But Fidgety Phil

He won't sit still

He wriggles

And giggles

and then, I declare,

Swings backwards and forwards,
And tilted his chair

See the naughty, restless child,
Growing still more rude and wild,
Till his chair falls over quite.

Freely translated from Heinrich Hoffmann, 1845
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CHAPTER

AIMS AND OUTLINE




Chapter 1

Aims and outline

In this thesis I will focus on a number of aspects related to attention problems (AP), hyper-
activity (HI), and attention deficit hyperactivity disorder (ADHD). These aspects all deal
with the analysis of individual differences in AP, HI and ADHD in large cohorts of young
twins.The first chapter provides an introduction and background on the genetics of AP, HI,
and ADHD in children. Chapters three to twelve are divided into three sections, in accor-
dance with the three main aims of this thesis. Chapter thirteen presents a more detailed
description of the sample and the data collection procedures in relation to the effects of
attrition and birth cohort on attention problems. Chapter fourteen provides a summary and
general discussion of the findings in this thesis.
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AIM 1: INVESTIGATION OF SEX DIFFERENCES IN AP, HI, AND ADHD

The first aim of this thesis is to investigate sex differences in AP, HI, and ADHD. In chapter
three, I look at the measurement issues and investigate if the relation between latent AP
factors and observed item scores for AP, HI, and ADHD is identical in boys and girls. In
chapter four, the relation between a quantitative (Child Behavior Checklist) and a categori-
cal (DSM-1V) measure is examined. One of the questions concerns the presence of sex dif-
ferences in the association between the CBCL-AP score and the DSM-IV diagnosis of
ADHD. In chapter five, I address the issue of gender and prevalence, and attempt to answer
the question why boys with ADHD are more often referred for treatment than girls with
ADHD.

AIM 2: METHODOLOGICAL ISSUES IN TWIN STUDIES ON ATTENTION
PROBLEMS

The second aim of this thesis is to look at a number of issues, which are important to the
methodology of twin studies. These include potential differences between responders and
non-responders in research projects. In chapter six, the impact of non-random attrition is
discussed under the assumption that the attrition is related to aspects that are measured at
an earlier time-point. Psychopathological data are often highly skewed and kurtotic,
because of the absence of psychopathology in most subjects. In chapter seven, I investigate
the effect of non-normality of observed phenotypic data on the estimates of the genetic and
environmental influences. Estimation of genetic and environmental influences on a pheno-
typic trait within the twin design is usually based on the assumption that monozygotic
(MZ) and dizygotic (DZ) twins share equal amounts of the environment that are relevant to
the specific trait under study. In chapter eight, I explore how this “Equal Environment
Assumption” can be tested based on multivariate phenotypic data.

AIM 3: STUDYING AETIOLOGICAL INFLUENCES ON INDIVIDUAL DIF-
FERENCES IN AP, HI, AND ADHD

The third aim of this thesis is the investigation of genetic and environmental influences on
individual differences in AP, HI and ADHD. I extent this question by looking at the effects
of different informants on the behavior of children and the use of different measures. I will
then move toward identifying specific environmental mediators of these traits using the
MZ discordant design. In chapter nine, genetic and environmental influences on individual
differences in childhood psychopathology in three-year-old children whose behaviour is
rated by their mothers and fathers, are examined. In chapter ten, maternal Child Behavior
Checklist (CBCL) scores and Teacher Report Form (TRF) scores on AP are analyzed in a
multivariate design to examine whether individual differences are explained by the same
genetic and environmental influences, or by different influences. The presence of teacher
rater bias is investigated by comparing the correlation in twin-pairs in which the two
members are rated by the same teacher with the correlation in twins-pairs in which the two
members are rated by different teachers. In chapter eleven, multivariate analyses are per-
formed on three maternally rated problem behavior scores: CBCL-AP, Conners ADHD-
index, and the DSM-1V diagnosis of ADHD in a selected sample of twins. Chapter twelve,
which uses the “MZ discordant twin design” aims to specify environmental influences that
make two members of a monozygotic twin-pair (who are genetically identical) different.
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CHAPTER

GENETICS OF ADHD, HYPERACTIVITY,
AND ATTENTION PROBLEMS

This chapter is based on E.M. Derks, ].J. Hudziak, & Boomsma, D.I. Genetics of
ADHD, Hyperactivity, and Attention Problems. In: Handbook of Behavior Genetics,
in press.




Chapter 2

Genetics of ADHD, Hyperactivity, and Attention Problems

OVERVIEW

Attention Deficit Hyperactivity Disorder (ADHD) is characterized by symptoms of inatten-
tion, and/ or hyperactivity-impulsivity. Inattention symptoms are present when an individ-
ual fails to pay attention and has difficulty concentrating. Children or adults who are
hyperactive fidget, squirm and move about constantly and can't sit still for any length of
time. Impulsivity can be described as acting or speaking too quickly without first thinking
of the consequences. Children with ADHD face developmental and social difficulties. As
adults, they may face problems related to employment, driving a car, or relationships (Bar-
kley, 2002). As is the case for many other psychiatric disorders, the diagnosis of ADHD is
not based on a specific pathological agent, such as a microbe, a toxin, or a genetic mutation,
but instead on the collection of signs and symptoms that occur together more frequently
than expected by chance (Todd et al., 2005). Genetic studies of psychiatric disorders are
complicated by this lack of clear diagnostic tests (Hudziak, 2001). Heritability estimates in
epidemiological genetic studies, and the results of gene-finding studies may vary as a con-
sequence of the instrument that is used to assess ADHD, and of other factors such as the
specific population that is investigated. In the current chapter we will focus on behavioral
measures of ADHD, and not on endophenotypes (i.e., phenotypes that form a link between
the biological pathway and the behavioral outcome, for example executive functioning). An
excellent overview of endophenotypes for ADHD can be found in Castellanos & Tannock
(2002). In this overview, we will first present epidemiological studies on the prevalence of
ADHD (section I). Next, the results of studies reporting the heritability of ADHD and
related phenotypes will be discussed (section II). We concentrate on variation in these sta-
tistics as a result of the specific characteristics of the samples (e.g., age, and sex of the chil-
dren) and as a result of variation in the assessment methods, and informants. Finally, we
give an overview of studies reporting on the agreement between questionnaire data and
diagnostic interviews (section III).

PREVALENCE OF ADHD

The current guidelines for the diagnosis of ADHD in the fourth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV) describe three different subtypes of
ADHD: i) ADHD of the inattentive type, which requires the presence of six out of nine
symptoms related to inattention; ii) ADHD of the hyperactive/impulsive type, which
requires the presence of six out of nine hyperactive/impulsive symptoms, and iii) ADHD of
the combined type, which requires the presence of six out of nine inattention symptoms
and six out of nine hyperactive/impulsive symptoms (American Psychiatric Association,
1994). Additional criteria are the presence of some hyperactive/impulsive or inattentive
symptoms before age 7 years, and impairment from the symptoms in two or more settings.
In research settings, the diagnosis of ADHD is not always based on these formal criteria. In
some studies, the diagnosis is based on behavior checklists, whose items are summed into a
total score. ADHD is then assumed to be present when a child scores above a certain diag-
nostic cutoff criterion. Diagnoses based on checklists usually do not incorporate additional
requirements such as age of onset before age 7 years, or impairment.

Prevalence estimates of ADHD may vary as a result of instrument variance (e.g.,
DSM diagnoses versus checklists), and as a function of sex and age of the children. We
summarize epidemiological studies that report prevalence estimates for ADHD based on
DSM criteria in Table 1. These prevalences can be compared with the prevalences based on
checklist data which are shown in Table 2. In both Tables, information on the assessment
method, and on the age and sex of the children has been included.

The prevalences based on diagnostic interview studies varied between 1.5% and 19.0%
in boys, and between 0.3 and 8.8% in girls. In both boys and girls, the lowest prevalence
was reported in a study that used a three month prevalence instead of the usual 1 year
prevalence which may explain the discrepancy with other findings (Costello et al., 2003).
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The highest prevalence was reported in a study that did not include impairment criteria
(Graetz et al., 2005). Breton et al. (199(1999) also excluded impairment criteria. Excluding
the results of these three studies, the prevalences are in the range of 2.4-11% in boys and 1.3-
4% in girls. The prevalences based on checklist data range between 2.9 and 23.1% in boys and
between 1.4-13.6% in girls. Baumgaertel et al. (1995)(1995), who did not show the preva-
lences by sex, reported a prevalence of 17.8, which is in the upper range for both sexes.

Clearly, higher prevalences are reported when diagnosis is based on questionnaire
data compared to clinical diagnoses. How can this discrepancy be explained? Wolraich et
al. (1998) showed that the rate of overall ADHD (i.e., irrespective of subtype), based on
checklist data in a sample of 698 boys and girls drops from 16.1% to 6.8% when impairment
is required for diagnosis. Similarly, in the study of Breton et al. (1999), the prevalence based
on parental reports dropped from 5.0 to 4.0% when including impairment criteria. Because
impairment criteria are usually included in diagnostic interview studies and not in studies
using questionnaire data, it is likely that the higher prevalence in questionnaire data is the
result of the exclusion of impairment criteria.

Table 1. Prevalence estimates based on clinical diagnosis in community based

samples
STUDY N METHOD ANY ADHD INATTENTIVE HYPERACTIVE COMBINED  AGE
BOYS/GIRLS BOYS/GIRLS BOYS/GIRLS  BOYS/GIRLS
(SEX RATIO) SEX RATIO) (SEX RATIO)  (SEX RATIO)
Lavigne et al. DSM-III-R diagnosis by
(1996)* 1150 clinician 24/1.3(1.8) - - - 2-5
DSM-III-R clinical inter-
Breton et al. view with child
(1999)** 2400 Six month prevalence 8 B - ° 6-14
Impairment not include d
Clinical interview with
2400 te_acher 89 _ - - 6-14
Six month prevalence
Impairment not include d
Clinical interview with
2400  Parent 5.0 ; . ; 6-14
Six month prevalence
Impairment not include d
Rohde et al. DSM-IV clinical interview
(1999) 1013 with parent and child 5.5/6.1(.90) 2.0 0.8 3.0 12-14
Cuffe et al DSM-III-R clinical inter-
’ 490 view with adolescent 2.6/0.5(4.9) - - - 16-22
(2001)
and parent
Graetz et al. DSM-IV clinical interview 5.1/2.3
(2001) 3897 parent 11.0/4.0 (2.8) 2.2) 24/1.4(1.7)  3.1/0.7 (4.4) 6-17
DSM-IV clinical interview
(Cz%sgg')'o etal 1420  with parent (15'?’ 03 - - - 9-13
Three month prevalence
DSM-IV clinical interview
with parent, teacher and
Ford et al. ’ 1.0/0.3 0.3/0.04
(2003) 10438  self 3.6/0.9 (4.3) (3.0) ) 2.3/0.5(4.6) 5-15

(diagnosis based on
judgment by clinician)

* This is the weighted N which is calculated based on the information provided in the paper. The weigthed prevalence of ADHD is 2%, the
number of subjects is 23, so the weighted total number of subjects is 23 /.02=1150

**  Breton et al. do not give the prevalences by sex, but do report the odds ratio’s for male:female. These are 4.0 in self-reports, 5.1 in teacher
reports, and 2.9 in parental reports
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Chapter 2

Genetics of ADHD, Hyperactivity, and Attention Problems

Table 1.

Prevalence estimates based on clinical diagnosis in community based

samples (Continued)

STUDY N METHOD ANY ADHD INATTENTIVE HYPERACTIVE COMBINED AGE
BOYS/GIRLS BOYS/GIRLS BOYS/GIRLS  BOYS/GIRLS
(SEX RATIO) SEX RATIO) (SEX RATIO)  (SEX RATIO)
DSM-IV clinical interview
Graetzetal. 5375 With parent 10.0/8.8 (2.2) 8:9/44 34118(19) 6.7/26(26) 613
(2005) - . (2.0)
Impairment not included
Neuman et al. DSM-IV clinical interview 4.5/0.6 0.5/1.2
(2005) 1472 with parent 7.4/3.9 (1.9) (7.5) (4) 2.3/21(1.1) 719

* This is the weighted N which is calculated based on the information provided in the paper. The weigthed prevalence of ADHD is 2%, the

number of subjects is 23, so the weighted total number of subjects is 23 /.02=1150

**  Breton et al. do not give the prevalences by sex, but do report the odds ratio’s for male:female. These are 4.0 in self-reports, 5.1 in teacher
reports, and 2.9 in parental reports

Table 2. Prevalence estimates based on behavioral checklist data in community based
samples
STUDY N METHOD ANY ADHD INATTENTIVE HYPERACTIVE COMBINED AGE
BOYS/GIRLS BOYS/GIRLS BOYS/GIRLS  BOYS/GIRLS
(SEX RATIO) (SEX RATIO) (SEX RATIO)  (SEX RATIO)
DSM-III-R rating scale by
. parent, teacher, and self.
Szatmari 1486 Prevalences based on 10.1/3.3 4-11
et al. (1989) h B . 3.1)
hierarchical log-linear
models
DSM-III-R rating scale by
parent, teacher, and self. 7334
1236 Prevalences based on Ay - - - 12-16
h h A 2.1)
hierarchical log-linear
models
Baumgaertel DSM-IV rating scale by
ot al.(1995) 1077 teacher 17.8 9.0 3.9 4.8 5-12
. . Kindergarten
Wolraich 8258 DSM-IV rating scale by 16.2/6.1 7.2/13.5 3.8/0.9 5.3/1.6 th
et al. (1996) teacher @7 2.1) (4.2) (3.3) through 5
grade
Nolan et al. 413 DSM-IV rating scale by 21.5/13.6 3.8/4.0 7.6/5.1 10.1/4.6 3.5
(2001) teacher (1.6) (.95) (1.5) (2.2)
1520 DSM-IV rating scale by 23.1/8.2 14.4/6.0 3.4/1.1 5.3/1.1 5.12
teacher (2.8) (2.4) 3.1) (4.8)
1073 DSM-IV rating scale by 20.1/8.8 14.5/8.0 1.6/0.0 4.0/0.8 12-18
teacher (2.3) (1.8) (incalculable)  (5.0)
Larsson etal. DSM-III-R rating scale by
(2004) 2083 | arent 47 - - - 8-9
2055 DSM-III-R rating scale by 31 } B } 13-14
parent
Levy et al. 1550 DSM-IV rating scale by _ 1/4.3 3.11.7 5.8/2.0 4-12
(2005) mother (2.3) (1.8) (2.9)
Cuffe et al. Strengths and Difficulties  3.1/1.4
(2005) 6933 Questionnaire (2.2) ° - ” 4-8
Strengths and Difficulties  6.3/2.1
7431 Questionnaire (3.0) B - B 813
Strengths and Difficulties 2.9/1.8
5636 Questionnaire (1.6) ” - ” 14-17
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In Tables 1 and 2, higher prevalences for ADHD are reported in boys than in girls.
The mean sex ratio’s were calculated by taking the average of the sex ratio’s across studies.
For overall ADHD, the ratio of boys:girls ranges from 0.9:1 to 5:1 with a mean sex ratio of
about 2.5:1. The sex ratio is lowest in young children (3-5 years; mean sex-ratio is 1.7:1), and
highest in older children (5-13 years; mean sex-ratio is about 3:1). In adolescents (13-17
years), the sex-ratio is about 2.5:1. The sex ratio’s do not vary much by subtype. The sex
ratio’s are 2.5:1,, 2.5:1, and 3.5:1 for the inattentive type, the hyperactive-impulsive type,
and the combined type, respectively. The male:female ratio is not very high in epidemiolog-
ical studies (about 3:1), but is clearly higher (about 9:1) in clinical settings (Gaub & Carlson,
1997).

In two studies, the prevalence of ADHD was estimated separately in three age
groups (Nolan et al., 2001; Cuffe et al., 2005). Both studies show a relatively low prevalence
of ADHD in young children, an increased prevalence in older children, and again a
relatively low prevalence in adolescents. A recent epidemiological study in adults showed
that ADHD may be common in adulthood. Broad screening DSM-IV criteria (symptom
occurred sometimes or often) identified 16.4% of a population of 966 adults as having
ADHD, while 2.9% of the adults met narrow screening criteria (symptom occurred often)
(Faraone & Biederman, 2005).

GENETIC EPIDEMIOLOGICAL STUDIES ON ADHD IN CHILDREN

Many studies report the heritability of ADHD from a comparison of the covariance struc-
ture in monozygotic (MZ) and dizygotic (DZ) twins. In these studies, variation in the vul-
nerability for ADHD is decomposed into genetic and environmental components. The
decomposition of variance takes place by comparing the similarity (covariance or correla-
tion) between MZ twins, who are nearly always genetically identical, and DZ twins, who on
average share half of their segregating alleles. MZ twins share all additive genetic and non-
additive genetic variance. DZ twins on average share half of the additive genetic and one
quarter of the non-additive genetic variance (Plomin et al., 2001). The environmental
decomposition of the phenotypic variance is into shared environmental variance and non-
shared, or specific, environmental variance. The environmental effects shared in common
by two members of a twin pair (C) are by definition perfectly correlated in both monozy-
gotic and dizygotic twins. The non-shared environmental effects (E) are by definition
uncorrelated in twin pairs. A first estimate of additive genetlc heritability based on twin
data is obtained from comparing MZ and DZ correlations: a’ = = 2(rvz - pz)- The impor-
tance of non-additive genetlc influence is obtained from: d? = =4(rpy - rvz) and of shared
environmental factors ¢ = = 2rpy- vz Finally, the estimate of the non-shared environmental
component is obtained from e“=1- ryy. In the classic twin design, one cannot estimate D
and C simultaneously and usually the choice for an ADE or ACE model is based on the
pattern of MZ and DZ twin correlations. Parameters a%, c2,d?, and e? are then obtained with
e.g. Maximum likelihood estimation using software packages as Mx (Neale et al., 2003) or
Mplus (Muthén & Muthén, 2000).

Papers reporting on the heritability of ADHD find large genetic influences, irrespec-
tive of the choice of instrument, informant, or sex and age of the child. Another general
finding is the non-significant influence of the shared environment. We summarize these
results by measurements of: i) ADHD symptoms (i.e., instrument includes both hyperac-
tivity-impulsivity and attention problem symptoms (Table 3); ii) hyperactivity (Table 4);
and iii) attention problems (Table 5). In the tables, we included information on the
instrument that was used to assess ADHD. It should be noted that the majority of the
studies used symptom counts rather than categorical diagnosis. If a research group
published more than one paper based on the same sample, we included only the study with

17

SWIA[qOIJ uonu)y pue “‘Aytanoerdd AL ‘qHAYV JO sonauan) Z Jeldeqo



Chapter 2

Genetics of ADHD, Hyperactivity, and Attention Problems

the largest sample size. The broad-band heritability of ADHD ranges between 35% and
89%. For hyperacti-vity, the broad-band heritability ranges between 42 and 100%. Finally,
for attention pro-blems, the broad-band heritability ranges between 39 and 81%.

Longitudinal studies show that symptom ratings of attention problems are stable
between ages 7 and 12 (Rietveld et al., 2004). The same is true for symptom ratings of
ADHD between 8 and 13 years of age (Larsson et al., 2004). These two studies report
remarkably similar correlations of about .5 for five year test-retest correlations. Likewise,
both studies report that the stability of symptom ratings of attention problems is mainly
explained by additive genetic effects, but that the genetic effects are far from perfectly
stable. Only a subset of the genes that operate at one age does so at a later age.

Sex differences in genetic influences on ADHD

When examining the genetic architecture of a trait, two different kinds of sex differences
can be distinguished. Quantitative sex differences reflect sex differences in the magnitude of
the genetic influences: do genes explain the same or different amounts of variation in boys
and girls? Qualitative sex differences reflect differences in the specific genes that are
expressed in boys and girls. Below, we discuss quantitative and qualitative sex differences
in ADHD.

Thirteen of the studies reported in Tables 3-5 tested for quantitative sex differences
in ADHD (see Table 3-5). Seven of these studies reported the absence of significant sex
differences. In the remaining six studies, the presence of sex differences varied by
informant and age. The effect sizes of the statistically significant sex differences were small
and the pattern of sex differences was inconsistent over studies. In some studies heritability
was higher in boys while in other studies heritability was higher in girls. The small effect
sizes and the inconsistent pattern of results support the conclusion that the magnitudes of
the etiological factors influencing variation in ADHD do not vary much as a function of the
child’s sex.

Nine studies investigated if different genes are expressed in boys and girls. Eight
studies did not find qualitative sex differences. One study reported on different genes in
boys and girls, but only for twins who were rated by the same teacher and not for twins
rated by parents or different teachers (Saudino et al., 2005). Future studies should reveal if
this finding of qualitative sex differences in teacher ratings can be replicated.
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Informant differences

The heritabilities for ADHD rated by father and mother appear to be similar in most studies
(Derks et al., 2004; Beijsterveldt van et al., 2004; Eaves et al., 1997), but not in others
(Goodman & Stevenson, 1989). Heritabilities for teacher ratings range between 39 and 81%,
and are usually lower than the heritabilities based on parental ratings in the same sample
(Eaves et al., 1997; Kuntsi & Stevenson, 2001; Simonoff et al., 1998; Vierikko et al., 2004), but
see (Martin et al., 2002).

A complexity encountered when teacher ratings are analyzed is that both members
of a twin-pair may be rated by the same teacher or by different teachers. Twin correlations
are usually higher in children rated by the same teacher than in children rated by different
teachers (Saudino et al., 2005; Vierikko et al., 2004; Towers et al., 2000; Simonoff et al., 1998)
but not in Sherman et al. (1997a). Simonoff et al. (1998) developed two different models to
explore this finding. One model was based on the assumption that teachers have difficulty
distinguishing the two children (“twin confusion model”). The other model was based on
the assumption that ratings by the same teacher are correlated because i) raters have their
own subjective view on which behaviors are appropriate and which are not, or ii) raters
influence the behavior of the child because of the rater’'s own personality characteristics
(“correlated errors model”). Although Simonoff et al. (1998) were not able to differentiate
between these two models, Derks et al. (in press) reported a better fit of the correlated
errors model in a large sample of Dutch twins rated by their teacher.

Selected samples (DeFries-Fulker regression)
Several twin studies have based heritability estimates for ADHD on data from subjects who
were selected on a high vulnerability for ADHD. In some of these studies, the subjects with
a high vulnerability were selected based on a clinical diagnosis of ADHD, in others they
obtained a high behavior checklist score. DeFries & Fulker (1985) developed a multiple
regression model that is especially appropriate for the analysis of data in twin pairs in
which one member of a pair has been selected because of a deviant score. The rationale of
this method is based on the fact that when probands are selected based on high scores on a
heritable trait, MZ cotwins are expected to obtain higher scores on the trait than DZ cotwins
because of a lower degree of regression to the mean. In the regression model, the cotwin’s
score is predicted from a proband’s score (P) and the coefficient of relationship (R). The
coefficient of relationship equals .5 and 1 in DZ and MZ twins, respectively. The basic
regression model is as follows: C =B P + B, R + A, where C is a cotwin’s predicted score; B,
is the partial regression of the cotwin’s score on the proband’s score; B, is the partial regres-
sion of the cotwin’s score on the coefficient of relationship; and A is the regression constant.
B, is a measure of twin resemblance that is independent of zygosity. A significant regres-
sion coefficient B, indicates that being a member of the affected group is heritable. The
extreme group heritability (h ) equals: hy 2=B,/ (mean score proband - mean score
cotwin). After estabhshmg the heritability of the condition by testing the significance of By
direct estimates of h? (the extent to which individual differences in the unselected popula-
tion are heritable) and c (the extent to which individual differences in the unselected pop-
ulation are explained by shared environmental factors) can be obtained by fitting the
following extended regression model: C=B3P + B4R + BsPR + A, where PR is the product of
the proband’s score and the coefficient of relationship R. Bs is a direct estimate of h?, while
B, is a direct estimate of c2. DeFries & Fulker (1985) note that if affected 1nd1v1duals repre—
sent the lower end of a normal distribution of individual differences, the estimate of h? (her-
itability of the trait in the unselected sample) should be similar to the estimate of hy 2
(heritability of extreme group membership).

The DeFries-Fulker regression model has been used to estimate h,? and h? in a
number of studies (Gillis et al., 1992; Stevenson, 1992; Rhee et al., 1999). Gillis et al. (1992)
studied the heritability of ADHD in a sample of 74 twin-pairs in which at least one of the
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twin members was diagnosed with ADHD. They report an estimate of .98 (+.26) for h, 2,
This is in agreement with an estimate of .81 (+.51) for hg based on hyperactivity scores 1n a
sample of 196 13 year old twin-pairs (Stevenson, 1992), although this latter estimate did not
reach significance.

A number of studies showed that h,? does not vary as a function of the diagnostic
cutoff score that is used for assessing ADHD (Willcutt et al., 2000; Price et al., 2001; Levy et
al., 1997). Gjone et al. (1996Db) also report an absence of change in group heritability with
increasing severity, but a slight tendency toward decreased heritability in the more severely
affected groups. This suggests that the extreme group heritability does not vary as a
function of the diagnostic cutoff score, although there may be a somewhat lower heritability
of ADHD at the extreme of the distribution.

An interesting application of DeFries-Fulker regression was shown in Willcutt et al.
(2000) who studied ADHD in 373 8 to 18 year old twin-pairs. They investigated if h of
1nattent10n varies as a function of the level of hyperactivity/impulsivity, and vice Versa, if

2 of hyperactivity/impulsivity varies as a function of the level of inattention. The etiology
o? extreme inattention was similar whether the proband exhibited low or high levels of
hyperactivity /impulsivity. In contrast, the heritability of extreme hyperactivity/impul-
sivity was high in individuals who show high levels of inattention while it was low and
non-significant in individuals with low levels of inattention.

THE RELATION BETWEEN QUESTIONNAIRE DATA AND DIAGNOSTIC INTERVIEWS

Derks et al. (2006) reviewed studies that investigated the relation between behavior check-
list scores on attention problems and the clinical diagnosis for ADHD and reported on the
positive and negative predictive power, sensitivity, and specificity. Many of these studies
used the attention problem scale of the Child Behavior Checklist to predict ADHD. Despite
its name, the scale also contains items related to hyperactivity-impulsivity. Positive predic-
tive power (PPP) refers to the proportion of children with a high checklist score who obtain
a positive DSM diagnosis (i.e. affected), and negative predictive power (NPP) refers to the
proportion of children with a low checklist score who obtain a negative DSM diagnosis (i.e.,
unaffected). Sensitivity and specificity refer to the proportion of children with a positive
DSM diagnosis, who score high on the checklist, and the proportion of children with a
negative DSM diagnosis, who score low on the checklist, respectively. Table 6 summarizes
the results of the studies that used these Diagnostic Efficiency Measures (DES). A negative
feature of the DES is their dependence on the baseline prevalence of the disorder. There-
fore, the baseline prevalence was also included in Table 6. On the basis of the results, we
can conclude that the association between behavior checklist scores and clinical diagnoses
for ADHD is strong. However, in population based studies, a low score on the behavior
checklist is highly predictive of the absence of ADHD while a high score is less predictive of
ADHD. Derks et al. (2006) further showed that a boy with a high CBCL-score has a higher
chance of obtaining a positive diagnosis for ADHD than a girl with a high CBCL-score. In
other words, questionnaire scores better predict clinical diagnosis in boys than girls.

Table 6. Diagnostic Efficiency Statistics of studies that examined the association between
behavior checklist scores and ADHD

STUDY SAMPLE N BOYS/GIRLS CUTPOINT PREVALENCE (%) PPP NPP SE SP
gg‘gg)eta" NR 157 T>65 23 36 96 46 95
(oo SR mwos Tes  tem Pt gl tioalilbei i sing
§|i_r?lz(goeot) R 192/50 T 65 83 93 37 78 69

R=clinically referred sample, NR=non-referred sample, SR=siblings of referred children
PPP=Positive Predictive Power, NPP=Negative Predictive Power, SE=Sensitivity, SP=Specificity
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Table 6. Diagnostic Efficiency Statistics of studies that examined the association between
behavior checklist scores and ADHD (Continued)

STUDY SAMPLE N BOYS/GIRLS CUTPOINT PREVALENCE (%) PPP NPP SE SP
Lengua et Based on

al. (2001) 203 regression 22 50 71 .02 99
Sprafkin et

al. (2002) R 247/0 T 60 71 78 83 97 33
Hudziak et

al. (2004) SR 101/82 T 65 36 97 76 47 99
Derksetal. \p 192/216 Longitudinal 14/12 5936 96.97  .74/.80  .92/.81
(in press)

R=clinically referred sample, NR=non-referred sample, SR=siblings of referred children
PPP=Positive Predictive Power, NPP=Negative Predictive Power, SE=Sensitivity, SP=Specificity

In the field of behavioral genetics, the focus of interest is not only on the genetic and
environmental influences on the variance of a trait, but also on the genetic and environ-
mental influences on the covariance of two traits. Future studies should investigate the
aetiology of the covariance between behavior checklist scores and DSM-IV diagnoses of
ADHD. An important issue that needs to be addressed is the overlap of the genetic factors
that explain variation in different measures of ADHD.

CURRENT TOPICS

In the previous sections we gave an overview of the results of epidemiological studies on
ADHD. A few general findings emerged, among which a higher prevalence of ADHD in
boys than girls, and a high heritability of ADHD in children irrespective of sex, age, or
informant. In section IV-IX, we discuss current topics in the research field of ADHD.
Section IV addresses the question if measurement instruments assess ADHD equally well
in boys and girls. Section V discusses the controversy between studies claiming the
presence of contrast effects versus non-additive genetic effects on individual differences in
ADHD. In section VI we report on the results of genetic analyses in which the ratings from
multiple informants are analyzed simultaneously. Sections VII and VIII show two applica-
tions of latent class analyses: examination of genetic heterogeneity of the ADHD subtypes,
and investigation of the categorical versus continuous distribution of the liability for
ADHD. Finally, in section IX, we provide a brief overview of the results obtained in gene-
finding studies on ADHD.

MEASUREMENT INVARIANCE WITH RESPECT TO SEX

The prevalence of ADHD is about 2.5 times higher in boys than girls, and there are sex dif-
ferences in the association between checklist scores and clinical diagnoses. Heritability
seems not to vary much as a function of the child’s sex, and only one out of nine studies
suggests that different genes are expressed in boys and girls.

Before any sex differences in ADHD can be interpreted, we should first establish if
the measurement instrument is not biased with respect to sex. Stated differently, the
instrument should measure the same construct, i.e., latent variable of interest, in boys and
girls (Mellenbergh, 1989; Meredith, 1993). If this is the case then we expect the observed
score (i.e., the score obtained on the measurement instrument) of a person to depend on
that person’s score on the latent construct, but not on that person’s sex. If this is not the case,
a boy and a girl with identical levels of problem behavior may obtain systematically (i.e.,
regardless of measurement error) different scores on the instrument. This is undesirable
because obviously we wish our measurements to reflect accurate and interpretable differ-
ences between cases in different groups. If the measurement instrument is not biased with
respect to sex, we say that it is measurement invariant (MI) with respect to sex.
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The criteria of MI are empirically testable in the common factor model (Meredith,
1993). Factor analysis may be viewed as a regression model in which observed variables
(e.g., item scores) are regressed on a latent variable or common factor. In terms of this
regression, the MI criteria are: 1) equality of regression coefficients (i.e., factor loadings)
over groups; 2) equality of item intercepts over groups (i.e., differences in item means can
only be the result of differences in factor means), and 3) equality of residual variances (i.e.,
variance in the observed variables, not explained by the common factor) over groups. When
satisfied, these restrictions ensure that any group differences in the mean and variance of
the observed variables are due to group differences in the mean and variance of the latent
factor.

In a sample of 800 boys and 851 girls rated by their teacher, Derks et al. (in revision)
established measurement invariance with respect to sex for the Cognitive problems-inatten-
tion scale, the Hyperactive scale, and the ADHD-index of the Conners Teacher Rating
Scale-Revised. This implies that teacher ratings on ADHD are not biased as a result of the
child’s sex. Although future studies should show if measurement invariance is also tenable
for parental ratings on ADHD, the results in teacher ratings suggest that sex differences in
the prevalence of ADHD, and on the predictive value of questionnaire scores are not the
result of measurement bias.

GENETIC DOMINANCE OR RATER BIAS/SIBLING INTERACTION

When reviewing the literature on ADHD, it is remarkable that many studies report very
low DZ correlations for parental ratings but not for teacher ratings on ADHD. Low DZ cor-
relations can either be explained by the presence of non-additive genetic effects (Lynch &
Walsh, 1998) or by social interaction. The effects of social interaction among siblings were
discussed by Eaves (1976) and others (Carey, 1986; Boomsma, 2005). Social interactions
between siblings may create an additional source of variance and can either be cooperative
(imitation) or competitive (contrast). Cooperation implies that behavior in one sibling leads
to similar behavior in the other siblings. In the case of competition, the behavior in one child
leads to the opposite behavior in the other child.

In the classical twin design, cooperation, or positive interaction, leads to increased
twin correlations for both monozygotic (MZ) and dizygotic (DZ) twins. The relative
increase is larger for DZ than for MZ correlations, and the pattern of correlations thus
resembles the pattern which is seen if a trait is influenced by the shared environment.
Negative sibling interaction, or competition, will result in MZ correlations which are more
than twice as high as DZ correlations, a pattern also seen in the presence of non-additive
genetic effects.

In data obtained from parental ratings on the behavior of their children, the effects of
cooperation and competition may be mimicked (Simonoff et al., 1998). When parents are
asked to evaluate and report upon their children’s phenotype, they may compare the
behavior of siblings. Parents may either stress similarities or differences between children,
resulting in an apparent cooperation or competition effect. The presence of a contrast effect,
either caused by social interaction or rater bias, is indicated by differences in MZ and DZ
variances. If there is a contrast effect the variances of MZ and DZ twins are both decreased,
and this effect is greatest on the MZ variance. Contrast and non-additive genetic effects can
theoretically be distinguished by making use of the fact that contrast effects lead to differ-
ences in variances in MZ and DZ twins while non-additive genetic effects do not. However,
Rietveld et al. (2003a) showed that the statistical power to separate these effects is low in the
classical twin design.

In Tables 3, 4, and 5, we included information on the influence of non-additive
genetic effects and contrast effects on individual differences in ADHD. In the fourteen
studies testing for the presence of these effects, a consistent finding was the absence of non-
additive genetics and contrast effects in teacher ratings. In parental ratings, nine studies
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reported significant contrast effects. However, one of these studies did not report larger
variances in DZ than MZ twins, and the presence of non-additive genetic effects was not
considered (Vierikko et al., 2004). Another study reported significant contrast effects on the
Rutter scale, but significant non-additive genetic effects on the DuPaul rating scale (Thapar
et al., 2000). The authors argue that rater contrast effects may be more pronounced for some
scales, as a result of differences in the number of items or in the format of the question-
naires. The influence of non-additive genetic effects was also reported in two other studies
on hyperactivity. Furthermore, Rietveld et al. (2003b) reported that a model with non-
additive genetic effects and a model with contrast effects both provided a good fit to the
data. Finally, two studies found no significant influences of either contrast or non-additive
genetic effects. Teacher ratings do not indicate the presence of either one of these influences,
suggesting that rater bias rather than genetic dominance plays a role in parental ratings.
However, this is contradicted by the non-significant variance differences in MZ and DZ
twins in some studies. So far, the results on the presence of non-additive genetic effects or
contrast effects in parental ratings on ADHD are inconclusive. The issue may be resolved
by including ratings from other family members which increases the statistical power to
detect genetic dominance.

MULTIPLE INFORMANTS

When investigating genetic and environmental influences on individual differences in
problem behavior, we should acknowledge the fact that ratings of problem behavior may
be influenced by the rater’s personal values and by the unique settings in which the rater
and child co-exist. Agreement between raters shows that some aspects of the behavior can
be reliably assessed across settings and by different informants. Disagreement may reflect
the fact that different raters assess unique aspects of the behavior, which are apparent in a
particular set of circumstances, but not in others. For example, a child’s inability to concen-
trate or sit still may be obvious in the classroom setting, but less evident in other settings,
where sustained attention is less important (e.g., at play or at home with family members).
For CBCL-AP scores, paternal and maternal ratings correlate .73 while parent and teacher
correlations show a lower correlation of .44 (Achenbach & Rescorla, 2001).

Different models for twins rated by multiple informants have been developed. In
this chapter, we will restrict the discussion to the psychometric model (Hewitt et al., 1992;
Neale & Cardon, 1992).

In the Psychometric Model (see Figure 1), the ratings of the child’s behavior are
allowed to be influenced by aspects of the child’s behavior that are perceived by both raters
(common factor), and by aspects of the child’s behavior that are perceived uniquely by each
rater (rater-specific factors). Unique perceptions could arise if the child behaves differen-
tially towards his or her parents, or if the parents observe the child in different situations.
The common and unique aspects are both allowed to be influenced by genetic and environ-
mental factors.
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Figure 1. Rater Model

MZ=1, DZ=0.5

MZ=1, DZ=0.25

Rater 1, twin 1 Rater 2, twin 1 Rater 1, twin 2 Rater 2, twin 2

MZ=1, DZ=0.5

MZ=1, DZ=0.25

Note: The illustrated model is a psychometric model. Both twins are rated by two informants (rater 1 and rater 2). Variation
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in behavior is explained by common A, C or D, and E (shown in the upper part of the figure), and rater-specific A, C or
D, and E (shown in the lower part of the figure). A=additive genetic factor; D=dominant genetic factor; C=shared
environmental factor; E=non-shared environmental factor; ac=additive genetic common; dc=dominant genetic
common; ec=non-shared environment common; cc=shared environment common; a1=additive genetic rater 1;
d1=dominant genetic rater 1; e1=non-shared environment rater 1; c1=shared environment rater 1, a2=additive
genetic rater 2; d2=dominant genetic rater 2; e2=non-shared environment rater 2; c2=shared environment rater 2,
i=social interaction path



Maternal and paternal ratings on overactive behavior in three-year-olds correlate
between .66-.68 in boys, girls, and opposite-sex twins. Bivariate analyses showed that 68%
of the variance is explained by a factor that is stable across informant (Derks et al., 2004).
The remaining variance is explained by rater-specific factors. The heritability of the
common factor is high (72%). In addition, genes explain more than half of the variation of
the rater-specific factors (55% for fathers and 67% for mothers). The fact that variation in the
rater-specific factors is not completely explained by environmental factors, implies that
disagreement between parents is not only the result from rater-specific views (i.e., measure-
ment error). In contrary, paternal and maternal ratings are influenced by aspects of the
child’s behavior that are uniquely perceived by each parent.

To determine how much of the variation in parent and teacher ratings is due to rating
similar versus situation specific components of behavior, some investigators employed
bivariate model fitting analyses, which revealed that maternal and teacher ratings partly
reflect a common latent phenotype (Martin et al., 2002; Simonoff et al., 1998; Derks et al., in
press). In Martin et al., 42% of the variation in the Strengths and Difficulties Questionnaire
(SDQ) is explained by a factor that is common to parent and teacher ratings, the heritability
of this factor is 90%. The heritability of the rater specific factors is 22% in parent ratings and
65% in teacher ratings. The authors also obtained parental and teacher Conners Rating Scale
(CRS) scores. Variation in parent and teacher’s CRS scores was for 38% explained by a
common factor. This factor showed a heritability of 82%. The rater-specific factors showed
heritabilities of 65% and 79% for parent and teacher ratings, respectively. Simonoff et al.
reported a heritability of 89% for the common factor. The genetic component of this
common factor was greater than in the univariate models (52% and 69-75% in teacher and
maternal ratings, respectively). Derks et al. (in press) also showed a higher heritability of
the common factor (78%) than of the rater specific factors (76% and 39% for maternal and
teacher ratings, respectively). In summary, all three studies report a higher heritability of
the common factor than of the rater-specific factors. This can be explained by the fact that
when multiple indicators for a latent phenotype are used (e.g., over time or across raters),
only a proportion of the measurement error of the individual ratings is passed on to the
latent phenotype (Simonoff et al.,, 1998).Therefore, future gene finding studies could
increase statistical power by focusing on the highly heritable common factor because it is
less subject to measurement error.

ARE THE SUBTYPES OF ADHD GENETICALLY HETEROGENEOUS?

ADHD is a disorder that may include symptoms of inattention, hyperactivity /impulsivity,
or both. Because of this heterogeneity in symptom profiles, concerns have been raised over
the validity of the DSM-IV subtypes (Todd, 2000). In this section, we address the question if
the different subtypes of ADHD are genetically heterogeneous. In other words, is the vari-
ability in symptoms profiles explained by different genetic influences on the inattentive
type, the hyperactive/impulsive type and the combined type? A number of papers have
looked at the familiality and heritability of the DSM-IV subtypes of ADHD. These studies
failed to identify significant familial (i.e., genetic or shared environmental) clustering of the
subtypes and concluded that symptom variability is largely a function of non-familial
causes (Faraone et al., 2000a; Faraone et al., 2000b; Smalley et al., 2001).

Todd et al. (2001) used Latent Class Analysis (LCA; McCutcheon, 1987) to examine if
the clustering of symptoms can be described with more meaningful subtypes. LCA
assumes the presence of a number of latent classes with a categorical rather than a
continuous distribution. Estimates are provided for: i) the number of latent classes; ii) the
prevalence of each class; and iii) the item endorsement probabilities conditional on latent
class membership. Todd et al. (2001) applied LCA to parent reports on 2018 female
adolescent twin-pairs from the state Missouri and investigated if the original DSM-IV
subtypes and the derived latent classes represent independent genetic entities. The DSM-IV
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combined type and inattentive type showed a lack of familial specificity (e.g., a proband
with the inattentive type has a higher chance of having a cotwin with either the inattentive
or the combined type, but does not have a higher chance of having a cotwin with the hyper-
active/impulsive type). The hyperactive/impulsive type did show familial specificity (e.g.,
a proband with the hyperactive/impulsive type has a higher chance of having a cotwin
with the hyperactive/impulsive type, but does not have a higher chance of having a cotwin
with the inattentive or combined type). This suggests that the hyperactive/impulsive type
is independent of the other two subtypes. The LCA resulted in an eight-class solution. This
eight-class solution was replicated in a sample of Australian twins (Rasmussen et al., 2002)
and a similar (7-class) solution was found in an independent sample from Missouri (Volk et
al., 2005). In contrast to the DSM-IV subtypes, the eight latent classes appeared to represent
pure genetic categories. The authors conclude that “these results are most compatible with
the presence of independent, familial forms of ADHD that are approximated by latent-class
analysis and are imperfectly operationalized by DSM-IV criteria”.

IS LIABILITY TO ADHD CONTINUOUS OR CATEGORICAL?

Another interesting feature of LCA is that it can help clarify whether ADHD shows a cate-
gorical or a continuous distribution. If the underlying nature of the phenotype is a contin-
uum of problems with inattention, hyperactivity/impulsivity, or both, then symptoms
endorsement profiles of the observed classes will reflect differences in severity or frequency
of the reporting of symptoms only (Hudziak et al., 1998). Analyzing data on 1549 female
twin-pairs, Hudziak et al. (1998) showed symptom profiles that indicated the presence of
three separate continua of severity of problems: inattention, hyperactivity /impulsivity, and
combined type. Thus, within the domains, the symptoms are better described as existing on
a continuum rather than as discrete disease entities.

MOLECULAR GENETIC STUDIES OF ADHD

Molecular genetic studies address the question which genes explain the high heritability of
AHDH. It is beyond the scope of this paper to provide an extensive overview of the results
of molecular genetic studies. Recently, a number of review studies on the molecular
genetics of ADHD have been published (Faraone et al., 2005; Bobb et al., 2005; Thapar et al.,
2005; Asherson, 2004).

Faraone et al. (2005) reviewed candidate gene studies of ADHD and computed
pooled odds ratio’s (ORs) across studies for gene variants examined in three or more case-
control or family-based studies. Seven gene variants showed a pooled OR that is signifi-
cantly larger than 1: Dopamine Receptor D4 (DRD4), Dopamine Receptor D5 (DRD5),
Dopamine Transporter (DAT), Dopamine -Hydroxylase (DBH), Synaptosomal-Associated
Protein 25 (SNAP-25), Serotonin Transporter (5-HTT), and Serotonin receptor (HTR1B).
These small ORs are consistent with the idea that the genetic vulnerability to ADHD is
mediated by many genes of small effect.

Five groups have conducted genome-wide linkage scans in an attempt to find
regions of chromosomes that are involved with ADHD. We will discuss the regions for
which LOD scores higher than 2 (p<~.002) were found. The first genome wide scan on
ADHD was published in 2002 by Fisher et al. (2002) who analyzed data from 126 affected
sibling pairs in 104 families. In 2003, the sample was extended and contained 204 families
with 207 affected sibling pairs (Ogdie et al., 2003). In the extended sample, LOD > 2 was
found at chromosome 16p13 and 17p11. Bakker et al. (2003) performed a genome scan on
238 children from 164 Dutch affected sib pairs with ADHD. They report a LOD score of 3.04
at chromosome 7p, and of 3.54 at chromosome 15q. Arcos-Burgos et al. (2004) analyzed data
from 16 genetically isolated families in Columbia. They reported linkage peaks (LOD score
> 2) at chromosomes 4q, 8q, and 11q in specific families. The fourth genome wide scan was
performed in a sample of 102 families encompassing a total of 229 affected children
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(Hebebrand et al., 2006). For clinical diagnosis of ADHD, the highest LOD score of 2.74 was
reported on chromosome 5p. A LOD score >2 was also found at chromosome 12q. For
quantitative DSM-IV measures, the highest LOD scores were observed on chromosome 5p
(total and inattentive scores), and chromosome 12q (inattentive scores). For hyperactivity,
no LOD scores > 2 were reported. Finally, Gayan et al. (2005) reported linkage for ADHD at
chromosomes 14q32 and 20q11.

The linkage peaks of these four studies do not show much overlap. An interesting
resemblance between the studies is that four genome wide scans report modest evidence
(LOD > 1) for linkage at chromosome 5p. An obvious candidate gene at chromosome 5p, is
the DAT gene, but in the study of Hebebrand et al., allelic variation at the DAT1 was not
responsible for the linkage signal. Furthermore, the gene with the largest pooled OR as
reported by Faraone et al., DRD4, is located at chromosome 11p. None of the genome wide
scans reported a linkage peak at this location.

The results of these four studies are inconsistent. This may be the results of the
different sampling procedures which are applied to select subjects or to differences in the
definition of the phenotype. Furthermore, because each gene is expected to show a small
effect, and because a correction to the type-I error (o) has to be made because of multiple
testing, the statistical power in each study is low.
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Chapter 3

Teacher Reports and the role of Sex and Genetics in Attention Deficit Hyperactivity Disorder (ADHD) and Oppositional Defiant Disorder (ODD)

ABSTRACT

Attention Deficit Hyperactivity Disorder (ADHD) and oppositional defiant disorder (ODD)
are more common in boys than girls. In this paper we investigate if the prevalence differ-
ence is the result of measurement bias. Secondly, we investigate sex differences in the
genetic and environmental influences on variation in these behaviors. Teachers completed
the Conners Teacher Rating Scale-Revised:Short version (CTRS-R:S) in a sample of 800 male
and 851 female 7-year-old Dutch twins. No sex differences in the factor structure of the
CTRS-R:S were found. This implies the absence of measurement bias. The heritability (56-
71%) was similar in boys and girls. The specific genes that play a role are partly different in
boys and girls.
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INTRODUCTION

In both clinical and population samples, children diagnosed with attention deficit hyperac-
tivity disorder (ADHD) and oppositional defiant disorder (ODD) are predominantly male
(Gaub & Carlson, 1997; Biederman et al., 2002; Loeber et al.,, 2000). For ADHD, the
male:female ratio is estimated at 9:1 in clinical settings, and at 3:1 in the general population
(Gaub & Carlson, 1997). Reviews on the literature on ODD suggest that boys show higher
rates of ODD than girls, but the sex effect is modest (Loeber et al., 2000; Maughan et al.,
2004). In a recent epidemiological study of 10,438 5-15 year old boys and girls, ODD was
significantly more common in boys than girls (odds ratio=2.4) (Maughan et al., 2004).
However, this effect was mediated by informant: no significant sex differences were found
in parental reports (odds ratio=1.3), while teacher reports identified a marked preponder-
ance of boys (odds ratio=3.9).

An important aspect in any investigation of the nature of the phenotypic sex differ-
ences is measurement invariance of an instrument with respect to sex. Mellenbergh (1989)
defined measurement invariance (MI), or equivalently unbiasedness, to mean that the dis-
tribution of the observed test score, conditional on the latent construct that the test
measures should be identical in each group (e.g., boys and girls). In more simple terms this
means that the instrument is measuring the same construct in boys and girls (Mellenbergh,
1989; Meredith, 1993). If this is the case then we expect the score of a person to depend on
that person’s score on the latent construct, but not on that person’s sex. If this is not the case,
a boy and a girl with identical levels of problem behavior may obtain systematically (i.e.,
regardless of measurement error) different scores on the instrument. This is undesirable
because obviously we wish our measurements to reflect accurate and interpretable differ-
ences between cases in different groups. Meredith (1993) discussed in detail the implica-
tions of Mellenbergh’s definition of unbiasedness (MI) for the common factor model.

The aim of the present paper is to examine whether teacher ratings of ADHD and
ODD in children are unbiased with respect to sex. Provided MI invariance can be shown to
be tenable to reasonable approximation, we shall, as the second goal of this paper, estimate
the genetic and environmental contributions to the phenotypic variance in ADHD and
ODD in boys and girls. Lubke et al. (2004) discussed in detail the importance of establishing
MI with respect to sex for the correct interpretation of any sex differences in the results of
genetic modeling.

Analyses aimed explicitly at establishing MI with respect to sex, according to the
manner outlined by Meredith (1993), have yet to be conducted with respect to ADHD and
ODD. However, the factor structure in teacher ratings of ADHD across boys and girls has
been investigated before. Fantuzzo et al. (2001) investigated the factor structure of the 28-
item version of the Conners Teacher Rating Scale (CTRS) with exploratory factor analyses.
They report a three-factor solution, which explained 58% of the variance. The factors
admitted interpretations in terms of Conduct, Hyperactivity, and Passivity. The invariance
of the factor structure with respect to sex was investigated by comparing results from
random subgroups with the results from subgroups based on sex. The results supported
the similarity of the factor structure across sex. A concern in this study is that the subjects in
this study were 580 children from 33 classrooms located in low-income neighborhoods, and
it is unclear how representative they are of the general population. In addition, there are
two sources of dependence in the data: each teacher rated more than one child, and
children were clustered into classes. This violates the assumption of independent observa-
tions, which is important in statistical inference.

In the present study, confirmatory factor analyses are employed on data from a large
general population sample of 7-year-old twins, rated by their teacher. Two questions will be
addressed. First, is the measurement model that relates differences in the latent construct of
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ADHD and ODD to the observed behavior problem scores identical in boys and girls, i.e., is
MI tenable? Second, do the magnitudes of the genetic and environmental influences differ,
or do different genes play a role in boys and girls?

METHODS

SUBJECTS AND PROCEDURE

This study was part of an ongoing twin study of development and psychopathology in the
Netherlands. The subjects were all registered at the Netherlands Twin Registry (NTR;
Boomsma et al., 2002). As part of this study, we assessed a sample of Dutch twins from the
birth cohorts 1992-1996, whose teachers reported on their behavior when they were seven
years old.

The twins at age three are representative of Dutch three-year-old children with
respect to their scores on measures such as the Child Behavior Checklist (CBCL; Oord van
den et al., 1995). The Socioeconomic Status of the parents of the twins was somewhat higher
than the level in the general Dutch population (Rietveld et al., 2004). When twins reached
age 7 years, parents were asked to provide informed consent to approach the teacher.
Consent was given by 80.1% of the parents. Teachers of these pairs received a questionnaire
by mail, and were asked to return it to the NTR by mail. The response rate of the teachers
was 80.0%. CTRS data were available for at least one twin in 1651 twin-pairs (1511 complete
pairs).

The maternal CBCL-AP scores at age 7 years were not significantly different between
families in which parents provided permission to approach the teachers (mean=2.95,
sd=2.93) and families in which parents did not provide permission (mean=3.15, sd=3.18)
(t(3063)=2.0, p=.133). However, mean maternal AP ratings were significantly higher for
twins whose teachers did not return the questionnaire (mean=3.34; sd=3.13) than for twins
whose teachers returned the questionnaire (mean=2.78; sd=2.81) (F(1)=16.82, p<.001).

To avoid biased test results due to statistical dependency of the twins, we randomly
included the score from only one of the members of a twin-pair in the confirmatory factor
analyses. The resulting sample consists of 1651 individual twins (800 boys and 851 girls). In
the genetic analyses, the statistical dependency of the twin data is part of the genetic model
and we therefore included all complete twin-pairs. Data were available for both members
of a twin-pair in 1511 monozygotic (MZ) and dizygotic (DZ) twin-pairs. The number of
pairs by zygosity is 248 MZ male, 251 DZ male, 294 MZ female, 234 DZ female, and 484 DZ
opposite sex pairs. Some twins were rated by the same teacher (877 pairs;58%) while the
remaining twins were rated by different teachers (634 pairs, 42%).

MEASURE

The Conners” Teacher Rating Scale-Revised (CTRS-R) is a widely used instrument to assess
behavior problems (Conners, 2001; Conners et al., 1998b). The CTRS-R was developed by
factor analyzing a large set of items, and including items that load highly on interpretable
common factors. In addition to the scales that were derived based on factor analysis, an
ADHD-index was included. This index was not developed by factor analysis, but comprises
the best twelve items for distinguishing children with ADHD from children without ADHD
as assessed by the Diagnostic and Statistical Manual of Mental Disorders (DSM; American
Psychiatric Association, 1994; Conners, 2001). The short version, which was used in the
present study, contains 28 items from the following scales: Oppositional (ODD, 5 items);
Cognitive problems-Inattention (IN, 5 items); Hyperactivity (HI, 7 items); and the ADHD-
index (ADHD-I, 12 items). One of the items (item 27; Excitable, impulsive) is included in
both the Hyperactivity scale and the ADHD-index. The items are rated on a 4-point Likert
scale for symptom severity (i.e., 0 = ‘Not true at all’; 1 = ‘Just a little true’; 2 = ‘Pretty much
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true’; 3 = "Very much true’). The internal consistency and stability of the CTRS-R:Short
version (CTRS-R:S) are good, as the Cronbach’s alpha coefficients range from .88 to .95, and
6-8 week test-retest correlations range from .72 to .92 (Conners, 2001).

DISTRIBUTION OF THE ITEMS

Because of the categorical nature of the item scores, Pearson product moment correlations
underestimate the correlation of the underlying latent trait, and consequently the parame-
ter estimates obtained in factor analyses or principal component analyses based on the
Pearson correlation matrices are biased (Dolan, 1994). We therefore, adopted an approach
that is suitable for factor analyzing discrete item scores. Polychoric correlations between
items were obtained based on the liability threshold model (Lynch & Walsh, 1998). In the
case of a 4-point Likert scale, three thresholds divide the latent liability distribution into
four categories.

CRITERIA OF MEASUREMENT INVARIANCE

The criteria of MI are empirically testable in the common factor model (Meredith, 1993).
Factor analysis may be viewed as a regression model in which observed variables (e.g., item
scores) are regressed on a latent variable or common factor. In terms of this regression, the
MI criteria are: 1) equality of regression coefficients (i.e., factor loadings) over groups; 2)
equality of item intercepts over groups (i.e., differences in item means can only be the result
of differences in factor means), and 3) equality of residual variances (i.e., variance in the
observed variables, not explained by the common factor) over groups. When satisfied, these
restrictions ensure that any differences in the mean and variance of the observed variables
are due to differences in the mean and variance of the common factor.

In case of ordinal data, MI can be tested by constraining the thresholds, factor load-
ings, and residual variances to be equal in boys and girls. These constraints allow us to
estimate group differences in the means and variances of the common factor. To this end,
the mean and variance of the common factor are fixed at 0 and 1, respectively, in an arbi-
trary reference group. We chose to estimate the mean and variance in girls, and to use boys
as the reference group (the results are identical when girls are used as the reference group).
In doing so, we are modeling the observed group differences as a function of the differences
in the latent liability.

STATISTICAL ANALYSES

The polychoric correlation matrices of the items of the four subscales were calculated using
the computer program Prelis (Joreskog & Sorbom, 1996b). All confirmatory factor analyses
were performed on raw data using the program Mx (Neale et al., 2003). In principle, factor
analysis of p ordinal items can be carried out using Full Information Maximum Likelihood
(FIML) estimation. However, this requires repeated integration of the p-variate normal dis-
tribution, which can become computationally demanding even with as few as 12 items. We
therefore chose to estimate the model parameters using Marginal Maximum Likelihood
estimation (MML; Bock & Aitkin, 1981). MML maximizes the likelihood of the data condi-
tional on the latent trait, in contrast to FIML, which maximizes the unconditional likeli-
hood. The advantage of MML compared to FIML is that it is computationally much less
demanding.

To test if the Conners’ scales are MI with respect to sex, the factor structure was con-
strained to be identical in boys and girls. While ODD, IN and HI resulted from factor analy-
ses, a single factor was fit to these scales. In contrast, the ADHD-I contains items related to
problems with inattention and hyperactivity, and thus a two-factor model was fit. In order
to detect prevalence differences in ADHD and ODD across sex, the means and variances of
the latent factors were constrained to be equal in boys and girls.
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The fit of the models was compared by chi square (x?) tests, with an (type I error
probability of the statistical test) of .01. A disadvantage of the 3 test was noted by Browne
et al. (2002) who showed that y~ is influenced by the unique variances of the items. If a trait
is measured reliably, the inter-correlations of the items are high, and the unique variances
are small. In this case, the % test may suggest a poor fit even when the residuals between
the expected and observed covariances are trivial. The Standardized Root Mean-square
Residual (SRMR; Bentler, 1995) is a fit index that is not sensitive to the size of the correla-
tions. To avoid the rejection of a simpler model due to high inter-item correlations, we only
reject a model if a significant 32 test is accompanied by large residuals (SRMR>.08; Hu &
Bentler, 1999).

In addition to investigating MI with respect to sex, we will investigate sex differ-
ences in the genetic and environmental influences on the individual differences in the sum
scores of the scales, given that MI is tenable (Lubke et al., 2004). The polychoric twin-corre-
lation matrices of the four scales were calculated by zygosity and sex using the computer
program PRELIS (Joreskog & Sorbom, 1996). However, the actual genetic analyses were
performed in Mx (Neale et al., 2003).

Using data from MZ and DZ twins, the variance in behavior can be attributed to
genetic and environmental factors. In our sample, 58% of the twins were in the same class-
room and 42% of the twins were in different classrooms. Correlations may be higher when
children are rated by the same teacher. Therefore a correlated errors model developed by
Simonoff et al. (1998) was used to analyze the data. In this model, individual differences in
behavior are explained by additive genetic factors (A), common environmental factors that
are shared between two twins of a pair (e.g., home environment; C) and unique environ-
mental factors (E) (i.e., factors that may cause differences between twins). The unique envi-
ronmental factors are allowed to correlate in twins who are placed into the same classroom,
and do not correlate in twins who are placed into different classrooms. With this approach,
an unbiased estimate of the genetic and environmental influences is obtained. For the
genetic analyses, the items of each subscale were summed, and the sum-score was recoded
in such a way that three thresholds divide the latent liability distribution into four catego-
ries. The thresholds were chosen in such a way that the categories contain more or less
equal numbers of subjects. We preferred this procedure to the analysis of the raw sum
scores, because the latter are skewed, and therefore cannot be subjected to maximum likeli-
hood based on the assumption of normality (e.g., see Derks et al., 2004). The discrete data
can be submitted to maximum likelihood estimation based on the discrete factor model,
where as above we assume that the latent liability is normally distributed.

Sex differences are examined in two ways. First, we investigated if the estimates of
the genetic and environmental variances are equal in boys and girls. This was examined by
comparing the fit of a model in which the genetic and environmental variances are allowed
to be different in boys and girls with the fit of a model in which they are constrained to be
equal. Second, we investigated if the same genes influence phenotypic variation in boys
and girls. These qualitative sex differences were evaluated by constraining the genetic cor-
relation in opposite sex twins at .5 (similar as in same-sex DZ twins). If different genes play
a role in boys and girls, the genetic correlation is expected to be lower than .5 in opposite
sex twins.
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RESULTS

POLYCHORIC CORRELATIONS OF THE SUBSCALES

The item scores within each of the four scales are highly correlated. The polychoric correla-
tions between the items of each subscale are reported in Tables 1a-d. As expected, the items
of the ADHD-index formed two subgroups. Items 1, 14, 16, 19, 25, and 26 all refer to inatten-
tion, and were included within the first subgroup. The second group of items, items 5, 9, 12,
23, 27, and 28, loaded on a hyperactive factor. The correlations were consistent with the
hypothesized two-factor structure, because the correlations between items within the same
factor were higher than the correlations between items of different factors.

Table 1a. Polychoric correlations Oppositional

ITEMS 2. 6. 10. 15. 20.
2. Defiant 1.00

6. Defies .85 1.00

10. Spiteful .68 72 1.00

15. Argues .81 .83 .66 1.00

20. Explosive .80 .68 .70 .66 1.00

Table 1b. Polychoric correlations Cognitive problems-Inattention

ITEMS 4. 8. 13. 18. 22.
4. Forgets things 1.00

8. Poor spelling 74 1.00

13. Poor reading .66 a7 1.00

18. Lacks interest .63 .56 .49 1.00

22. Poor arithmetic .75 .66 .57 .53 1.00

Table 1c. Polychoric correlations Hyperactivity

ITEMS 3. 7. 11. 17. 21. 24. 27.
3. Restless 1.00

7. Always on the go .71 1.00

11. Leaves seat 72 .71 1.00

17. Difficulty waiting .64 72 .76 1.00

21. Runs about .67 .73 a7 .67 1.00

24. Difficulty playing .67 72 74 .78 .79 1.00

27. Excitable .65 74 73 .78 .75 .80 1.00

Table 1d. Polychoric correlations ADHD-index

ITEMS 1. 14. 16. 19. 25. 26. 5. 9. 12. 23. 27. 28.
AP 1. Inattentive 1.00

14. Attention span .90 1.00

16. Only pays attention .59 .62 1.00

19. Distractibility .93 .94 .61 1.00

25. Fails to finish .76 .79 .63 .79 1.00

26. Not follow instructions .72 .76 .62 .73 .83 1.00
HI 5. Disturbs .69 .61 .51 .64 .60 .57 1.00

9. Remain still .70 .70 .56 71 .64 .60 .79 1.00

Note:AP=Attention Problems; HI=Hyperactivity
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Table 1d. Polychoric correlations ADHD-index (Continued)

ITEMS 1. 14. 16. 19. 25. 26. 5. 9. 12.  23. 27. 28.
12. Fidgets .65 .67 47 .66 .57 .53 .63 .81 1.00

23. Interrupts .60 .55 .53 .60 .54 .50 .85 .76 .62 1.00

27. Excitable .61 .58 .53 .59 .52 .52 73 .79 .63 .76 1.00

28. Restless .67 .65 .51 .68 .58 .53 .76 .90 .82 75 .83 1.00

Note:AP=Attention Problems; HI=Hyperactivity

MEASUREMENT INVARIANCE

We tested for MI by constraining the factor loadings, thresholds, and residual covariance
matrices to be equal for boys and girls while allowing the factor means and variances to be
different. The factor structure of ODD was MI with respect to sex (x*(18)=16.66, p>.10;
SRMR=.01 and SRMR=.06 in boys and girls respectively). MI was also tenable for the
ADHD-I (x?(55)=70.41, p>.05; SRMR=.03 and SRMR=.05 in boys and girls respectively). IN
and HI both showed statistically significant different factor structures in boys and girls
(x*(18)= 98.45, p<.001, and y?(26)= 57.99, p<.001, respectively). However, the residuals
between expected correlation matrices under the constrained and the non-constrained
model were small (SRMR=.01 in girls, and SRMR=.02 in boys, for both IN and HI). Appar-
ently, the lack of fit was the result of the high inter-correlations between the items, and not
of high residuals between the expected covariance matrices. Therefore, we did not reject the
model in which MI is assumed to be tenable. Table 2 provides the factor loadings and
thresholds of the best-fitting model.

Table 2. Promax rotated factor loadings and thresholds (T) of the best-fitting factor model

ITEMS LOADINGS LOADINGS T 1 T2 T3
FACTOR 1 FACTOR 2
2. Defiant 91 - 71 1.65 245
6. Defies .88 - 1.02 2.00 2.74
Oppositional 10. Spiteful .69 - 1.49 2.32 3.13
15. Argues .84 - .82 1.80 2.52
20. Explosive .78 - 1.20 1.92 3.12
4. Forgets things .93 - .34 1.29 1.82
8. Poor spelling .81 - 27 .95 1.44
Cognitive problems-Inattention 13. Poor reading 71 - .39 .87 1.21
18. Lacks interest .70 - 1.01 1.65 2.27
22. Poor arithmetic .82 - .55 1.22 1.68
3. Restless 73 - .10 .94 1.51
7. Always on the go .79 - .66 1.31 1.87
11. Leaves seat .82 - .62 1.37 1.83
Hyperactivity 17. Difficulty waiting .83 - 12 91 1.58
21. Runs about .79 - 1.21 1.89 2.51
24. Difficulty playing .87 - .34 1.17 2.03
27. Excitable .86 - .40 1.12 1.84

Note: AP=Attention Problems; HI=Hyperactivity
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Table 2. Promax rotated factor loadings and thresholds (T) of the best-fitting factor model (Continued)

ITEMS LOADINGS LOADINGS T 1 T2 T3
FACTOR 1 FACTOR 2
1. Inattentive .99 -.09 -.36 .76 1.47
14. Attention span .95 -.03 .03 .87 1.55
16. Only pays attention 45 .23 .36 1.20 1.88
AP 19. Distractibility .94 -.01 .59 1.54 225
25. Fails to finish 72 .09 .24 1.27 1.99
26. Not follow instructions .68 .09 .38 1.30 1.86
ADHD-index
5. Disturbs .05 .80 .20 1.03 1.52
9. Remain still .05 .88 .92 1.68 2.24
12. Fidgets .16 .67 12 .94 1.53
l 23. Interrupts -.05 .85 .54 1.37 2.07
27. Excitable -.09 91 .46 1.15 1.83
28. Restless -.06 97 .50 1.19 1.81

Note: AP=Attention Problems; HI=Hyperactivity

The thresholds are constrained to be equal in boys and girls. The means and vari-
ances of the latent factors in boys are constrained at 0 and 1, respectively. The means and
variances of the latent factors are freely estimated in girls. The variances in girls were not
significantly different from 1. The means of the latent factors are estimated at -.60 (opposi-
tional), -.86 (hyperactivity), -42 (ADHD-I AP), and -.52 (ADHD-I-HI). The mean of the cog-
nitive problems-inattention factor is not significantly different between boys and girls.

DIFFERENCES IN THE LIABILITY DISTRIBUTION AMONG BOYS AND GIRLS

The present results suggest that the four scales of the CTRS-R:S which are related to ADHD
and ODD are MI with respect to sex. This implies that differences between boys and girls
are attributable to differences in the latent factors. Therefore, we were able to test whether
the prevalence of ADHD and ODD is different between boys and girls. To this end, we
equated both the mean and the variance of the latent factors. The variances of the latent
factors were not significantly different between boys and girls for any one of the four rating
scales (ODD: %(1)=3.26; IN: x%(1)=.621; HI: x*(1)=3.814; ADHD-index: x%(2)=6.85, all p>.01).
In contrast, the means of the latent factors were significantly higher in boys than girls for
ODD (x(1)=45.94, p<.001), HI (x*(1)=150.36, p<.001), and the ADHD-index (x*(2)=165.68,
p<.001). The mean differences were .60 for ODD, .86 for HI, and .42 and .52 for the inatten-
tion and hyperactivity factor of the ADHD-I, respectively. Because the variances of the
common factors equal 1 in both groups, these mean differences are expressed in standard
deviation units. The common factor means of IN were not significantly different across sex
(%(1)=1.96, p>.10).

GENETIC ANALYSES

Having established measurement invariance of the CTRS-R:S scales with respect to sex, we
proceeded to investigate the genetic and environmental contributions to the phenotypic
individual differences in the discretized sum-scores. The twin-correlations are shown by
zygosity and sex in Table 3, for same and different teacher separately. All correlations are
higher in MZ twins than in DZ twins, which suggests the presence of genetic influences.
The correlations are higher for twin pairs rated by the same teacher than for twin pairs
rated by different teachers. This was taken into account by allowing a correlation between
the unique environmental factors in twins rated by the same teacher. The lower correlations
in opposite-sex DZ twins than in same-sex DZ twins show that different genes may play a
role in boys and girls.
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Table 3. Polychoric twin-correlations of the Conners Teacher Rating Scales rated by Same
Teachers (ST) versus Different Teachers (DT)

OPPOSITIONAL COGNITIVE PROBLEMS- HYPERACTIVITY ADHD-INDEX
INATTENTION

ST DT ST DT ST DT ST DT
Monozygotic males .86 .53 .90 .76 .81 .59 .85 .59
Dizygotic males .50 49 .64 .29 42 14 .49 19
Monozygotic females .87 43 .92 .64 .83 47 .87 .52
Dizygotic females .66 .10 .60 42 .34 25 .45 24
Opposite sex twins .37 13 44 .23 .30 A7 .37 27

Model fitting analyses showed that variation in all four scales could be explained by
additive genetic and unique environmental effects. The influences of the shared environ-
ment were not significantly different from zero. The magnitude of the influences of genes
and environment did not significantly differ between boys and girls. The standardized esti-
mates of genetic and environmental influences are shown in Table 4. Genetic effects
explained 56 to 71% of the variation in the CTRS subscales. Unique environmental effects
explained the remaining 29-44% of the variation. For all four scales, the genetic correlation
was significantly lower than .5 in opposite-sex twins. This implies that different genes play
a role in males and females. The genetic correlation in opposite-sex twins was .16 for oppo-
sitional behavior, .35 for cognitive problems-inattention, .21 for hyperactivity-impulsivity,
and .32 for the ADHD-index.

Table 4. Standardized estimates of the genetic and environmental effects on problem behavior

ADDITIVE GENETIC EFFECTS (A) NONSHARED EVIRONMENTAL EFFECTS (E)

Oppositional 56 44
Cognitive problems-Inattention 71 29
Hyperactivity 58 42
ADHD-index 61 39
DISCUSSION

The purpose of the present study was twofold. First, we investigated if teacher ratings on
ADHD and ODD in boys and girls are influenced by measurement bias with respect to sex.
Second, genetic and environmental influences on variation in ADHD and ODD were
compared between boys and girls.

MEASUREMENT INVARIANCE

Teacher ratings on ADHD and ODD demonstrate MI with respect to sex. In other words,
teachers assess these behavior problems equally well in boys and girls, and are not influ-
enced by the child’s sex when rating a child. Sex differences in observed scores on ADHD
and ODD can therefore be interpreted as mean differences in the latent construct. This
supports the contention that the reported sex differences in ADHD and ODD (Gaub &
Carlson, 1997; Loeber et al., 2000; Maughan et al., 2004) are due to a higher liability for the
disorder in boys than girls and not to measurement bias. In addition, the CTRS is an ideal
tool to use in twin studies whereas the comparison of heritabilities in boys and girls is not
hindered by measurement bias with respect to sex.
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DIFFERENCES IN THE LIABILITY DISTRIBUTION AMONG BOYS AND GIRLS

Seven-year-old boys showed higher mean scores than girls on the teacher reported ODD
and HI scales, and on the ADHD-index. Although sex differences on ADHD and ODD have
been reported before both in parent reports (Levy et al., 2005) and teacher reports (Nolan et
al., 2001), this study demonstrates that the differences in mean scores are related to differ-
ences in the latent constructs of ADHD and ODD. It was surprising that no sex differences
were found for IN, because Conners (2001) reported higher IN scores in boys than girls.
More research needs to be done investigating the sex differences in ADHD, its subtypes,
and the co-occurrence with cognitive problems. In addition, future studies should reveal if
the sex differences in the liability distribution vary as a function of age or informant (e.g.,
teacher vs parent reports).

QUANTITATIVE AND QUALITATIVE DIFFERENCES IN THE HERITABILITY AMONG BOYS AND GIRLS
More than half the variation in ADHD and ODD in boys and girls is explained by genetic
influences. The remaining variation is explained by unique environmental influences. The
magnitude of the influences of genes and environment is the same in boys and girls.
However, variation in ADHD and ODD in boys and girls is explained by only partly over-
lapping sets of genes. The genetic correlation between DZ opposite sex twins was signifi-
cantly lower than 0.5, which is the theoretical value if the same genes influence behavior in
boys and girls. The consequence of this lower genetic correlation is apparent in the lower
phenotypic correlations in DZ opposite-sex twins than in DZ same-sex twins for opposi-
tional behavior, cognitive problems-inattention, hyperactivity, and the ADHD-index.

Only a few studies have addressed quantitative and qualitative sex differences in
heritability estimates from teacher ratings. Saudino et al. (2005) reported qualitative sex dif-
ferences in heritability in 7-year-old twins rated on hyperactive behavior by the same
teacher, i.e. they obtained evidence that different genes are expressed in boys and girls.
They did not report any quantitative sex differences, which is in agreement with the current
findings. Vierikko et al. (2004) report that for teacher ratings of hyperactivity-impulsivity
in 12-year old twins, lower correlations in opposite-sex twins than in same-sex DZ twins
were seen. However, variation in these data was influenced by genes and by significant
shared environmental influences. It was not possible to decide if the lower opposite sex
correlations were the result of sex-specific genetic influences or sex-specific shared environ-
mental influences, although the presence of the latter was slightly more likely. The finding
of different genetic influences in boys and girls in teacher ratings stands in contrast with
results based on parental reports. In parent ratings, qualitative sex differences are not found
for attention problems (Rietveld et al., 2004) or ODD (Hudziak et al., 2005). The different
findings in parent and teacher ratings may be explained by the fact that the behavior of
children depends on the context in which they are observed.

In the Netherlands Twin Registry, teacher data are collected at the ages 7, 10, and 12
years. The sample sizes at the ages 10 and 12 are currently relatively small. In the future, we
plan to address the issue of qualitative sex differences in teacher ratings in a longitudinal
framework. The results of such a study will reveal if the finding of sex-differences in the
specific genes that play a role is also present in older children. A further interesting issue
that could be investigated in a study that includes data from children with different ages,
concerns the measurement invariance of ADHD with respect to age.

LIMITATIONS

The results of the present study should be interpreted with consideration of the following
limitations. First, we did not replicate the factor structure of the CTRS-R:S by means of
exploratory factor analyses of the 28 items. To take the ordinal nature of the data into
account, we used the liability threshold model (Bock & Aitkin, 1981). Because of computa-
tional limitations, the number of included factors is limited. Therefore, we performed con-
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firmatory factor analyses, in which we assumed that the items are correctly assigned to the
four scales and that cross loadings are absent. Second, teacher ratings were shown to be
measurement invariant with respect to sex but this finding may not generalize to parent
ratings. The correlations between Conners parent and teacher ratings are small to moderate
with a range of .18 to .52 (Conners, 2001). It has been shown that parents and teachers rate
partly different aspects of the child’s behavior (Derks et al., in press; Martin et al., 2002).
Future studies should reveal if measurement invariance is also tenable in parent ratings.
Third, the mean level of AP reported in this study slightly underestimates the true level of
AP in the population because the level of AP according to the mothers was somewhat lower
in teachers who did return the questionnaire than in teachers who did not return the ques-
tionnaire. Fourth, data were collected in 7-year-old twins only. As noted above, future
studies should reveal if the current results generalize to children from different age groups.

CONCLUDING COMMENTS

We examined psychometric properties of the Conners Teacher Rating Scale-Revised: Short
version in 7-year-old twins. The scales were measurement invariant (i.e., unbiased) with
respect to sex. Therefore, the sex differences that are often reported are not caused by mea-
surement bias, but are the result of genuine sex differences in ADHD and ODD. These
results reveal that assesment of ADHD and ODD symptoms, through teacher reports on the
CTRS-R:S, provide a solid methodological starting point for measuring sex differences in
mean scores or in heritabilities. Variation in teacher ratings of children’s problem behavior
is mainly influenced by genetic factors. The size of the genetic influences did not depend on
the child’s sex, but partly different genes are expressed in boys and girls. Future studies
should reveal if these findings generalize to children from different age groups.
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Chapter 4

The relations between DISC-IV DSM-diagnoses of ADHD and multi-informant CBCL-AP syndrome scores

ABSTRACT

Previous studies have examined the relation between Attention Problems (AP) obtained
with the Child Behavior Checklist (CBCL), and ADHD assessed with the Diagnostic and
Statistical Manual of Mental Disorders (DSM). We will examine this relation across sex
using multi-informant data. Parents of 12,538 twins completed questionnaires at ages 3, 5, 7,
10, and 12 and teachers at age 10. The mothers of a sample of 283 boys and 291 girls who
scored either low or high on longitudinal maternal CBCL-AP, were interviewed. Children
with a low AP-score obtained a negative ADHD diagnosis in 96% of cases. Children with a
high AP-score obtained a positive diagnosis in 36% (girls) and 59% (boys) of cases. The
association between paternal and maternal AP-ratings and ADHD was the same, while the
association between teacher AP-ratings and ADHD was low. The association between AP
and ADHD is higher in boys than girls, possibly due to a bias towards the male manifesta-
tion of ADHD.
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INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD) is defined by impaired attention skills,
impulsivity, and hyperactivity across the lifespan (American Psychiatric Association, 1994).
It is one of the most commonly diagnosed behavioral disorders in children: the prevalence
rates usually lie between 3 and 5% (Bradley & Golden, 2001). ADHD is diagnosed in a
variety of ways, including both checklists and interviews. Interview methods are time-con-
suming and costly, and are therefore difficult to use in large-scale studies. For this reason,
epidemiological studies often use behavior checklists.

Several studies have shown that behavior checklists and DSM-interviews measure
overlapping constructs (Biederman et al., 1993; Chen et al., 1994; Gould et al., 1993; Gould et
al., 1993; Jensen & Watanabe, 1998; Kasius et al., 1997; Kazdin & Heidish, 1984; Steinhausen
et al., 1997). Correlations between Attention Problem (AP)-scores and the number of DSM-
symptoms are moderate to high (Achenbach & Rescorla, 2001). As expected, the correla-
tions are higher when both measures are obtained from the same informant (the parents)
than when measures are obtained from different informants (parents vs. children) (de la
Osa et al., 1997). In addition, checklist scores discriminate between children with and
without a DSM diagnosis of ADHD. Steinhausen, Winkler Metzke, Meier, and Kannenberg
(1997) studied a population sample of 6- to 17-year-old children and compared the mean
CBCL-AP scores of 272 control children, and 35 children diagnosed with ADHD. Children
with ADHD scored higher on parental AP than controls.

Other measures of association are the positive and negative predictive power, sensi-
tivity, and specificity. Positive predictive power (PPP) refers to the proportion of children
with a high CBCL score who obtain a positive DSM diagnosis (i.e., diagnosed as affected),
and negative predictive power (NPP) refers to the proportion of children with a low CBCL
score who obtain a negative DSM diagnosis (i.e., unaffected). Sensitivity and specificity
refer to the proportion of children with a positive DSM diagnosis, who score high on the
CBCL, and the proportion of children with a negative DSM diagnosis, who score low on the
CBCL, respectively.

Hudziak, Copeland, and Stanger (2004) examined the sensitivity and specificity of
ADHD at different CBCL-AP cutpoints in 101 male and 82 female siblings of referred chil-
dren. They found that a T-score of 55 minimized the number of false positives and false
negatives. The PPP and NPP were both high: 80% and 90%, respectively.

A drawback of the Diagnostic Efficiency Measures (DES) is their dependence on the
baseline prevalence of the disorder. This makes it difficult to compare the results of studies
with different sampling procedures. Therefore, we summarized the DES statistics and the
baseline prevalences of six studies that examined the convergence of CBCL-AP and ADHD
in Table 1. In some studies, the DES statistics were not reported directly and the statistics
were derived from the reported number of children who scored below or above the CBCL-
cutpoint by diagnosis. More details about these calculations may be obtained from the first
author.
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Table 1. Diagnostic Efficiency Statistics of studies that examined the association
between behavior checklist scores and ADHD

Stupy SAmPLE N CUTPOINT PREVALENCE PPP NPP SE SP
BoYS/GIRLS (%)
ggtgg)et CIINTSY 157 T>65 23 .36 .96 46 95
G s s Tes e by mom feom o0
000 o R 192/50 T 65 83 93 37 78 69
(Lze(;’g1“)a etal. 203 rBeerz:s‘i’gn 29 50 7 .02 99
gfr(azfgg;o)et R 24710 T 60 71 78 83 97 33
:lf“(’zzci)ao';ft SR 101/82 T 65 36 97 76 47 99

R=clinically referred sample; NR=non-referred sample; SR=siblings of referred children; PPP=Positive Predictive Power,
NPP=Negative Predictive Power, SE=Sensitivity, SP=Specificity

As can be seen in Table 1, Gould, Bird, and Staghezza Jaramillo (1993) found the
lowest PPP. This may in part be due to a lower baseline prevalence in her sample. The
chance of being diagnosed positive for ADHD was 23% in the total sample and 36% in
children with a high CBCL score. The studies of Eiraldi et al. (2000) and Sprafkin et al.
(2002) have been conducted on clinically referred samples, and therefore report high
baseline prevalences of ADHD (83% and 71% respectively). They observed a PPP of .93 and
.78, respectively. The high prevalence of ADHD decreases the chance of a false positive
case, but the specificity of the DSM-diagnosis is much lower than in the Gould et al. study.
These comparisons emphasize the fact that the value of a single statistic does not provide
information about the association between a test and a diagnosis, while the combination of
all four statistics does.

A low sensitivity was seen in the Lengua study (2001). An examination of the 2x2
contingency table revealed that the logistic regression analyses predicted a positive DSM-
diagnosis in only 2 cases. The Lengua study illustrates that CBCL-scores may not improve
the prediction of ADHD if the PPP is lower than 50%. In summary, the convergence
between AP and ADHD is moderate to high, depending on the kind of sample that is used.
Due to differences in baseline prevalences, the positive predictive power is higher in
referred than in non-referred samples.

Most studies that report on the convergence between checklists and DSM diagnoses
have used the Child Behavior Checklist (CBCL). However, AP-scales of the Devereux Scale
of Mental Disorders, and the Child Symptom Inventory-4 have also been shown to be good
predictors of ADHD (Eiraldi et al., 2000; Eiraldi et al., 2000).

Although the convergence between AP and ADHD has been the focus of previous
research, several questions remain unanswered. Firstly, is the association between behavior
checklists and ADHD similar in boys and girls? Chen, Faraone, Biederman, and Tsuang
(1994) found a higher positive predictive power in boys than girls, but the significance of
this difference was not tested formally. Secondly, most studies have used clinically referred
samples. It is not clear to what extent the results of these studies generalize to population
samples. The study of Gould et al. (1993) is the only study which selected children from a
general population. The association in this study was lower than the association in studies
that examined referred samples. Finally, none of the studies included maternal, paternal,
and teacher ratings. The inclusion of different informants might improve the prediction of
DSM-diagnoses, because each informant observes the child in a slightly different situation
and may have unique interactions with the child.
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The purpose of this study is to further investigate the association between CBCL-AP
and DSM-IV ADHD. Equal numbers of boys and girls were selected from a general popula-
tion sample on the basis of longitudinal maternal CBCL-scores. Half of the subjects scored
low on AP (T-score below 55; controls), and the other half of the subjects scored high on AP
(T-score above 65; probands). The selection of probands diminishes the problem of under
representation of affected children. Data on maternal, paternal, and teacher rated AP were
collected when the children were 7, 10, and 12 years old. Mothers were interviewed when
the child was around the age of 12. Shortly after this diagnostic interview, mothers com-
pleted the CBCL. We addressed the following issues. Firstly, is the cross-sectional associa-
tion between AP and ADHD different in boys and girls? Secondly, can the prediction of
ADHD be improved if AP-scores from multiple informants are available?

METHODS

SUBJECTS

The subjects are Dutch twins whose parents voluntarily registered with the Netherlands
Twin Registry when the twins were born (Boomsma et al., 2002). 12,538 twins are currently
participating in a longitudinal study, in which surveys are sent to their parents and teach-
ers. In this longitudinal study, mothers and fathers are asked to complete the CBCL. For the
present study, we analyzed parental data of 10-year-old twins from cohorts 1986-1993. In
addition, we included teacher data of 10-year-old twins from cohorts 1989-1991.

In the present study, 356 families from the cohorts 1989-1992 were selected based on
the maternal AP-scores obtained at age 7, 10, and 12 years. These families received a letter
in which the mother of the twins was asked to participate with a structured interview
study. Of these 356 families, 287 agreed to participate (80.6%), 64 families refused (18.0%),
and 5 families did not respond, and could not be contacted by phone (1.4%). The sample of
287 twin-pairs consisted of 283 males and 291 females. At the time of the interview, the
twins were 10 to 13 years old with a mean of 11.99 years.

SELECTION

Subjects were selected on the basis of their standardized maternal CBCL ratings (T-scores)
at the ages 7, 10, and 12 years. Subjects were excluded if maternal ratings were available
only at one time-point, or if they suffered from a severe handicap, which disrupts daily
functioning. Twin-pairs were selected if at least one of the twins scored high on AP
(probands) or if both twins scored low on AP (controls). A high score was defined as a T-
score above 60 at all available time-points (age 7, 10, and 12) and a T-score above 65 at least
once. A low score was defined as a T-score below 55 at all available time-points. The control
twins were matched with proband twins on the basis of sex, cohort, maternal age, and
Social Economic Status (SES). The criteria resulted in the selection of three types of children:
children who scored low (controls), children who scored high (probands) and children who
obtained an intermediate score (intermediate group). T-scores were computed in boys and
girls separately. In other words, girls were selected if they scored low or high compared to
other girls, and boys were selected if they scored low or high compared to other boys. This
procedure resulted in the selection of an equal number of boys and girls (283 and 291
respectively). The mean AP-scores before and after selection are reported in Table 2.
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Table 2. Mean maternal AP-scores before and after selection

N MEAN MATERNAL AP SCORE (SD)
AGE 7 AGE 10 AGE 12

Boys Before selection Total 6191 3.40 (3.12) 3.50 (3.32) 3.09 (3.16)
After selection Proband group 56 10.58 (2.98) 11.20 (2.69) 12.00 (4.77)

Intermediate group 53 6.73 (2.84) 6.71(2.14) 4.11 (2.64)

Control group 174 1.71 (1.41) 1.90 (1.56) 2.27 (2.20)

Girls Before selection Total 6347 249 (2.66) 2.46 (2.66) 2.06 (2.36)

After selection Proband group 84 8.40 (2.22) 8.35 (2.90) 8.00 (2.27)

Intermediate group 46 4.83 (1.70) 5.11 (2.49) 3.33(1.21)

Control group 161 1.18 (1.11) 1.05 (.99) 1.35 (1.56)

PROCEDURE

The selected families received a letter inviting them to participate. Mothers of twins, who
agreed to participate and who returned the informed consent form by mail, were contacted
by phone to schedule the interview. At the agreed date and time, the mother was inter-
viewed by phone. Within four months after the interview, the mother completed a CBCL,
which she received by mail.

MEASURES

The Child Behavior Checklist (Achenbach, 1991a,b; Achenbach, 1992) is a standardized
questionnaire for parents to report the frequency and intensity of behavioral and emotional
problems exhibited by their child in the past six months. The CBCL 4/18 was completed by
both parents when the children were 10 years old, and by the mother within four months
after the interview. The Attention Problem scale (11 items) was used as a predictor for
ADHD (Verhulst et al., 1996).

Teachers completed the Teacher’s Report Form (TRF) (Achenbach, 1991c) when the
children were 10 years old. The Dutch Attention Problem scale (20 items) was used in the
present study. Ten items of the CBCL-AP scale and the TRF-AP scale overlap.

The Diagnostic Interview Schedule for Children (DISC-IV) (Shaffer et al., 1993) is a
structured diagnostic interview. It can be used to assess the presence of DSM-IV diagnoses,
including Attention-Deficit Hyperactivity Disorder (ADHD). The Dutch translation was
obtained from Ferdinand and Ende van der (1998). The mothers of twins were interviewed
by two experienced research assistants to determine which symptoms of ADHD were dis-
played by the twins during the last year. A child was diagnosed positive for ADHD if he or
she met type-A criteria of the DSM-IV. No distinction was made between ADHD of the pri-
marily Inattentive type and ADHD of the primarily Hyperactive/Impulsive type. Two-
hundred-forty-eight interviews were audiotaped. To assess the quality of the interviews, a
research assistant, who was blind to the results of the interview, listened to 40 of these inter-
views. It was established that the interviewers had made no mistakes that could have
altered the results of the interview, and the number of ADHD symptoms as scored by the
interviewer and the research assistant were the same for all subjects.

STATISTICAL ANALYSES

All statistical analyses were performed on sum scores in SPSS/Windows 11.0 (SPSS, 2001).
The total sample of 287 twin-pairs was divided into two samples to avoid dependency
inherent in twin and sibling data. To this end, the two members of a twin-pair were
randomly assigned to a different sample. The descriptive statistics are reported for the total
sample, but the statistical tests were performed in each sample separately. This enabled a
cross-validation of the results, although the cross-validation sample does not provide a
completely independent replication, because of the correlation between the twins.

56



Positive and Negative Predictive Power, sensitivity and specificity were computed
to examine the cross-sectional association between the maternal CBCL AP score that was
obtained shortly after the interview and ADHD. Children who obtained an intermediate
score on the CBCL were excluded from the sensitivity analyses. They were included in all
remaining analyses. In order to examine the discriminative power of the CBCL, mean AP
scores of children with and without ADHD were computed. A two-way ANOVA was used
to test for effects of diagnosis and sex. The type-l error rate was corrected for multiple
testing in two ways. Firstly, the (type I error probability) of each test was set at .01, which is
more stringent than the usual of .05. Secondly, an effect was only assumed to be present if
it was significant given is .01 in both random samples of twins. In addition, correlations
between AP-scores and number of ADHD-symptoms were calculated. These correlations
were corrected for restriction of range due to selection with Pearson-Lawley selection rules
(Lawley, 1943).

Linear stepwise regression analyses were performed to examine whether the inclu-
sion of paternal or teacher data improved the prediction of the number of ADHD symp-
toms. An advantage of regression analysis is the possibility of including covariates such as
sex, and of investigating associated interaction effects (e.g., between sex and CBCL scores).
A significant interaction term suggests that the predictive value of AP is different in boys
and girls.

RESULTS

PREDICTIVE POWER, SPECIFICITY, AND SENSITIVITY

The cross-sectional association between CBCL-AP and DSM-ADHD was examined by cal-
culating the predictive power of AP, and its specificity and sensitivity. The number of
children by diagnosis and by CBCL-high vs. CBCL-low is reported for each sex in Table 3a.
Table 3b provides the Diagnostic Efficiency Statistics. The high NPP in boys and girls
suggests that a low score on the CBCL almost perfectly predicts a negative diagnosis for
ADHD. In contrary, a high score on the CBCL correctly predicts the presence of ADHD in
59% of the boys and 36% of the girls. Log-linear tests showed that the percentages of boys
and girls in the four categories were significantly different (p<.05 in both samples). Boys
with a high AP-score are more often diagnosed positive for ADHD than girls with a high
AP-score.

Table 3a. The number of children who obtain a diagnosis for ADHD by
CBCL high (T > 65) and CBCL low (T < 55)

Boys GIRLS

No ADHD ADHD TOTAL SAMPLE  No ADHD ADHD TOTAL SAMPLE
CBCL low 151 7 158 155 5 160
CBCL high 14 20 34 36 20 56
Total sample 165 27 192 191 25 216

Table 3b. The Positive Predictive Power (PPP), Negative Predictive Power (NPP), specificity,
and sensitivity of the CBCL

PPP NPP SPECIFICITY SENSITIVITY
Boys 59 96 92 74
Girls 36 97 81 80
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DISCRIMINATIVE POWER OF THE CBCL

To examine if children with ADHD obtain different AP-scores than children without
ADHD, mean AP-scores by informant were computed. The results are reported in Table 4.
Main effects of sex, diagnosis, and their interaction were examined with a two-way
ANOVA.

Table 4. Mean AP-scores of the total sample of boys and girls by diagnosis
and correlations between AP and the number of ADHD symptoms

AP-SCORE N N MEAN AP SCORE MEAN AP SCORE CORRELATIONS
No ADHD ADHD (SD) (SD)
No ADHD ADHD
M F M F M F M F M F
3.66 3.18 9.75 8.06
maternal, age 10 234 254 44 36 (3.44) (3.37) (4.24) (3.83) .63 .62
2.77 223 8.63 6.91
paternal, age 10 176 189 30 23 2.74) @.71) (4.26) (3.55) .64 .62
7.10 4.69 13.92  6.50
teacher, age 10 133 136 25 16 (7.19) (6.04) (7.69) (6.45) .32 19
maternal, 2.88 2.61 8.91 7.53
after interview 100 220 34 30 293) (281) (462) (422) 68
Total number 238 255 45 36

M=Male, F=Female

Children with ADHD scored significantly higher than children without ADHD on
both maternal and paternal AP-scales. The AP scores obtained from teachers did not dis-
criminate significantly between groups of children with and without ADHD, although the
mean scores of boys with ADHD were almost twice as large as the mean scores of boys
without ADHD.

REGRESSION ANALYSES

To examine the predictive value of AP, linear stepwise regression analyses were performed.
The dependent variable was the total number of ADHD symptoms. We included maternal
AP scores collected after the interview, and paternal and teacher AP scores collected at age
10 years. The best fitting model in the first random sample was a model that includes both
maternal and paternal AP scores plus an interaction effect between sex and the maternal AP
score. This model explained 55% of the variance in the n