
BackgroundBackground There is substantialThere is substantial

evidence thatmaternal smokingduringevidence thatmaternal smokingduring

pregnancyis associatedwith bothpregnancyis associatedwith both

antisocialbehaviour and symptoms ofantisocial behaviour and symptoms of

attention-deficit hyperactivitydisorderattention-deficit hyperactivitydisorder

(ADHD) in offspring.However, it is not(ADHD) in offspring.However, it is not

clear whethermaternal smokingduringclear whethermaternal smokingduring

pregnancyis independently associatedpregnancyis independently associated

with antisocial behaviouror whether thewith antisocialbehaviourorwhether the

association arises because antisocialassociation arises because antisocial

behaviour and ADHDcovary.behaviour and ADHDcovary.

AimsAims To examine the relationshipTo examine the relationship

betweenmaternal smokingduringbetweenmaternal smokingduring

pregnancy, antisocial behaviour andpregnancy, antisocialbehaviour and

ADHDin offspring.ADHDin offspring.

MethodMethod Questionnaires concerningQuestionnaires concerning

behaviour and environmental factorsbehaviour and environmental factors

were sentto twins fromthe CaStANETwere sentto twins fromthe CaStANET

study and data analysedusinga numberofstudyand data analysedusinga numberof

bivariate structural equationmodels.bivariate structural equationmodels.

ResultsResults Maternalprenatal smokingMaternalprenatal smoking

contributed smallbut significant amountscontributed smallbut significant amounts

to the variance of ADHDand of antisocialto the variance of ADHDand of antisocial

behaviour.The best fitting bivariatemodelbehaviour.The best fitting bivariatemodel

was one inwhichmaternalprenatalwas one inwhichmaternalprenatal

smokinghad a specific influence on eachsmokinghad a specific influence on each

phenotype, independentofthe effectonphenotype, independentofthe effecton

the otherphenotype.the other phenotype.

ConclusionsConclusions Both antisocialbehaviourBoth antisocialbehaviour

and ADHD symptomsin offspringareand ADHD symptomsin offspringare

independently influencedbymaternalindependently influencedbymaternal

prenatal smokingduringpregnancy.prenatal smokingduringpregnancy.
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Maternal prenatal smoking has beenMaternal prenatal smoking has been

consistently associated with conduct dis-consistently associated with conduct dis-

order and delinquency (Fergussonorder and delinquency (Fergusson et alet al,,

1998; Maughan1998; Maughan et alet al, 2001) and, 2001) and

attention-deficit hyperactivity disorderattention-deficit hyperactivity disorder

(ADHD) (Mick(ADHD) (Mick et alet al, 2002; Thapar, 2002; Thapar et alet al,,

2003) in children and adolescents. Associa-2003) in children and adolescents. Associa-

tions remain after controlling for confound-tions remain after controlling for confound-

ing variables such as socio-economic status,ing variables such as socio-economic status,

maternal age, birth weight and maternalmaternal age, birth weight and maternal

psychopathology (Fergussonpsychopathology (Fergusson et alet al, 1998;, 1998;

BrennanBrennan et alet al, 1999) and have been, 1999) and have been

described for both males and femalesdescribed for both males and females

(Fergusson(Fergusson et alet al, 1998; Maughan, 1998; Maughan et alet al,,

2001). Several reasons for this association2001). Several reasons for this association

have been suggested, including directhave been suggested, including direct

effects of nicotine on the developing foetuseffects of nicotine on the developing foetus

(Cornelius & Day, 2000) and even genetic(Cornelius & Day, 2000) and even genetic

mediation (Fergussonmediation (Fergusson et alet al, 1998; Brennan, 1998; Brennan

et alet al, 1999). Antisocial behaviour and, 1999). Antisocial behaviour and

ADHD commonly covary, with evidenceADHD commonly covary, with evidence

that ADHD behaves as a risk factor forthat ADHD behaves as a risk factor for

subsequent antisocial behaviour (Fergussonsubsequent antisocial behaviour (Fergusson

& Horwood, 1995; Taylor& Horwood, 1995; Taylor et alet al, 1996)., 1996).

Thus, it has been suggested that the associa-Thus, it has been suggested that the associa-

tion between antisocial behaviour andtion between antisocial behaviour and

maternal prenatal smoking may arisematernal prenatal smoking may arise

indirectly, mediated by the influence ofindirectly, mediated by the influence of

prenatal smoking on ADHD, and the co-prenatal smoking on ADHD, and the co-

morbidity between antisocial behaviourmorbidity between antisocial behaviour

and ADHD (Thaparand ADHD (Thapar et alet al, 2003). Co-, 2003). Co-

morbidity between ADHD and antisocialmorbidity between ADHD and antisocial

behaviour appears to be largely due to thebehaviour appears to be largely due to the

influence of the same genes on the twoinfluence of the same genes on the two

phenotypes (Silbergphenotypes (Silberg et alet al, 1996; Thapar, 1996; Thapar etet

alal, 2003), although there is some evidence, 2003), although there is some evidence

that environmental risk factors may alsothat environmental risk factors may also

contribute (Burtcontribute (Burt et alet al, 2001)., 2001).

The aim of the present study was toThe aim of the present study was to

investigate whether maternal prenatalinvestigate whether maternal prenatal

smoking contributes to the comorbiditysmoking contributes to the comorbidity

between antisocial behaviour and ADHD,between antisocial behaviour and ADHD,

or whether the association betweenor whether the association between

maternal prenatal smoking and antisocialmaternal prenatal smoking and antisocial

behaviour is mediated by ADHD, givenbehaviour is mediated by ADHD, given

the evidence that ADHD may increase thethe evidence that ADHD may increase the

risk of antisocial behaviour (Schachar &risk of antisocial behaviour (Schachar &

Tannock, 2002).Tannock, 2002).

METHODMETHOD

ParticipantsParticipants

The participants were a part of CaStaNETThe participants were a part of CaStaNET

(Cardiff Study of All Wales and North West(Cardiff Study of All Wales and North West

England Twins), a population-based twinEngland Twins), a population-based twin

register. The twins in this study were aregister. The twins in this study were a

sample of school age born between 1980sample of school age born between 1980

and 1991 in Greater Manchester (Thaparand 1991 in Greater Manchester (Thapar

et alet al, 2000). At the time of the study these, 2000). At the time of the study these

twins were aged 5–18 years. Of the 2846twins were aged 5–18 years. Of the 2846

families who were sent questionnaires,families who were sent questionnaires,

2082 (73%) returned completed forms.2082 (73%) returned completed forms.

Zygosity was determined using parentalZygosity was determined using parental

responses to a twin similarity question-responses to a twin similarity question-

naire, with an accuracy of 95% (Cohennaire, with an accuracy of 95% (Cohen etet

alal, 1975). Owing to ambiguous responses, 1975). Owing to ambiguous responses

162 twins were not assigned zygosity; 731162 twins were not assigned zygosity; 731

monozygotic twin pairs (383 female andmonozygotic twin pairs (383 female and

348 male) and 1189 dizygotic twin pairs348 male) and 1189 dizygotic twin pairs

(313 female, 276 male, and 600 opposite(313 female, 276 male, and 600 opposite

gender) were identified. However, 8 mono-gender) were identified. However, 8 mono-

zygotic and 16 dizygotic twin pairs whosezygotic and 16 dizygotic twin pairs whose

mothers did not provide data regardingmothers did not provide data regarding

their prenatal smoking were eliminatedtheir prenatal smoking were eliminated

from the analysis, resulting in a finalfrom the analysis, resulting in a final

sample of 723 monozygotic and 1173sample of 723 monozygotic and 1173

dizygotic twin pairs. The age distributiondizygotic twin pairs. The age distribution

of the twins in this analysis was: 5–9 years,of the twins in this analysis was: 5–9 years,

34.4%; 10–14 years, 47.4%; and 15+34.4%; 10–14 years, 47.4%; and 15+

years, 18.2%.years, 18.2%.

MeasuresMeasures

Parents were asked to complete the RutterParents were asked to complete the Rutter

A scale (Rutter, 1970), an extensively used,A scale (Rutter, 1970), an extensively used,

parent report questionnaire with goodparent report questionnaire with good

validity, retest reliability and interratervalidity, retest reliability and interrater

reliability. Antisocial behaviour in thereliability. Antisocial behaviour in the

twins was measured using antisocial itemstwins was measured using antisocial items

from the scale, which were: ‘does he everfrom the scale, which were: ‘does he ever

steal things?’, ‘often destroys own orsteal things?’, ‘often destroys own or

other’s belongings’, ‘is often disobedient’,other’s belongings’, ‘is often disobedient’,

‘often tells lies’, and ‘bullies other children’.‘often tells lies’, and ‘bullies other children’.

Item scores were summed for each twin.Item scores were summed for each twin.

The presence of ADHD was assessed usingThe presence of ADHD was assessed using

a modified version of the DuPaul ADHDa modified version of the DuPaul ADHD

rating scale (DuPaul, 1981), which con-rating scale (DuPaul, 1981), which con-

tained 14 DSM–III–R ADHD symptomstained 14 DSM–III–R ADHD symptoms

(American Psychiatric Association, 1987),(American Psychiatric Association, 1987),

and was augmented with four additionaland was augmented with four additional

items to cover ICD–10 symptoms of hyper-items to cover ICD–10 symptoms of hyper-

kinetic disorder (World Health Organiza-kinetic disorder (World Health Organiza-

tion, 1993; Thapartion, 1993; Thapar et alet al, 2001). Scores, 2001). Scores

were regressed for age and gender, andwere regressed for age and gender, and

standardised values were calculated priorstandardised values were calculated prior

to genetic analysis to eliminate any infla-to genetic analysis to eliminate any infla-

tion of common environment effects acrosstion of common environment effects across

same-gender twins (McGue & Bouchard,same-gender twins (McGue & Bouchard,

1984).1984).
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As a measure of maternal prenatalAs a measure of maternal prenatal

smoking, mothers were asked to retro-smoking, mothers were asked to retro-

spectively report how many cigarettes theyspectively report how many cigarettes they

smoked daily during their pregnancysmoked daily during their pregnancy

according to four categories: non-smokersaccording to four categories: non-smokers

(0 cigarettes), light smokers (1–10), moder-(0 cigarettes), light smokers (1–10), moder-

ate smokers (11–20) and heavy smokersate smokers (11–20) and heavy smokers

(over 20).(over 20).

Statistical analysisStatistical analysis

Initial statistical analyses were performedInitial statistical analyses were performed

using the Statistical Package for the Socialusing the Statistical Package for the Social

Sciences, version 10 for Windows (KinnearSciences, version 10 for Windows (Kinnear

& Gray, 2000). Data were double-entered& Gray, 2000). Data were double-entered

to avoid any bias owing to birth order,to avoid any bias owing to birth order,

and twin order was then selected randomly.and twin order was then selected randomly.

The structural equation modelling packageThe structural equation modelling package

Mx (Neale, 1997) was used to test a uni-Mx (Neale, 1997) was used to test a uni-

variate model that enables us to estimatevariate model that enables us to estimate

the proportion of the phenotypic variancethe proportion of the phenotypic variance

attributable toattributable to additive genetic effects,additive genetic effects,

non-additive geneticnon-additive genetic effects, and non-effects, and non-

shared environmental effects and maternalshared environmental effects and maternal

prenatal smoking (Fig. 1).prenatal smoking (Fig. 1).

To examine the relationship betweenTo examine the relationship between

maternal prenatal smoking, antisocialmaternal prenatal smoking, antisocial

behaviour and ADHD two further modelsbehaviour and ADHD two further models

were used. The first of these was awere used. The first of these was a

Cholesky model, which enabled us to lookCholesky model, which enabled us to look

at the extent to which genes and the envir-at the extent to which genes and the envir-

onment contribute to both the individualonment contribute to both the individual

phenotypic variation and the phenotypicphenotypic variation and the phenotypic

covariation between the two. This modelcovariation between the two. This model

also incorporated the measure of maternalalso incorporated the measure of maternal

prenatal smoking to investigate whetherprenatal smoking to investigate whether

smoking independently contributed to eachsmoking independently contributed to each

phenotype (Fig. 2).phenotype (Fig. 2).

The final model tested was one inThe final model tested was one in

which the relationship between maternalwhich the relationship between maternal

smoking in pregnancy and antisocial behav-smoking in pregnancy and antisocial behav-

iour is mediated by ADHD, with maternaliour is mediated by ADHD, with maternal

prenatal smoking increasing the risk ofprenatal smoking increasing the risk of

ADHD, and ADHD in turn increasing theADHD, and ADHD in turn increasing the

risk of antisocial behaviour. This ‘causal’risk of antisocial behaviour. This ‘causal’

model is shown in Fig. 3.model is shown in Fig. 3.

The fit of all models was tested usingThe fit of all models was tested using ww22

and Akaike’s information criterion (AIC),and Akaike’s information criterion (AIC),

which is calculated aswhich is calculated as ww22 minus twice theminus twice the

degrees of freedom, and provides an indexdegrees of freedom, and provides an index

both of parsimony and goodness of fit.both of parsimony and goodness of fit.

The fit of nested models is also tested andThe fit of nested models is also tested and

compared with the full model by compari-compared with the full model by compari-

sons of the goodness of fit and also AICsons of the goodness of fit and also AIC

values. The best fitting model was selectedvalues. The best fitting model was selected

as that in which pathways could beas that in which pathways could be

dropped without a significant reduction indropped without a significant reduction in

the fit of the model, and also with thethe fit of the model, and also with the

lowest AIC value.lowest AIC value.

RESULTSRESULTS

Males scored higher than females for bothMales scored higher than females for both

antisocial behaviour and ADHD symp-antisocial behaviour and ADHD symp-

toms, with means of 1.46 (s.d.toms, with means of 1.46 (s.d.¼1.87) for1.87) for

antisocial behaviour and 14.47antisocial behaviour and 14.47

(s.d.(s.d.¼11.97) for ADHD for males and11.97) for ADHD for males and

0.92 (s.d.0.92 (s.d.¼1.47) and 9.30 (s.d.1.47) and 9.30 (s.d.¼9.48) for9.48) for

females. The mean scores remainedfemales. The mean scores remained

constant across age. A Mann–Whitneyconstant across age. A Mann–Whitney UU--

test confirmed these differences to be sig-test confirmed these differences to be sig-

nificant (ADHD:nificant (ADHD: ZZ¼7710.80,10.80, PP550.001;0.001;

antisocial behaviour:antisocial behaviour: ZZ¼777.61,7.61, PP550.001).0.001).

Of the 29.1% (552) of mothers whoOf the 29.1% (552) of mothers who

reported smoking during pregnancy,reported smoking during pregnancy,

38.6% (213) smoked 1–10 cigarettes/day,38.6% (213) smoked 1–10 cigarettes/day,

15 615 6

Fig. 1Fig. 1 Aunivariate ADEmodel which includesmaternal smoking effects on the twins’ phenotypes (attention-A univariate ADEmodel which includesmaternal smoking effects on the twins’ phenotypes (attention-

deficit hyperactivity disorder and antisocial behaviour). A, additive genetic influences; D, non-additive geneticdeficit hyperactivity disorder and antisocial behaviour). A, additive genetic influences; D, non-additive genetic

influences; E, non-shared environmental influences; S, latent variable ofmaternal smoking which contributes toinfluences; E, non-shared environmental influences; S, latent variable ofmaternal smoking which contributes to

the twins’ antisocial phenotype as well as being the sole source of variance for thematernal prenatal smokingthe twins’ antisocial phenotype as well as being the sole source of variance for thematernal prenatal smoking

score (‘smoke’); MZ, monozygotic; DZ, dizygotic.score (‘smoke’); MZ, monozygotic; DZ, dizygotic.

Fig. 2Fig. 2 ACholesky decomposition. AACholesky decomposition. A11, additive genetic effects with influence on both attention-deficit hyper-, additive genetic effects with influence on both attention-deficit hyper-

activity disorder (ADHD) (aactivity disorder (ADHD) (a11) and antisocial behaviour (a) and antisocial behaviour (a22); A); A22, additive genetic effects specific to antisocial, additive genetic effects specific to antisocial

behaviour (abehaviour (a22); A); A22, additive genetic effects specific to antisocial behaviour (a, additive genetic effects specific to antisocial behaviour (a33); D); D11, non-additive genetic effects, non-additive genetic effects

with influence on ADHD (dwith influence on ADHD (d11); E); E11, non-shared environmental effects with influence on both ADHD (e, non-shared environmental effects with influence on both ADHD (e11) and anti-) and anti-

social behaviour (esocial behaviour (e22); E); E22, non-shared environmental effects specific to antisocial behaviour (e, non-shared environmental effects specific to antisocial behaviour (e33); S, prenatal); S, prenatal

smoking effects; ssmoking effects; s11, proportion of the variance of ADHD attributable to S; s, proportion of the variance of ADHD attributable to S; s22, proportion of the variance of, proportion of the variance of

antisocial behaviour attributable to S; v, the influence of the latent prenatal smoking variable on the prenatalantisocial behaviour attributable to S; v, the influence of the latent prenatal smoking variable on the prenatal

smoking score.smoking score.
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55.1% (304) smoked 11–20/day and 6.3%55.1% (304) smoked 11–20/day and 6.3%

(35) smoked more than 20/day. The mean(35) smoked more than 20/day. The mean

scores for both antisocial behaviour andscores for both antisocial behaviour and

ADHD increased with the number of cigar-ADHD increased with the number of cigar-

ettes smoked. Means ofettes smoked. Means of 770.11 and0.11 and 770.090.09

for antisocial behaviour and ADHD respec-for antisocial behaviour and ADHD respec-

tively were calculated for the non-smokingtively were calculated for the non-smoking

category, 0.15 and 0.11 were calculatedcategory, 0.15 and 0.11 were calculated

for those smoking fewer than 10 cigarettesfor those smoking fewer than 10 cigarettes

per day. Means were 0.35 and 0.24 forper day. Means were 0.35 and 0.24 for

those smoking 11–20/day, and 0.24 andthose smoking 11–20/day, and 0.24 and

0.30 for those smoking 20 or more cigar-0.30 for those smoking 20 or more cigar-

ettes per day. Both antisocial behaviourettes per day. Both antisocial behaviour

and ADHD correlated significantly withand ADHD correlated significantly with

amount of maternal prenatal smokingamount of maternal prenatal smoking

(antisocial behaviour:(antisocial behaviour: rr¼0.17,0.17, PP550.001;0.001;

ADHD:ADHD: rr¼0.14,0.14, PP550.001).0.001).

A gender limitation model was used toA gender limitation model was used to

identify whether the parameter estimatesidentify whether the parameter estimates

differed significantly across gender; fordiffered significantly across gender; for

ADHD no such difference was foundADHD no such difference was found

((DDww¼2.8232.823(4)(4),, PP¼0.588), although for anti-0.588), although for anti-

social behaviour there was a small but sig-social behaviour there was a small but sig-

nificant difference (nificant difference (DDww¼24.20624.206(4)(4),, PP550.001.)0.001.)

However, as we were not aiming to exam-However, as we were not aiming to exam-

ine gender differences in these analyses weine gender differences in these analyses we

regressed out both gender and age differ-regressed out both gender and age differ-

ences and included males, females andences and included males, females and

opposite-gender twin pairs in our analyses.opposite-gender twin pairs in our analyses.

Univariate modelsUnivariate models

The monozygotic and dizygotic correla-The monozygotic and dizygotic correla-

tions for ADHD were 0.74 and 0.45 respec-tions for ADHD were 0.74 and 0.45 respec-

tively, and the respective correlations fortively, and the respective correlations for

antisocial behaviour were 0.68 and 0.44,antisocial behaviour were 0.68 and 0.44,

suggesting a genetic contribution to both.suggesting a genetic contribution to both.

The univariate analyses showed ADHD toThe univariate analyses showed ADHD to

be moderately heritable, with both an addi-be moderately heritable, with both an addi-

tive and non-additive genetic component.tive and non-additive genetic component.

Neither of these parameters could beNeither of these parameters could be

dropped from the univariate analysis with-dropped from the univariate analysis with-

out significantly reducing the fit of theout significantly reducing the fit of the

model. The broad heritability of this pheno-model. The broad heritability of this pheno-

type is thus approximately 74%. However,type is thus approximately 74%. However,

dropping non-additive genetic influencesdropping non-additive genetic influences

(D) from the antisocial behaviour model(D) from the antisocial behaviour model

did not result in a worse fit, although drop-did not result in a worse fit, although drop-

ping additive genetic influences (A) did.ping additive genetic influences (A) did.

The AE model is thus the best fit, and theThe AE model is thus the best fit, and the

heritability is 66% (Table 1).heritability is 66% (Table 1).

Bivariate modelsBivariate models

A substantial correlation of 0.62A substantial correlation of 0.62

((PP550.001) between antisocial behaviour0.001) between antisocial behaviour

and ADHD was demonstrated, and theand ADHD was demonstrated, and the

results of bivariate model fitting are pre-results of bivariate model fitting are pre-

sented in Table 2. As it was possible to dropsented in Table 2. As it was possible to drop

additive genetic effects specific to antisocialadditive genetic effects specific to antisocial

behaviour, the best fitting Cholesky decom-behaviour, the best fitting Cholesky decom-

position model is one in which path aposition model is one in which path a33 waswas

dropped, thus setting the genetic correla-dropped, thus setting the genetic correla-

tion at 1.0. Thus there are no genetiction at 1.0. Thus there are no genetic

effects specific to antisocial behaviour.effects specific to antisocial behaviour.

Non-shared environment also appears toNon-shared environment also appears to

influence the correlation between the twoinfluence the correlation between the two

phenotypes. Moreover, it is not possiblephenotypes. Moreover, it is not possible

to drop the two paths from smoking toto drop the two paths from smoking to

antisocial behaviour or ADHD, indicatingantisocial behaviour or ADHD, indicating

that smoking is significantly associatedthat smoking is significantly associated

with both phenotypes, contributingwith both phenotypes, contributing

approximately 2% of the variance forapproximately 2% of the variance for

ADHD and 3% for antisocial behaviour.ADHD and 3% for antisocial behaviour.

Although it is not possible to directlyAlthough it is not possible to directly

compare the ‘causal’ model with thecompare the ‘causal’ model with the

Cholesky model, the model in which theCholesky model, the model in which the

relationship between maternal prenatalrelationship between maternal prenatal

smoking and antisocial behaviour wassmoking and antisocial behaviour was

mediated by ADHD did not fit the observedmediated by ADHD did not fit the observed

data, judging by the large and significantdata, judging by the large and significant ww22

fit, whereas the Cholesky model doesfit, whereas the Cholesky model does

appear to satisfactorily explain our dataappear to satisfactorily explain our data

statistically.statistically.

DISCUSSIONDISCUSSION

Causes of covariationCauses of covariation
Both ADHD and antisocial behaviour haveBoth ADHD and antisocial behaviour have

a substantial genetic and moderate non-a substantial genetic and moderate non-

shared environmental influence, althoughshared environmental influence, although

there is evidence of both additive andthere is evidence of both additive and

non-additive genetic influences on ADHDnon-additive genetic influences on ADHD

and only additive genetic influences on anti-and only additive genetic influences on anti-

social behaviour. As shown previously insocial behaviour. As shown previously in

other studies (Silbergother studies (Silberg et alet al, 1996) and for this, 1996) and for this

data-set using categorical definitions (Thapardata-set using categorical definitions (Thapar

et alet al, 2001), additive genetic influences ac-, 2001), additive genetic influences ac-

count for most of the covariation betweencount for most of the covariation between

the two, with a non-shared environmentalthe two, with a non-shared environmental

effect also contributing to a small extent.effect also contributing to a small extent.

Contribution of maternal prenatalContribution of maternal prenatal
smoking to the phenotypesmoking to the phenotype
Consistent with previous studies, we foundConsistent with previous studies, we found

that maternal smoking during pregnancythat maternal smoking during pregnancy

was associated with antisocial behaviourwas associated with antisocial behaviour

as well as ADHD, contributing 3% to theas well as ADHD, contributing 3% to the

variance of antisocial behaviour and 2%variance of antisocial behaviour and 2%

to the variance of ADHD.to the variance of ADHD.

Relationship between maternalRelationship between maternal
prenatal smoking, ADHDprenatal smoking, ADHD
and antisocial behaviourand antisocial behaviour
We investigated whether the relationship ofWe investigated whether the relationship of

maternal prenatal smoking with antisocialmaternal prenatal smoking with antisocial

behaviour was attributable to the associa-behaviour was attributable to the associa-

tion of maternal smoking in pregnancytion of maternal smoking in pregnancy

and ADHD and the covariation of theand ADHD and the covariation of the

157157

Fig. 3Fig. 3 Acausalmodel. AA causalmodel. A11, additive genetic effects influencing attention-deficit hyperactivity disorder (ADHD), additive genetic effects influencing attention-deficit hyperactivity disorder (ADHD)

(a(a11); A); A22, additive genetic effects influencing antisocial behaviour (a, additive genetic effects influencing antisocial behaviour (a33); D); D11, non-additive genetic effects influencing, non-additive genetic effects influencing

ADHD (dADHD (d11); E); E11, non-shared environmental effects influencing ADHD (e, non-shared environmental effects influencing ADHD (e11); E); E22, non-shared environmental effects, non-shared environmental effects

influencing antisocial behaviour (einfluencing antisocial behaviour (e33); S, prenatal smoking effects; s, proportion of the variance of ADHD attri-); S, prenatal smoking effects; s, proportion of the variance of ADHD attri-

butable to S; v, the influence of the latentprenatal smoking variable on theprenatal smoking score; b, the causalbutable to S; v, the influence of the latentprenatal smoking variable on theprenatal smoking score; b, the causal

relationship between ADHD and antisocial behaviour.relationship between ADHD and antisocial behaviour.
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two childhood phenotypes. However, thetwo childhood phenotypes. However, the

‘causal’ model did not fit the data at all‘causal’ model did not fit the data at all

whereas the Cholesky model did, suggest-whereas the Cholesky model did, suggest-

ing that smoking in pregnancy has a speci-ing that smoking in pregnancy has a speci-

fic influence on each, accounting for somefic influence on each, accounting for some

of the covariance between them, ratherof the covariance between them, rather

than resulting from this covariance. Thesethan resulting from this covariance. These

findings suggest that the association offindings suggest that the association of

smoking in pregnancy with antisocial be-smoking in pregnancy with antisocial be-

haviour is not attributable to its associationhaviour is not attributable to its association

with ADHD.with ADHD.

LimitationsLimitations

There are a number of limitations to thisThere are a number of limitations to this

study. First, the age range of the twinsstudy. First, the age range of the twins

was large and the sample contained male,was large and the sample contained male,

female and opposite-gender twins. A largerfemale and opposite-gender twins. A larger

twin data-set might allow more thoroughtwin data-set might allow more thorough

investigation of the relationships, control-investigation of the relationships, control-

ling for differences in both age and gender.ling for differences in both age and gender.

However, according to this study andHowever, according to this study and

previous research, these differences mayprevious research, these differences may

not be so important. Second, all measuresnot be so important. Second, all measures

used in this study were rated by a singleused in this study were rated by a single

individual, with mothers accounting for aindividual, with mothers accounting for a

large proportion of the raters. Conse-large proportion of the raters. Conse-

quently shared rater effects may accountquently shared rater effects may account

for some of the covariance between pheno-for some of the covariance between pheno-

types. This is an especially important factortypes. This is an especially important factor

given that maternal prenatal smoking maygiven that maternal prenatal smoking may

index antisocial behaviour in the motherindex antisocial behaviour in the mother

(Silberg(Silberg et alet al, 2003), which may be, 2003), which may be

associated with reporter bias. Using differ-associated with reporter bias. Using differ-

ent raters’ accounts of the child’s behav-ent raters’ accounts of the child’s behav-

iour, such as the child him- or herself,iour, such as the child him- or herself,

may help to overcome this problem.may help to overcome this problem.

Finally, the data-set is cross-sectional; theFinally, the data-set is cross-sectional; the

mother’s report of her smoking duringmother’s report of her smoking during

pregnancy is retrospective and a memorypregnancy is retrospective and a memory

of both smoking and the amount smokedof both smoking and the amount smoked

between 5 and 18 years previously was re-between 5 and 18 years previously was re-

quired. Consequently memory recall mayquired. Consequently memory recall may

have an effect on the outcomes of the study.have an effect on the outcomes of the study.

Another limitation of this study is thatAnother limitation of this study is that

it fails to account for the fact that maternalit fails to account for the fact that maternal

prenatal smoking may be an index of otherprenatal smoking may be an index of other

latent risk variables transmitted from thelatent risk variables transmitted from the

mother to the children. For example, itmother to the children. For example, it

has been suggested that maternal prenatalhas been suggested that maternal prenatal

smoking may index a broader antisocialsmoking may index a broader antisocial

phenotype in the mother (Silbergphenotype in the mother (Silberg et alet al,,

2003). Consequently, antisocial behaviour2003). Consequently, antisocial behaviour

of the offspring may partly or entirely resultof the offspring may partly or entirely result

from genetic transmission of the propensityfrom genetic transmission of the propensity

to antisocial behaviour from the mother toto antisocial behaviour from the mother to

child (Fergussonchild (Fergusson et alet al, 1998; Brennan, 1998; Brennan et alet al,,

1999). Although it was not possible to test1999). Although it was not possible to test

this hypothesis in the present study, lackthis hypothesis in the present study, lack

of a significant contribution of sharedof a significant contribution of shared

environmental influences along with aenvironmental influences along with a

significant influence of maternal prenatalsignificant influence of maternal prenatal

smoking suggests an underlying geneticsmoking suggests an underlying genetic

rather than environmental mediation,rather than environmental mediation,

consistent with other studies (Maughanconsistent with other studies (Maughan

et alet al, 2004). Finally, maternal prenatal, 2004). Finally, maternal prenatal

smoking may be indicative of othersmoking may be indicative of other

environmental risk factors for antisocialenvironmental risk factors for antisocial

behaviour, such as poor family relation-behaviour, such as poor family relation-

ships (van den Breeships (van den Bree et alet al, 2004) and low, 2004) and low

socio-economic status (Wakschlagsocio-economic status (Wakschlag et alet al,,

2002). Longitudinal studies and children2002). Longitudinal studies and children

of twins studies may be more useful inof twins studies may be more useful in

differentiating these causal relationships.differentiating these causal relationships.

ACKNOWLEDGEMENTACKNOWLEDGEMENT

This work was funded by a Medical ResearchThis work was funded by a Medical Research
Council scholarship toT.M.M.B.Council scholarship toT.M.M.B.

REFERENCESREFERENCES

American Psychiatric AssociationAmerican Psychiatric Association (1987)(1987) DiagnosticDiagnostic
and Statistical Manual of Mental Disordersand Statistical Manual of Mental Disorders (3rd edn,(3rd edn,
revised) (DSM^III^R).Washington,DC: APA.revised) (DSM^III^R).Washington,DC: APA.

Brennan, P. A.,Grekin, E. R. & Mednick, S. A.Brennan, P. A.,Grekin, E. R. & Mednick, S. A. (1999)(1999)
Maternal smoking during pregnancy and adult maleMaternal smoking during pregnancy and adult male
criminal outcomes.criminal outcomes. Archives of General PsychiatryArchives of General Psychiatry,, 5656,,
215^219.215^219.

Burt, S. A., Krueger, R. F., McGue, M.,Burt, S. A., Krueger, R. F., McGue, M., et alet al (2001)(2001)
Sources of covariation among attention-deficit/Sources of covariation among attention-deficit/
hyperactivity disorder, oppositional defiant disorder,hyperactivity disorder, oppositional defiant disorder,
and conduct disorder: the importance of sharedand conduct disorder: the importance of shared
environment.environment. Journal of Abnormal PsychologyJournal of Abnormal Psychology,, 110110,,
516^525.516^525.

Cohen, D. J., Dibble, E., Grawe, J. M.,Cohen, D. J., Dibble, E.,Grawe, J. M., et alet al (1975)(1975)
Reliably separating identical from fraternal twins.Reliably separating identical from fraternal twins.
Archives of General PsychiatryArchives of General Psychiatry,, 3232, 1371^1375., 1371^1375.

Cornelius, M. D. & Day,N. L.Cornelius, M. D. & Day, N. L. (2000)(2000) The effects ofThe effects of
tobacco use during and after pregnancy on exposedtobacco use during and after pregnancy on exposed
children.children. Alcohol Health and ResearchWorldAlcohol Health and ResearchWorld,, 2424,,
242^249.242^249.

15 915 9

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Maternal prenatal smoking is associatedwith both antisocial behaviour andMaternal prenatal smoking is associatedwith both antisocial behaviour and
attention-deficit hyperactivity disorder (ADHD) in offspring.attention-deficit hyperactivity disorder (ADHD) in offspring.

&& The association of smoking in pregnancy with antisocial behaviour in offspringThe association of smoking in pregnancy with antisocial behaviour in offspring
appears to operate independently; it does not appear to bemediated through theappears to operate independently; it does not appear to bemediated through the
covariationwith ADHD.covariationwith ADHD.

&& We cannotconcludewith confidence that smokingduringpregnancy is not a directWe cannotconcludewith confidence that smokingduringpregnancy is not a direct
risk factor for both ADHD symptoms and conduct disorder in offspring.Therefore,risk factor for both ADHD symptoms and conduct disorder in offspring.Therefore,
the safest clinicalmessage is that smoking in pregnancy should be avoided.the safest clinicalmessage is that smoking in pregnancy should be avoided.

LIMITATIONSLIMITATIONS

&& The data-set is cross-sectional, covers a large age range and bothmales andThe data-set is cross-sectional, covers a large age range and bothmales and
females.females.

&& Themeasures used in this study were all parent-rated, and themajority of ratersThemeasures used in this study were all parent-rated, and themajority of raters
were themothers; consequently if smoking behaviour is, as has been suggested, anwere themothers; consequently if smoking behaviour is, as has been suggested, an
index ofmaternal antisocial behaviour, theremay be some bias from shared raterindex ofmaternal antisocial behaviour, theremay be some bias from shared rater
effects in thematernal responses.effects in thematernal responses.

&& The report ofmaternal smoking in pregnancy is retrospective.Problemswith suchThe report ofmaternal smoking in pregnancy is retrospective.Problemswith such
long-termmemory recallmay influence the results.long-termmemory recallmay influence the results.

T.M.M.BUTTON,PhD, Social,Genetic and Developmental Psychiatry Centre, Institute of Psychiatry,DenmarkT.M.M.BUTTON,PhD, Social,Genetic and Developmental Psychiatry Centre, Institute of Psychiatry,Denmark
Hill, London SE5 8AF; A.THAPAR,MRCPsych, Section of Child and Adolescent Psychiatry,Department ofHill, London SE5 8AF; A.THAPAR,MRCPsych, Section of Child and Adolescent Psychiatry,Department of
Psychological Medicine,University of Wales College of Medicine,Cardiff; P.McGUFFIN, FRCPsych, Social,Psychological Medicine,University of Wales College of Medicine,Cardiff; P.McGUFFIN, FRCPsych, Social,
Genetic and Developmental Psychiatry Centre, Institute of Psychiatry,Denmark Hill, LondonGenetic and Developmental Psychiatry Centre, Institute of Psychiatry,Denmark Hill, London

Correspondence:DrT.M.M.Button,Institute for Behavioral Genetics, 447 UCB,Boulder,CO80309-447,Correspondence:DrT.M.M.Button,Institute for Behavioral Genetics, 447 UCB,Boulder,CO80309-447,
USA.E-mail: tanya.buttonUSA.E-mail: tanya.button@@colorado.educolorado.edu

(First received 15 June 2004, final revision 5 November 2004, accepted 16 November 2004)(First received 15 June 2004, final revision 5 November 2004, accepted 16 November 2004)

https://doi.org/10.1192/bjp.187.2.155 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.187.2.155


BUT TON ET ALBUT TON ET AL

DuPaul,G. J.DuPaul, G. J. (1981)(1981) Parent and teacher ratings ofParent and teacher ratings of
ADHD symptoms. Psychometric properties in aADHD symptoms. Psychometric properties in a
community-based sample.community-based sample. Journal of Clinical ChildJournal of Clinical Child
PsychologyPsychology,, 2020, 245^253., 245^253.

Fergusson, D. M. & Horwood, L. J.Fergusson, D. M. & Horwood, L. J. (1995)(1995) EarlyEarly
disruptive behavior, IQ, and later school achievementdisruptive behavior, IQ, and later school achievement
and delinquent behavior.and delinquent behavior. Journal of Abnormal ChildJournal of Abnormal Child
PsychologyPsychology,, 2323, 183^199.,183^199.

Fergusson, D. M.,Woodward, L. J. & Horwood, L. J.Fergusson, D. M.,Woodward, L. J. & Horwood, L. J.
(1998)(1998) Maternal smoking during pregnancy andMaternal smoking during pregnancy and
psychiatric adjustment in late adolescence.psychiatric adjustment in late adolescence. Archives ofArchives of
General PsychiatryGeneral Psychiatry,, 5555, 721^727., 721^727.

Kinnear, P. R. & Gray,C. D.Kinnear, P. R. & Gray,C. D. (2000)(2000) SPSS for WindowsSPSS for Windows
Made SimpleMade Simple.Hove: Psychology Press..Hove: Psychology Press.

Maughan, B.,Taylor,C.,Taylor, A.,Maughan, B.,Taylor,C.,Taylor, A., et alet al (2001)(2001)
Pregnancy, smoking and childhood conduct problems: aPregnancy, smoking and childhood conduct problems: a
causal association?causal association? Journal of Child Psychology andJournal of Child Psychology and
PsychiatryPsychiatry,, 4242, 1021^1028., 1021^1028.

Maughan, B.,Taylor, A.,Caspi, A.,Maughan, B.,Taylor, A., Caspi, A., et alet al (2004)(2004)
Prenatal smoking and early childhood conductPrenatal smoking and early childhood conduct
problems: testing genetic and environmentalproblems: testing genetic and environmental
explanations of the association.explanations of the association. Archives of GeneralArchives of General
PsychiatryPsychiatry,, 6161, 836^843., 836^843.

McGue, M. & Bouchard,T. J.McGue, M. & Bouchard,T. J. (1984)(1984) Adjustment ofAdjustment of
twin data for the effects of age and sex.twin data for the effects of age and sex. BehaviorBehavior
GeneticsGenetics,, 1414, 325^343., 325^343.

Mick, E., Biederman, J., Faraone, S.V.,Mick, E., Biederman, J., Faraone, S.V., et alet al (2002)(2002)
Case^control study of attention-deficit hyperactivityCase^control study of attention-deficit hyperactivity
disorder and maternal smoking, alcohol use, and drugdisorder and maternal smoking, alcohol use, and drug
use during pregnancy.use during pregnancy. Journal of the American Academy ofJournal of the American Academy of
Child and Adolescent PsychiatryChild and Adolescent Psychiatry,, 4141, 378^385., 378^385.

Neale, M.C.Neale, M.C. (1997)(1997) Mx: Statistical ModelingMx: Statistical Modeling.Richmond,.Richmond,
VA:Department of Psychiatry,Medical College ofVA:Department of Psychiatry,Medical College of
Virginia.Virginia.

Rutter, M.Rutter, M. (1970)(1970) Appendix 6: A children’s behaviourAppendix 6: A children’s behaviour
questionnaire for completion by parents. Inquestionnaire for completion by parents. In Education,Education,
Health and BehaviourHealth and Behaviour (eds M.Rutter, J.Tizard & K.(eds M.Rutter, J.Tizard & K.
Whitmore), pp.412^421.NewYork: J.Wiley & Sons.Whitmore), pp.412^421.NewYork: J.Wiley & Sons.

Schachar, R. & Tannock, R.Schachar, R. & Tannock, R. (2002)(2002) Syndromes ofSyndromes of
hyperactivity and attention deficit. Inhyperactivity and attention deficit. In Child andChild and
Adolescent PsychiatryAdolescent Psychiatry (eds M.Rutter & E.Taylor),(eds M.Rutter & E.Taylor),
pp. 399^418.Oxford: Blackwell Scientific.pp. 399^418.Oxford: Blackwell Scientific.

Silberg, J. L., Rutter, M., Meyer, J.,Silberg, J. L., Rutter, M., Meyer, J., et alet al (1996)(1996)
Genetic and environmental influences on the covariationGenetic and environmental influences on the covariation
between hyperactivity and conduct disturbance inbetween hyperactivity and conduct disturbance in
juvenile twins.juvenile twins. Journal of Child Psychology and PsychiatryJournal of Child Psychology and Psychiatry,,
3737, 803^816., 803^816.

Silberg, J. L., Parr,T., Neale, M. C.,Silberg, J. L., Parr,T., Neale, M. C., et alet al (2003)(2003)
Maternal smoking during pregnancy and risk to boys’Maternal smoking during pregnancy and risk to boys’
conduct disturbance: an examination of the causalconduct disturbance: an examination of the causal
hypothesis.hypothesis. Biological PsychiatryBiological Psychiatry,, 5353, 130^135.,130^135.

Taylor, E., Chadwick,O.,Heptinstall, E.,Taylor, E.,Chadwick,O.,Heptinstall, E., et alet al (1996)(1996)
Hyperactivity and conduct problems as risk factors forHyperactivity and conduct problems as risk factors for

adolescent development.adolescent development. Journal of the AmericanJournal of the American
Academy of Child PsychiatryAcademy of Child Psychiatry,, 3535, 1213^1226., 1213^1226.

Thapar, A.,Harrington, R., Ross, K.,Thapar, A.,Harrington, R., Ross, K., et alet al (2000)(2000)
Does the definition of ADHD affect heritability?Does the definition of ADHD affect heritability? JournalJournal
of the American Academy of Child and Adolescentof the American Academy of Child and Adolescent
PsychiatryPsychiatry,, 3939, 1528^1536.,1528^1536.

Thapar, A.,Harrington, R. & McGuffin, P.Thapar, A.,Harrington, R. & McGuffin, P. (2001)(2001)
Examining the comorbidity of ADHD-relatedExamining the comorbidity of ADHD-related
behaviours and conduct problems using a twin studybehaviours and conduct problems using a twin study
design.design. British Journal of PsychiatryBritish Journal of Psychiatry,, 179179, 224^229., 224^229.

Thapar, A., Fowler,T., Rice, F.,Thapar, A., Fowler,T., Rice, F., et alet al (2003)(2003) MaternalMaternal
smoking during pregnancy and attention deficitsmoking during pregnancy and attention deficit
hyperactivity disorder symptoms in offspring.hyperactivity disorder symptoms in offspring. AmericanAmerican
Journal of PsychiatryJournal of Psychiatry,, 160160, 1985^1989.,1985^1989.

van den Bree, M. B.,Whitmer, M. D. & Pickworth,van den Bree, M. B.,Whitmer, M. D. & Pickworth,
W. B.W. B. (2004)(2004) Predictors of smoking development in aPredictors of smoking development in a
population-based sample of adolescents. A prospectivepopulation-based sample of adolescents. A prospective
study.study. Journal of Adolescent HealthJournal of Adolescent Health,, 3535, 172^181.,172^181.

Wakschlag, L. S., Pickett, K. E.,Cook, E. Jr,Wakschlag, L. S., Pickett, K. E., Cook, E. Jr, et alet al
(2002)(2002) Maternal smoking during pregnancy and severeMaternal smoking during pregnancy and severe
antisocial behavior in offspring: a review.antisocial behavior in offspring: a review. AmericanAmerican
Journal of Public HealthJournal of Public Health,, 9292, 966^974., 966^974.

World Health OrganizationWorld Health Organization (1993)(1993) The ICD^10The ICD^10
Classification of Mental and Behavioural Disorders:Classification of Mental and Behavioural Disorders:
Diagnostic Criteria for Research.Diagnostic Criteria for Research.Geneva:WHO.Geneva:WHO.

16 016 0

https://doi.org/10.1192/bjp.187.2.155 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.187.2.155

