interview they understood that
pleted a formal 15-day training program ora report of recent, ongoing maltreatment would
either the mother interview protocol or the childconstitute a request for heljif the maltreat-
assessment protocol, to attain certification tment was not already known to authorifies
a rigorous reliability standard. The interview did not ask directly about the
timing of incidents, and therefore mothers who
wished to report maltreatment while avoid-
ing intervention could have opted to describe
Physical maltreatmentvas assessed sepamaltreatment as happening in the past. There
rately for each twin by interviewing motherswas a need to intervene on behalf of 15 fam-
with the standardized clinical interview proto-ilies. We found that almost all current cases
col from the Multisite Child Development of maltreatment were already known to gov-
Project (Dodge et al., 1990; Dodge, Pettit,ernment home health visitors, the family’s gen-
Bates, & Valente, 1995; Lansford et al., 2002 eral practitioner, or child protection teams,
We interviewed mothers instead of ascertairalthough very few of the cases had been of-
ing cases from Child Protective Service regficially registered.
isters for three reasons. First, official record The protocol included standardized probe
data identify only a small proportion of casesquestions such as, “Whgname was a tod-
which may be a biased, unrepresentative suldter, do you remember any time whephg
set (Walsh, McMillan, & Jamieson, 2002; was disciplined severely enough thghe may
Widom, 1988. Second, because of time dehave been hurt?” and “Did you worry that
lays in detection, investigation, and legal proyou or someone elsguch as a babysitter, a
ceedings against perpetrators, official recortelative or a neighbgrmay have harmed or
data sources tend not to record children asurt(name during those years?¥1% of moth-
confirmed cases until older ages and the chikrs declined to answer the questipnBe-
dren in our sample were 5-year-olds. Thirdcause these questions followed an interview
searching child protection records for this samen normative disciplinary practicenclud-
ple would have required parental consent, plaéag questions about corporal punishment
ing record data at the same potential risk ofnothers understood that these questions about
parental concealment as mothers’ reports. harm did not refer to ordinary spanking or
The interview protocol was designed byslapping. Mothers were not asked specifi-
Dodge and colleagug4990, 1995; Lansford cally about neglect, psychological abuse, or
et al., 2002 to enhance mothers’ comfort with sexual abuséalthough several cases of sex-
reporting valid physical maltreatment infor-ual abuse were reported in response to our
mation, while also meeting researchers’ legajuestions about hanmSo that mothers might
and ethical responsibilities for reporting.feel more willing to report that a child had
Under the UK Children ActDepartment of been maltreated, questions were carefully
Health, 1989, our responsibility was to se- worded to avoid implying that the mother was
cure intervention if maltreatment was currenthe perpetrator. In cases where mothers re-
and ongoing. At the start of the interviewported any maltreatment, interviewers probed
about discipline and physical maltreatmentnothers for details about the incident and re-
the interviewer explained to the mother thatorded notes. Interviewers coded the likeli-
if she reported maltreatment that had ochood that the child had been maltreated based
curred in the child’s first 4 years and was nobn the mothers’ narrative. This classification
ongoing, that information could remain con-showed intercoder agreement on 90% of rat-
fidential. However, if she reported maltreatings (x = .56) in our sample and in the Child
ment that occurred in the year prior to theéDevelopment ProjedtDodge, Pettit, & Bates,
interview and the risk to the child was ongo-1994; Dodge et al., 1995The 10% of codes
ing, the Study would be under legal obligathat disagreed tended to reflect uncertainty
tion to assist the family to get help. Thusabout whether physical maltreatment was

Measures
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“probable” or “definite.” Based on the the Conflict Tactic Scaledodge et al., 1990;
mother’s report of the severity of discipline,Straus & Gelles, 1988(b) good interreporter
her concern that someone else might haweliability as evidenced by a correlation of .60
harmed the child, and the interviewer’s ratindbetween mothers’ and fathers’ reports in 396
of the likelihood that the child had beencouples(Dodge et al., 1996 and (c) good
maltreated, children were coded as having natredictive validity as evidenced by significant
been, possibly been, or definitely been physt2-year prediction from preschool maltreat-
ically maltreated. Examples of possible malment to outcomes in Grade 11, including in-
treatment in our sampléN = 273 children creased violence, school absenteeism, anxiety
included instances where the mother reporteathd depressive symptoms, and posttraumatic
that she smacked the child harder than irstress disorder symptoms, controlling for a va-
tended and left a mark or bruise, or casesety of social and family risk factoréLans-
where social services were contacted bford et al., 2002
schools, neighbors, apdr family members The same set of questions about physical
out of concern that the child was being physmaltreatment was asked individually about
ically maltreated. Examples of definite mal-each twin, and the interviews about each twin
treatment included children who were beatewere separated by 1.5 hr of questions on other
by a teenaged step-sibling, punished by beintgpics. In those families in which at least one
burnt with matches or thrown against doorstwin was maltreated, both twins suffered phys-
had injuries(e.g., fractures or dislocations ical maltreatment in 63% of cases and only
from neglectful or abusive care, or were forone twin suffered maltreatment in 37% of
mally registered with a social services childcases.
protection team. The prevalence of such def- Children’s conduct problemsere assessed
inite, serious maltreatment as defined in thigvith the Achenbach family of instruments
sample was 1.5%N = 34 children. For the (Achenbach, 1991a, 199]L.bThe Aggression
purposes of our analyses, the physical maand Delinquency Scales were supplemented
treatment variable was recoded into a dichowith the American Psychiatric Association
omous variable representing children wh@APA) Diagnostic and Statistical Manual of
experienced no maltreatmepinweighted, the Mental Disorders—4th EditiotDSM-IV; APA,
prevalence was 86%; weighted to represenit994) items assessing conduct and opposi-
the population it was 88%oversus a com- tional defiant disorder. Mother and teacher re-
bined group of children who experienced posports of conduct problems correlated (39=
sible or definite physical maltreatment.001), which is typical of interrater agreement
(unweighted, the prevalence was 14%about behavioral problem#chenbach, Mc-
weighted to represent the population it wa€onaughy, & Howell, 198y, Mother and
12%). The prevalence of physical maltreatteacher reports of children’s conduct prob-
ment was similar among MZ11%) and DZ lems were summed. Scores ranged from 0 to
(14%) twins. Our combined prevalence of 12%130 (M = 21.17,SD = 16.27. The internal
resembles the 15% prevalence estimate reensistency of the combined score was .94.
ported by Dodge and colleagu@3odge et al.,
1990 whose measurement protocol we usedChild conduct disorderTo assess child con-
Our prevalence rate of 1.5% for definite physeuct problems in the clinical range, we de-
ical maltreatment is consistent with physicatived diagnoses of conduct disorder on the basis
abuse estimates of 1.5 and 2.6% from popuwf the abovementioned mothers’ and teachers’
lation surveys in North AmericdBland & reports. Fourteen of 1BSM-IV (APA, 1994
Orn, 1986; Egami, Ford, Greenfield, & Crum,symptoms of conduct disorder were assessed
1996. (forced sex was age inapproprigteovering
The physical maltreatment interview pro-fighting, bullying, lying, stealing, cruelty to
tocol has(a) good concurrent validity as evi- people or animals, vandalism, and rule viola-
denced by correlations above .60 with mothergions. A child was considered to have a given
reports of their child-directed aggression usingymptom if either the mother or the teacher
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scored the symptom as beirngry true or of- est if his or her MZ co-twin did not have a
ten trueof the child over the past 6 months.diagnosis of conduct disordés1%;n = 1140.
We counted a symptom as present if there waSenetic risk was coded on a 0—3 ordinal scale,
evidence of it from either source, followingwith O representing lowest risk and 3 repre-
evidence that this approach enhances diagnagenting highest risk.
tic validity (Bird, Gould, & Staghezza, 1992;
Piacentini, Cohen, & Cohen, 199Z5ymptom
counts ranged from 0 to 1M = 0.47,SD=
1.20. Consistent withDSM-IV criteria, chil- Because our twin study included two children
dren with three or more symptoms werdrom each family, observations of children’s
assigned a diagnosis of conduct disorfler- behavior were nonindependent. As such, we
weighted, the prevalence of conduct disordeanalyzed the data using standard regression
in the sample was 8.5%; weighted to represeméchniques but with all tests based on the sand-
the population, it was 6.6%Within this group, wich or HubeyWhite variance estimatgRog-
a smaller number of children had five or moreers, 1993; Williams, 2000a method available
symptoms and met criteria for severe condudéh STATA 7.0.(StataCorp, 2001 Application
disorder (unweighted prevalence 3.4%, of this technique adjusts estimated standard
weighted to represent the population, it wasrrors and therefore accounts for the depen-
2.5%. dence in the data due to analyzing sets of twins.
Genetic riskwas computed by selecting oneAlthough all of the estimates in this results
twin from each twin pair as the “target twin” section were statistically penalized to correct
and the second twin as the “co-twin.” Eactfor the nonindependence of observations from
twin pair was represented in the data set twicehildren in the same family, we reran all analy-
first with the elder twin as the target and theses, selecting one child at random as the target
younger twin as the co-twin, and second witliwin from each twin pair. The results re-
the younger twin as the target and the eldgrorted below were unchangéavailable upon
twin as the co-twin. A continuum of geneticrequesk
risk was computed as a function of zygosity
andtheco-twmsconduc:tdlsorc'ierstaws.'ﬂn&s,tamishmgthevalidityofmegenetiC
method has been used to estimate the oM index
mnedeﬁemsofgeneﬂcrskfordemesmonangs
negative life events on risk for major depresHeritability of children’s conduct problems.
sive disordei(Kendler & Kessler, 1996 The For the logic of our genetic risk index, it was
co-twin’s conduct disorder status combinedmportant to demonstrate that individual dif-
with information on the pair’s zygosity pro- ferences in diagnoses of conduct disorder
vides a good index of genetic risk becausamong the young children in this sample were
several twin studies have shown that the hegenetically influenced. Supporting this assump-
itability of young children’s conduct prob- tion, Table 1 shows that twin correlations for
lems is moderate to high in magnitudsee the conduct problems scale and for diagnoses
Arseneault et al., 2003Combining informa- of conduct disorder were approximately twice
tion on the co-twin’s conduct disorder statugs high among MZ compared to DZ twins.
with information on the pair’'s zygosity, the Maximum likelihood estimation techniques
target twin’s genetic risk was highest if his orwere used to decompose the variance in the
her MZ co-twin had a diagnosis of conductchildren’s conduct problems and diagnoses of
disorder(5%; n = 104). The target twin's ge- conduct disorder into that which could be ac-
netic risk was lower if his or her DZ co-twin counted for by latent additive geneti@),
had a diagnosis of conduct disorddfo;n = shared environmentaC), and nonshared en-
85). The target twin’s genetic risk was lowervironmental (E) factors (Neale & Cardon,
still if his or her DZ co-twin did not have a 1992 and to test whether genetic influences
diagnosis of conduct disordét0%;n=903). on children’s conduct problems and diagnoses
Finally, the target twin’s genetic risk was low-of conduct disorder were statistically signifi-

Results
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Table 1. Conduct problem mean scores, standard deviations, and correlations as a function of zygosity and estimates of genetic
and environmental influences on conduct problems

MZ Dz Correlations Population Variance Attributable
M SD M SD MZ Dz A C E RMSEA 2 (df) Xt

Conduct problem scale scores

Full ACE model 21.28 16.86 21.05 15.56 .75*** .30** 0.72 0.60-0.75 0.00 0.00-0.11 0.28 0.25-0.32 0.070 (309.56

A=0 — 0.56 0.52-0.61 0.44 0.39-0.48 0.232 99(8D 90.24***

Proportion

Conduct disorder

Full ACE model 6.3% 7.1% Sgrx 27 a** (058 0.19-0.90 0.25 0.00-0.59 0.17 0.10-0.28 0.00 aH6

A=0 — 0.72 0.62-0.80 0.28 0.20-0.38 0.041 9(BB 9.02***

Note: A additive genetic factor<C, shared environmental factois; nonshared environmental factors or measurement error; RMSEA, root mean square error of approxyfiatief;
difference statistic.

aphi coefficient, estimated as a square rop#/N).

** p=.001.
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cant. The goal offitting different structural equasshown in the third row, genetic factors ac-
tions to twin data is to account for the observedounted for 58% of the variation in children’s
covariance structure using the most parsimongiagnosed conduct disorders, with shared and
ous number of parameters. To compare the fitonshared environmental factors accounting
of different models, we used two model-for the remainder. The fourth row presents the
selection statistics. The first was the chi-squamaodel in which the effect of genetic factors
goodness of fit statistic. Large values indicatevas hypothesized to be zero. The reduced
poor model fitto the observed covariance struanodel fit significantly worse than the full
ture. When two models are nestg@., identi- model, y3i (1) = 9.02,p = .001, indicating
cal with the exception of constraints placed otthat genetic effects on children’s diagnosed
the submodg] the difference infit between them conduct disorder were statistically significant.
can be evaluated with the chi-square differThus, both conduct problem phenotypes are
ence, using as its degrees of freed@ih) the highly heritable in 5-year-old children and
df difference from the two models. When thehese estimates are consistent with estimates
chi-square difference is not statistically signiffrom other samples of young children, as re-
icant, the more parsimonious modelis selectediewed by Arseneault and colleagu@d03.
as the test indicates that the constrained model
fits equally well with the data. The secondZygosity differences in exposure to mal-
model-selection statistic was the root meatreatment.For the logic of our genetic risk in-
square error of approximation, which is an index, it was important to ensure that zygosity
dex ofthe model discrepancy, per degree of fredifferences in exposure to maltreatment could
dom, from the observed covariance structureotaccountfor observed differences amongthe
(MacCallum, Browne, & Sugawara, 199%al- genetic risk groups on our outcome measures.
ues less than 0.05 indicate close fit and valuedZ and DZ twins did not differ in the odds of
lessthan 0.08 indicate fair fitto the ddaBrowne having been physically maltreatéadds ratio
& Cudeck, 1993. [OR] =1.27; 95% confidence intervfCl] =
Table 1 presents the results of the maxi9.90-1.80. There was little indication that MZ
mum likelihood models of genetic and envitwins’ greater genetic similarity made them
ronmental influences on children’s conductmore concordant than DZ twins for exposure
problems. The first row presents the results db maltreatment. The pairwise concordance cal-
the full model in which all genetic and envi-culates the proportion of pairs in which both
ronmental influences on children’s contin-twins were physically maltreated using the for-
uously distributed conduct problems wereanulaC/(C+ D), whereCis the number of con-
estimated. The model shows that genetic facordant pairs anD is the number of discordant
tors accounted for 72% of the variance, wittpairs(i.e., pairs in which only one twin was
shared and nonshared environmental factorsaltreated. The pairwise concordance for MZ
accounting for the remainder. In the secontivins was 66% and the pairwise concordance
row of the table, we tested whether genetifor DZ twins was 60%. Other work with our
influences on children’s conduct problems wereample has established that physical maltreat-
significant by comparing the fit of the full ment is an environmental risk factor that is
model to a model in which the genetic effectargely uncorrelated with genetic factqdaf-
was hypothesized to be zero. The fit of thdee, Caspi, Moffitt, & Taylor, 2001 Among
reduced model in which genetic factors weréhe children who were maltreated, the propor-
hypothesized to have no effect on children'sion who experienced definite maltreatmentwas
conduct problems was significantly worse thai 3% if their MZ co-twin did not have a diag-
the fit of the full model,x% (1) = 90.24,p= nosis of conduct disordé¢lowest risk and also
.001. Thus, genetic factors do account for sigt3% if their MZ co-twin did have a diagnosis
nificant variation in children’s continuously of conduct disordethighestrisk. Thus, the se-
distributed conduct problems. The third andrerity of maltreatment among children who
fourth rows of Table 1 present parallel resultsvere physically maltreated was similar across
for children’s diagnosed conduct disorder. Asiigh and low genetic risk.
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Zygosity differences in conduct problenkr Table 2. Percentage and number of
the logic of the genetic risk index, it was alsgphysically maltreated children
important to ensure that zygosity differencedy genetic risk

in the prevalence of conduct problems could

not account for observed differences among Maltreated
the genetic risk groups on our outcome_ m?"’ﬁighest risk: MZ co-twin

sures. Recall that the two hlghest.gene_tlc r_|sk has diagnosis of CD 34.6% = 36)
groups comprise MZ and DZ twin pairs inHigh risk: DZ co-twin

which the co-twin has a diagnosis of conduct has diagnosis of CD 24.7% = 21)

disorder. The two lowest genetic risk groupd©W risk: DZ co-twin does

comprise MZ and DZ pai.rs in Which the co-Low;ST?;;ifjﬁgnC%st?; dCoDes 14.2t0 =128
twin does not have a diagnosis of conduct not have diagnosis of CD 10.7%0 = 122
disorder. If, for example, conduct disorder was
more prevalent among MZ than DZ twins,Note:CD, conduct disorder.

the two highest genetic risk groups would dis¥” (3) = 46.39,p = .001.

proportionately comprise MZ twin pairde-

cause more MZ than DZ co-twins would have

a diagnosis of conduct disordethe two low-

est genetic risk groups would disproportion- ) ) )

ately comprise DZ twin pairébecause more 0N physical maltreatmentdid not differas a func-
DZ than MZ co-twins would lack a diagnosistion of sex(OR = 0.97,SE=0.20,p = .89).

of conduct disorder As a result, any zygos- e also found ewden_ce of GxE. To assess
ity differences on the outcome might be misGXE on children’s continuously distributed
takenly interpreted as differences amongonduct problems, we conducted an OLS re-
the genetic risk groups. Ordinary least squard§€ssion analysis in which physical maltreat-
(OLS) regression analyses showed that MZnent and genetic risk were entered at the first
and DZ twins did not differ on the mean num-Step and the interaction between physical mal-
ber of conduct problems reported by theifreatment and genetic risk was entered at the
mothers and teachefb = —.22,8 = —.007, Second step. The OLS regression analysis of
SE= 0.88,p = .80; Table ). Logistic regres- continuously distributed conduct problems
sion analyses showed that MZ and DZ twin§howed that having been maltreated- 7.33,

did not differ in the odds of having a conduct3 = 15, SE=1.24,p = .001), and high ge-
disorder diagnosi§OR = 1.14; 95% Cl= neticrisk(b=6.21,5 = .27,SE=0.73,p =
0.77-1.68. Having shown that conduct prob--001), were both associated with elevated lev-
lems are heritable and that MZ and DZ twin<€ls of conduct problems. In addition, the inter
have similar levels of conduct problems andction between genetic risk and physical mal-
exposure to physical maltreatment, we haviiéatment was significarib = 4.32,5 = .11,
established the legitimacy of the genetic risiE = 1.61, p = .01).* Figure la shows
index.

1. The combined mother and teacher report of children’s
conduct problems was positively skewed. Although

To determine whether genetic risk for conduct OLS regression estimates are robust to skew in the

L . . dependent variable when sample sizes are as large as
proplems was significantly assoua_ted with ours(Lumley, Diehr, Emerson, & Chen, 2002kew
having been maltreated, GE correlations Were can result in the detection of spurious GXE inter-
estimated using point biserial correlations and actions(Martin, 2000. To address this concern, the
chi-square testéTable 2. We found a small conduct problems distribution was normalized via a
GE correlation: genetic risk for conduct disor- Square root transformatioM = 4.27, SD = 1.71,

d klv related to phvsical maltreat- skew= .35, ku_rtos_ly _3.33). T_he Physpal Maltr_eat_-_
er was weakly p y ; ment X Genetic Risk interaction remained a signifi-
ment(r = .15,p = .001). Alogistic regression  cant predictor of the normalized conduct problems

analysis revealed that the effect of genetic risk distribution(b = .33, 8 = .08, SE= 0.13,p = .05).

Testing GE interplay
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Figure 1. Child conduct problems as a function of genetic risk and physical maltreatment.
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that the effect of having been maltreated oferent levels of genetic risk, and is also a func-
conduct problems was stronger at high levelson of all other predictors in the model
of genetic risk than at low levels of genetic(DeMaris, 1993. Thus, the main effects in a
risk. Figure 1b and 1c demonstrates the Gdegistic regression model will automatically
netic Risk X Physical Maltreatment inter- capture ordinal interactions wherein the mag-
action using mother and teacher reports daifitude of the effect of a predictor variable like
children’s conduct problems, respectively, agenetic risk will differ over high versus low
the dependent variables in the model. levels of genetic risk and as a function of other
We examined whether the GXE interactiompredictors, such as physical maltreatment.
was different for boys and girls by testing theWhen the dependent variable is scaled in terms
three-way interaction between genetic riskof the probability of a conduct disorder diag-
physical maltreatment, and séafter testing nosis, the formal interaction term in the logis-
all main effects and two-way interactions in aic model tests for disordindi.e., crossover
hierarchical regression analysi$he Genetic interactions or for a greater than expected de-
Risk X Maltreatment interaction did not differ gree of ordinal interaction. We note that a dis-
for boys and girls§b = 4.23,8 = .09, SE= ordinal interaction was not predicted and would
3.00,p = .16). not be consistent with the diathesis stress
The Genetic Riskx Maltreatment inter- model.
action clearly showed that physical maltreat- The logistic regression analysis showed that
ment exacerbated the effect of genetic riskaving been maltreatd R = 2.22; 95% CI=
on children’s conduct problem symptoms. WeL.53-3.21,p = .001, and high genetic risk
next tested whether the GxE effect would extOR = 3.67; 95% Cl= 2.76—4.88p = .00,
tend to children’s diagnosable conduct disboth increased the odds of a diagnosis of con-
order. To assess GxE on children’s conduatuct disorder. In the scale of the log odds, the
disorder, we conducted a logistic regressiofsenetic Riskx Physical Maltreatment inter-
analysis in which physical maltreatment anéction was not significanfOR = 1.12; 95%
genetic risk were entered at the first step an@l = 0.65-1.94p = .68).2 However, our in-
the interaction between physical maltreatmerierest is not in the odds of a conduct disorder
and genetic risk was entered at the second stafiagnosis, but rather in the probability of a
The dependent variable is the natural logadiagnosis given a particular level of genetic
rithm of the odds(or log odd$ of a conduct risk and experience of physical maltreatment.
disorder diagnosis. Of interest is the probabilFigure 2 plots the predicted probability of a
ity that an individual with given genetic risk conduct disorder diagnosis as a function of
and experience of physical maltreatment wilgenetic risk and physical maltreatment. At the
have a diagnosis of conduct disordedowest level of genetic risk, physical maltreat-
The probability of being diagnosed with con-ment was associated with an increase of 1.6%
duct disorder is a function of the log odds wherén the probability of a conduct disorder diag-
nosis(from 1.9 to 3.5%. At the highest level
of genetic risk, physical maltreatment was as-
P(CD) = (e*®)/(1 + e*B), sociated with an increase of 23.5% in the prob-

whereP is the probability, CD is conduct dis- o ) o

. 2. The reason for the nonsignificant interaction in the
‘?rdefvx repregents pred'CtorS such a§ genetic logistic regression model can be demonstrated by ex-
risk and physical maltreatment, aiis the amining the odds ratios in the lowest and highest ge-
effects of the predictor@eMaris, 1993. Al- netic risk groups. Having been maltreated increased
though the logistic model is additive in the Fhe odds ofacondl_Jct_disorder diagnosis by 2.24 times
scale of the Iog odds, the effect of a given in the lowest genetic risk grou@5% Cl=1.04-4.78;

. . L p = .05 and by 4.27 times in the highest genetic risk
predictor variable(e.g., genetic riskon the group (95% Cl= 1.41-12.89p = .05). The overlap-

probability of some outcomée.g., a conduct  ping confidence intervals around these odds ratios sug-
disorder diagnosjss not constant across dif-  gest that they do not differ significantly.
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Figure 2. The predicted probability of a conduct disorder diagnosis as a function of genetic risk and physical mal-

treatment.

ability of a conduct disorder diagnosiBom Discussion

46.1 to 69.6%3

Conduct problems, particularly those emerg-

3. The logistic regression model tests for interaction on
the multiplicative scale for the binary variablésg.,

ing in early childhood, are linked to a range of
adverse outcomes in adolescence and young

conduct disorder diagnosidn addition to the logistic adulthood(Moffitt et al., 2002. Our findings
regression analysis, we reestimated the model testirghowed that such early-onset conduct prob-
for the interaction between genetic risk and physicalams were most likely to emerge when genet-

maltreatment on an additive scale, using a risk differ:
ence modelbinomial regression with identity link;

ically vulnerable children were maltreated. The

Hardin & Hilbe, 200). This analysis was performed
using BINREG in StataStataCorp, 2001 The re-
sults indicated that the Genetic Risk Maltreatment
interaction was statistically significadRD = .09,
95% Cl = .04-.15, indicating that the difference in
the rate of conduct disorder between the maltreated
and nonmaltreated groups varied as a function of ge-
netic risk. We also conducted an OLS regression
analysis in which we regressed the conduct disorder
diagnosis on physical maltreatment, genetic risk, and
the Genetic Risk Maltreatment interaction. This anal-
ysis yielded significant main effects of physical mal-
treatment(b = .07, 8 = .09, SE= 0.02,p = .00)),
genetic riskb=.12,8=.33,SE=0.02,p = .001), as
well as a significant Maltreatment Genetic Risk in-
teraction(b = .11,8 = .18,SE= 0.03,p = .01). The

use of OLS regression to analyze dichotomous out-

comes is uncommon because the dependent variable is
not normally distributed and because of concerns about
heteroscedasticity. In fact, the assumption of OLS re-
gression is that the dependent variable is normally dis-
tributed, conditional on the set of predictorsThe
normality of the regression coefficients is required to
compute confidence intervals and inferential statistics
(Lumley et al., 2002 Given the large sample size and
the prevalence rate of conduct disorder in our sample,
the Central Limit Theorem ensures that the regression
coefficients will be normally distribute@_umley et al.,
2002. Although it is unlikely that the residuals are
normally distributed around the regression line, the
use of robust variance estimatgfRogers, 1993; Wil-
liams, 2000 addresses the bias associated with such
heteroscedasticity.
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Genetic Riskx Physical Maltreatment inter- 2001), cognitive processingDodge et al.,
action was associated with a clear and signift995; McGee, Wolfe, & Olson, 200And emo-
icant elevation in conduct problem symptomstion recognition(Pollak, Cicchetti, Hornung,
However, evidence was somewhat weaker th& Reed, 2000; Pollak & Sinha, 2002The
Gene X Environment interactions predictedpresent study, documenting a GXE interaction,
conduct problems severe enough to meet dsuggests that some genotypes may increase
agnostic criteria, although the same pattern ahildren’s sensitivity to environmental adver-
results obtained regardless of whether the cosities such as physical maltreatment, whereas
duct problem scale or the diagnosis was thether genotypes may promote children’s resis-
focus of analysis. Because power was modetnce to trauma. This study and othéBen-
to detect interaction effects on small diagnosaett, Lesch, Heils, Long, Lorenz, Shoaf,
tic groups, we nevertheless found it illustraChampoux, Suomi, Linnoila, & Higley, 2002;
tive to present the findings with respect to the&Caspi et al., 2002, 2003; Suomi, 2002.g-
conduct disorder diagnosis. gest that genes may not influence behavior dis-
Physical maltreatment was only weakly aserders directly, but, in some complex disorders,
sociated with conduct problems among chilgenes may act to influence people’s suscepti-
dren who were at low genetic risk for conduchbility or resistance to stressful environmental
disorder, suggesting the protective role of gen@xperiences. If this reconceptualization of the
type on children’s risk for conduct problemsrole of genes is correct, then the search for the
This finding is consistent with evidence fromspecific genes related to multifactorial behav-
a New Zealand cohort of adults showing thaibrs like conduct problems will be aided by
a genotype conferring high levels of MAOAtesting for GE interplay rather than assuming
activity protects men with a childhood historya direct gene—disorder correspondeftéamer,
of maltreatment from developing antisocial002. As an aid to the interpretation of GXE
problems in adulthoodCaspi et al., 2002 findings, researchers will need to ensure that
and that a childhood history of maltreatmenthe environmental risk in question is not ge-
did not predict risk for depression among innetically mediated. That is, putative environ-
dividuals who had the long version of the semental risk factors may be associated with a
rotonin transporter gené-HTTLPR Caspi, given outcome because heritable characteris-
Sugden, Moffitt, Taylor, Craig, Harrington, tics of the child provoke an environmental re-
McClay, Mill, Martin, Braithwaite, & Poul- sponse, or because the parents who provide a
ton, 2003. We parallel those findings in our child’s rearing environment are the same ones
UK cohort of 5-year-old children, extendingwho provide the child’s genotype. When genes
the results to account for the possibility thaand environments are highly correlated, what
many genes will be involved in the developtesearchers identify as a GXE interaction may
ment of conduct problems. These findings oin fact represent a gene—gene interaction, where
gene—environment interplay suggest that purethe putative environmental risk is, in fact, a
environmental etiological theories of children’smarker for genetic risk. Other work in our sam-
conduct problems are incomplete, as are dele has established that the effect of physical
terministic genetic accounts. Prediction of bemaltreatment on children’s conduct problems
havioral pathology can attain greater accuradg not strongly genetically mediate@affee
if both pathogenic environments and genetiet al., 2004. Thus, we can be confident that
risk are ascertained. our findings represent a true GxE interaction.
It is not likely that genes code directly for
aggression or conduct problems. Rather, high- . .
. Limitations
versus low-risk genotypes may moderate the
effects of physical maltreatment by influenc-This study has a number of limitations. First,
ing those factors that have been implicated iwithout a measured genotype we cannot be
the link between maltreatment and child coneertain that each child who was assumed to be
duct problems, such as neuroendocrine funet high genetic risk for conduct disorder was,
tioning (Cicchetti & Rogosch, 2001; De Bellis, in fact, so. Moreover, because children in the
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sample have not yet passed through the age afice by combining mothers’ and teachers’ re-
risk for conduct disorder, some children whos@orts of children’s conduct problems and by
siblings will go on to earn a diagnosis maydemonstrating that the pattern of Gexden-
have been misclassified in the low genetic riskironment interaction was similar when mother
groups. However, such misclassification woul@nd teacher reports of child conduct problems
have exerted a conservative influence on owere analyzed separately compared to when
findings by making it more difficult to detect they were combined, although it must be noted
differences as a function of high versus lovthat the Genetic Risk< Physical Maltreat-
genetic risk. ment interaction failed to reach conventional
Second, because our group of physicallgignificance levels when the teacher data alone
maltreated children was small in numbers, iwvere used.
was not possible to compare subtypes of mal- Fourth, it is possible that data from twins
treatment or to compare groups according twill not generalize to singletons. However,
severity, chronicity, perpetrator, or precise dethe proportion of twins who were physically
velopmental period of maltreatment. Althoughmaltreated is similar to the prevalence in a US
all cases of maltreatment were necessarily costudy of singletons that used the same method
fined to the infancy-toddlerhood and pre-of ascertaining maltreatmerfDodge et al.,
school years, the effects of genetic risk may994, 1995, and twins and singletons do not
be moderated by specific characteristics of madiffer in mean levels of conduct problen(Si-
treatmentBarnett, Manly, & Cicchetti, 1993 monoff, Pickles, Meyer, Silberg, Maes, Loe-
We could, however, assume that definite casdser, Rutter, Hewitt, & Eaves, 1997; van den
were relatively more severe cases and chechord, Koot, Boomsma, Verhulst, & Orleveke,
whether definite versus possible maltreatmerit995.
was distributed similarly across children in the Fifth, a clearer demonstration of GXE using
higher versus lower genetic risk groups. As twin design would be one in which the twins
reported in the Results, the prevalence of defvere separated for adoption and reared apart.
inite maltreatment among children who werdHowever, such separations are rare in the gen-
maltreated was identicdl 3%) in the highest eral population and adoption agencies screen
and lowest genetic risk groups. A fuller pic-prospective adopting parents carefully, mak-
ture of GE interplay in the context of maltreat-ing it highly unlikely that twingor singletong
ment is likely to emerge when the dimensionsvill experience physical maltreatment after
of maltreatment can be operationalized witladoption(Stoolmiller, 1999. The advantage
greater complexity(Cicchetti et al., 2001; of the adoption design with respect to detect-
Manly, Cicchetti, & Barnett, 1994; Manly, ing GXE is that it ensures the independence of
Kim, Rogosch, & Cicchetti, 2001 genetic and environmental risk factgtke no-
Third, it is possible that some mothers, detable exception being when children’s herita-
spite our best efforts to make it possible foble characteristics provoke a response from
them to report physical maltreatment, conthe environment Thus, it bears noting that
cealed maltreatment or did not report it beeur findings of GE interplay are consistent with
cause they were unaware that their child hafindings from adoption studies showing that
been maltreated. Any underreporting shouldenes and environments interact to promote
have exerted a conservative influence on owmntisocial behavior, although these studies did
findings, however, by causing us to place physiot specifically measure maltreatment as an
ically maltreated children in the nonmaltreate@nvironmental risk factofCadoret, Cain, &
group. Moreover, the fact that mothers reCrowe, 1983; Cadoret, Yates, Troughton,
ported on children’s experience of maltreatWoodworth, & Stewart, 1995
ment as well as children’s conduct problems Sixth, in two-thirds of the families in which
means that shared informant variance mighhere was physical maltreatment, both twins
have accounted, in part, for our findings ofwvere reported to have been maltreated. It is
GeneXx Environment interaction. However, wepossible that in these twin pairs, the co-twin’s
reduced the effects of shared informant varieonduct disordefon which the genetic risk
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index is based might have been caused bypart, from abusive experiences. For exam-
the experience of maltreatment and not, gsle, an evaluation of a nurse home-visitation
the risk index assumes, by a genetic predispgrogram found that fewer children in the
sition to conduct problems. An analysis of twinnurse-visited group were abused relative to
pairs who are discordant for the experience afomparison childreriOlds, Eckenrode, Hen-
maltreatment would be a stronger test of GxEJerson, Kitzman, Powers, Cole, Sidora, Mor-
asitwould ensure thatifthe target twin had beens, Pettitt, & Luckey, 199Y. Moreover, those
maltreated, the co-twifon whom the genetic children in the nurse-visited group who were
risk index is basedwould not have been. Un- abused did not have more conduct problems
fortunately, we did not have sufficient powerthan their nonabused, nurse-visited peers be-
to test for GXE using only discordanttwin pairscause the intervention prevented abuse from
as the number of physically maltreated chilbecoming persisten(Eckenrode, Zielinski,
dren whose co-twin was not maltreated was toSmith, Marcynyszyn, Henderson, Kitzman,
small(from lowest to highest genetic risk, theCole, Powers, & Olds, 2001 The current
n'swere 28, 32, 5, and4However, the pattern study suggests that nurse home-visitation pro-
of plotted results was consistent with those igrams might become most cost beneficial if
Figure la. aimed at children having one or more bio-
logical parents with a history of offending or
antisocial personality disorder. Such parents
are at increased risk of maltreating their
Because genetic risk for conduct disorder preghildren (Jaffee, in press Although mal-
dicts early-emerging conduct problems, patreatment increases children’s risk for con-
ticularly in conjunction with maltreatment, duct problems beyond that associated with a
knowledge of a family history of antisocial parent’s history of antisocial behavi@iaffee
behavior may be used to help understaffed arat al., 2004, parents’ antisocial behavior may
underresourced child protective services to prserve as a marker for children’s genetic risk
oritize cases within their heavy caseloads. Aand for families who should be targeted for
absence of any family history of antisocial beinclusion in prevention programs. Although
havior may be one indicator that a maltreatedur findings suggest that maltreated children
child is at relatively low risk for conduct prob- who are at the highest genetic risk will com-
lems. It remains possible, however, that thegarise a small fraction of maltreated children
children will be at high risk for other adverseoverall, knowledge of a family history of anti-
outcomes like anxiety or depression. social behavior will help to screen for chil-

Early interventions show promise for pre-dren who are highly likely to develop severe
venting child conduct problems that arise, irconduct problems.

Clinical relevance
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