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Information on the origin of individual differences in development during childhood may
be considered as valuable to gain insight into the etiology of human variation. In studying
the development of children two major phenotypes are often considered: cognitive
abilities and childhood psychopathology. For both childhood psychopathology and
cognitive abilities the importance of genetic and environmental influences at various ages
is well established. Further, it is widely shown that both phenotypes are stable over the
years. Less information is available on the genetic and environmental influences on the
development of cognitive abilities and childhood psychopathology over the years. For a
comprehensive picture of developmental processes underlying child psychopathology and
cognition the mechanisms that explain continuity and change need to be understood.
Genetic and environmental influences, for instance, can yield similar or distinct influences
on the developmental process.

One of the problems in previous studies on stability and change in development
during childhood is the phenotypic character of the data used. Stability and change of a
trait throughout development, based on data collected in samples of unrelated subjects,
are mostly expressed as correlations over time. Most previous studies have relied on these
phenotypic correlations, so they could not distinguish whether continuity was caused by
genetic or environmental influences or both. A more fundamental problem of analyzing
phenotypic data is that genetic and environmental factors may display different
developmental patterns. A mixture of different developmental patterns is not
distinguishable at phenotypic level, so that using phenotypic data only could lead to false
conclusions.

The key to these fundamental problems is studying genetic related individuals. One of
the most important methods to study the etiology of human variation is the classical twin
design (See Chapter 2). In short, monozygotic (MZ) twins derive from a single zygote and
are therefore genetically identical or nearly identical (Petronis, 2001; Martin ez al, 1997). A
possible way to explain differences between two members of a MZ twin pair, as indicated
by less than perfect MZ twin correlations (rvz < 1), are environmental effects that are not
shared. Nonshared environmental influences (E) denote the impact of all environmental
factors influencing only one of the subjects being studied, such as an illness, diseases,
trauma, experiences at school or relationships with peers. Dizygotic (DZ) twins develop
from two distinct zygotes and share on average 50% of their segregating genes, like
'ordinary' brothers and sisters. Differences between two members of a DZ twin pair can
result from nonshared environmental influences as well as genetic differences. A higher
observed resemblance of MZ versus DZ twin pairs (ryz>tpz) is an indication for genetic
influences (A) on the trait under investigation (Martin ez a/, 1997). The twin design also

allows the study of environmental influences that are shared by members of a twin pair.
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Shared environmental factors (C) will create differences between families and make family
members relatively more similar. Possible examples are socioeconomic level, religion, or
style of parenting. Complex traits such as the ones studied in psychology are likely to be
influenced by multiple genes each with a small effect. It can be shown that if these genes
act in an additive manner, the DZ twin correlation is half the MZ twin correlation
(Falconer and Mackay, 1996). Shared environmental influences are implied for traits where
rpz>"2tmz. The study of genetically related individuals, though, provides more than
estimates of genetic and environmental influences on complex traits. The statistical
properties of these data yield unique information on fundamental questions in psychology
such as rater (dis)agreement and developmental mechanisms not available in phenotypic
designs, in which traits are measured in genetically unrelated subjects.

Possible moderators for individual differences in cognition and problem behavior are
hormones such as cortisol. These possible moderating effects are partly based on a
phenomenon dubbed ‘fetal programming’ (for a review see: Welberg and Seckl, 2001;
Matthews, 2000). In the prenatal period the development of the brain is influenced by
hormones, secreted by the pituitary and the gonads (Collacr and Hines, 1995; Sikich and
Todd, 1988). These eatly effects are referred to as ‘programming effects’ because of their
possible influence on the development and structure of the brain. In other words,
individual differences in pre- or postnatal cortisol levels could be an indirect cause of
individual differences in psychopathology or cognition (see Chapter 11).

The main objective of this study is to investigate the developmental patterns of
cognitive abilities and problem behavior. To this end distinct longitudinal patterns are
considered and the cross sectional and longitudinal influences of multiple raters, for
assessment of problem behavior, on the estimates of genetic and environmental influences
in childhood psychopathology are investigated. Finally, since cortisol levels are considered
as a possible moderator for individual differences in cognition and psychopathology, an
overview of previous studies on individual differences is cortisol levels is given and the

individual differences in cortisol levels in 12-year old children are investigated.

Childhood psychapathology

Prevalence

Behavioral/emotional problems are common among children. In a Dutch sample of 2227
children, aged 4 to 18 years, the prevalence of behavioral problems is about 40% (Verhulst
et al., 1996). This number illustrates that problem behaviors in children present a public
health problem that cannot be ignored. Further, Internalizing problems

(anxious/depressed behavior, withdrawn behavior) are more prevalent in gitls than boys,
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especially in adolescence, and Externalizing problems (aggressive behavior, rule breaking
behavior) are more prevalent in boys than gitls.

In developmental psychopathology there is considerable interest in the study of how
problem behaviors develop over time. So far studies on the development of childhood
psychopathology mainly focus on phenotypic correlations over time and persistence of
problem behavior to predict stability and change (Verhulst and Van der Ende, 1992a;
1992b; Ghodsian et al, 1980; Richman ez al, 1982; Graham and Rutter, 1973). These
studies indicate a substantial degree of continuity in problem behaviors. In two prevalence
studies in representative samples of Dutch children, the 8-year stability of Child Behavior
Checklist (CBCL) total problem scores in children, initially aged 4 to 10 years, was 1=0.48
(Vethulst ez al., 1985a; 1985b; 1989; 1997; 1999; Verhulst and Akkerhuis, 1986; Verhulst
and Van der Ende, 1995). This means that across the rather long period of eighth years,
neatly 25% of the variance in CBCL total problem scores could be explained by the initial
CBCL total problem scores. From a categorical perspective, it was found that nearly 40%
of those who could be regarded as deviant, could still be regarded as deviant eighth years
later. Stability of Internalizing problems was nearly equally strong as the stability of

Externalizing problems.

Genetics

Only a few studies have used data from genetically related individuals to disentangle the
genetic and environmental influences on continuity and change in the development of
problem behaviors or problem behavior related disorders. Van der Valk and colleagues
(2002, submitted) used a two-wave behavior genetic model to estimate genetic, shared
environmental and nonshared environmental contributions to stability and change of
Internalizing and Externalizing Problems at ages 3 and 7 years in a sample of Dutch twins.
For Externalizing problems the estimated influences of additive genetic, shared and
nonshared environmental factors remained relatively constant over the years. The
phenotypic stability (r=.54) was explained for 55% by genetic factors. Shared
environmental influences were mostly stable, while nonshared environmental influences
were mostly age specific. For Internalizing problems additive genetic influences decreased
while nonshared environmental influences increased over the years. The phenotypic
stability (r=.38) was for 66% explained by genetic factors. In a developmental study in
sibs, half sibs and cousins, by Van den Oord and Rowe (1997), the continuity of problem
behaviors was entirely explained by genetic and shared environmental factors. Nonshared
environmental factors only showed age specific effects, influencing changes in children’s

problem behaviors.
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One of the major drawbacks in the previous phenotypic studies is the lack of ability to
sort out the etiology of stability and change in problem behavior throughout development.
These previous phenotypic studies could not distinguish between genetic and
environmental influences on the developmental process. Previous studies in genetically
related individuals made a distinction between genetic and environmental factors causing
stability and change. These different sources of variances, though, may display a distinct
developmental pattern, for instance a factor or simplex structure (explained in Chapter 2).
An important feature of the present longitudinal twin study is the possibility to investigate
the developmental pattern of genetic and environmental sources of variance
independently. Unique in this study is the large longitudinal data set with information on

childhood psychopathology at age 3, 7, 10, and 12.

Childbood psychopathology and the Netherlands Twin Register

The Netherlands Twin Register (NTR), kept by the Department of Biological Psychology
at the Vrije Universiteit in Amsterdam, was established in 1987 (Boomsma ez al, 1992;
Boomsma, 1998, Boomsma ¢ al., 2002). Young twins and multiples are recruited a few
weeks or months after their birth. Currently around 50% of all newborn multiples in The
Netherlands are registered. The young twins are recruited with the help of a commercial
organization (Felicitas B.V.) that visits parents of newborns at home. After the parents
send in the signed registration card, they receive the first questionnaire. When this
questionnaire is returned, the family is registered with the NTR and will be send a
questionnaire every two years, and a newsletter yearly. Over the years, there is an increase
in the number of registrations (defined by the return of a completed first questionnaire),
which corresponds with the increase in the number of twin and multiple births in The
Netherlands. Between 1989 and 2000, the relative number of multiple births in The
Netherlands increased from 13.2%o (a total of 2250 twin and multiple births in 1987) to
17.8%0 (a total of 3639 twin and multiple births in 2000; data CBS). Since the
questionnaire collection is a continuous process, Table 1.1 lists the questionnaires that
have been returned by parents at each age till the first of June 2002.

The main focus of the questionnaires is health and behavior problems. For the study
of development of Internalizing and Externalizing problem behavior questionnaire data
on psychopathology collected at ages 3, 7, 10, and 12 in birth cohorts 1986 till 1993 are
used, as indicated by the shaded cells in Table 1.1. Further, the questionnaires used at
these ages contain a serie of items on parental beliefs about zygosity, twin resemblance for
physical characteristics and confusion of twins by parents, family members and strangers.

In combination with information on zygosity based on blood group and DNA
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polymorphisms, these data have been used to assign zygosity to same-sex twins (Rietveld
et al., 2000).

Table 1.1.

Number of twin pairs for whom questionnaires are returned by parents

Cohort |0 2 3 5 7 10 12 years
1986 155 109 82 101 89 103 103
1987 940 810 634 592 534 580 544
1988 993 815 673 635 601 586 522
1989 1022 795 800 710 720 636 504
1990 1189 945 945 861 802 745 157
1991 1235 988 900 867 837 713

1992 1336 1072 973 872 906 210

1993 1477 1161 1080 956 937

1994 1533 1190 1000 928 703

1995 1588 1132 1057 1017 57

1996 1749 1261 1151 963

1997 1664 1196 1156 118

1998 1779 1480 475

1999 1685 1282 4

2000 1426 118

2001 916

Total 20687 14354 10930 8620 6186 3573 1830

Note: Two questionnaires are sent to parents at ages 3, 5, 7, 10, and 12 years. The numbers in the table
indicate that at least one of these is returned. The shaded cells indicate the cohorts and age groups used in

this study.

Data on psychopathology are assessed by a worldwide-accepted questionnaire, the
Child Bebavior Checklist (CBCL; Achenbach, 1991; 1992). Mother and father ratings were
collected by making use of age approptiate questionnaires. The CBCL 2/3 is used for
parents to score the behavioral and emotional problems of their 3-year-old children. It
consists of 100 items that are scored by the parents on a 3-point scale based on the
occurrence of the behavior during the preceding 2 months: O if the problem item was not
true, 1 if the item was somewhat or sometimes true, and 2 if it was very true or often true.
Dutch syndrome scales and comparability with the syndrome scales as developed by
Achenbach (1992) are reported by Koot and colleagues (1997). In the present project the
two broadband scales Internalizing and Externalizing are analyzed (Chapter 3 to 6). In the
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CBCL 2/3 the Internalizing scale consists of the Anxious and Withdrawn/Depressed
subscales. The Externalizing scale consists of the Aggressive, Oppositional, and
Overactive subscales.

For twins at age 7, 10, and 12 the CBCL 4-18 was used for parents to score the
behavioral and emotional problems of their children. It consists of 120 problem items that
are scored by the parents on, the above mentioned, 3-point scale based on the occurrence
of the behavior during the preceding 6 months. The syndrome scales were composed
according to the 1991 profile (Achenbach, 1991). Dutch syndrome scales and
comparability with the syndrome scales as developed by Achenbach are reported in
Verhulst e al (1996). In this manual the two broadband scales Internalizing and
Externalizing are analyzed. In the CBCL 4-18, the Internalizing scale consists of the
Anxious/Deptessed, Somatic Complaints and Withdrawn subscales. The Externalizing

scale consists of the Aggressive and Rule Breaking Behavior subscales.

Multiple informants

The used approach to quantify children’s problem behavior by asking the parents to score
behavioral and emotional problems on behavioral questionnaires has its advantages and its
disadvantages. Parents have the advantage that they observe their children over long
periods and can witness both frequent and rare behaviors. Additionally, using more than
one rating will give more reliable results by decreasing measurement error. Disadvantages
are the disagreement between mother and father ratings and the costs and efforts to send
questionnaires to multiple persons.

Traditionally, data from mothers have been used since information from fathers has
been difficult to obtain, and once obtained, difficult to interpret, given the often low levels
of agreement between mother and father reports. A meta-analysis by Achenbach,
McConaughy, and Howell (1987) showed a mean correlation of .60 between maternal and
paternal ratings of the same child. This underscores that parents are able to assess their
child’s behavior, for if parental ratings would reflect nothing but error the correlation
between their ratings would probably be low. However, a high correlation does not
necessarily imply that parents are assessing the same phenotype in their children (Hewitt ez
al, 1992). The correlations may be high even when the parents are assessing different
behaviors in their children, because the parental correlation may predominate over the
variance specific to a given parent. Conversely, different forms of rater bias and
unreliability may lower the correlation between parents even though parents may be
assessing exactly the same phenotype in their children. Generally, disagreement can have
elements of accuracy or bias. For example, accuracy may arise if one parent is privy to a

child’s behavior in ways unavailable to other informants, e.g., as when a child confides with



8 Chapter 1

his or her mother about personal problems. In this case, the mother, but not the father,
would have unique access to data on the son or daughter’s feelings. Bias could arise if the
parents’ own traits influenced ratings (a projection bias), or if parents exhibited response
biases (e.g. stercotyping, employing different normative standards, or having certain
response styles, i.e. judging problem behaviors more or less severely).

From a clinical point of view, it remains a struggle to determine what to do with the
disagreement. Is it best to assume that there is ‘one best informant’, that one parent is
‘more reliable than the other’, or that parents present a unique viewpoint on his or her
child, thus providing unique and valuable information to be used in assessment?
Accordingly, it is difficult to draw firm conclusions about the processes underlying the
(dis)agreement between parental ratings on the basis of correlations alone.

To study agreement and disagreement between parental ratings two models are
considered (see Chapter 2). The so-called Rater Bias and Psychometric models combine
data of mothers and fathers and can be used to estimate genetic and environmental
influences taking agreement and disagreement between parents into account (Neale and
Stevenson, 1989; Hewitt ¢f al, 1992) . The Rater Bias model assumes that parents assess
exactly the same behaviors in the child (common behavioral view) and that they share a
common understanding of the behavioral descriptions. This may apply when both parents
are equally confronted with the behaviors shown by the child (for instance at home).
Disagreement between the raters is regarded as error, resulting from rater bias and/ot
unreliability. Sources of rater bias are stereotyping, employing different normative
standards, or having certain response styles, i.e. judging problem behaviors more or less
severely. Because these types of bias may differ between raters, they may also lead to
disagreement between raters. Unreliability can become an important source of
disagreement when raters cannot give an accurate description about relevant behaviors.
For instance, it has been suggested that parents may be relatively insensitive to affective
disturbances in children (Angold ez /., 1987).

In addition to assessing similar aspects of the child’s behavior, the Psychometric model
assumes that each parent assesses a unique aspect of the child’s behavior. This will occur
when the parent also observes the child in distinct situations where they are exposed to
distinct samples of the behavior (unique behavioral view). For instance, the parent who
usually brings the child to school may also be more familiar with the child’s behavior
outside the home. Moreover, each parent may interact differently with the child
(Achenbach ez al., 1987). These unique interactions between a parent and a child may allow
each parent to provide additional information about the child’s behavior, apart from the
information on which they both agree. Disagreement in this model does not merely arise

due to unreliability and/or rater bias, but also because each patrent contributes, from his
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own perspective, different but valid information on the child’s functioning. The
Psychometric model tests this by examining whether there are significant child genetic
effects on the parents’ unique behavioral views. If the behaviors uniquely rated by the
parents are shown to be influenced by the genotype of the child, the parent must have
been assessing ‘real” unique behavioral views. For etror and/or unreliability cannot cause
the systematic effects necessary for the model to estimate genetic influences.

Only a few studies have collected data on psychopathology rated by both parents and
therefore were able to employ models that incorporated rater differences. Rowe and
Kandel (1997) collected the CBCL completed by mothers and fathers for their oldest two
offspring (aged 9 to 17) in 76 families. They did not fit cither Psychometric or Rater Bias
models. Still, their results, based on an ‘individual view-shared view” model, showed that
the parental ratings contained a substantial shared behavioral view. Simonoff ez a/. (1995),
in a study of 282 twin pairs aged 8 to 16, also found evidence in favor of a shared
behavioral view for antisocial behaviors. However, from their analyses they could not
determine what underlay the shared parental view and described it as due to a shared set
of expectations of the parents against which both twins were rated. Hewitt e/ a/ (1992)
applied both the Rater Bias and Psychometric model on parental ratings of the
Internalizing scale (CBCL) for 983 twin pairs. They found that both for their prepubertal
cohort (8 to 11 years) and for their pubertal cohort (12 to 16 years) the Psychometric
model fitted the data better than the Rater Bias model. Hewitt and colleagues concluded
that for the Internalizing scale, mothers and fathers rate the same phenotype in their
children (i.e. have a shared behavioral view). Unique genetic influences were found,
implying that the rater differences reflected the existence of real unique behavioral views
and not just error and bias. Further insight into issues of rater bias is presented by van der
Valk and colleagues (2001; 2002). Rater bias models and Psychometric models were tested
on a large group of 3-and 7-year-old Dutch twins. As in the previous studies, the
Psychometric model fitted the data significantly better at both ages. Thus these studies
indicated that disagreement between parental ratings is partly caused by mothers and

fathers assessing different aspects of the child’s behavior.

Contrast effects

In studying the etiology of childhood psychopathology using twin pairs and parental
ratings the effects of contrast effects need to be discussed. In general, contrast effects can
be considered as a social interaction between siblings (Carey, 1986; Eaves, 1976) or an
effect introduced by the rater (Neale and Stevenson, 1989). In the former case, the
behavior of one twin has a certain effect on the behavior of his or her co-twin. This effect

can be either cooperative or competitive. In the latter case, when parents are asked to
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evaluate and report upon the problem behavior of their children, they may very well
compare the twins’ behavior against one another, despite instructions on the questionnaire
form. In this way, one twin becomes some kind of standard by which the behavior of the
co-twin is rated. A significant contrast effect is implied when MZ variances and DZ
variances are heterogeneous. In addition to heterogeneity of MZ and DZ variances, the
presence of a contrast effect leads to a pattern of MZ and DZ correlations that is
inconsistent with additive genetic sources of variances. They decrease both MZ and DZ
correlations, but DZ correlations to a greater extent, thus mimicking interaction between
alleles at the same locus (dominance). The implication of a rater contrast effect in diagnosis
and research is clear. Bias can lead to misdiagnoses in the clinical setting and the inclusion
of false positives or exclusion of true cases from gene searching efforts, both of which are
undesirable. If a gene finding study is designed to select discordant twin pairs and
concordant twin pairs, the former group would be over-represented and the latter group

would be under-represented due to maternal rater bias.

Cognitive abilities

Heritability of cognition has been studied extensively, both in adults and in children. Many
behavior genetic studies yield the largely consistent result that genetic differences account
for at least 50% of the observed variability in cognition in adults (e.g. Bouchard and
McGue, 1981; McCartney ez al, 1990; Bratko, 1996; Rijsdijk ez al., 1997, 1998; Alarcon et al,
1998, 1999, Posthuma e7 a/., 2000). It is also well established that the genetic influences on
cognitive functioning increase throughout development, whereas influences of common
environment decrease (e.g. Skodak and Skeels, 1949; Wilson, 1983; Labuda ez a/., 1986;
Fulker ez al, 1988; Lochlin et al, 1989; McCartney ¢t al, 1990; McGue et al., 1993;
Boomsma, 1993; Plomin ¢7 a/., 1997; Boomsma and Van Baal, 1998; Alarcén, 1998, 1999).

Far less is known about the developmental genetics of cognitive abilities. A few
longitudinal studies have focused on the influences of genes and environment on
cognitive development rather than cognition at specific ages. New genetic influences at
different ages and a common factor for shared environmental influences have been found
(Colorado Adoption Project; e.g. Plomin and DeFries, 1985; Louisville Twin Study; e.g.
Wilson, 1983; Eaves e¢# al., 19806).

In addition to participating in the longitudinal questionnaire studies, a smaller sample
of twins was invited to take part in an experimental study on the development of cognitive
abilities. The development of cognitive abilities is investigated using Full-scale 1Q scores at
age 5, 7, 10, and 12. The use of four measurement occasions enables us to distinguish

between a simplex structure and a common factor structure as the underlying pattern for
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genetic and environmental influences on the development of cognition. Further the

association between IQ) at all ages and a test of scholastic achievement (CITO) is explored.

Psychomsetric 1Q

At age 5, 7, and 10 the children were tested with the Revised Amsterdamse Kinder
Intelligentie Test (RAKIT) (Bleichrodt ez a/, 1984). Six subtests, with age-appropriate
items, were employed to assess cognitive functioning. Raw subtest total scores are
corrected for age and transformed into standardized scores with a mean of 15 and a
standard deviation of 5. The total IQ score is based on the combination of these
transformed subtests with a mean of 100 and standard deviation of 15. The
standardization is based on a population sample of Dutch 6 to 11-year-old children and
the same standardization is used for boys and girls. For further details on this well-known
Dutch intelligence test see Rietveld ez o/ (2000). At age 12 the twins completed the full
version of the WISC-R, Dutch version (Van Haasen e# a/., 1986). The WISC-R consists of
12 subtests, 6 mainly verbal and 6 mainly non-verbal. The subtest scores are standardized,
with a mean of 100 and a standard deviation of 15, based on results of same-aged
children in the Netherlands and the same standardization is used for boys and gitls.

Addition of the twelve standardized subtest scores results in Full-scale 1Q.

Scholastic achievement (CITO)

In 2000, the NTR started collecting the results of a national test of educational
achievement (CITO) from all registered 12-year old twins. 85% of all Dutch schools yeatly
administer this test in the final class of elementary school. The main purpose of this test is
to select for different levels of high school education. A standardized CITO score was
collected for 1495 children, who took the CITO in 1998, 1999, 2000 or 2001.

The CITO consists of 240 multiple-choice items assessing four different intellectual
skills: Language, Mathematics, Information Processing, and World Orientation. Each
performance scale contains 5 or 6 subscales, with a total of 60 multiple-choice questions.
In 2001 the test slightly changed with respect to the distribution of the questions resulting
in 60 questions for Mathematics and World Orientation, 90 questions for Language and
30 questions for Information Processing. Together the performance scales result in a
standardized score between 501 and 550. The test is administered on three consecutive
days in January or February when the children are in the final class of elementary school.
The CITO data were collected by mail from the teacher, after informed consent from the
parents or by mail from the parents as a question in a questionnaire on the child’s

behavior at age 12.
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Cortisol

Cortisol, a glucocorticoid, is a steroid hormone secreted by the outer cortex of the adrenal
gland. Its secretion is stimulated by ACTH (adrenocorticotrophic hormone), produced in
the pituitary in response to corticotrophin-releasing hormone (CRH), a product from the

neurons in the paraventricular nucleus of the hypothalamus (Figure 1.1.).

Figure 1.1.
A schematic representation of the HPA-axis.

HYPOTHALAMUS <

ACTH CORTISOL

In the characteristic diurnal thythm of plasma cortisol level typically 10-15 well-defined
pulses of variable amplitude are observed, with a morning maximum, declining levels
throughout the daytime, a period of low concentrations generally centered around
midnight, and an abrupt rise after the first few hours of sleep (Weitzman, 1971). Further,
plasma cortisol release is tightly regulated through negative feedback at the pituitary,
hypothalamus and hippocampus (Kovacs e al, 1987; Jacobson and Sapolsky, 1991).
Strength of this feedback signal strongly varies with time of day (Dortin et al, 1996;
Huizinga et al., 1998; Young ez al., 1998), contributing to the characteristic diurnal rhythm
in plasma cortisol levels. After its release, the major proportion of cortisol binds to the

plasma proteins corticosteroid binding globulin (CBG or transcortin) and albumin, which
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prevent the hormone from penetrating the membranes of their target cells. Only, about 3-
5% of the total cortisol is the unbound, biologically active fraction. Salivary cortisol
measurements always reflect the biological active free form. Salivary free cortisol is
approximately 70% of that of serum free cortisol because of conversion of cortisol to
cortisone in the salivary glands. However, there is a strong relationship between cortisol
levels extracted from saliva and from blood (Riad-Fahmy ez o/ 1982; Kirschbaum and
Hellhammer 1994; Aardal and Holm 1995).

Only a few attempts have been made to estimate the impact of genetic and
environmental factors on the regulation of cortisol levels. These studies point to the
direction of moderate genetic contributions to different aspects of cortisol measures.
Thus, Maxwell et al. (1969) and Meikle et al. (1988) reported evidence of moderate genetic
effects on basal cortisol levels in females and males, respectively. More recently, Inglis et
al. (1999) has reported a heritability of 46% in morning plasma cortisol samples. Diurnal
cortisol profiles have also been shown to be genetically affected (Linkowski et al., 1993).
Furthermore, significant heritabilities have been found in the cortisol stress-response and
in the cortisol response to awakening (Kirschbaum et al., 1992; Wiist et al., 2000). To date,
each of these studies was done in adults and plenty of remarks can be put on the reliability
of these studies (for a review see Bartels et al., 2002; Chapter 9).

For the determination of cortisol levels in the smaller sample that participated in the
longitudinal 1Q design, saliva was collected in 1999/2000 when the twins were 12 years
old. To this end Salivettes were sent to the participants by mail and the twin pairs collected
their saliva at home, following a written instruction. The samples were collected at
prescribed times and, importantly, at the same time for both children of a twin pair. On
the first day the first sample (S11) was taken in the morning just before getting up (still
lying in bed) (mean time 0728H), the second (S21) sample was taken at least half an hour
after getting up but before going to school (mean time 0817H), the third sample (S31) was
taken before lunch (mean time 1234H), and the fourth sample (S41) was taken in the
evening (mean time 2032H). On the second day the same schedule was adapted for four
repeated samples (S12, S22, §32, S42)(mean times 0735H, 0826H, 1232H, 2034H).

Outline of this thesis

Chapter one, the introductory chapter, gives an overview of the traits under investigation
and results of previous studies are presented in short. In chapter two the background
methodology of the study of individual differences is discussed and a solid biometrical
basis for the classical twin design will be provided. Further, the longitudinal mechanisms

and the multiple rater models considered throughout this thesis are discussed in detail.
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Chapter three through six will focus on childhood psychopathology. In chapter three
the influences of genetic and environmental influences on the developmental pattern of
Internalizing and Externalizing problem behavior will be disentangled. In chapter four and
five the use of multiple raters (parents) in assessing problem behavior in children is
considered. Agreement and disagreement between parents is investigated for parental
ratings of their 10 and 12-year-old children. Comparison of the results of this study to the
results of comparable studies in 3-and 7-year-old Dutch twins gives the opportunity to
disentangle ‘real’ behavioral development from changes in rater effects. To gain insight
into in the developmental pattern of agreement and disagreement in parental ratings a
longitudinal psychometric is developed and described in chapter six.

Chapters seven and eighth will focus on cognitive abilities. Chapter seven describes the
longitudinal mechanism in the development of cognitive abilities from age 5 to 12 yeats.
The influences of genetic and environmental factors on stability and change are estimated.
The influences of genetic and environmental influences on the association between
cognition at age 5, 7, 10, and 12 and a test of scholastic achievement (CITO) are
disentangled in chapter eighth. It is investigated whether cognitive ability at age 5 is a
predictor of scholastic achievement at age 12.

Since cortisol is considered as a moderator to explain individual differences in
cognition and psychopathology, in chapter nine studies on the heritability of cortisol are
reviewed and the methods of the different studies are critically evaluated. A power analysis
is conducted to estimate the number of twin pairs required to reliably estimate the genetic
and environmental influences on basal cortisol levels. Chapter ten describes a study on the
individual differences in salivary cortisol in twelve-year-old children. The possible
background hypothesis of the association between cortisol, psychopathology and
cognition is discussed in chapter eleven and preliminary results on the correlation between
cortisol, psychopathology and cognition are presented.

In the general discussion (chapter twelve), the empirical results for the chapters three
to ten are discussed and integrated with existing literature. Finally, future directions in the
study on individual differences in development during childhood and adolescence are

considered.



Individual differences
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Behavior genetics comprises the study of individual differences. Quantitative genetic
theory states that every individual’s phenotype is made up of genetic and environmental
contributions. No phenotype in psychology will be entirely determined by genetic effects,
so we should always expect an environmental effect, which also includes measurement
error, on the phenotype P. In general the phenotypic value (P) can be expressed as a

function of the genotypic value (G) and environmental deviation (E):
P=G+E (eq. 2.7)

Almost everything that can be measured or counted in humans shows variation around
the mean value for the population. The aim of behavioral genetic studies is to disentangle
the sources of this variation. Continuous observed variation might be attributed to genetic
variation and environmental variation. In short, environmental variation results in
variation in the phenotype when different aspects of the environment have differential
effects on that phenotype. Genotypic variation causes phenotypic variation when different

alleles of one or more genes differently affect the phenotype. The variance of a phenotype

(Vp) is given by:
Vp =gVe + Vi (eq.-2.2)

The coefficients g and ¢ are population parameters that represent the strength of the
relation between the measured phenotype and the latent (unmeasured) factors G and E.
This equation does not include the term GXE, and thereby assumes no interaction
between the genetic and the environmental effects (see section on GXE and GE-
correlation). G and E are latent factors, in other words, the genotypes and environments
are not measured directly. There are two ways to define the individual contribution of the

latent factors to the total variance. First, the factor loadings can be fixed to 1, so:

if g=e=1
Vp=Ve + Vi (eq. 2.3)

in which Vg is the genetic variance and VE is the environmental variance.
Second, when the latent factors are defined to have unit variance, a squared factor

loading represents the variance explained by that specific factor, so:

if VG:VE:1
Vp=g + ¢ (eq. 2.4)
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in which ¢ represents the genetic variance and ¢? represents the environmental variance.

Figure 2.1.
The scatter plots demonstrate the relationship between genotypic values and phenotypic values for different
heritabilities (G. Carey, 2002).

The proportion of the phenotypic variance attributable to genetic variance is known as
the heritability (/7). Because heritability is a proportion, its numerical value will range from
0.0 (genes do not contribute at all to phenotypic individual differences) to 1.0 (genes are
the only reason for individual differences). For human behavior, almost all estimates of
heritability are in the moderate range of .30 to .60, however for some phenotypes
estimates as high as .80 are found (e.g. Posthuma ¢ a/, 2001). The scatter plots in Figure
2.1 give some indication of the extent to which genetic individual differences contribute to
individual differences in actual, observed behavior. It can be seen that if the heritability is
high (e.g. 0.8; right part of Figure 2.1), there is a strong relationship between genotypic
values and phenotypic values. In other words, a large part of the phenotypic individual
differences is accounted for by genotypic individual differences. If the heritability is low
(e.g. 0.3; left part of Figure 2.1) the relationship between genotypic values and phenotypic
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values is low. In other words environmental individual differences rather than genetic

individual differences will account for a large part of the phenotypic individual differences.

Genetic variation

Genetic information is present in nearly every cell of an organism and resides on long
strands of deoxyribonucleic acid (DNA) called chromosomes. Humans have two copies of
a chromosome, one of maternal origin and one of paternal origin. In total humans have 23
pairs of chromosomes. DNA sequences that encode for particular products (proteins and
RNAs) are referred to as genes, and their chromosomal locations are called loci. Different
variants of a gene are called alleles and each individual has two copies. If the two alleles of
an individual are identical, the individual is said to be homozygous. If the two alleles are
not identical, the individual is said to be heterozygous.

Gregor Mendel began the science of genetics with his landmark studies concerning the
inheritance of the physical traits of the garden pea Pisum sativum, in which he studied for
instance round versus wrinkled seeds (Mendel, 1866). Mendel formulated two principles
of heredity that have become known as “Mendel’s laws”. Mendel’s laws pertain to the
behavior of genes and alleles during sexual reproduction. Mendel’s first law, the Principle
of Segregation, states that during formation of gametes the two alleles of a gene segregate
separate from each other such that half of the gametes carry one allele and half carry the
other allele. Mendel’s second law, the Principle of Independent Assortment, states that
during formation of gametes the segregation of alleles of one gene occurs independently
of the segregation of alleles of other genes. A monogenetic model, though, cannot explain
genetic influences on most kinds of behavior. Fisher (1918) extended Mendel’s single/
two locus system to a multi-locus system. He indicated that each gene in the polygenetic
model segregates according to Mendelian rules, and that small effects of these polygenes
can lead to a continuous range of measured traits by summing the genetic effects of all
contributing loci, and possibly also including interaction between loci (Fisher, 1918;
Philips, 1998).

Within a population some genes appear in one form only, so causing no variation
among individuals. For other genes, though, many different alleles may exist. For
simplicity suppose a gene, A, with two different alleles 47 and .42. With these two alleles
the genotypes may be symbolized 4147, A1A2, and A242. The frequency of each of these
genotypes (the genotype frequencies) is determined by the proportion of individuals that belong
to each genotype. By convention, allele A4; has a frequency p, while allele A2 has a
frequency ¢, so that p +¢4 =1. If the population is in Hardy-Weinberg equilibrium, the
genotype frequencies are p?, pg, and ¢° for ArA;, A1Az and A2A2, respectively. The
genotypic effect (genotypic value), that defines the measurable effect, of genotype ArA4; is
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>

called “a 7, the effect of genotype ArA421s “d”, and the effect of genotype A242 is “-a .
The scaling of the three genotypes is shown is Figure 2.2.

Figure 2.2.
Scale of genotypic values (picture taken from Falconer and Mackay, 1996)

-a a

AxA» 0 ArA> ArAq

The origin, or point of zero value, on this scale is the midway between the values of
two homozygotes. The value 4 of the heterozygote depends on the degree of dominance.
If there is no dominance, ¢=0; if 4; is dominant over A, d is positive, and if A, is
dominant over .4y, d is negative. If allele .47 is completely dominant over allele .42, effect 4
equals effect a.

The genotypes, frequencies, and genotypic values are shown in Table 2.1, and from
these we can calculate the mean. The genotypic contribution to the population mean of a
trait is the sum of the products of the frequencies and the genotypic values of the three

different genotypes (Falconer and Mackay, 1990).

Table 2.1

The genotypes, frequencies, and genotypic values for a gene A, with two different alleles A1 and As.
Genotype Frequency (f) Genotypic value Frequency X Value
ArAq P a Pa

ArAz 2pq d 2pqd

A4 7 -a -4%a

The population mean is:

M = p?a + 2pgd - g7a
= ap—q) +2pqd (eq. 2.5)
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The contribution of this locus to the population means consist of a component
attributable to the homozygotes (ArA4s or A2A42), a (p — ¢), and a component attributable
to the heterozygotes (Ar42), 2pqd. 1f there is no dominance (4=0), the second term is
zero, and the mean is a direct function of the gene frequency; M= a (p — ¢)= a(1-2g). If
there is complete dominance (4 = ), the mean is proportional to the square of the gene
frequency; M=a(p-g)+2pga =a (1-24?).

However, most complex traits, like psychopathology or cognitive abilities, are not
influenced by single loci. The genetic effects are assumed to be a result of the combination
of the effects at several loci. With additive combination, then, the population mean
resulting from the joint effects of several loci is the sum of the contributions of each of

the separate loci (Falconer and Mackay, 1996), thus:

u=a@p—q +23pqd (eq. 2.6)

In studying individual differences we are, besides the mean of a population, interested
in the variance. It reflects the dispersion of values around a mean. In studying individual
differences it is important to define the genotypic effect of a certain genotype in terms of a
deviation from the population mean. For the genotypes ArA4;, A4z and A24,, the
genotypic effect were previously assigned «, d, and —a respectively. The genotypic effects

in terms of a deviation from the population mean (see equation 2.5) are thus:

ArAr=a—(a(p-q) + 2pqd) (eq- 2.7)
= 2 (a—pd)
AA2=d— (a (p—q) + 2pqd) (eg. 2.8)

=alg-p) +d(1-2p9)

A2A2=-a—(a (p—q) + 2pqd) (eg. 2.9)
= -2p (a + qd)

The total genetic variance (Vg) can be computed based on the standard formula for the

variance:

0? =2 i (xi— p)? (eg. 2.10)
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where f; denotes the frequency of the genotype 7 (see Table 2.1), x; denotes the mean of
that genotype and # denotes the population mean as specified in equation 2.5. In the

simple two-allele system the total genetic variance is:

Vo=p2[2g(a-pd) >+ 2pq] alg—p) +
d(1-2p) P+ [-2p @@+ gd) I
= 2pq [atdig ) + (2pgdy? (eq. 2.17)

The genotypic variance (Vi) can be further divided in additive genetic variance (A) and
non-additive genetic variance. Additive genetic variance (A) represent the sum of the
effects of alleles of all loci that influence the trait. Non additive effects concern
interactions between alleles, which can occur in two ways. Dominant genetic effects (D)
stem from the summation of the interaction between two alleles at the same locus.
Epistatic variance reflects the interaction between alleles at different loci. In human
populations the effects of epistasis are difficult to estimate in the absence of control over
breeding or environmental condition, and will henceforth be ignored. The total genetic

variance is thus:

Ve =V.+Vp (eq. 2.12)
In which:

Va = 2pq [a+d(g-p))? (eg. 2.13)
and

Vp = (Zpgd)? (eq. 2.14)

Environmental variation

Environmental variance by definition embraces all variation of non-genetic origin. It can
have a great variety of causes. If no real measures of environment are collected then it is
possible to make some very important statements about the structure of the environment,
by using the biometrical genetical approach, which relies only on the complex pattern of
twin resemblance. Environmental variance can be decomposed in environmental variance
shared by members of a family (V¢) and nonshared environmental variance (Vg), variance

that is unique to a certain individual. The total environmental variance is thus:

Venvironment = Ve + Vi (eq. 2.15)
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Any environmental factor that creates differences between families and make family
members relatively more similar can be considered as shared environmental influences, for
instance socioeconomic level, religion, or style of parenting. In studies of twins reared
together, the shared environment is expected to contribute to the correlation of both MZ
and DZ twins. Nonshared environmental influences are idiosyncratic experiences that
contribute to differences between members of the same family, such as an illness, diseases,
trauma, or unique relationships with peers. Measurement error is also captured in the
nonshared environmental influences.

In some studies influences of shared environment are found. The finding of these
significant influences, however, could be the results of nonrandom mating (Assortative
mating). Assortative mating refers to nonrandom mating that results in similarity between
spouses. In human populations, the first indication of assortative mating is often a
correlation between the phenotypes of mates. Besides the so-called passive elements of
mate selection (e.g. type and length of education, social class, area of residence), active
personal preferences for physical and psychological attributes, including 1Q, may play a
role in mate selection. These mating elements will induce positive assortative mating.
Assortative mating is important for genetic research for two reasons. First, assortative
mating increases genetic variance in a population. In other words, positive assortative
mating increases variance in that the offspring differ more from the average than they
would if mating were random. Even if spouse correlations are modest, assortative mating
can greatly increase genetic variability in a population, if its effects accumulate generation
after generation. Assortative mating is also important because it affects estimates of
heritability. Positive assortative mating increases the resemblance between fraternal or
dizygotic twins because it renders the parents of these twins more similar than they would
be if there was no assortment. Identical or monozygotic twins, however, are already at the
point of maximum genetic resemblance, and are thus unaffected by positive assortative
mating (Plomin e# @/, 2000). As a result the genetic effects of assortative mating will
artificially inflate estimates of the shated environmental influences. This means, in turn,
that estimates of the genetic component based primarily on the difference between MZ
correlations and DZ correlations will tend to be biased downwards in the presence of
assortative mating. The resolution of the mechanisms of assortment is beyond the
capabilities of the classical twin design, although multivariate studies that include the
spouses of twins, or their parents may be capable of resolving the complex issues (see, e.g.

Heath ez al.,, 1985).
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Genotype-Environment effects

Several factors defy the simple separation of genetic and environmental effects, for
instance, genotype-environment correlation and genotype-environment interaction. These
can normally be neglected without seriously affecting the conclusions drawn from
partitioning the variance, but it is important to acknowledge their existence and to know
what the consequences of neglecting them are.

Genotype-environment correlation (tGE) refers to genetic effects on individual
differences in liability to exposure to particular environmental circumstances, so it reflects
a nonrandom distribution of environments among different genotypes. In other words,
what seem to be environmental effects can reflect genetic influences because these
experiences are influenced by genetic differences among individuals. Equation 2.2 is true
only if environmental deviations and genotypic values are uncorrelated. When a
correlation is present the phenotypic variance is increased by twice the covariance of

genotypic values and environmental deviations and equation 2.2 becomes:
Vp = Vg + Vg + 2covgr (eq. 2.16)

Because of the fact that the covariance is in practice unknown, it is best regarded as part
of the genetic variance. This is because the non-random aspects of the environment are a
consequence of the genotypic value and so an individual’s environment can be thought of
as part of its genotype (Falconer and Mackay, 1996). rGE adds to the phenotypic variance
for a trait, but is difficult to detect the overall extent to which phenotypic variance is due
to the correlation between genetic and environmental effects (Plomin ez al, 1977).
Christopher Jencks (1972) spoke of the ‘double advantage’ phenomenon in the context of
cognitive ability and education. Individuals who begin life with the advantage of genes
which increase their ability relative to the average may also be born into homes that
provide them with more enriched environments, for instance being more committed to
learning and teaching. This double advantage model can even be expanded to a triple
advantage model because of the possibility that children, who are born with genes, which
increase their ability and live in an enriched environment, are also more capable of
profiting from this environment.

Genotype-environment interaction (GXE) refers to the genetic control of sensitivity or
susceptibility to differences in the environment. In other words different genotypes
respond differently to the same environment (Eaves, 1984; Mather and Jinks, 1977;
Falconer and Mackay, 1996; Boomsma and Martin, 2002). The contribution of GXE to
the overall population variance is typically smaller than the main effects of G and E even

in controlled experiments using extreme environments. An obvious example of GXE is
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that of inherited disease resistance. Genetically susceptible individuals will be free of
disease as long as the environment does not contain the pathogen. Resistant individuals
will be free of the disease even in a pathogenic environment. One approach for detecting
GXE interaction is to estimate components of phenotypic variance conditional on
environmental exposure (Eaves, 1982). Because some genotypes may be more sensitive to
environmental differences than others, to some extent the environmental variance is a
property of the genotype. But the source of the variation is environmental and not genetic.
The interaction between genetic effects and nonshared environment, GXE, will contribute
to the total variance but not to the resemblance of twin pairs. In other words, this
interaction term will be confounded with nonshared environmental effects (Eaves e7 al,
1977). 1If, however, GXE was interaction between genes and shared environmental
influences, thus GXC , assuming its absence will result in overestimation of the effect of
genes on the phenotype, as well as in overestimation of the influences of the shared
environment on the phenotype. The separate detection of these two biased effects in the
presence of genes by shared environmental interaction necessitates the inclusion of twins
reared apart (Eaves ez al., 1977; Heath e al., 2002).

The Classical Twin Design

The total phenotypic variance (Vp) of a trait is, in absence of genotype-environment
correlation and genotype-environment interaction, the sum of the additive genetic,
dominance genetic, shared environmental, and nonshared environmental variance and can

be denoted with the equation:
Ve =Va+ Vp+Vc+ Vg (eq. 2.17)

where  Vp = phenotypic variance
Va = additive genetic variance
Vb = dominant genetic variance
V¢ = shared environmental variance

Vi

nonshared environmental variance

or in line with equation 2.4:

Ve=&A+dFP+2+¢ (eq. 2.18)

Note that in the classical twin design the effects of dominant genetic influences and shared

environmental influences are confounded. Dominant genetic effects will increase
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differences between MZ and DZ. covariances, whereas shared environmental vatriance will
decrease the differences. So from this point onwards all genetic effects are considered to

be additive. The decomposition of the total variance will be:
Ve=a+2+¢ (eq.  2.79)

A powerful tool to disentangle these genetic and environmental influences is to study
genetically related individuals. Family studies might give a first impression of familial
aggregation, but they can not distinguish between genetic and shared environmental
effects. Similarities between family members may be created either by genetic relatedness
or by sharing the same family environment. A method that solves this problem, is the
classical twin design. Monozygotic (MZ) twins derive from a single zygote and therefore
two individuals of a MZ twin pair are genetically identical. Dizygotic (DZ) twins develop
from two distinct zygotes and share on average 50% of their genes, like 'ordinaty' brothers
and sisters. Hence, the only possible way to explain variation between two members of a
MZ twin pair are environmental effects that are not shared by those two. So the

covariance between two members of a MZ twin pair can be formulated as:
COVvz =2+ &2 (eq. 2.20)

Conversely, the variation between two members of a DZ twin pair could result from
different genes and/or nonshared environmental influences. DZ twins shate on avetrage

half of their alleles, i.e. /2 a2. The expectation for the covariance in DZ twin is:
COVpz=Y2 a2+ ¢ (eq. 2.27)

Accordingly, the difference in relatedness between MZ and DZ twin pairs gives
information about the strength of the genetic and environmental influences on the trait
under investigation (Martin e a/, 1997). It further allows the separation of environmental
influences into those of the environment shared by members of a family and those unique

for each individual, the nonshared environmental influences.

Univariate design
The expectations for the resemblance between MZ and DZ twins (eq. 2.20 and eq. 2.27)
can be summarized in a path diagram (Figure 2.3). When we scale the (latent) factors by

fixing their variance to one, these individual contributions can be obtained by taking the
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quadratic forms of the path coefficients. By rules of path analysis the phenotypic variance
(V11 and Vo) of twin 1 and twin 2 are:

Vi =Vn=a#+7+¢ (eg. 2.22)

Phenotype Phenotype
Twin 1 Twin 2

Figure 2.3. A unipariate path diagram

As mentioned before (equation 2.20 and 2.27), the covariance for MZ and DZ twins are:

COViz = 22 +¢ (eg. 2.23)
COVpy="Yed? + & (eq. 2.24)

A model according to the formulas of variance and twin covariance given above can be
fitted to the data using structural equation modeling (SEM). In both univariate and
multivariate genetic analysis, the identification of genetic and environmental parameters
depends on a multigroup analysis in which data from MZ and DZ twins are analyzed
simultaneously. The contribution of the latent variables are estimated as regression
coefficients in the linear regression of the observed phenotype on the latent variables. In
this method submodels are compared by hierarchic ¥? tests. The )2 statistic is computed
by subtracting —2(log-likelihood) for the full model from that for a reduced model (y* =-
2LLo — (-2LLy)). In addition to the X2 test statistic, Akaike’s Information Criterion (AIC =
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X% — 2 x degrees of freedom) can be computed. The lower the AIC the better the fit of the

model to the observed data.

Multivariate Designs

The advantage of structural equation modeling (e.g. in Mx, Neale ¢z a/, 1999) is the
expansion of relative simple univariate models to multivariate models were more than one
measurement per subject is available. For instance, to investigate the correlation of two
variable related to cognitive abilities (IQ and CITO) bivariate models can be used. Data
collected repeatedly in time can be studied using longitudinal models. Further, variance in
behavior assessed by different raters can be decomposed making use of multiple rater
models. Rather than decomposing the variance of a measurement into genetic and
environmental sources of variance, multivariate genetic analysis decomposes the variance
of each measurement and the covariance between the measurements into genetic and

environmental sources.

O

Figure 2.4.

A Cholesky Decomposition, in which Os....Oy4 represent the observed phenotype at measurement occasion
one to measurement occasion four for twin 1 (I'1) and twin 2 (12) and A;... Ay represent the additive
genetic latent factors. api..aw represent the factor loadings. The influence of each variance component (A,
C, or E) can be expressed this way.
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The most commonly used model in multivariate designs is the saturated model, also
known as a Cholesky Decomposition or a triangular decomposition (see Figure 2.4). Since
the saturated model is fully parameterized, it yields the best possible fit to the data. The
model is only descriptive and not driven by a specific hypothesis.

When data have been collected on different assessment points, the genetic and
environmental influences can be estimated at each time interval separately. Using a
longitudinal model, though, one can estimate how genes and environmental influences
operate throughout development. The developmental mechanisms that were used are
depicted in Figure 2.4, 2.5, and 2.6. We derive a matrix, ), representing the expected
additive genetic covariance matrix. This matrix Y  could, off course, also represent the
covariance matrix for shared or nonshared environmental influences.

The saturated model in Figure 2.4, also known as a Cholesky or triangular
decomposition, is an unconstrained model for the (co)variances among measurement

occasions. It implies the covariance structure:
Y=XW¥X’ (eq. 2.25)

where ” indicates transposition. When the latent factors are independent, ¥ = L.
Matrix Xis a 7 X n lower triangular matrix with 7 equal to the number of measurement

occasions. For instance, for 7 = 4 matrix X would be:

ar 0 0 0
X = a1 az2 0 0
as; a2 az; 0

a41 da42 a4z a4

In the simplex model (Figure 2.5) there are ‘carry-over’ or transmission effects from
one measurement occasion to the subsequent one as well as effects specific to each

measurement occasion. This implies the covariance structure:

Y = I-G)! x X¥X') x (I-G))’ (eq. 2.26)

Where I is a 7 X n identity matrix with elements on the main diagonal set to one.
Matrix G is “sub” diagonal and contains the transmission effects (6c(2)). If the innovation

factors are independent W=I.
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Figure 2.5.

Oum

Ogzr2

Osm2

Our2

A Simplex Model in which O . ...Oy represent the observed phenotype at measurement occasion one to

measurement occasion four for twin 1 (1'1) and twin 2 (12). &(1)... E&(4) represent the innovations and

Bc(2)... Bc(2) the transmission effects.

A first order autoregressive processes is assumed so that only the elements directly below

the main diagonal are estimated. For instance, with four measurement occasions G would

equal:

G =

Matrix X is a 7 X n diagonal matrix with parameters on the main diagonal and zeroes

elsewhere. It represents the new influences (¢ct) that come into play at each measurement

occasion.

B2 0
0 Bc3 0
0 Bc4 0
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X1
0 X2
X = 0 0 X3
0 0 0 x4

In the common factor model depicted in Figure 2.6 one underlying factor (Fa) with
time-specific factor loadings is specified. We assume one common factor in this project
but the extension to multiple factors is straightforward. To account for occasion specific
variance, time specific factors are added to the model. Assuming that the common and

time specific factors are uncorrelated, the expected covariance matrix equals:
Y=Q¥YQ + XxX (eq. 2.27)

where Q is the 7 X 1 vector with factor loadings and X is a # X #: diagonal matrix

containing the occasion-specific effects. W=I, if the factors are independent.

S
Ji ai
¥z 0 as
Q= | 5 and X= 0 0 as
y 0 0 0
. J

The Cholesky, simplex, and factor model result in a different pattern of covariances
among measurement occasions. The Cholesky is descriptive and merely estimates the
variance-covariance matrix among time points. However, it is a useful model for
evaluating the fit of more restricted models. For instance, if a factor model fits the data
significantly poorer compared with the saturated model, it should be rejected. In a
simplex model subsequent levels of the phenotype are influenced by prior levels. The
implication of this autoregressive property is that effects of prior events or expetiences
will be larger to the extent that they happened closer in time (Guttman, 1954). The
transmission model therefore predicts higher correlations among adjoining assessments
than those occurring more distantly in time, the so-called simplex structure. In contrast,
the factor model assumes that the same stable factors exert their effects at each

assessment and does not imply that correlations between assessments vary as a function of
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the length of the time lag. Thus, these models predict different patterns of longitudinal

correlations, and tests can be performed to derive the underlying mechanism by

comparing observed and predicted correlations.

Figure 2.6.
A Common Factor Model in which Os....Oy represent the observed phenotype at measurement occasion
one to measurement occasion_four for twin 1 (I'1) and twin 2 (I12). Ea represent the common additive

genetic factor. fi...J+ represent the factor loadings. A...Aq represent the age specific influences.

Multiple rater models
To investigate the underlying sources of parental disagreement two models can be
considered. First, a so-called rater bias model (see Figure 2.7). As explained in the general
introduction (Chapter 1), the Rater Bias model assumes that parents assess the same
behaviors in the child and have a common understanding of the behavioral descriptions.
This may apply when both parents are equally confronted with the behaviors shown by
the child (for instance at home). Disagreement between the raters is regarded as error,
resulting from rater bias and/or unreliability.

To derive the expected covariance matrix we first write this model for a single child in

matrix form:
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MRT, 1
S U o CO R C R C A GO AR CO S L
/7;;; O Bm Vm O Rm
0 b | X |Be|+| 0 » | X|Rsg (eg. 2.28)

When the latent factors are defined to have unit variance, the individual contributions of
the latent factors can be obtained by taking the quadratic form of the parameter matrices
is equation 2.28:

A=42 C= 2ZandE= ¢

»y 0 7, 0
B=l0 »# ), R=00 #

The expected covariance matrix of the Rater Bias model for two children of a twin pair
will be:

2=Lx [A+C+E| :®A+C | XL+ |B+R|B (eg. 2.29)
®A+C | A+C+E B | B+R

A, C, and E represent the additive genetic, shared environmental and non-shared
environmental influences on the reliable trait variance (latent phenotype twin 1 and 2),
representing behavior similar assessed by both parents. B represents the rater bias and R
represents the residual variance or measurement error. ® is the Kronecker product, L a
matrix with loadings of additive genetic, shared environmental and nonshared
environmental latent factors on the parental ratings, and 7, the correlation between the
additive genetic factors of twins. The factor loading matrix is of the general form: L = I,
®s ® d) with I is a # X n identity matrix determined by the number of measurement
occasions, Is 2X2 identity matrix determined by the fact there are two children in a twin
pair, and d is an 7 X 1 vector determined by the number (1) of raters. Correlation 7, can
be derived from quantitative genetic theory (Falconer and Mackay, 1996) and equals 1 for
monozygotic twins and .5 for dizygotic twins.

In addition to assessing similar aspects of the child’s behavior, the Psychometric
model (Figure 2.8) assumes that each parent assesses a unique aspect of their child’s

behaviot.
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Figure 2.7. Rater Bias model

The psychometric model tests this possibility by examining whether there are
significant genetic effects on the unique part of each parent’s rating. If the behaviors
uniquely rated by the parents are shown to be influenced by the genotype of the child, the
parent must have been assessing a ‘real’ but unique aspect of the child’s behavior. To

derive the expected covariance matrix we first write this model for a single child in matrix

form:

Residual Ma

Fathet’s
Bias

Fathet’s
Rating T>
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MRT 1

FRT, | = |1 |x [g] x [A]+ [;]x [c]+ [e]X [E]+
0 s P A 5 N G N

When the latent factors are defined to have unit variance, the individual contributions of
the latent factors can be obtained by taking the quadratic form of the parameter matrices

is equation 2.30:
A=42 C= 2ZandE= ¢

a2, 0 &y 0 Zy 0
G=|0 ﬂzf s S=(0 [2f ,and F=0 €2f

The expected covariance matrix of the Psychometric model for two children of a twin pair
will be:

Y=Lx(A+C+E| r®A+C) XL +(G+S+F|®G+S
®A+C | A+C+E ®G+S |G+S+F

(eq. 2.37)

where, as mentioned above, ® is the Kronecker product, L a matrix with loadings of
the common factors on the parental ratings, and 7, the correlation between the additive
genetic factors of twins. A, C, and E represent the additive genetic, shared environmental
and non-shared environmental influences on the reliable trait variance, representing
behavior similar assessed by both parents. G is the unique additive genetic variance,
representing the parental unique view on the child’s behavior. S is the unique shared
environmental factor, representing rater bias. Finally, F is the unique nonshared
environmental factor, representing measurement error.

In multivariate structural equation modeling the longitudinal and multiple rater models
can be combined to exhibits the advantages of genetically informative data. It can be
shown that these data are not merely useful for estimating the size of genetic and
environmental effects but have the potential to shed light on fundamental questions and
would therefore be a useful addition to the traditional method arsenal for studying

psychological data.
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Figure 2.8. The Psychometric model
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ABSTRACT

We performed an nnigue longitudinal genetic study of bebavior problems in a large sample of Dutch twins.
The number of participating twin pairs at ages 3, 7, 10 and 12 were 5,602, 5,115, 2,956, and 1,481,
respectively. Genetic, shared environmental, and nonshared environmental factors acconnted for 43/ 60,
47/34, and 10/6 percent of the stability in Internalizing/ Externalizing problems. The genetic
contribution resulted from the fact that a subset of genes expressed at an earlier age was still active at the
next time point. A common set of shared environmental factors seemed to operate at all ages. The modest
contribution of nonshared environmental factors conld not be captured by a simple model. Significant age
specific influences were found for all components. This indicated that genetic and environmental factors also

contributed to changes in problem behaviors.
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INTRODUCTION

Several studies have reported a substantial degree of continuity in problem behaviors. For
example, Richman and colleagues (1982) found that 61% of the problematic children at
age 3 still showed considerable difficulties on a clinical rating scale five years later. Graham
and Rutter (1973) showed that 75% of the 10-11-year-old children who received a
diagnosis of conduct disorder and 46% of the children, who received a diagnosis of
emotional disorder, remained deviant at the follow up four years later. Stability is not
confined to clinical groups and has also been found in general population samples.
Verhulst and Van der Ende (1992b) reported a correlation of .56 for problem behaviors
across a six-year period in a population sample of Dutch children originally aged 4-11
years. Ghodsian and colleagues (1980) studied a national sample of British children
assessed at ages 7, 11, and 16. Correlations for parental ratings of problem behavior were
48 between ages 7 and 11, .38 between 7 and 16 years, and .46 between 11 and 16 years.
Although these studies indicated a substantial degree of continuity, problem behaviors
should not be regarded as static (Verhulst and Van der Ende, 1992a). Many children also
show changes across time. For a comprehensive picture of developmental processes
underlying child psychopathology the mechanisms that explain continuity and change
need to be understood. Genetic and environmental influences, for instance, can yield
similar or distinct influences on the developmental process.

A powerful tool to unravel the genetic and environmental architecture of individual
differences in the development of behavioral and emotional problems is to study
genetically related individuals. Family studies might give a first impression of familial
aggregation, but they cannot distinguish between genetic and environmental effects.
Similarities between family members may be created either by genetic relatedness or by
sharing the same family environment. A method, which solves this problem, is the
classical twin design. Monozygotic (MZ) twins derive from a single zygote and therefore
two individuals of a MZ twin pair are genetically identical. Dizygotic (DZ) twins develop
from two distinct zygotes and share on average 50% of their genes, like ordinary brothers
and sisters. Hence, the only possible way to explain the variation in problem behavior
between two members of a MZ twin pair are environmental effects that are not shared by
those two: the so-called nonshared environmental influences. Conversely, the variation in
problem behavior between two members of a DZ twin pair could result from different
genes and/or nonshared environmental influences. Accordingly, the difference in
relatedness between MZ and DZ twin pairs (mostly expressed as correlation coefficients:
niz and /pz) gives information about the strength of the genetic and environmental

influences on the trait under investigation.
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Longitudinal twin and family data allow the study of persistence and change of genetic
(A), shared environmental (C), and nonshared environmental (E) influences. First, genetic
or environmental factors may exert a continuous influence from their time of onset
(common factor influences). This mechanism implies that the same genetic or
environmental factors are responsible for stability, possibly with age-dependent factor
loadings. Second, there can be a simplex-like continuity in genetic and environmental
effects (Eaves e¢f al., 1986; Boomsma and Molenaar, 1987). In this simplex-like continuity,
there are effects specific to each age and there are ‘carry-over effects’ or transmission
effects from one age to the subsequent age. In other words, earlier influences may be
transmitted from one occasion to the next and new influences (innovations) may come
into play at each occasion.

Simplex and factor models both imply a certain degree of continuity. However, in a
longitudinal study, these mechanisms result in a different pattern of correlations between
successive assessments. In a simplex model subsequent levels of problem behavior are
influenced by prior levels. The implication of this autoregressive property is that effects of
prior events or experiences will be larger to the extent that they happened closer in time
(Guttman, 1954). The transmission model therefore predicts higher correlations among
adjoining assessments than those occurring more distantly in time, the so-called simplex
structure. In contrast, the factor model assumes that the same stable factors exert their
effects at each assessment and does not imply that correlations between assessments vary
as a function of the length of the time lag. Thus, simplex and factor models predict
different patterns of longitudinal correlations, and tests can be performed to derive the
underlying mechanism by comparing observed and predicted correlations.

Only a few studies used this method to disentangle the genetic an environmental
influences on continuity and change in the development of problem behaviors or problem
behavior related disorders. In three studies the Child Behavior Checklist (CBCL;
Achenbach, 1991; Achenbach, 1992) was used to rate problem behavior in children. First,
Van der Valk and colleagues (2002) used a two-wave behavior genetic model to estimate
genetic, shared environmental and nonshared environmental contributions to stability and
change of Internalizing and Externalizing Problems at ages 3 and 7 years in a Dutch
sample overlapping to our sample. For Externalizing problems the estimated influences of
additive genetic, shared and nonshared environmental factors remained relatively constant
over the years. The phenotypic stability (r=.54) was explained for 55% by genetic factors.
Shared environmental influences were mostly stable, while nonshared environmental
influences were mostly age specific. For Internalizing problems additive genetic influences
decreased while nonshared environmental influences increased over the years. The

phenotypic stability (r=.38) was for 66% explained by genetic factors. Second, Schmitz ez
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al. (1995) conducted a study, examining a small longitudinal sample of 95 twin pairs,
assessed at ages 2 and 7 years. Results indicated that for Internalizing Problems continuing
shared environmental factors had an effect both in early and middle childhood, while
genetic influences had mostly age specific effects. For Externalizing Problems the
opposite effect was found, showing continuing genetic and age specific shared
environmental effects. However, as suggested by the authors, these results need to be
replicated in larger samples of genetically informative data. A study with biologically
related and unrelated adoptees suggested that stability in Externalizing problem behavior
over a three-year interval is mainly accounted for additive genetic influences while
nonshared environmental influences mainly account for stability in Internalizing problem
behavior (Van der Valk ¢z a/., 1998b)

A developmental study in sibs, half sibs and cousins, by Van den Oord and Rowe
(1997), looked at maternal ratings of The Behavior Problems Index (Peterson and Zill,
19806). There were 436 pairs of full siblings, 119 pairs of half siblings, and 122 pairs of
cousins assessed at ages 4-6, 6-8, and 8-10. In this study, the continuity of problem
behaviors was entirely explained by genetic and shared environmental factors. Nonshared
environmental factors only showed age specific effects, influencing changes in children’s
problem behaviors. O’Connor ¢ al. (1998), followed 405 families over a three-year
interval. Subjects consisted of monozygotic and dizygotic twins, and full, half and
unrelated siblings (all of same-sex) between 10 and 18 years of age at the first assessment.
Results showed that the phenotypic stability of antisocial symptoms of r = .63 was
explained for 54% by continuing genetic influences and for 30% by continuing shared
environmental influences. For depressive symptoms, the phenotypic stability of r = .59
was explained for 64% by continuing genetic influences and for 36% by continuing
nonshared environmental influences. In short, even though each study investigated
subjects at a different age interval, most studies showed large influences for genetic factors
on the stability of problem behaviors. Effects of shared and nonshared environmental
factors are less clear, showing continuing influences for some studies and only age specific
effects for others.

In the present longitudinal study structural equation modeling techniques were used to
examine the influences of genetic and environmental factors on development of
Internalizing and Externalizing behavior, using data of a large sample of Dutch twin pairs
at 3, 7, 10, and 12 years of age. In addition to estimating the importance of heritability and
environmental influences, the focus was on the mechanism underlying the developmental
pattern of behavior. A genetic simplex model and a common factor model were used to

study continuity and changes of genetic and environmental influences over time.
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METHODS

Subjects

All participants were registered by the Netherlands Twin Registry (NTR), kept by the
Department of Biological Psychology at the Vrije Universiteit in Amsterdam. Of all
multiple births in the Netherlands, 40-50% is registered by the NTR (Boomsma e al,
1992; Boomsma, 1998; Boomsma ¢# 4/, 2002). For this study, data from twins from the
birth cohorts 1986 - 1993 were used. Behavioral questionnaires have been collected
longitudinally at ages 3, 7, 10, and 12. Child Behavior Checklists (CBCL; Achenbach, 1991;
Achenbach, 1992) were mailed to families within three months of the twins’ third,
seventh, tenth, and twelfth birthday. Two to three months after the mailing reminders
were sent and four months after the initial mailing persistent non-responders were
contacted by phone. Families whose address was no longer available were included in the
nonresponse group. From the original sample 253 twin pairs were excluded because either
one or both of the children had a disease or handicap that interfered severely with daily
functioning at 12 or at a younger age. Thus, at age 3 maternal ratings were available for
5,602 twin pairs, at age 7 maternal ratings were available for 5,115 twin pairs, at age 10
maternal ratings were available for 2,956 twin pairs and at age 12 maternal ratings were
available for 1,481 twin pairs.

Zygosity was determined for 787 same-sex twin pairs by DNA analyses or blood group
polymorphisms. For all other same-sex twin pairs zygosity was determined by discriminant
analysis, using questionnaire items at each age separately. Parents were asked how much
the twins resembled each other in facial structure, hair color, facial color, eye color, and
whether they were ever mistaken for each other by the parents themselves, by family, or
by strangers. They were also asked if the twins were as much alike as two peas in a pod,
whether it was difficult for the parents to separate the twins on a recent picture, and how
similar the twins’ hair structure was. Agreement between zygosity assignment by the
replies to the questions and zygosity determined by DNA markers/blood typing is around
93% (For details see Rietveld e7 a/., 2000).

Measures
Mother ratings were collected by making use of the Child Behavior Checklist (Achenbach,
1991; Achenbach, 1992). The Checklist for 2-3-year-old children (CBCL 2/3) shows age-
adjusted differences from the checklist for 4 to 18-year old children (CBCL 4-18).

The CBCL 2/3 was developed for parents to scote the behavioral and emotional
problems of their 2- and 3-year-old children. It consists of 100 items that are scored by the
parents on a 3-point scale based on the occurrence of the behavior during the preceding 2

months: 0 if the problem item was not true, 1 if the item was somewhat or sometimes
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true, and 2 if it was very true or often true. Dutch syndrome scales and comparability with
the syndrome scales as developed by Achenbach (1992) are reported by Koot and
colleagues (1997). In the present paper the two broad band scales Internalizing and
Externalizing are analyzed. The Internalizing scale consists of the Anxious and
Withdrawn/Depressed subscales. The Externalizing scale consists of the Aggressive,
Oppositional, and Overactive subscales. For the Internalizing scale subjects were only
included if not more than 1 item was missing for the Anxious, and not more than 2 items
wetre missing for the Withdrawn/Deptessed scale. For the Externalizing scale the
inclusion criterion was not more than 1 item missing for the Aggressive and the
Overactive and not more than 3 items for the Oppositional scale. This ensured that the
two syndrome scales were always composed of all problem behaviors loading on that
scale.

The CBCL 4-18 was developed for parents to score the behavioral and emotional
problems of their 4-to-18-year-old children. It consists of 120 problem items that are
scored by the parents on a 3-point scale based on the occurrence of the behavior during
the preceding 6 months: 0 if the problem item was not true, 1 if the item was somewhat or
sometimes true, and 2 if it was very true or often true. The syndrome scales were
composed according to the 1991 profile (Achenbach, 1991). Dutch syndrome scales and
comparability with the syndrome scales as developed by Achenbach are reported in
Verhulst ez al. (1996). In this manual the two broad-band scales Internalizing and
Externalizing are analyzed. The Internalizing scale consists of the Anxious/Depressed,
Somatic Complaints and Withdrawn subscales. The Externalizing scale consists of the
Aggressive and Rule Breaking Behavior subscales. For the Internalizing scale subjects were
only included if not more than 3 items were missing for the Anxious/Depressed scale, not
more than 2 items were missing for Somatic Complaints and Withdrawn scales. For the
Externalizing scale the inclusion criterion was not more than 3 items missing for the
Aggressive and Rule Breaking Behavior scales. This ensured that the two syndrome scales

were always composed of all problem behaviors loading on that scale.

Genetic modeling

Genetic model fitting of twin data allows for decomposition of the observed phenotypic
variance into its genetic and environmental components. Additive genetic variance (A), is
the variance that results from the additive effects of alleles at each contributing genetic
locus. Shared environmental variance (C) is the variance that results from environmental
events common to both members of a twin pair. Nonshared environmental variance (E) is

the variance that results from environmental effects that are not shared by members of a
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twin pair. Estimates of the nonshared environmental effects also include measurement

error. To account for this source of variance, E is always specified in the model.

Figure 3.1.

The three models used to investigate the underlying process of the development of problem bebhavior (PB3,
PB7, PB10, PB12). a. the saturated model; b. the simplex model; ¢. the common factor model, with age
specific influences Obviously, all three variance components (A, C, E) can be expressed in either way.

PB3 PB7 PB10 PB12

The different degree of genetic relatedness between monozygotic (MZ) and dizygotic
(DZ) twin pairs was used to estimate the contribution of these factors to the phenotypic

variation in problem behavior. Similarities for MZ twins are assumed to be due to additive
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genetic influences plus environmental influences that are shared by both members of a
twin pair. Experiences that make MZ twins different from one another are nonshared
environmental influences. Because DZ twins share 50% of their genetic material on
average, like full siblings, genetic factors contribute only half to their resemblance. As for
MZ twins the shared environment contributes fully. Model fitting to twin data is based on
the comparison of the variance-covariance matrices in MZ and DZ twins. The whole
variance-covariance matrix can be decomposed into a matrix of genetic variances and
covariances, a matrix of shared environmental variances and covariances, and a matrix of
nonshared environmental variances and covariances.

Multivariate genetic model fitting techniques were used to obtain insight in the
developmental pattern of Internalizing and Externalizing problem behavior and to obtain
estimates of the genetic and environmental influences on variances and covariances in
problem behavior. In the present study three types of models were used (See Figure 3.1):
saturated models (3.1a), simplex models (3.1b) and common factor models (3.1c). For
each of the models, the total variances and covariances were decomposed into additive
genetic (A), shared environmental (C), and nonshared environmental (E) parts. The
saturated model, also know as a Cholesky Decomposition or triangular decomposition,
decomposes the phenotypic statistics into genetic, shared environmental, and nonshared
environmental contributions. Since the saturated model is fully parameterized, it yields the
best possible fit to the input matrices. The model is only descriptive and not driven by a
specific hypothesis. However, it is a useful model for evaluating the fits of more restricted
models. This evaluation consists of performing tests that compare the genetic and
environmental contributions as predicted by a developmental model with the
unconstrained genetic and environmental contributions from the saturated model. If a
developmental model fits the data significantly poorer compared with the saturated model,
the predicted contributions are inconsistent with the data, and the developmental model
should be rejected.

The simplex model (Figure 3.1b) is a first order auto-regressive process. In the simplex
model covariances among the four ages of measurement are specified by genetic and
environmental factors specific to each age and by ‘carry-over effects’ or transmission of
these factors to subsequent ages. The model specifies the variance unique to each
measurement occasion by an innovation term that comes into play at each time point.
The total variance is the sum of the age specific effects and age-to-age transmission
effects.

In a common factor model (Figure 3.1c) one underlying factor with age-specific factor
loadings is specified, which implies a continuous influence from time of onset. To account

for some age-specific variance, age-specific influences are added to the model.
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The order of model reduction and the possibilities of model specification influence the
results of the parameter estimates and the goodness of fit procedure. To take this into
account all three variance components A, C, or E were analyzed separately, leaving the
other two expressed in a saturated model. Finally, a ‘best’ model was fitted to the data to
obtain estimates of additive genetic, shared environmental and nonshared environmental
influences on the variances and covariances of Internalizing and Externalizing behavior.

Since in a longitudinal design data from one or more measurement occasions or from
one twin may be missing from the dataset, multivariate structural models were fit to the
transformed raw data by the method of maximum likelihood pedigree analysis (Lange ez
al., 1976) using the statistical software package Mx (Neale ¢f @/, 1999). Parameter estimates
including those for means of each variable for the first and second twin of each zygosity
group were produced that maximizes the joint likelihood of the raw data under a given
structural model (Neale ¢z a/., 1999; Neale and Cardon, 1992). In order to use this method,
the data were square-root transformed to approximate normal distributions that are
required for maximum likelihood estimation. After transformation, all skewness and
kurtosis indices were between -1.0 and 1.0, implying that not much distortion is to be
expected (Muthén and Kaplan, 1985).

Submodels were compared by hierarchic 2 tests. The Y2 statistic is computed by
subtracting —2(log-likelihood) for the full model from that for a reduced model (¥ =(-
2LLo — (-2LLy1)). In addition to the ) test statistic, Akaike’s Information Criterion (AIC =
X% — 2 x degrees of freedom) was computed. The lower the AIC the better the fit of the
model to the observed data. Although the simplex model and the factor model do not
form a nested pair, they may be compared in terms of parsimony and goodness of fit
because they represent alternative sets of constraints on the saturated model (Neale and
Cardon, 1992). Fit statistics of the reduced developmental models are compared to the
saturated models. This results in a ¥ and AIC, which are comparable for the different

reduced models.

RESULTS

The untransformed mean problem scores and standard deviations of the twin sample and
those of comparable community samples (Koot, 1997 and Verhulst e a/, 1996) are given
in Table 3.1. For both the Internalizing and the Externalizing scale, the ratings given to

the twins were quite similar to the ratings given to the Dutch community sample.



Stability and Change in Problem Behaviors 47

Table 3.1

Means (standard deviation) and sample sizes for the Internalizing and Externalizing scales in 3, 7, 10,
and 12-year-old twins (per gygosity) compared to a 2- and 3-year-old Dutch community sample and a 4-
11-year-old Dutch community sample

INTERNALIZING EXTERNALIZING

Mother N Mother N

MZM | 4.64 (4.00) 1740 17.94 (10.49) 1738

d |DZM | 4.59 (4.05) 1752 16.92 (9.90) 1752
DOS |4.52(3.82) 1771 16.04 (9.83) 1769

3 COM |45 (4.4) 215 17.5 (9.5) 215
MZF | 4.78 (4.08) 2038 15.64 (10.01) 2035

Q@ |DZF |4.90 (4.18) 1637 15.30 (9.71) 1641
DOS |3.98 (3.77) 1770 14.26 (9.43) 1772

COM |43 (3.6) 205 16.5 (8.8) 205

MZM | 4.31 (4.11) 1719 9.68 (7.24) 1735

d |DZM |4.78 (4.74) 1616 8.96 (7.22) 1650
DOS | 4.24 (4.44) 1560 8.45 (7.02) 1595

7 COM | 4.52 (4.27) 579 8.26 (6.36) 579
MZF |5.05 (4.77) 1965 6.90 (6.30) 1985

¢ |DZF |521 4.91) 1577 6.77 (6.02) 1611
DOS | 4.52 (4.31) 1570 6.25 (6.09) 1596

COM |5.16 (5.02) 593 6.04 (5.57) 593

MZM | 4.59 (4.60) 1008 8.67 (7.43) 1029

d |DZM |5.18 (5.44) 933 8.03 (7.34) 937
DOS | 4.66 (4.97) 877 7.69 (7.10) 885

10 COM | 4.52 (4.27) 579 8.26 (6.36) 579
MZF |5.12 (5.00) 1216 5.91 (5.53) 1223

¢ |DZF |5.35(5.35) 893 5.90 (5.86) 905
DOS | 4.76 (4.91) 878 5.34 (5.37) 885

COM |5.16 (5.02) 593 6.04 (5.57) 593

MZM | 4.02 (4.53) 552 7.20 (6.90) 557

d |DZM |4.05 (4.61) 446 6.67 (6.47) 460
DOS | 3.79 (4.68) 410 6.70 (6.76) 416

12 COM |5.36 (5.36) 440 6.35 (6.13) 440
MZF | 4.72 (4.70) 612 5.17 (5.27) 624

Q@ |DZF |4.56 (4.42) 440 4.86 (5.06) 451
DOS | 4.17 (4.31) 405 475 (5.31) 418

COM |6.32 (5.93) 456 5.21 (5.43) 456
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In previous studies, using an overlapping sample, comparable levels of problem behavior
were found (Van der Valk ez a4/, 1998a, 2001, 2002: in press; Bartels et al, 2002a,
submitted). Table 3.2 shows the phenotypic correlations (upper part of table), twin
correlations (lower part of table, diagonal), and the twin cross correlations (lower part of
table, off-diagonal) for Internalizing and Externalizing problem behavior at ages 3, 7, 10,
and 12.

Table 3.2.
Phenotypic correlations, twin correlations and cross correlations for Internalizing (above diagonal) and

Excternalizing (below diagonal) problem bebavior.

3 7 10 12
1 37 (.35-37) 33 (31-33) 30 (.30-.33)
55 (.54-.55) 1 .62 (.62-.63) 57 (.54-.59)
10 | .49 (49-51) 73 (71-.73) 1 .67 (.67-.67)
12 ] 48 (48-50) .68 (.67-.70) 75 (75-.77) 1
MZ |3 7 10 12
72 (72-74)\.84 (:82-.85) [ .35 (:31-.35) 31 (27-35) 29 (.24-.35)
54 (.50-.57) 72 (:70-.74)\.86 (.85-.87) | .52 (49-.56) 48 (43-52)
10 | 48 (44-51) 67 (.64-.69) .67 (51-70)\.84 (:82-.86) | .52 (48-57)
12 | .47 (42-52) .63 (.63-.67) .69 (.66-.72) 73 (.69-.76)\.86 (.84-.88)
DZ |3 7 10 12
40 (.37-.42)\.55 (.53-.58) | .26 (.24-.29) 28 (.24-31) 26 (.21-.30)
35 (.33-38) 50 (47-.53)\.55 (.53-.58) | .39 (.36-.42) 35 (.31-39)
10 | .33 (30-36) 42 (.39-.45) 51 (48-55)\.52 (49-.55) | .38 (.35-.43)
12 |33 (29-36) 40 (40-.44) 43 (.39-.46) 54 (49-.59)\.57 (.52-.61)

The phenotypic correlations presented in Table 3.2 give a first impression of the
underlying developmental pattern of Internalizing and Externalizing Problem Behavior.
For both Internalizing and Externalizing behavior the phenotypic cross correlations are
lower for longer intervals. This structure suggests a simplex pattern. This simplex
structure, though, cannot be the sole mechanism because the stability between the distinct
ages is higher than would be expected based on a simplex structure. For instance, if a
simplex structure is describing the developmental process of Internalizing problem
behavior, the product of the cross correlations between age 7 and 10 and age 10 and 12 is
about .42 (.62 x .67). However, the real cross correlation between age 7 and 12 is .57. This
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higher than expected cross-correlation implies, besides transmission, the influence of an
undetlying common factor on the development of childhood psychopathology. The lower
part of Table 3.2 presents twin correlations (diagonal) and cross-correlations (off-
diagonal). Cross correlations represent, for instance, the correlation between Internalizing
behavior in the oldest twin at age 3 and Internalizing behavior in the youngest twin at age
7. In other words, this cross correlations is a cross-twin-cross-age correlation, which gives
information on the development of problem behavior over the years. For both
Internalizing and Externalizing problem behavior MZ twin correlations are higher than
DZ twin correlations suggesting genetic influences at each age. The MZ correlations,
though, are less than twice the DZ correlations indicating significant influences of shared
environment as well. Cross-sectional estimates for additive genetic, shared and nonshared
environmental influences for both Internalizing and Externalizing problem behavior based
on the univariate model-fitting procedure can be found elsewhere (Van der Valk e 4/,
1998a, 2001; Van der Valk ef al, in press; Bartels ef al., 2002a submitted; Bartels e al.,
2002d, submitted). To get insight in the presence or absence of sex differences twin
correlations and cross-correlations for each zygosity group (MZM, DZM, MZF, DZF,
DOS) separately have been calculated (Appendix 3.1). No heterogeneity is expected based
on the fact that the correlations in DZ twins of opposite sex are not lower than the
cortelations in same sex DZ. twins.

Cross-correlations for MZ and DZ twins were calculated to explore the genetic and
environmental influences on the observed stability. As can be seen in Table 3.2, the MZ
cross correlations are higher than the DZ cross correlations, but certainly not twice has
high, suggesting that stability in Internalizing and Externalizing problem behavior over
time is due to additive genetic factors as well as shared environmental factors.

Model-fitting procedures for Internalizing and Externalizing problem behavior yielded
the results presented in Table 3.3. The saturated, Cholesky Decomposition, model without
restrictions (model 1) was taken as a reference for evaluating changes in %2 and associated
degrees of freedom of more parsimonious models. Because of the fact that the order of
model reductions could influence the results of the goodness of fit procedure all three
variance components A, C, and E were analyzed separately. The mechanism of one
variance component at the time was investigated leaving the other two expressed in a
saturated model (model 2 to model 7). Model 8 and model 9 represent the best fitting
simplified models with and without sex differences. Sex differences in the strength of the
genetic and environmental effects are tested by constraining the influences for boys and

gitls to be equal.
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For Internalizing problem behavior a best fitting simplified model to describe the
processes of development is a model with a simplex structure for additive genetic factors
and a factor structure with age specific factor loadings for shared environmental influences
(model 9). As can be seen in Table 3.3, for additive genetic influences the factor (model 3)
and the simplex (model 2) model gave almost identical fits to the data. The simplex model,
however, is a more parsimonious model and therefore preferred over a factor model. This
parsimony is reflected in a lower AIC for the simplex model than for the factor model,
suggesting a better fit of the simplex model. No sex-differences are found for Internalizing

problem behavior.

Table 3.3.

Multivariate model fitting for Internalizing problem bebavior at age 3,7,10 and 12
INTERNALIZING

MODEL -2LL df c.t.m.? | ¥2 df p |AIC

1. Saturated model 77086.981 29285

A: Saturated

C: Saturated

E: Saturated

2. A: Simplex Structure 77095.034 29291 |1 8.053 6 23 |-3.95

3. A: Factor Structure 77094.903 29286 | 1 7.922 4 .09 |-.08

4. C: Simplex Structure 77102.743 29291 |1 15.762 |6 .02 |3.76

5. C: Factor Structure 77092.403 29289 | 1 5.422 4 25 | -2.58

6. E: Simplex Structure 77131.185 29291 (1 44204 |6 .00 |32.20

7. E: Factor Structure 77100.577 29289 |1 13.596 |4 .01 |5.60

8. Simplified model 77098.961 29295 (1 11.980 |10 29 |[-8.02

A: Simplex Structure

C: Factor Structure

E: Saturated

9. Simplified model — 77130.102 19320 | 8 31141 |25 .18 [ -18.86

No Sex Differences

A: Simplex Structure

C: Factor Structure

E: Saturated

2 c.t.m. = compared to model
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Table 3.3. - continued

Multivariate model fitting for Externalizing problem behavior at age 3,7,10 and 12
EXTERNALIZING

MODEL -2LL df c.t.m. X2 df p [AIC

1. Saturated model 82410.846 | 29569

A: Saturated

C: Saturated

E: Saturated

2. A: Simplex Structure 82420.190 29575 |1 9.344 6 16 ]-2.66

3. A: Factor Structure 82424.485 29573 |1 13.639 |4 .00 |5.64

4. C: Simplex Structure 82427.391 29575 |1 16.545 |6 .01 |.455

5. C: Factor Structutre 82415.336 29573 |1 4.49 4 34 ]-.351

6. E: Simplex Structure 82455.500 |29575 |1 34.654 |6 .00 |22.65

7. E: Factor Structure 82433770 | 29573 |1 22924 |4 .00 |14.92

8. Simplified model 82429.340 |29579 |1 18.494 |10 .05 |-1.51

A: Simplex Structure

C: Factor Structure

E: Saturated

9. Simplified model — 82506.974 29604 | 8 77.634 |25 .00 |27.63

No Sex Differences

A: Simplex Structure

C: Factor Structure

E: Saturated

For Externalizing problem behavior (Table 3.3) a model with a simplex structure for

additive genetic influences and the saturated model for shared en nonshared

environmental influences (model 2) did not gave a significantly worse fit than the full
saturated model (model 1) (}2=9.344, Adf = 6, p=.16). Further, shated environmental

influences display a factor structure (model 5). For nonshared environmental influences

on both Internalizing and Externalizing problem behavior neither the simplex nor factor

model gave a satisfactory fit. The implication is that the processes that account for the

nonshared environmental contribution were complex and could not be captured by one

of our relative simple models. For Externalizing problem behavior sex-differences seem to

be significant (model 8).
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Figure 3.2.
The best fitting model for Internalizing problem bebavior, with a simplex structure for additive genetic
Sactors, a common factor with age-specific influences for shared environmental factors, and a Cholesky

Decomposition for nonshared environmental factors. (note: the variances of all latent factors are fixed to

unity)

The parameter estimates based on the best fitting model for Internalizing and
Externalizing problem behavior are represented in Figure 3.2 and 3.3. The percentages of
the total age specific variance and the total between age covariances explained by additive
genetic, shared environmental, and nonshared environmental factors based on the best
fitting reduced models are presented in Table 3.4. In this table the total genetic variance at
each specific age is decomposed in variance due to innovation and variance due to
transmission from a previous age. The total shared environmental variance is decomposed
into variance due to the common underlying factor and variance due to age-specific shared
environmental influences. For nonshared environmental influences stability and change in
variance specific to a certain age, and variance as a result of nonshared environmental

factors from a previous age.
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Figure 3.3.

The best fitting model for Externalizing problem bebavior in boys (first number) and girls (second
number), with a simplex structure for additive genetic factors, a commuon factor with age-specific influences
Jor shared environmental factors, and a Cholesky Decomposition for nonshared environmental factors.
(note: the variance of all latent factors are fixed to unity)

Comparable to the univariate model fitting results, both additive genetic and shared

environmental factors are important in explaining individual differences in Internalizing
and Externalizing problem behavior (Van der Valk e a/, 1998; 2001; 2002; Bartels ez al,
2002a; 2002d). A decrease in additive genetic effects and an increase in shared
environmental effects is observed for Internalizing problem behaviors (e.g. A Int age 3:
59%; A Int age 12: 32%). These influences seem to stabilize from age 7 onwards. For
Externalizing behavior less change in additive genetic and shared environmental influences
is observed, although an increase in additive genetic influences for boys between age 3 and
10 can be seen in Table 3.4.

Important in Table 3.4 (off-diagonal) are the influences of additive genetic, shared
environmental and nonshared environmental influences on the covariances. Stability,

represented in these covariances, can be explained both by additive genetic and shared
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environmental influences. Nonshared environmental influences seem of no significance

for stability in problem behavior, represented by very low influences on the covariances.

Table 3.4.
Percentages of the total variances (diagonal) and covariances (off-diagonal) for Internalizing and

Excternalizing problem bebavior explained by additive genetic, shared environmental and nonshared

environmental components based on the best fitting models.

INTERNALIZING
A C E
3 7 10 12 3 7 10 12 3 7 10 12
3 | .59 00 28
13
7 | 52 38 43 09 05 27
.06 19 01¢
10 | 43 51 14 56 36 09 01 13 28
22 25 .03
12| 32 40 | 38 19 63 42 | 40 08 04 |17 22 18
18 29 .08
EXTERNALIZING BOYS
A C E
3 7 10 12 3 7 10 12 3 7 10 12
3 | .57 07 16
20
7 |64 |39 33 11 03 14
208 15 01¢
10 | .66 74| 16 33 19 07 01 07 13
49 13 01
12|57 69 73 16 38 23 18 07 05 07 08 .09
A48 16 04
EXTERNALIZING GIRLS
A C E
3 7 10 12 3 7 10 12 3 7 10 12
3 | .50 08 18
24
7 [ 54 | 40 38 07 07 13
19 20 01
10 | 45 60 | 16 50 32 | .11 06 .09 16
29 25 .03
12 | 44 | 58 58 13 52 33 33 .09 04 |09 09 12
38 24 04

athe first number represents variance explained by age specific influences, the second number represents

common influences specific to the underlying developmental mechanism
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The only exception is the covariance between age 10 and 12 for Internalizing behavior,
from which 22% is accounted for by nonshared environmental influences. On average,
stability of Internalizing behavior over the years is for 47% ((52% + 43% + 32% +51% +
40% + 38%) /6) explained by shared environmental factors. 43% of this stability can be
explained by additive genetic factors. The remaining 10% can be explained by nonshared
environmental influences.

For Externalizing behavior in both boys and gitls, though, additive genetic factors
seems to be the main source of stability. For Externalizing behavior in boys 67% of the
stability is explained by additive genetic factors. Twenty-seven percent and six percent of
the stability is explained by shared and nonshared environmental influences, respectively.
For Externalizing problem behavior in girls 53% of the stability over the years is explained
by additive genetic factors. Shared environmental influences account for 40% of the

stability, while 7% is explained by nonshared environmental influences.

DISCUSSION

To understand the development of Internalizing and Externalizing problem behavior
structural equation modeling techniques were used in a large longitudinal sample of Dutch
twins. This longitudinal study with large sample sizes and four measurement occasions gave
us the unique opportunity to distinguish between a simplex and a common factor process
underlying the development of Internalizing and Externalizing problem behavior. The
simplex model assumes that successive levels of functioning were causally linked and that
eatlier expetiences and/or genetic effects affected later maladjustment. The factor model
related continuity in problem behavior to stable undetlying environmental and/or genetic
factors.

Our phenotypic correlation structure seems to be consistent with phenotypic stability
coefficients reported in large scale longitudinal studies. Verhulst and Van der Ende (1992a,
1992b) studied stabilities in problem behavior in a sample of 936 Dutch 4- to 11-year old
children. This study is especially interesting because children were almost the same age
range and from the same Dutch population as the children in the present article. The
average observed stability coefficients for the two-four-, and six-year time intervals were,
respectively, .53, .48, .42. The stability coefficients in our study and this previous
comparable study suggest a simplex pattern as the underlying developmental process.
However, the stability between the distinct ages is higher than would be expected based
on a simplex structure solely. This same pattern of stability coefficient is also found in a
national sample of 16,000 British children at ages 7, 11, and 16 years (Ghodsian et al,
1980). In comparison with the present study, though, children were somewhat older, and

the interval covered the onset of puberty and transition to high school. The previous
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studies could not distinguish between genetic and environmental influences on the
developmental process. These different sources of variances may display a distinct
developmental pattern. An important feature of the present longitudinal twin studies is the
possibility to investigate the developmental pattern of each source of variance
independently.

Stability in the development of Internalizing problem behavior can be explained by
additive genetic factors accounting for 43% of the stability on average. Another factor
explaining stability in the development of Internalizing problem behavior is an underlying
common factor for shared environmental influences accounting for 47% of the total
stability over the years. 10% of the stability of Internalizing problem behavior over the
years is accounted for by nonshared environmental factors. Change is mainly accounted
for by nonshared environmental influences. Genetic innovation factors and small but
significant age specific influences of shared environment account for some change as well.

A comparable pattern for stability is found for Externalizing problem behavior.
Stability is represented by additive genetic transmission factor explaining 67% of the
stability over the years, on average, for boys and 53% of the stability over the years, on
average, for girls. Stability is further accounted for by a common shared environmental
factor explaining 27% and 40% of the total stability for boys and girls, respectively.
Change in Externalizing behavior in both boys and girls can be mainly explained by
nonshared environmental influences. Genetic innovations and age specific shared
environmental influence account for some change in Externalizing problem behavior over
the years.

The finding of a simplex pattern for additive genetic influences on Internalizing and
Externalizing behavior seems rematrkable. However, for both Internalizing and
Externalizing behavior the phenotypic cross correlations are lower for longer intervals.
This structure suggests a simplex pattern. This simplex structure, though, cannot be the
sole mechanism because the stability between the distinct ages is higher than would be
expected based on a simplex structure. The finding of a simplex structure for additive
genetic influences in this study explained the finding of the developmental pattern in the
phenotypic correlation. This simplex pattern for additive genetic factor accounts for the
lower cross correlations for longer intervals. The higher than expected stability between
the distinct ages based on a simplex structure solely, though, can be explained by the
common undetrlying factor for shared environmental influences.

Further, several authors have pointed out that although all genes are present from
conception onwards, this does not necessarily imply that genetically influenced traits are
stable over time (Plomin, 1986). This is because not all genes are important all the time,

and effects of specific subsets of genes may be age dependent. This fluctuation of gene
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activity could also explain the relatively large innovation at age 7 (38% of total variance),
and the lower to stable innovation at age 10 (14%) and 12 (19%). Between age 3 and 7
biological changes are expected due to development. Between age 7 and 12, however, no
major biological changes are expected, represented in low but significant genetic
innovation. Further, the period between 3 and 7 contains children’s transition to school.
During this transition children must cope with many new demands like meeting academic
challenges, learning school and teacher expectations, adjusting to the daily routine of a
school class (Barth and Patke, 1993; Cowan ef al, 1994; Ladd and Price, 1987). In a
longitudinal study on the development of cognitive abilities, Fulker and colleagues (1993)
suggested that genetic innovation at age 7 may be due to novel environmental challenge of
schooling. Continuing the longitudinal study would be informative on the expected
genetic changes due to puberty.

The idea of transmission is quite common and present in many developmental theories
such as the psychoanalytic or attachment theory (Lamb and Nash, 1989). In addition,
developmental concepts like eritical periods or developmental tasks also refer to a process in
which outcomes of certain phases affect future function. No previous study did find this
transmission to be accounted for by genetic factors rather than environmental influences.

The finding for shared environmental influences on Internalizing and Externalizing
problem behavior is less surprising. Our study indicates that, besides a continuing
influence of shared environmental factors, age specific influences are present. These age-
specific effects were significant but the proportion of variance explained is much smaller
compared to the proportion explained by the shared environmental factor common to all
ages. This common factor could be accounted for by stable familial factors such as SES, as
this important shared environmental aspect is not sensitive to large changes over a time-
span of 9 years. Aspects outside the family environment, like friends or being a member of
a sports club or school, might also cause similarities between two children of a twin pair
during childhood, but could be age specific rather than continuous throughout
development. An explanation for age-specific shared environmental at ages 7, 10 and 12
could be the change of teacher at every level in Dutch elementary schools. Information on
‘same’ or ‘different’ teacher for both children of a large sample of 7, 10, and 12 year old
twin pairs indicate that in 63% of the cases, on average, both children of a twin pair are
taught by the same teacher, whereas 37% go to separate classes. This ratio makes teacher
or classroom environment a shared environmental influence for the majority of the
children. Since, in the Dutch school system children move to a different teacher each
school year, this results in a lack of continuity in this particular aspect of shared
environment. So, these shared but age-specific experiences within the classroom may be

represented by the age-specific factors as specified significant in the best fitting model.



58 Chapter 3

The finding in the present study that shared environmental influences are represented
by a common factor and time specific influences replicates the results of developmental
studies in other areas (Bartels ez a/., 2002b). It indicates that there could be a very stable set
of shared environmental influences that causes problems to persist over the years. Similar
results seem to be suggested by a number of epidemiological studies showing that
problems tend to continue in families with ongoing family adversities like marital stress,
negative maternal control, and maternal depression (Campbell ¢z al, 1991; Egeland ez 4/,
1990; Richman ef al, 1982). Thus, not family adversity as such but its persistence predicts
chronic problems (Campbell, 1994). It should also be mentioned that although ongoing
family adversity may indeed represent shared environmental influences, parts of it relation
with continuity in problem behavior might be explained by genetic influences. This could
be due to genetic factors that are shared by parents and children and influence both the
family environment and children’s behavior (Braungart-Rieker e a/., 1995; Plomin, 1995;
Plomin et al, 1994; Rowe, 1981, 1983).

Another explanation for the significance of shared environmental influences could be
rater bias. Sources of rater bias are stereotyping, employing different normative standards,
or having certain response styles, i.e. judging problem behaviors more or less severely. Is
expected that rater bias in this sense will be a continuous process influences the ratings at
all ages. Less obvious, but not erasable is the fact these types of bias may change over
time, for instance mothers change their opinion on certain kinds of behavior leading to
change in rating style. This change of rating style could show up as age specific shared
environmental influences at the distinct ages. In order to solve this uncertainty about
continuous or age specific influences of shared environmental influences and to
distinguish  ‘real’ shared environmental influences form rater bias, longitudinal
psychometric models, making use of mother and father ratings, should be used. These
models assume that, in addition to assessing similar aspects of the child’s behavior, each
parent assesses an unique aspect of their child’s behavior. This results in aspects of the
child’s behavior similar assessed by both parents, representing ‘real” unbiased behavior,
besides factors of rater bias and unique views of each parent. If the shared environmental
influences are a result of maternal rating style, it should show up in the unique shared
environment influences instead of shared environmental influences on the part of
behavior similar assessed by both parents.

Nonshared environmental influences were substantial at each age, and contributed
mainly to change in children’s problem behavior. For the covariance between ages 7, 10,
and 12 in Internalizing behavior, however, nonshared environmental factors seem to be of
significant influence. Possible examples of nonshared environmental influences include

illness, trauma, fluctuations in mood and state, and peer group influences (Plomin and
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Daniels, 1987; Rowe ez al, 1994). Findings from this study imply that these adverse
experiences are important and that they are mostly of transient nature and children

‘recover’ from them, but sometimes also exert long-lasting effects.

Limitations of the study and clinical implications

Certain aspects in studying the etiology of childhood psychopathology using twin pairs
and parental ratings need to be considered. A previous cross-sectional study on contrast
effects for Attention Problems in a comparable sample of Dutch twins detected a rater
contrast effect at age 3. The authors hypothesized that the contrast effect represented a
maternal rater bias effect that is dependent on the age of the twins (Rietveld ez a/., 2002).
Further, a study in an overlapping sample of 3-year-old Dutch twin pairs showed evidence
of sibling interaction for Externalizing behavior. The interaction proved to be in a
cooperative manner, with twins reinforcing each other’s behavior (Van der Valk ez al,
1998b)

In general contrast effects (b) may be considered as a social interaction between
siblings (Carey, 1986; Eaves, 1976) or an effect introduced by the rater (Neale and
Stevenson, 1989). In the former case, the behavior of one twin has a certain effect on the
behavior of his or her co-twin. This effect can be either cooperative or competitive. In the
latter case, when parents are asked to evaluate and report upon the problem behavior of
their children, they may very well compare the twins’ behavior against one another, despite
instructions on the questionnaire form. In this way, one twin becomes some kind of
standard by which the behavior of the co-twin is rated. A significant contrast effect is
implied when MZ variances and DZ variances are heterogeneous. In addition to
heterogeneity of MZ and DZ variances, the presence of a contrast effect leads to a pattern
of MZ and DZ correlations that is inconsistent with additive genetic sources of variances.

In both Table 3.1 (variances) and Table 3.2 (twin correlations) no indication for a
contrast effect is observed. However, to get insight in the influences of contrast effects on
Internalizing and Externalizing problem behavior, we fitted cross-sectional models taking
this interaction parameter into account for Internalizing and Externalizing problem
behavior at ages 3, 7, 10, and 12. For Internalizing behavior in girls at age 7 (b= .07) and
for Externalizing behavior in both girls and boys at age 3 (b=.11), solely, significant
influences of rater contrast ate found. Because of the fact that these are the only
significant finding, contrast effects are not considered in the longitudinal model fitting
procedures.

Further, our analyses were performed on a non-clinical sample. Assuming that
psychopathology is caused by environmental hazards or pathogenic genes that are

qualitatively distinct from those that cause variation in the normal range (Rutter ez al,
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1990), our result would have little clinical importance. There is, however, evidence that
clearly suggests links between normal and abnormal behavior. First, several CBCL studies
have shown correlations between behavior problem syndromes and DSM diagnoses
(Costello et al., 1985; Edelbrock and Costello, 1988; Ferdinand ez 4/, 1999; Kasius ef al,
1997). This convergence indicates that behavior problem syndromes as studied in this
article must be relevant for psychiatric conditions. Second, several studies supported the
view that the sources of normal variation may also affect psychopathology in children and
adolescents. So latent class analyses have been used to identify subgroups of individuals
with normal or pathological behavior (Eaves ¢f al., 1993; Hudziak ez al, 1998; Neuman ez
al., 1999). Results tend to suggest that these groups differ in degree rather than in kind.
Furthermore, using methods from item response theory, Van den Oord and colleagues
(2002) found that liability distributions for behavior and emotional problems show very
little or no evidence of non-normality. This also seems to suggest that psychopathology
may often be an extreme on the same continuum that desctibes variation in the normal
range. Thus, although we used a non-clinical sample, it can be argued that our longitudinal
analyses are also important for understanding psychopathology.

Longitudinal behavior genetic analyses provide knowledge about the mechanisms
underlying stability and change in problem behavior. Our finding of different
developmental patterns for the distinct sources of variance (A, C, and E) has important
implication for the prevention of later maladjustment. The shared environmental
influences, for instance, exert a continuous influence from their time of onset. So, the
children who continue to experience adverse shared environment are at risk for later
maladjustment. For additive genetic influences, parts of previous effects are transmitted to
later ages. However, genetic influence is less static due to new genetic influences that
come into play at each age. Nonshared environmental influences seem to be important for
age-specific behavior problems and have almost no developmental significance. This
implies that influences of nonshared environment are important but that they are mostly
of transient nature and specific to a specific moment in time.

Further, multivariate behavior genetic analyses of pattern of problem behavior make it
possible to distinguish disordered children into groups that have mainly a genetic, shared
environmental, or a nonshared environmental etiology to make the crucial differential
diagnosis (e.g. Boomsma e7 al, 1990; Van den Oord e# al., 2000). In combination, with the
knowledge about mechanisms that underlie stability and change, such a subdivision might
be useful for prevention. For instance, for both Internalizing and Externalizing problem
behavior continuing genetic and shared environmental effects were import for stability.
When these results are generalized it implies that especially children with high genetic

liability or children who continue to experience adverse shared environment are at risk for
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later maladjustment. For these children, a ‘wait and see’ policy would be inappropriate and

an active intervention would be required.
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Appendix 3.1
Twin correlations and cross correlations for Internalizing (above diagonal) and Externalizing (below

diagonal) problem bebavior for the five zygosity groups.

MZM|3 7 10 12

3 7122 (859)\ .840¢ (859) | .283 (694) 266 (408) 240 (227)

7 498 (701)" 1693 (853)\ .847 (865) 529 (432) 420 (237)

10 463 (417) 665 (447) 659 (498)\.857 (514) | 487 (253)

12 461 (228) 616 (239) 695 (254) 734 (273)\.875 (276)
DZM |3 7 10 12

3 408 (868)\ .567 (867) 250 (684) 271 (397) 248 (192)

7 327 (697) 460 (799)\.544 (822) 370 (396) 239 (182)

10 287 (397) 400 (404) 481 (465)\ 535 (467) | 405 (195)

12 266 (198) 314 (190) 399 (202) 451 (217)\ 531 (405)
MZF |3 7 10 12

3 734 (1006)\ .832 (1003) | .399 (821) 316 (502) 397 (250)

7 541 (829) 734 (975)\ .861 (989) 513 (521) 473 (260)

10 437 (509) 634 (531) 680 (602)\ .811 (609) | .540 (276)

12 410 (257) 600 (270) 612 (283) 719 (301)\.839 (310)
DZF |3 7 10 12

3 428 (810)\ 564 (813) 275 (646) 284 (359) 230 (176)

7 369 (663) 533 (778)\.553 (802) 387 (383) 354 (188)

10 337 (364) 396 (395) 507 (442)\ 582 (450) [ .329 (197)

12 250 (180) 286 (196) 389 (202) 535 (214)\ 553 (223)
DOS |3 7 10 12

3 388 (1752)\ 542 (1752) | .243 (1324) 286 (745) 263 (341)

7 340 (1342) 509 (1550)\ .562 (1591) | 351 (718) 342 (324)

10 301 (748) 377 (740) 532 87D\ 502 (883) | .384 (345)

12 273 (352) 408 (344) 454 (361) 592 (398)\ .605 (413)

ainternalizing behavior, » number of complete twin pairs, ¢ externalizing behavior
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ABSTRACT

Previous studies have emphasized the importance of rater issues in studying the etiology of variation in
Internalizing and Externalizing problems in children. Earlier results indicate only moderate agreement between
parents, and assume that parents assess an unique aspect of their child’s bebavior. In comparable samples of
younger children, additive genetic effects are the main factor explaining individual differences in both
Internalizing and Externalizing behavior. 1t is unnown whether this pattern of rater influences and variance
decomposition will be consistent in older children. Child Behavior Checklists (Achenbach, 1992), filled in by
mothers and fathers, were collected in a sample of 2,956 Dutch 10-year-old twin pairs. The etiology of
individual differences in Internalizing and Externalizing syndromes was examined using a model that corrected
[for possible rater bias, unique rater effects and unreliability. The best fitting model suggested that disagreement
between the parents is not merely the result of unreliability and/ or rater bias, but each parent also provides
unique information from his/ her own perspective on the child’s behavior. Significant influences of additive
genetic, shared environmental and nonshared environmental factors were found for Internalizing and
Externalizing syndromes. Bestdes parental agreement, unique parental views on their children’s bebaviors seem
to be significant at age 10. These results are in line with the findings in comparable samples of Dutch twins at
ages 3 and 7 years. Additive genetic factors remain important as a source of individual differences in
Internalizing and Externalizing problem bebavior. Shared environmental influences are also not to be
minimized. The changes in variance decomposition that occurs, occurs mainly between age 3 and 7. No major

changes are observed between age 7 and age 10.
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INTRODUCTION

Parental descriptions are often used to collect information about a child’s behavioral and
emotional problems. A meta-analysis by Achenbach, McConaughy, and Howell (1987) showed
a mean correlation of .60 between maternal and paternal ratings of the same child. The high
interparent correlation shows that parents can provide meaningful information about their
child’s behavior, for if patental ratings would reflect nothing but etror the correlations between
their ratings would be close to zero. On the other hand this interparent correlation is less than
perfect. This may be explained by different forms of rater bias (a tendency of a rater to over-or
underestimate behavioral problem scores consistently compared to the mean of all raters, e.g. a
result of different normative standards or response tendencies) and unreliability. Sources of
rater bias are stereotyping, employing different normative standards, or having certain
response styles, i.e. judging problem behaviors more or less severely. Because these types of
bias may differ between raters, they may lead to disagreement between raters. Unreliability can
become an important soutce of disagreement when raters cannot give an accurate description
about relevant behaviors. For instance, evidence is found that parents may be relatively
insensitive to affective disturbances in children (Angold et al., 1987). Another possibility is that
parents are not assessing exactly the same behavior in their children. It is know that different
raters can provide, each from their own perspective, somewhat different but valid and
complementary information about the child’s functioning (Achenbach ez 4/, 1987). Loeber ef
al., (1989), for instance, found that children’s reports on their conduct problems tended to
complement the information provided by adults.

It is difficult to draw conclusions about the processes underlying the (dis)agreement
between parental ratings on the basis of the parental intercorrelations alone. Genetically
informative data are helpful in this respect allowing, due to their special properties, the
evaluation of different hypotheses about the (dis)agreement in parental ratings. Models can be
fitted to the data to test whether parental disagreement is caused by unreliability and rater bias,
or involves the fact that parents provide unique information about their children’s behavior. A
cotrect representation is not only important from a substantive point of view, but also to
obtain more accurate estimates of genetic and environmental effects. For instance, rater bias
will cause shared environmental effects to be overestimated, measurement error will magnify
the estimate of nonshared environment. The use of multiple raters makes it possible to
disentangle these rater effects from variance caused by the child’s behavior so that parameter
estimates are less biased and have a clearer interpretation.

To study agreement and disagreement between parental ratings, Hewitt ez a/ (1992)
proposed so-called Rater Bias and Psychometric models that combine data of two raters and

can be estimated using genetically informative data. The Rater Bias model assumes that parents
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assess the same behaviors in the child and have a common understanding of the behavioral
desctriptions. This may apply when both parents are equally confronted with the behaviors
shown by the child (for instance at home). Disagreement between the raters is regarded as
error, resulting from rater bias and/or unteliability. In addition to assessing similar aspects of
the child’s behavior, the Psychometric model assumes that each parent assesses an unique
aspect of the child’s behavior. This will occur when the parent observes the child in distinct
situations or is exposed to distinct samples of the child’s behavior. For instance, the parent
who usually brings the child to school may be more familiar with the child’s behavior outside
the home. Moreover, each parent may interact differently with the child (Achenbach et al.,
1987). These unique interactions between a parent and a child may allow each parent to
provide additional information about the child’s behavior, apart from the information on
which they both agree. Disagreement in this model does not merely arise from unreliability
and/or rater bias, but also because each parent contributes, from his own perspective,
different but valid information on the child’s functioning. The psychometric model tests this
possibility by examining whether there are significant genetic effects on the unique part of each
patrent’s rating. If the behaviors uniquely rated by the parents are shown to be influenced by
the genotype of the child, the parent must have been assessing a ‘real’ but unique aspect of the
child’s behavior.

A number of quantitative genetic studies have used the Child Behavior Checklist (CBCL)
(Achenbach, 1991, 1992) to examine genetic and environmental effects on children’s problem
behaviors (Silberg e al., 1994; Edelbrock ef a/,1995; Schmitz et al., 1995; Van den Oord et al.,
1996; Zahn-Waxler et al., 1996; Gjone and Stevenson, 1997; Leve ¢# al., 1998; Van detr Valk e#
al., 1998a; Van der Valk et al., 1998b; Hudziak ez al., 2000). Yet, only a few studies employed
models that incorporated rater differences. Rowe and Kandel (1997) administered the CBCL
to mothers and fathers for their oldest two offspring (aged 9 to 17) in 76 families. The
subjects, however, were nontwin siblings rather than twins. Hence, estimation of separate
genetic and environmental components of trait variance was impossible. The combination,
though, of three informants (mother, father, self-report) and the rating of two children per
family, allowed to disentangle rater effects from variance caused by a common understanding
of the behavioral description in parents. Their models demonstrated that mother and father
ratings contained a substantial individual view component, but parents also assessed similar
aspects of the child’s behavior. Hewitt and colleagues (1992) fitted Rater Bias and
Psychometric models to parental ratings of the Internalizing scale (CBCL) for 983 twin pairs.
They found that both for their prepubertal cohort (8 to 11 years) and for their pubertal cohort
(12 to 16 years) the Psychometric model fitted the data better than the Rater Bias model. Van
der Valk and colleagues (2001, van der Valk ¢f 4/, in Press) also found that the Psychometric
model fitted their data significantly better than the Rater Bias model at both ages 3- and 7.
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Thus these studies indicated that disagreement between parental ratings is partly caused by
mothers and fathers assessing different aspects of the child’s behavior.

In the present study we fitted Rater Bias and Psychometric models to data for the
Internalizing and Externalizing scale of the CBCL. The sample consisted of 2,956 Dutch 10-
year-old twin pairs. The first aim of this study is to fit Rater Bias and Psychometric models.
Results of previous studies in comparable samples of Dutch twins indicated a Psychometric
model as best fitting model. Achenbach e# a/. (1987) observed, however, that the correlation
between similar informants (e.g. parents) decreased with age of the child. On explanation is a
decrease in the quality of parent ratings. Parents mainly interact with their children in the home
environment. However, as children become older other social context such as school and the
peer group become relatively more important. Consequently, it becomes more difficult for
parents to assess problem behaviors in their children. Such a possible decrease could resultin a
better fit of our Rater Bias model compared to the Psychometric model. Another explanation
for lower parental agreement in older children is that parent-child relations become more
individual and specialized over the years. For instance, the roles of mother and father may
become more differentiated and they may engage in different activities with their children.
Such a change would imply that the unique view of the parent increases. This specialization
would suggest, in line with the findings at age 3 and 7, a Psychometric model at age 10.

A second aim is to use the best fitting model to estimate influences of genetic and
environmental components on Internalizing and Externalizing Problem Behavior at age 10.
Comparison of the results of this study to the results of comparable studies in 3-and 7-year-old
Dutch twins gives the opportunity to disentangle ‘real’ behavioral development from changes
in rater effects. The large sample of twin pairs used provided the power necessary to be able

to detect possible small changes.

METHOD

Subjects

All participants were registered by the Netherlands Twin Registry (NTR), kept by the
Department of Biological Psychology at the Vrije Universiteit in Amsterdam. Of all multiple
births in the Netherlands, 40-50% is registered by the NTR (Boomsma ¢7 a/.,1992; Boomsma,
1998; Boomsma ef al., 2002). For this study, data from twins from the birth cohorts 1986 -
1991 were used. Questionnaires were mailed to families within three months of the twins’
tenth birthday. After two to three months reminders were sent and four months after the
initial mailing persistent non-responders were contacted by phone. Families whose addresses
were not available were included in the nonresponse group. 140 twin pairs were excluded

because either one or both of the children had a disease or handicap that interfered severely



68 Chapter 4

with daily functioning at age 10 or at a younger age. Finally, the analyzed sample consists of
2,956 mother ratings and 2,234 father ratings.

Zygosity was determined for 620 same-sex twin pairs by DNA or blood group
polymorphisms. For all other same-sex twin pairs zygosity was determined by discriminant
analysis, using questionnaire items. Parents were asked how much the twins resembled each
other in facial structure, hair color, facial color, eye color, and whether they were ever mistaken
for each other by the parents themselves, by family, or by strangers. They were also asked if
the twins wete as much alike as two peas in a pod, whether it was difficult for the patents to
separate the twins on a recent picture, and how similar the twins’ hair structure was. (For
details see Rietveld ez a/., 2000).

This left a sample of 519 monozygotic males (MZM), 471 dizygotic males (DZM), 618
monozygotic females (MZF), 458 dizygotic females (DZF), and 890 dizygotic opposite sex
(DOS) twin pairs. In general, mothers’ response rate outnumbers fathers’ response rate.
Therefore the data could be further divided into twin pairs for which both mother and father
had replied (400 MZM, 347 DZM, 470 MZF, 348 DZF, and 669 DOS) and twin pairs for
which only mothers had replied (119MZM, 124 DZM, 148 MZF, 110 DZF, and 221 DOS).
Because of a relative small amount of families from which only fathers replied (N=28) these

families were not used in the analyses.

Measures

The Child Behavior Checklist (CBCL 4-18) (Achenbach, 1992) is developed for parents to
scote the behavioral and emotional problems of their 4-to-18-year-old children. It consists of
120 problem items that are scored by the parents on a 3-point scale based on the occurrence
of the behavior during the preceding 6 months: 0 if the problem item was not true, 1 if the
item was somewhat or sometimes true, and 2 if it was very true or often true. The syndrome
scales were composed according to the 1991 profile (Achenbach, 1991). Dutch syndrome
scales and comparability with the syndrome scales as developed by Achenbach are reported in
Verhulst ez al, (1996). In this manual the two broadband scales Internalizing (Int) and
Externalizing (Ext) are analyzed. The Internalizing scale consists of the Anxious/Depressed,
Somatic Complaints and Withdrawn subscales. The Externalizing scale consists of the
Ageressive and Rule Breaking Behavior subscales. For the Internalizing scale subjects were
only included if not more than 3 items were missing for the Anxious/Depressed scale, not
more than 2 items were missing for Somatic Complaints and Withdrawn scales. For the
Externalizing scale the inclusion criterion was not more than 3 items missing for the
Aggressive and Rule Breaking Behavior scales. This ensured that the two syndrome scales were
always composed of all problem behaviors loading on that scale.

The data were square root transformed to approximate normal distributions that are
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required for maximum likelihood estimation. After transformation, all skewness and kurtosis
indices were between -1.0 and 1.0, implying that not much distortion is to be expected

(Muthén and Kaplan, 1985).

The twin method

Data from monozygotic and dizygotic twins were used to decompose the vatiance in scores on
the Internalizing and Externalizing scales into a contribution of the additive effects of many
genes, environmental influences that are shared by twins (like style of parenting,
socioeconomic level, or religion) and environmental influences that are not shared by twins
(such as an illness, relationships with peers, or measurement errors). For a summary of the
twin method, the various assumptions, and the plausibility of these assumptions see Martin
and Eaves (1977); Eaves (1982); Kendler and Eaves (1986); Neale and Cardon (1992). An
estimate of the additive genetic, shared environmental, and nonshared environmental
influences can be derived from the resemblance between MZ twins who are genetically
identical and DZ twins who share on average half of their genes. Genetic effects are indicated
when the MZ twin cotrrelation (tm,) is higher than the DZ twin correlation (t4,). Shared
environmental effects are indicated if the twin correlations are larger than zero after the genetic
effects are partialled out, and nonshared environmental effects are indicated if the correlation
between MZ twins is smaller than 1. Assuming that the effects of genes are so that the
genotypic correlation is .5 for DZ twins, the proportion of variance explained by each
component can be calculated as follows: genetic variance = 2 X (fm; - fdz), shared
environmental variance = 2 X tq, - tm,, and nonshared environmental vatiance = 1 - t1,. This
approach, however, does not take into account sex differences and cannot easily be generalized
to multivariate data. This approach also does not provide a goodness of fit of a certain model
to the data.

To decompose the variance shared by both parents, the correlation between the twins rated
by different raters (cross-correlation; e.g. Vader-Int in Twin 1 with Mother-Int in Twin 2) has
to be used. This way, the variance is decomposed into additive genetic, shared environmental,
and nonshared environmental contributions for which both parents agree. The decomposition
can again be made by comparing the resemblance of MZ twins versus DZ twins. Genetic
effects are indicated when the cross-correlation is higher for MZ twins compared to DZ twins.
Shared environmental effects are indicated if the cross-correlations are larger than zero after
the genetic effects have been partialled out, and a nonshared environmental contribution is
indicated when the cross-correlations for MZ twins is smaller than the interpatent cotrelation.
Similar formulas to the ones discussed above for the variances can again be used to compute

the contributions of each component: genetic contribution = 2 X (fmy-cross - dz-cross), shared
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environmental contribution = 2 X t4, cross - fmz-cross, and nonshared environmental contribution
= interparent correlation - fms-cross.

The above discussed formulas indicate that the whole variance-covariance mattix can be
decomposed into a matrix of genetic variances and covariances, a matrix of shared
environmental vatiances and covariances, and a matrix of nonshatred environmental variances
and covariances. Instead of decomposing each variance and covariance separately, it is
preferable to make such a decomposition by fitting multivariate genetic models. For this

purpose Hewitt ez a/. (1992) proposed a Rater Bias and Psychometric model.

Figure 4.1. Rater Bias model 1

Mothet’s Fathet’s Mothet’s Fathet’s
Rating T} Rating T} Rating T> Rating T>

In the Rater Bias model (Hewitt ez @/, 1992) (Figure 4.1) the phenotypes of the twins are a
function of three common factors underlying the ratings of both mothers and fathers: a
genetic factor (A), a shared environmental factor (C), and a nonshared environmental factor
(E). In addition to these three common factors unique factors are modeled: a maternal rater

bias factor, a paternal rater bias factor, and residual (unreliability) factors affecting each rating.
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The influence of the common factors is assumed to be independent of the maternal and

paternal rater bias and unreliability factors.

Figure 4.2. The psychometric model

Mothet’s Fathet’s Mother’s Fathet’s
Rating T4 Rating T4 Rating T2 Rating T2

The Psychometric model (Hewitt ez a/., 1992) (Figure 4.2) also estimates the influence of a
genetic (A), a shared environmental (C), and a nonshared environmental factor (E) common to
the phenotypes of the twins as rated by both parents. In addition three unique factors, a
genetic (Am/f), shared environmental (C /f), and nonshatred environmental factor (Em/s) are
estimated for the ratings of mother/father. Disagreement between patents in this model can

be caused by unique behavioral views, leading to different but valid information of each rater.
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These unique behavioral views can have their own unique influences, estimated in the unique
additive genetic, shared environmental, and nonshared environmental factors. Disagreements
can also be caused by rater bias, which will confound the unique shared environmental effects,
ot by unreliability, which will confound the unique nonshared environmental effects. The three
common factors loading on the twins’ phenotypes contain only reliable variance, causing the
common nonshared environmental factor to contain only pure independent environmental
effects (McArdle and Goldsmith, 1990) and the common shared environmental factor to

contain only pure shared environmental effects.

Model fitting

The program Mx (Neale ef al, 1999) was used to analyze the data through a simultaneous
analysis of the 4 X 4 variance-covariance matrices in the five zygosity by sex twin groups
MZM, DZM, MZF, DZF, DOS) where both mother and father ratings were available, and
the 2 X 2 variance-covariance matrices in the five zygosity by sex twin groups with only
mother ratings. The model describes the observed variance-covariance matrices adequately
when the residual variance-covariance matrices are trivially small. A good model is indicated by
a low non-significant ¥? test statistic (P > .05). Apart from the % 2 test statistic, Akaike’s
Information Criterion (AIC = %2 - 2 X degtees of freedom) was computed. The lower the
AIC the better the fit of the model to the observed data.

Fitting the Rater Bias and Psychometric model of Hewitt ¢f a/. (1992) to the data showed
which model described the processes involved in either agreement or disagreement between
the parental ratings best. Monozygotic twin covariances and dizygotic twin covariances were
modeled, assuming a correlation between the twins’ shared environmental factors of 1.0,
regardless of twin type, and a genotypic correlation of 1.0 for monozygotic twins and 0.5 for
dizygotic twins. Estimates for male and female twins were allowed to differ. This model was
further examined for possible simplifications. It was tested whether the common and/or
unique factors could be removed from the model, whether estimates for boys and gitls could
be constrained to be the same, and if the unique factors for mothers and fathers could be
constrained to be equal. The only factor that was never dropped from the model was the
unique nonshared environmental factor, because measurement errors are estimated in this

factor.

RESULTS

Description of the data

The untransformed mean problem scores and standard deviations of the twin sample and
those of a Dutch community sample of 4-11-yeat-old children (Verhulst et al, 19906) are given

in Table 4.1. For both the Internalizing and Externalizing scale, the ratings given to the twins
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were quite similar to the ratings given to the Dutch community sample. Significance tests
showed that boys did receive higher mother and father ratings than gitls for the Externalizing
scale. For this same scale, mothers gave higher ratings to their children than fathers did,
implying possible rater differences. For the Internalizing scale mothers gave significantly
higher ratings for girls and mothers gave higher ratings to their twin children than fathers did,

implying possible rater differences for this scale as well.

Table 4.1.
Means (standard deviation) and sample size for the Internalizing and Externalizing scales in 10-year-old

twins (per ygosity) compared to a 4-11 year- old Dutch community sample.

INTERNALIZING EXTERNALIZING
Mother Father N (M/F) Mother Father N (M/F)
MZM | 4.59 (4.60) |3.50 (3.83) |1008/796 8.67 (7.43) | 7.11 (6.65) |1029/798
d |pzMm  |5.18 (5.44) |4.14 (4.57) |933/691 8.03 (7.34) |6.90 (6.31) |937/692
DOS 4.66 (4.97) |3.56 (4.14) | 877/665 7.69 (7.10) | 6.51 (6.25) | 885/667
COM 4.52 (4.27) 579 8.26 (6.36) 579
MZF |5.12(5.00) |3.56 (3.95) |1216/943 |5.91 (5.53) |4.81 (4.94) |1223/939
? | DZF 5.35 (5.35) |4.30 (4.60) |893/688 5.90 (5.86) |5.04 (5.13) |905/696
DOS 4.76 (4.91) |3.56 (3.70) |878/662 5.34 (5.37) | 4.50 (4.79) |885/667
COM 5.16 (5.02) 593 6.04 (5.57) 593

Note. MZM/DZM = Monozygotic/Dizygotic males, MZF/DZF = Monozygotic/Dizygotic females, DOS
= Dizygotic opposite sex, COM= Dutch community sample, N (M/F) = number of children for Mothers
(M) and Fathers (F).

The homogeneity of the variance was tested with Mx (Neale ¢# @/, 1999). No differences
could be found in the variances and covariances of MZM, DZM, MZF, DZF, and DOS, for
the Internalizing scale. For the Externalizing scale MZM variance is equal to DZM variance
and MZF variance is equal to DZF variance, however the variance for boys and gitls, both MZ

and DZ could not be set equal.

Twin correlations

Table 4.2 shows, for both the Internalizing and Externalizing scale, in the first and second
column the correlations between the twins rated by the same rater (mother or father rated both
children), and in the third and fourth column the cross-cortelations between the twins each
rated by a different rater (mother and father each rated one child). In the fifth and sixth column

the interparent correlations between mothers and fathers are given, both for first and second
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born twin. The interparent correlations were comparable for both first and second born twin
for all zygosity by sex groups. On average, the interparent correlations for the Internalizing
scale were .63, and for the Externalizing scale .73. This resembled the interparent correlations
obtained in the Dutch norm group (Vethulst ¢7 a/., 1996).

The cotrelations between the first and second born twin both rated by mothers (M/M;
first column) and those both rated by fathers (F/F; second column) can be used to obtain
a first estimate of the genetic influences (A), the shared environmental influences (C), and

the nonshared environmental influences (E) on the total variance.

Table 4.2.
Correlations (ratings given by the same rater), and cross-correlations (ratings given by different raters) between

the twins and the interparent correlations, per ygosity, for 10-year-olds.

INTERNALIZING EXTERNALIZING
same rater different rater same rater different rater
TWINS TWINS INTER TWINS TWINS INTER
PARENT PARENT
M/M F/F |[M/F EF/M| O Y M/M F/F | M/F F/M (o) Y
MZM | .66 .66 40 46 | .64 .63 .86 .86 .67 .66 77 73
DZM | 48 49 .26 36 | .67 .63 .54 .57 .39 .36 .70 71
MZF | .68 74 40 40 | .57 51 .81 .83 .61 .56 71 .67
DZF 51 .62 43 37 |71 .66 .58 .57 42 35 .70 72
DOS .53 .53 31 35 | .67 .60 .50 .56 .38 .40 .78 74

Note. Same rater Twins = correlation between the oldest and youngest twin, rated by M/M = mothers ot
F/F = fathers. Different raters Twins = cross-correlation: either oldest twin rated by mothers and youngest
by fathers (M/F) ot the other way around (F/M).Different raters Interparent: O = cortelation between

mother and father ratings for the oldest child; Y = idem for the Youngest child.

For instance, if we take for the Internalizing scale the first column “M/M”: the genetic
influences for boys can be estimated as (tyzm - tpzm) X 2 = (.66 - .48) X 2 = .36. Nonshared
environmental influences for boys can be estimated as (1 - tnzn) = (1 - .66) = .34. Following
the shared environmental influences for boys can be estimated as (2 X tpzm) - fazm = (2 X .48)
-.06 = .30. For girls, father ratings of the Internalizing scale, and mother and father ratings of
the Externalizing scale, the correlations between the MZ and DZ twin pairs can be compared
in similar ways to obtain a first impression of the genetic and environmental influences.
Fitting univariate models (one for mother ratings of Internalizing, one for father ratings of

Internalizing, one for mother ratings of Externalizing, and one for father ratings of
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Externalizing) that estimated three factors: A, C, and E and possible sex differences, the
obtained tesults were compatable to those calculated by comparing the MZ and DZ
correlations. Take for example the Internalizing scale rated by mothers. As shown in Table
4.3, no differences between boys and gitls were found. The genetic factor explained 37% of
the variance, the shared environmental factor explained 32% of the vatiance and the

nonshared environmental factor explained 31%.

Table 4.3.
Univariate estimates of genetic and environmental influences on Internalizing and Externalizing Problems

rated for 10-year-old twins.

INTERNALIZING EXTERNALIZING

Mother Father Mother Father

GENETIC 37% 3 69% 3 69% 3 56%
Q 48% Q 48% Q 51%

SHARED 32% 3 29% 3 16% 3 29%
Q 42% Q 33% Q 30%

NONSHARED | 31% 3 32% 3 15% & 14%
Q 25% Q 19% Q 18%

Different estimates for boys and gitls and for mother and father ratings are found for
Externalizing behavior. The sex-differences imply only a difference in the strength of the
additive genetic effect and no real heterogeneity. Influences of different genes in boys and gitls
would be represented by lower DOS correlations in comparison to DZ correlations in same
sex twins. In this study, the DOS cotrelation for externalizing behavior is not different from
the DZ correlations.

Univariate analyses make a decomposition of the total variance in genetic, shared
environmental, and nonshared environmental factors. To take rater differences into account,
the information from the twin’s cross-correlations has to be used. By calculating cross-
correlations between mother ratings of oldest twins with father ratings of youngest twins
(M/F; third column) or the other way around (F/M; fourth column), one can make a
decomposition of the variance on which both kinds of raters agree. The difference between
the decomposition of the variance shared between raters (i.e. common view) and the
decomposition of the total variance can be used to estimate the genetic, shared environmental,
and nonshated environmental influences on the variance uniquely rated by one particular rater
(i.e. unique view). Take for instance for the Internalizing scale: the cross-correlations between

mother ratings of oldest twins and father ratings of youngest twins (M/F) for boys. The same
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comparisons between the ryz and rpz can be made to estimate the genetic influences on the
vatiance shared by raters, namely 2 X (tMZM-cross - tDZM-cross) = (40 - .26) X 2 = .28. Thus we
can conclude that the total genetic variance of 36% can be divided into a genetic influence for
behaviors that are similarly rated by the parents of 28% and a genetic influence for behaviors
that are uniquely rated by mothers of 8%. This shows that genes of the child affect the unique
part of the maternal ratings, implying that the parental disagreement is not merely caused by
measurement errors but that mothers in addition to the common view also assess a valid
unique part of the child’s behavior. Finding genetic influences for behaviors that are differently
rated by mothers and fathers does not seem to be a chance finding, but arises systematically in
the data. Also for the father ratings of boys and for the mother and father ratings of gitls, both
for the Internalizing and Externalizing scale, similar unique genetic effects are found.

To estimate the environmental influences on the variance shared by raters the interparent
correlations (fifth and sixth columns for oldest and youngest twin, respectively) have to be
used. Table 4.2 shows that for the Internalizing scale the interparent correlation (between
mothers and fathers of the same child) in the MZM group was .64 for the oldest twin. The
cross-correlation (between mothers and fathers of different children) was .40, indicating a
nonshared environmental contribution on the variance shared by raters of: interparent
correlation - fmzmecross = .04 - .40 = .14. Thus the nonshared environmental influences can be
divided into an influence for behaviors that are similarly rated by both parents of 14% and an
influence for behaviors that are uniquely rated by mothers of 20% (i.e. 34% - 14%). Shared
environmental influences on the variance shared by raters can be estimated as (2 X rpzy) -
rvzm = (2 X .26) - .40 = .12. Taking rater differences into account the shared environmental
influences can be divided into an influence for behaviors that are similarly rated by the parents
of 12% and an influence for behaviors that ate differently rated by mothers of 18% (i.e. 30% -
12%). For the cross-correlations of father ratings for boys, mother and father ratings for girls,

and all ratings of the Externalizing scale, similar comparisons can be made.

Rater models

As indicated by the lower Y2 test statistic and the lower AIC in Table 4.4, the Psychometric
model fitted the data better than the Rater Bias model both for the Internalizing and the
Externalizing scale. This signified that although both parents partially assessed the same
behaviors, there also was a component, which was unique to each rater. For sake of
comparison we also performed a Cholesky or triangular decomposition (also called a Biometric
model). This model can be viewed as a psychologically less informative rotation of the
Psychometric model (Hewitt et al., 1992). Neither for the Internalizing scale nor for the
Externalizing scale did this saturated model fit the data any better than the Psychometric

model.
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Table 4.4.
Model fitting statistics for Psychometric and Rater Bias model and simplification of best fitting (Psychometric)
model, for 10-year-old twins’ Internalizing Problems.

INTERNALIZING
X2 df P AIC x> df p
Overall model:
Psychometric model 75.41 47 .005 -18.59
Rater Bias model 87.54 49 .001 -10.46
Simplification overall model:
Factor estimates:
No common genetic effects 13293 49 0.00 3493 57.52 2 .000
No unique genetic effects 9791 51 0.00 -4.09 22.50 4 .000
No common shared env. 109.54 49 0.00 11.54 34.13 2 .000
No unique shared env. 15094 51 0.00 48.94 75.54 4 .000
No common nonshared env. 491.78 49 0.00 39337 416.37 2 .000
Sex differences:
No sex dif. common effects 8342 50 0.00 -16.58 8.02 3 .046
No sex dif. unique effects 84.37 53 0.00 -21.63 8.96 6 176
No sex dif. common + unique 9336 56 0.00 -18.64 17.96 9 .036
Rater differences:
Unique rater effect: M- F identical 130.18 53 .000 24.18 54.78 6 .000
EXTERNALIZING
X2 df P AIC X2 df p
Overall model:
Psychometric model 55.68 47  .098 -38.32
Rater Bias model 11399 49  .000 15.99
Simplification overall model:
Factor estimates:
No common genetic effects 36148 49  0.00 263.5 30580 2 .000
No unique genetic effects 128.46 51 0.00  26.46 7278 4 .000
No common shared env. 79.86 49  0.00 -18.14 2418 2 .000
No unique shared env. 176.25 51 0.00 7425 120.57 4 .000
No common nonshared env. 51355 49  0.00 4156 457.87 2 .000
Sex differences:
No sex dif. common effects 85.34 50  0.00 -14.66 29.66 3 .000
No sex dif. unique effects 66.35 53 0.10 -39.65 10.68 6 .099
No sex dif. common + unique 99.53 56  0.00 -1247 4386 9 .000
Rater differences:
Unique rater effect: M- F identical 79.29 53 0.01 -26.71 23.61 6 .001
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The Psychometric model was further examined for possible simplifications. None of the
common and unique genetic, shared and nonshared environmental factors could be dropped
from the model. Between boys and girls, the estimates of the common and the unique factors
could be constrained to be equal for the Internalizing scale. For the Externalizing scale only
the unique effects could be set equal for boys and gitls. Mother and father ratings could not be
constrained to be equal for both scales. The fit results are given in Table 4.4.

The percentages of variance explained by the common and unique genetic, shared, and
nonshared environmental factors are given in Table 4.5. A major part of the variance was
explained by common factors. For both the Internalizing and the Externalizing scale the
largest part of the variance was explained by the common genetic factor. Common additive

genetic effects explain around 30% of the variance in Internalizing behavior in boys and gitls.

Table 4.5.
Genetic and environmental influences, estimated using best fitting Psychometric model, for Internalizing

and Externalizing Problems rated for 10-year-old twins.

INTERNALIZING EXTERNALIZING
Mother Father Mother Father
3 g 3 ?
Genetic
Common | 26% 30% 54% 41% 56% 43%
Unique | 10% 8% 11% 14% 3% 3%
Shared
Common | 18% 20% 13% 18% 13% 19%
Unique | 14% 15% 7% 9% 14% 17%
Nonshared
Common | 16% 17% 8% 10% 8% 11%
Unique | 16% 10% 7% 8% 6% 7%

For Externalizing behavior sex-differences in the strength of the common genetic influence is
found, explaining 55% of the variance in boys and 40% of the variance in girls. The common
nonshared environmental factor explained 15% of the variance for the Internalizing scale and
around 10% for the Externalizing scale. The common shared environmental factor explained
around 18% of the variance for both the Internalizing scale in boys and girls and Externalizing
scale in girls. For Externalizing behavior in boys, only 13 % of the variance is explained by
common shared environmental factors. The unique factors explained a relatively small part of

the variance. For the Internalizing scale unique genetic factors explained 9%, unique shared
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environmental factors explained 15%, and unique nonshared environmental explained around
15% of the variance. For the Externalizing scale unique factors also explained relatively small
parts of the variance, of respectively 12% genetic influence, 8% shared, and 8% nonshared
environmental influences based on mother ratings and 3% genetic influence, 15% shared, and

6% nonshared environmental influences based on father ratings.

DISCUSSION

In a sample of 2,956 Dutch 10-year-old twin pairs we studied genetic and environmental
influences on Internalizing and Externalizing problems, while taking the processes underlying
agreement and disagreement between maternal and paternal ratings into account.

The previous studies using CBCL data from the Netherlands Twin Register (Van der Valk
et al., 2001; Van der Valk ez al, 2002 in press) give us an unique opportunity for making
comparisons and examine possible differences in genetic and environmental effects that are
age related. One reason is that estimates of genetic and environmental effects are population
dependent (e.g. Falconer, 1996; Plomin 7 a/., 1997). Using samples from the same country
therefore excludes variation that is the result of population differences. Secondly, parameter
estimates depend on the kind of raters and the methods of data collection (e.g. different
questionnaires) (Van den Oord ef al., 2000). Because the previous studies were also based on
parental ratings and used age appropriate CBCLs, comparisons are less confounded by rater
and test differences. Finally, the samples used in these studies show a substantial overlap.
Sampling theory (Kish, 1965) shows that differences can be more reliable observed using
multiple measurements on the same sample versus using measurements in unrelated samples
at different ages.

Results of this study plus similar studies in Dutch samples of 3- and 7 -year old twins,
making use of the CBCL, are presented in Diagram 4.1, 4.2 and 4.3. In these diagrams the
common A, C and E represent influences of additive genetic, shared environmental and
unique environmental factors on aspects of the child’s behavior similar assessed by both
parents. The unique additive genetic effects (Unique A) represent assessments of different
parts of the child’s behavior for mothers and fathers. Unique shared environmental effects
(Unique C) represent rater bias. Finally, unique nonshared environment (Unique E) represents

measurement errofr.

Models for parental (dis)agreement
The psychometric model fitted the data better than the Rater Bias model for both scales. This
implied that rater differences did not merely reflect measurement error, but were also the

result of parents assessing different aspects of the child’s behavior. These results are in



80 Chapter 4

accordance with previous studies (Hewitt ez a/., 1992; Van der Valk e7 a/., 2001; Van der Valk e
al., in press) suggesting that each parent provide additional information about the child’s
behavior.

The interparent correlations, representing parental agreement, can be computed by

summing the A, C, and E estimates that pertain to the common part of the parental ratings.

Diagram 4.1.
Variance Decomposition of Internalizing bebavior in Boys and Girls, based on Mother and Father ratings
at ages 3, 7, and 10.
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For Internalizing behavior a decrease in the relative importance of common effect versus
unique effects is observed over the years, representing a decrease in interparent cortrelation, as
suggested by Achenbach and colleagues (1987). Atage 3 the common effects explain 73% of
the total variance in Internalizing Problem behavior, while at age 10 only 64% of the total
variance in Internalizing problem behavior is explained by these common factors. The better
fit of the psychometric model suggests that individualization and specialization of the parent-
child relation instead of a decline in the quality of parent ratings is the undetlying cause of the
decrease in parental agreement. For Externalizing Problem behavior less change in interparent
correlation is observed. The meta-analyses by Achenbach and colleguas (1987) reported more
consistency in parental agreement for undercontrolled problems (Externalizing behavior)

versus overcontrolled problems (Internalizing behavior), however this was not significant for
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mother/father pairs. A possible explanation, though, for the stability in parental agreement for
Externalizing behavior could be that these types of behavior are better observable for an
external rater than Internalizing problem behaviors and is in that manner less vulnerable to the

suggested specialization or individualization of the parent-child relation.

Common aspects of Parental Ratings

The common A, C, and E factors represent the part of the child’s behavior similar assessed
by both patent. This part is not affected by measurement error and rater bias and represent a
reliable measure of Internalizing and Externalizing problem behavior. For Internalizing
behavior (Diagram 4.1) no sex-difference are found over the years. As can be seen in Diagram
4.1 the relative importance of the additive genetic effects decrease from age 3 to 7, but remain
about the same from age 7 to age 10. An increase of shared environmental influences is found.
At age 3 shared environmental influences are absent, while at age 7 and age 10 shared
environmental influences are significant. An explanation for the presence of change between
age 3 and 7 and the absence of changes between age 7 and 10 could be that the 3-7 year age
interval includes children’s transition to school. During this transition children must cope with
many new demands like meeting academic challenges, learning school and teacher
expectations, adjusting to the daily routine of a school class (Bart and Parke, 1993; Cowan e#
al., 1994; Ladd and Price, 1987). An important aspect of this transition is the development of
social relations with other children (Asher, 1990; Schneider, 1993). Although multiple
pathways can be involved, poor relations with peers have shown to be a powerful predictor of
behavior and emotional problems later in life.

One explanation for the increase in shared environment is that if parents are only able to
guide the child’s behavior when he/she is able to understand other people’s values and can
direct its behavior accordingly, shared environmental influences are more likely to be found in
older children. However, it may be important to realize that shared environment is not
necessarily confined to the home environment. For instance, there ate indications that these
environmental effects are not merely shared by siblings but also by cousins (Van den Oord
and Rowe, 1998; 1999). This suggests that shared environment reflects the wider community
in which families are embedded as well (Bronfenbrenner, 1979; Parke and Kellam, 1994, p3).
This point has also been stressed by Harris (1995) who argues that we should think about
environmental effects in terms of group processes where peers play an important role. That is,
phenomena such as within-group assimilation and between-group contrast, that increase the
homogeneity of behaviors within groups and widen differences between social groups, could
show as shared environment in behavior genetic analysis.

For Externalizing behavior sex difference are found at ages 7 and 10. For boys (Diagram
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4.2) an increase of additive genetic effects is found going from age 7 to 10. A decrease in
shared environmental influences is observed. For gitls the influences of genetic and

environmental factors remain stable over the years.

Diagram 4.2.
Variance Decomposition of Excternalizing behavior in boys rated by mothers and fathers at ages 3, 7,
and 10.
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Pure nonshared environmental influences (undistorted by error or unreliability),
represented by common nonshared environmental influences, were found at ages 3, 7, and 10
years. Thus idiosyncratic expetiences seem to be of importance to explain both preschool and

school-age children’s problem behaviors.

Unigue Parental Ratings

The Unique A, C, and E, explain relatively small parts of the total variance in Internalizing and
Externalizing problem behavior. For Internalizing behavior, a possible specialization of the
parent-child relationship over the years is tepresented by a relative increase of unique additive
genetic factors. At age 3 the unique additive genetic factors represent 16 % of the total additive
genetic effects, while at age 10 the unique additive genetic effect explain 28% of total additive

genetic variance based on mother ratings and 21% of the total additive genetic variance based
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on father ratings for Internalizing problem behavior. While children grow older the mother-
child and father-child relation may become more distinct, because of the fact that the child’s
behavior becomes more diverse over the years. The diversity of behavior may create more
situational specific behavior, different for mothers and fathers. The obsetved drop of the
unique additive genetic effects in father ratings, representing the unique view of the father,
from age 3 to 7 is recovered going from age 7 to age 10. This drop in additive genetic
influences is not observed in the common factor, which could suggest that the drop in unique
additive effects for the father ratings is the result of sample fluctuations, rather than a real
change in behavior. Future studies are necessary to accept or reject this finding.

For Externalizing behavior less change is observed. The relative importance of the unique
additive genetic effects based on mother ratings, representing the unique view of the mother
on the boys’ behavior, seems to be relatively stable over the years. Fathet’s unique view,
however, represented by the unique additive genetic effect in father ratings, shows a
rematkable drop at age 10. The same pattern of unique additive genetic influences are found in
girls” behavioral ratings, presented in Diagram 4.3. Fathers seem to add no unique view on
Externalizing behavior at age 10 in both boys and gitls. This could again be the result of
sample fluctuations and future studies in this sample may be helpful to determine whether this
effect will persist at older ages.

Rater bias was included in the estimate of the unique shared environmental factor,
accounting for at most 17% of the variance for both the Internalizing and Externalizing scale.
For Internalizing behavior an increase in Rater bias could be observed from age 3 to 7, but
again this is stabilized from age 7 to age 10. The fact that this increase occurs in both the
unique as well as the common aspect of shared environment suggests a real change in behavior
due to the development of the child. If it the increase represented rater bias solely, only an
increase in unique shared environmental influences would be observed. For Externalizing
behavior the influence of rater bias remained constant.

Measurement errors and unreliability were estimated in the unique nonshared
environmental factor. However, neither for the Externalizing scale nor for the Internalizing
scale did this factor account for more than 11% of the variance, except Internalizing behavior
rated by the mother (16%).

At age 10, a trend that started at age 7 seems to be continued. At age 3, for mother and
fathers ratings, the estimates of unique factors were allowed to be constrained equal for both
Internalizing and Externalizing behavior. At age 7 however, the estimates of unique factors for
Internalizing behavior should be considered different for mothers and fathers. At age 10
estimates of the unique factors for both Internalizing and Externalizing behavior could not be

constrained equal for mother and fathers. This result indicates that different amounts of the
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total variance are influenced by the ‘unique view’ of a parent. This again might be a
representation of specialization in the relation parents do have with their children. Parents
may be observing more situational specific behavior with an increase of ‘movement space’ of
their children when they grow older, resulting in more distinct unique views for mothers

versus fathers.

Diagram 4.3.
Variance Decomposition for Externalizing bebavior in Girls rated by mothers and fathers at ages 3, 7,
and 10.
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Limitations

Results of this study indicate that parental ratings are a valuable instrument for assessing
behavioral and emotional problems in children. Using both mother and father ratings will give
more reliable results by decreasing measurement error and rater bias for the patt of the
behavior similar assessed by mothers and fathers. Further, results of these studies indicate that
parents assess an unique aspect of their child’s behavior so that the combination of mother
and father ratings will give a more complete picture of the child’s behavior. Although parents
have the advantage that they obsetve their children over longer periods of time and can
witness both frequent and rare behaviors, they mainly interact with their children in the home
environment. Adding raters such as teacher who obsetve the child’s behavior in other
situations may contribute valuable information. For instance, comparison of the predictive

powet of patent and teacher information showed that teacher scores wetre a stronger
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prediction of poor outcomes than parents (Verhulst ez a/, 1994). Although teachers report
fewer problems than parents about the same children, their reports apparently are informative
with respect to later functioning. Further, self-reports might be valuable as well. Children may
behave in a different manner when they are with their parents or their teacher. Parents and
teachers can only rate those aspects of their children’s behavior of which they are aware.
Children, though, may be engaged in a vatiety of behaviors about which they do not tell their
parents or teacher. Obviously, self-report becomes more important with increasing age.

The best selection of raters may depend on the type of problems that are studied. There is
considerable evidence that parents are more likely to report symptoms of overactivity,
inattention, and oppositional behavior than their children (Edelbrock e# a/, 1986; Hetjanie and
Reich, 1982; Kashani e al., 1985; Loeber ¢t al, 1991). On the other hand, children more
frequently endorse emotional symptoms, including phobias and obsessional behavior (Hetjanic
and Reich, 1982) and depression (Angold ez al., 1987; Kashani e# al., 1985). Further, Loeber and
colleagues (1989, 1991) have argued that parents and teachers are better informants for
hyperactivity and oppositional behavior, while children and parents should be used to elicit
conduct disorder symptomatology.

Psychopathology in parents seems to be correlated. Significant spousal correlations are
found for more Internalizing behaviors like depression and anxiety as well as Externalizing
behaviors such as antisocial behavior (Stallings et al., 1997; Krueger 7 al., 1998; Dufouil and
Alperovitch, 2000; Mathews and Reus, 2001). These correlations could be a result either from
assortative mating or contagion/interaction effects. For assortative mating, nonrandom mating
occurs based on the psychopathology in both parents and in that case is a matter of selection.
Contagion effects arise after mating and could be a result of the length of the relationship.

Assortative mating is important for genetic research for two reasons. First, assortative
mating increases genetic variance in a population (Falconer and Mackay, 1996). In other
wortds, positive assortative mating increases variance in that the offspring differ more from the
average than they would if mating were random. Even though spouse correlations are modest,
assortative mating can greatly increase genetic variability in a population, because its effects
accumulate generation after generation. Assortative mating is also important because it affects
estimates of heritability. Positive assortative mating increases the resemblance between
fraternal or dizygotic twins because it renders the parents of these twins more similar than they
would be if there were no assortments. Identical or monozygotic twins, however, are already at
the point of maximum genetic resemblance, and are thus unaffected by positive assortative
mating (Fulker, 1988). This will result in an overestimation of shared environmental influences
and an underestimation of additive genetic effects. A parent-offspring design would be

necessary to investigate whether influences of shared environment are overestimated due to
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assortative mating.

Another effect of patental resemblance in psychopathology is that shared environmental
effects of the part of the child’s behavior assessed by both parents can be overestimated.
Several studies suggest that depression in mothers may lead to their overestimating their
children’s symptomology (Fergusson and Horwood, 1987). In one study (Breslau ez 4/, 1988),
mothers who were depressed rated their children as showing a greater number of symptoms of
all psychiatric syndromes. Like mothers, fathers’ reports of their children’s behavioral
problems are influenced by their own level of psychological symptoms (Phares ¢ a/., 1989;
Jensen et al.,, 1988). The consequence of the facts that a) parents tend to have similar levels of
psychopathology and b) levels of parental psychopathology affect ratings of problem behavior
in their children is that the rater bias components of mothers and fathers become correlated.
Because this shared rater bias component will effect MZ and DZ twin cotrelations in the same
way, it will show as shared environmental effects on the common part of the parental ratings.
The inclusion of measures of patental psychopathology or the use of different type of raters
such as teachers will be helpful to account for these correlated rater bias effects.

In summary, besides patental agreement, unique parental views on their children’s
behaviors seem to be significant at age 10. These results are in line with the findings in
comparable samples of Dutch twins at ages 3 and 7 years. Additive genetic factors remain
important as a source of individual differences in Internalizing and Externalizing problem
behavior. Shared environmental influences, however, are also substantial. The changes in
genetic and environmental effects, occurs mainly between age 3 and 7. No major changes are
observed between age 7 and age 10. The significant influences of additive genetic factors
indicate an innate vulnerability to childhood psychopathology. The influences of nonshared

environmental influences suggest the importance of pure idiosyncratic experiences.
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ABSTRACT

Previous studies on parent reports of 3, 7, and 10-year-old twins Internalizing and Externalizing problems
have emphasized the importance of understanding the source and impact of agreement and disagreement between
maternal and paternal ratings, when estimating the genetic and environmental contributions to these bebaviors.

1 reports on younger twins, a Psychometric model, which assumes that each parent assesses an unique aspect of
their child'’s bebavior, provided the best explanation for differences in parental ratings. The purpose of this study
was to investigate if a similar explanation for disagreement between parents can be supported in older twins in

the peri-pubertal (12-year-old) age group. Further, genetic and environmental influences on Internalizing and
Excternalizing problem bebavior are estimated. Child Behavior Checklists filled in by mothers and fathers, were
collected for a sample of 1481 Dutch 12-year-old twin pairs. Genetic and environmental influences on parental
reports of Internalizing and Externalizing syndromes was examined using models that corrected for possible
rater bias, unigue rater effects and unreliability. A Psychometric model (one that posits that parents partly
assess unique aspects of their child’s behavior) fitted the data of both scales significantly better than a Rater Bias
model (one that posits that disagreement is bias or unreliability). Common factors (influencing bebaviors
similarly assessed by both parents) were more important than unique factors (influencing behaviors uniquely

assessed by one parent). Significant influences of additive genetic, shared environmental and unique
environmental factors have been found for Internalizing and Externalizing syndromes. Rater bias and
unreliability were included in the estimates of the unique factors, which were small. The best fitting model is one
that implies that disagreement between the parents is due to the fact that mom and dad are providing
information from their own perspective. The significant influences of additive genetic factors indicate a possible

innate vulnerability to childhood psychopathology. The influences of common nonshared environmental influences
suggest the importance of pure idiosyncratic experiences. Significant influences of environment shared by both

members of a twin pair are represented by the common shared environmental factor. Finally, the Psychometric
model argues for inclusion of information from both parents when assessing these common behaviors as it is clear

that mothers and fathers provide a unique perspective on their children.
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INTRODUCTION

Behavioral/emotional problems are common among children. Two prevalence studies in
representative samples of Dutch children reported that 7-8% of preschool and school-aged
children show problem behavior (Verhulst e a/, 1985a; 1985b; 1989; 1997; Verhulst and
Akkerhuis, 1986). These studies, further, indicate that Internalizing problems
(anxious/depressed behavior, withdrawn behavior) are more prevalent in girls, especially in
adolescence, and Externalizing problems (aggressive behavior, rule breaking behavior) are
more prevalent in boys. Most problem behaviors in children are considered to be influenced
by multiple genes and environmental influences. In this respect different kinds of behaviors,
such as Internalizing or Externalizing behavior, generally do not fall in distinct categories of
behavior that are either present or absent, but involve quantitative variations of behaviors that
most children display to some degtee.

One approach to quantify children’s problem behavior is by asking the parents to score
behavioral and emotional problems on behavioral questionnaires. Traditionally, data from
mothers have been used to determine whether or not a child has a psychiatric syndrome.
Information from fathers has been difficult to obtain, and once obtained, difficult to interpret,
given the often low levels of agreement between mother and father reports. A meta-analysis by
Achenbach, McConaughy, and Howell (1987) showed a mean correlation of .60 between
maternal and paternal ratings of the same child. This underscores that parents are able to
assess their child’s behavior, for if parental ratings would reflect nothing but error the
correlation between their ratings would probably be low. However, a high correlation does not
necessarily imply that parents are assessing the same phenotype in their children (Hewitt ez a/,
1992). The correlations may be high even when the parents are assessing different behaviors in
their children, because the parental correlation may predominate over the variance specific to a
given parent. Conversely, different forms of rater bias and unreliability may lower the
correlation between parents even though parents may be assessing exactly the same phenotype
in their children. From a clinical point of view, it remains a struggle to determine what to do
with the disagreement. Is it best to assume that there is ‘one best informant’, that one parent is
‘more reliable than the other’, or that parents present a unique viewpoint on his or her child,
thus providing unique and valuable information to be used in assessment? Accordingly, it is
difficult to draw firm conclusions about the processes undetlying the (dis)agreement between
parental ratings on the basis of correlations alone.

To study agreement and disagreement between parental ratings, Hewitt and colleagues
(1992) proposed so-called Rater Bias and Psychometric models that combine data of mothers
and fathers and can be estimated using genetically informative data. The Rater Bias model
assumes that parents assess exactly the same behaviors in the child (common behavioral view)

and that they share a common understanding of the behavioral descriptions. This may apply
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when both parents are equally confronted with the behaviors shown by the child (for instance
at home). Disagreement between the raters is regarded as error, resulting from rater bias
and/or unreliability. Sources of rater bias are stereotyping, employing different normative
standards, ot having certain response styles, i.e. judging problem behaviors more or less
severely. Because these types of bias may differ between raters, they may also lead to
disagreement between raters. Unreliability can become an important source of disagreement
when raters cannot give an accurate description about relevant behaviors. For instance,
evidence is found that patents may be relatively insensitive to affective disturbances in children
(Angold ez al., 1987).

The Psychometric model assumes that each parent assesses an unique aspect of his ot her
child’s behavior. This will occur when the parent also observes the child in distinct situations
where they are exposed to distinct samples of the behavior (unique behavioral view). For
instance, the parent who usually brings the child to school may also be more familiar with the
child’s behavior outside the home. Moteover, each parent may interact differently with the
child (Achenbach e# al., 1987). These unique interactions between a parent and a child may
allow each parent to provide additional information about the child’s behavior, apart from the
information on which they both agree. Disagreement in this model does not merely arise due
to unteliability and/or rater bias, but also because each parent contributes, from his own
perspective, different but valid information on the child’s functioning. The psychometric
model tests this by examining whether there are significant child genetic effects on the parents’
unique behavioral views. If the behaviors uniquely rated by the parents are shown to be
influenced by genetic factors of the child, the parent must have been assessing ‘real’ unique
behavioral views. For error and/or unreliability cannot cause the systematic effects necessaty
for the model to estimate genetic influences.

Several quantitative genetic studies have used the Child Behavior Checklist (CBCL)
(Achenbach, 1991; 1992) to examine the etiology of children’s problem behaviors (Edelbrock
et al., 1995; Gjone and Stevenson, 1997; Hudziak ez a/., 2000; Leve ef al., 1998; Schmitz ez al.,
1995; Silberg ez al., 1994; Van den Oord et al, 1996; Van der Valk ez al., 1998a; Van der Valk ez
al., 1998b; Zahn-Waxler e al, 1996). Yet, only a few studies employed models that
incorporated rater differences. Rowe and Kandel (1997) collected the CBCL completed by
mothers and fathers for their oldest two offspring (aged 9 to 17) in 76 families. They did not
fit either Psychometric or Rater Bias models. Still, their results, based on an ‘individual view-
shared view” model, showed that the parental ratings contained a substantial shared behavioral
view. Simonoff ¢f al. (1995), in a study of 282 twin pairs aged 8 to 16, also found evidence in
favor of a shared behavioral view for antisocial behaviors. However, from their analyses they
could not determine what underlay the shared parental view and described it as due to a shared

set of expectations of the parents against which both twins were rated. Hewitt ez a/. (1992)
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applied both the Rater Bias and Psychometric model on parental ratings of the Internalizing
scale (CBCL) for 983 twin paits. They found that both for their prepubertal cohort (8 to 11
years) and for their pubertal cohort (12 to 16 years) the Psychometric model fitted the data
better than the Rater Bias model. Hewitt and colleagues concluded that for the Internalizing
scale, mothers and fathers rate the same phenotype in their children (i.e. have a shared
behavioral view). Unique genetic influences wete found, implying that the rater differences
reflected the existence of real unique behavioral views and not just error and bias. Further
insight in issues of rater bias is presented by van der Valk and colleagues (2001; 2002). Rater
bias models and Psychometric models were tested on a large groups of 3-and 7-year-old Dutch
twins. As in the previous studies, the Psychometric model fitted the data significantly better at
both ages. In a twin sample of 10-year-old twins the same results are found (Bartels ¢f a/,
submitted). This again indicates ‘real’ unique behavioral views for mother and fathers
separately, beside a common view on behavior for mothers and fathers.

In the present study Rater Bias and Psychometric models were fitted to the Internalizing
and Externalizing scale of 1481 Dutch 12-year-old twin pairs to examine whether the results
from previous studies could be confirmed in a sample of 12-year-old twins. The analyses will
determine if there are differences in how parents report on Internalizing and Externalizing
behavior in 12-year-olds versus 3, 7, and 10-year-olds. Tests for differences in how mothers
and fathers report on Internalizing behavior and on Externalizing behavior will be conducted.
We will test for informant by gender differences to determine if mothers report differently on
their daughters or sons. In short, the processes underlying parental disagreement were
examined in a sample of 12-year-old twin pairs and the etiology of Internalizing and

Externalizing Problems was studied.

METHODS

Subyects

All participants are registered by the Netherlands Twin Registry (NTR), kept by the
Department of Biological Psychology at the Vrije Universiteit in Amsterdam. Of all multiple
births in the Netherlands, 40-50% is registered by the NTR (Boomsma ¢7 a/., 1992; Boomsma,
1998; Boomsma e al., 2002). For this study, data from twins from the birth cohorts 1986 -
1990 were used. Questionnaires were mailed to families within three months of the twins’
twelfth birthday. After two to three months reminders were sent and four months after the
initial mailing persistent non-responders were contacted by phone. Families whose address was
no longer available were included in the nonresponse group. From the original sample 80 twin
pairs were excluded because either one or both of the children had a disease or handicap that
interfered severely with daily functioning at age 12 or at a younger age. The final sample for

analysis consists of 1481 mother ratings and 11506 father ratings.



92 Chapter 5

Zygosity was determined for 472 same-sex twin pairs by DNA analyses or blood group
polymorphisms. For all other same-sex twin pairs zygosity was determined by discriminant
analysis, using questionnaire items. Parents were asked how much the twins resembled each
other in facial structure, hair color, facial color, eye color, and whether they were ever mistaken
for each other by the parents themselves, by family, or by strangers. They were also asked if
the twins wete as much alike as two peas in a pod, whether it was difficult for the patents to
separate the twins on a recent picture, and how similar the twins’ hair structure was (For
details see Rietveld ez a/., 2000).

This left a sample of 283 monozygotic males (MZM), 231 dizygotic males (DZM), 315
monozygotic females (MZF), 228 dizygotic females (DZF), and 424 dizygotic opposite sex
(DOS) twin pairs. In general, mothers’ response rate outnumbers fathers’ response rate.
Therefore the data could be further divided into twin pairs for which both mother and father
had replied (225 MZM, 180 DZM, 240 MZF, 187 DZF, and 324 DOS) and twin pairs for
which only mothers had replied (58 MZM, 51 DZM, 75 MZF, 41 DZF, and 100 DOS).

Measures

The Child Behavior Checklist (CBCL 4-18) (Achenbach, 1992) was developed for parents to
scote the behavioral and emotional problems of their 4-to-18-year-old children. It consists of
120 problem items that are scored by the parents on a 3-point scale based on the occurrence
of the behavior during the preceding 6 months: 0 if the problem item was not true of the child,
1 if the item was somewhat or sometimes true, and 2 if it was very true or often true. The
syndrome scales were composed according to the 1991 profile (Achenbach, 1991). Dutch
syndrome scales and comparability with the syndrome scales as developed by Achenbach are
reported in the Dutch manual (Verhulst ez a/., 1996). In this manual the two broad-band scales
Internalizing and Externalizing are analyzed. The Internalizing scale consists of the
Anxious/Depressed, Somatic Complaints and Withdrawn subscales. The Externalizing scale
consists of the Aggressive and Rule Breaking Behavior subscales. For the Internalizing scale
subjects were only included if not more than 3 items were missing for the Anxious/Depressed
scale, not more than 2 items were missing for Somatic Complaints and Withdrawn scales. For
the Externalizing scale the inclusion criterion was not more than 3 items missing for the
Aggressive and Rule Breaking Behavior scales. This ensured that the two syndrome scales were
always composed of all problem behaviors loading on that scale.

The data were square root transformed to approximate normal distributions that are
required for maximum likelithood estimation. After transformation, all skewness and kurtosis
indices were between -1.0 and 1.0, implying that not much distortion is to be expected
(Muthén and Kaplan, 1985).
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Structural equation modeling of twin data rated by more than one rater
Standard approaches to structural equation modeling of twin data are discussed in detail
elsewhere (Bartels ez a/., submitted ; Van der Valk ez a/,, 2001; 2002). In this paper we present a

discussion of the Rater bias and the Psychometric models.

Figure 5.1. Rater Bias model

Mother’s Fathet’s Mother’s Fathet’s
Rating T4 Rating T4 Rating T> Rating T>

Fathet’s
Bias

In the Rater Bias model (Hewitt ez a/., 1992) (Figure 5.1) the phenotypes of the twins are a
function of three common factors underlying the ratings of both mothers and fathers: a
genetic factor (A), a shared environmental factor (C), and a nonshared environmental factor
(E). In addition to these three common factors unique factors are modeled: a maternal rater
bias factor, a paternal rater bias factor, and residual (unreliability) factors affecting each rater.
The influence of the common factors is assumed to be independent of the maternal and

paternal rater bias and unreliability factors.
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Figure 5.2. The psychometric model

Mother’s
Rating T4

Fathet’s
Rating T4

Mother’s

Rating T2

Fathet’s
Rating T>

The Psychometric model (Hewitt e a/., 1992) (Figure 5.2) also estimates the influence of a

genetic (A), a shared environmental (C), and a nonshared environmental factor (E) common to

the phenotypes of the twins as rated by both parents. In addition three unique factors, a

genetic (Am/s), shared environmental (C /5), and nonshared environmental factor (Em/s) are

estimated for the ratings of mother/father. Disagreement between patents in this model can

be caused by unique behavioral views, leading to different but valid information of each rater.

These unique behavioral views can have their own unique influences, estimated in the unique

additive genetic factors. Disagreements can also be caused by rater bias, which will confound

the unique shared environmental effects, or by unreliability which will confound the unique

nonshared environmental effects. The three common factors loading on the twins’ phenotypes

contain only reliable variance, causing the common nonshared environmental factor to contain



Parental Agreement and Disagreement 95

only pure independent environmental effects (McArdle and Goldsmith, 1990) and the

common shared environmental factor to contain only pure shared environmental effects.

Model fitting

The program Mx (Neale e al, 1999) was used to analyze the data through a simultaneous
analysis of the 4 X 4 variance-covariance matrices in the five zygosity by sex twin groups
MzZM, DZM, MZF, DZF, DOS) where both mother and father ratings were available, and
the 2 X 2 variance-covatiance matrices in the five zygosity by sex twin groups with only
mother ratings. The model describes the observed vatiance-covariance matrices adequately
when the residual variance-covariance matrices ate trivially small. A good model is indicated by
a low non-significant )2 test statistic (P > .05). Apart from the } 2 test statistic, Akaike’s
Information Criterion (AIC = %2 - 2 X degtees of freedom) was computed. The lower the
AIC the better the fit of the model to the observed data.

Fitting the Rater Bias and Psychomettic model to the data showed which model desctibed
the processes involved in either agreement or disagreement between the parental ratings best.
Monozygotic twin covariances and dizygotic twin covariances were modeled, assuming a
correlation between the twins’ shared environmental factors of 1.0, regardless of twin type, and
a genotypic correlation of 1.0 for monozygotic twins and 0.5 for dizygotic twins. For dizygotic
twins of opposite sex a covariance lower than .5 can occur when sex-specific genes influences

behavior in boys or gitls, so-called heterogeneity.

Table 5.1.
Means (standard deviations) and sample sizes for the Internalizing and Externalizing scale, in a 12-year-old
twin (per gygosity) and a 4-11 year-old Dutch community sample.

INTERNALIZING EXTERNALIZING
Mother Father N (M/F) Mother Father N (M/F)
MZM | 4.11(4.63) |3.20 (4.40) |561/447 7.25 (6.91) | 6.07 (6.84) | 569/447
d |pzZM | 4.09 (4.67) |3.49 (4.50) |453/362 6.71 (6.52) |5.94 (6.52) |468/363
DOS 3.79 (4.68) |2.75 (3.49) |410/317 6.70 (6.76) |5.53 (5.62) |416/318
COM 5.36 (5.36) 440 6.35 (6.13) 440
MZF | 4.79 (4.82) |3.08 (3.26) |617/469 5.18 (5.28) | 4.10 (4.58) | 629/479
? | DZF 4.63 (4.55) | 4.05 (4.65) |448/377 4.89 (5.04) | 4.19 (4.62) |459/377
DOS 4.31 (4.43) |2.98 (3.35 |427/334 4.79 (5.30) |3.62 (4.09) |440/333
COM 6.32 (5.93) 456 5.21 (5.43) 456

Note. MZM/DZM = Monozygotic/Dizygotic males, MZF/DZF = Monozygotic/Dizygotic females, DOS = Dizygotic

opposite sex, COM= Dutch community sample, N (M/F) = number of children for Mothers (M) and Fathers (F).
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A first indication for the significance of heterogeneity is a lower twin correlation for
dizygotic twins of opposite sex in comparison to same sex dizygotic twins. Based on the twin
correlations no test for heterogeneity is conducted. The strength of the common and unique
genetic and environmental influences, though, were allowed to differ for boys and gitls. This
model was further examined for possible simplifications. It was tested whether the common
and/or unique factors could removed from the model, whether estimates for boys and gitls
could be constrained to be the same, and if the unique factors for mothers and fathers could
be constrained to be equal. The only factor that was never dropped from the model was the
unique nonshared environmental factor, because apart from the influences of idiosyncratic

expetiences, measurement errors are also estimated in this factor.

RESULTS

Description of the data

The untransformed mean problem scores and standard deviations of the twin sample and
those of a Dutch community sample of 4-11-year-old children (Verhulst ez a/, 1996) are given
in Table 5.1.

TABLE 5.2.
Corvelations (ratings given by the same rater), and cross-correlations (ratings given by different raters) between

the twins and the interparent correlations, per ygosity, for 12-year-olds.

INTERNALIZING EXTERNALIZING
same rater different rater same rater different rater
TWINS TWINS INTER TWINS TWINS INTER
PARENT PARENT
M/M F/F |[M/F EF/M| O Y M/M F/F | M/F F/M (o) Y
MzZM | .73 74 48 A7 | .66 .60 .87 90 71 .68 .78 .75
DZM | .46 47 31 36 | .67 .68 .54 .61 .39 .39 71 71
MZF | .73 .69 41 43 | .55 .61 .84 .83 .66 .62 .70 72
DZF 54 .61 .38 40 | .65 .64 .56 .58 44 .35 74 .69
DOS .59 .49 41 32 | .63 .61 .61 .57 42 .48 74 .69

Note. Same rater Twins = correlation between the oldest and youngest twin, rated by M/M = mothers ot
F/F = fathers. Different raters Twins = cross-correlation: either oldest twin rated by mothers and youngest
by fathers (M/F) ot the other way around (F/M).Different raters Interparent: O = cortelation between

mother and father ratings for the oldest child; Y = idem for the Youngest child.
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For both the Externalizing and the Internalizing scale, the ratings given to the twins were
quite similar to the ratings given to the Dutch community sample. Within the twin group, one-
way ANOVA showed no significant mean differences between MZ and DZ twin pairs for
boys (MZM vs. DZM) or for girls (MZF vs. DZF), neither for maternal nor for paternal
ratings. Comparing boys and girls (MZM vs. MZF, and DZM vs. DZF), both mothers and
fathers gave significantly higher ratings to the boys for the Externalizing scale (MZ: Mothers:
F(1,1196):34.421, p:.OOO; Fathers: F(1,924):26.960, p:.OOO; DZ: Mothers: F(1,925):22.505,
p=.000; Fathers: F(1,733=17.853, p=.000). For the Internalizing scale ratings MZ female twins
were rated higher by mothers in comparison to DZ female twins (F1,117=6.072, p=.014).
Comparing mother and father ratings, a paired T-Test showed that the ratings for the both the
Internalizing and Externalizing scales given by mothers were significantly higher than ratings
given by fathers for both boys and gitls (Internalizing: boys: T=7.566, df=1093, p=.000; gitls:
T=9.744, df=1139, p=.000; Externalizing: boys: T=6.729, df=1113, p=.000; gitls: T=7.339,
df=1174, p=.000). Thus, MZ and DZ twin paits were not rated differently, allowing to use the
twin data for genetic analyses. Boys did receive higher ratings than girls for the Externalizing
scale. For this same scale and for the Internalizing scale, mothers gave higher ratings to their
twin children than fathers did, implying possible rater differences.

The homogeneity of the variance was tested in Mx. No differences could be found in the
variances of MZM, DZM, MZF, DZF, and DOS, for both scales.

Univariate analysis

Table 5.2 shows, for both the Internalizing and Externalizing scale, in the first and second
column the correlations between the twins rated by the same rater (mother or father rated both
children), and in the third and fourth column the cross-cortelations between the twins each
rated by a different rater (mother and father each rated one child). In the fifth and sixth
column the interparent correlations between mothers and fathers are given, both for oldest
and youngest twin. The interparent correlations were comparable for both oldest and youngest
twin for all zygosity by sex groups. On average, the interparent correlations for the
Internalizing scale were .63, and for the Externalizing scale .72. This resembled the interparent
correlations obtained in the Dutch norm group (Verhulst ez a/, 1996).

Fitting univariate models (one for mother ratings of Internalizing, one for father ratings of
Internalizing, one for mother ratings of Externalizing, and one for father ratings of
Externalizing) estimated three factors: A, C, and E and possible sex differences (Table 5.3).
Significant influences of additive genetic, shared environmental and unique environmental
influences are found for both Internalizing and Externalizing behavior. Different estimates for
boys and girls and for mother and father ratings are found for Internalizing and Externalizing

behavior. The sex-differences imply only a difference in the strength of the additive genetic
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effect and no real heterogeneity. Influences of different genes in boys and girls would be
represented by lower DOS correlations in compatison to DZ cotrelations in same sex twins.
In this study, the DOS correlations for Externalizing behavior are not different form the DZ

correlations.

Table 5.3.
Univariate estimates of genetic and environmental influences on Internalizing and Externalizing Problems
rated for 12-year-old twins.

INTERNALIZING EXTERNALIZING

Mother Father Mother Father

GENETIC 36% 3 50% 3 57% & 55%
Q 34% Q 52% Q 51%

SHARED 37% 3 23% 3 30% 3 34%
Q 38% Q 32% Q 32%

NONSHARED | 27% 3 27% 3 13% 3 11%
Q 28% Q 16% Q 17%

Rater models

As indicated by the lower Y2 test statistic and the lower AIC in Table 5.4, the Psychometric
model fitted the data better than the Rater Bias model both for the Internalizing and the
Externalizing scale. This finding signifies that although both parents partially assessed the same
behaviors, there also was a component, which was unique to each rater. For sake of
comparison we also performed a Cholesky or triangular decomposition (also called a Biometric
model). This model can be viewed as a psychologically less informative rotation of the
Psychometric model (Hewitt e al, 1992). Neither for the Internalizing scale nor for the
Externalizing scale did this saturated model fit the data any better than the Psychometric
model.

The Psychometric model was further examined for possible simplifications. Non of the
common and unique genetic, shared and nonshared environmental factors could be dropped
from the model. Between boys and gitls, the estimates of the common and the unique factors
could be constrained to be equal for the Internalizing scale. For the Externalizing scale only
the unique effects could be set equal for boys and gitls. Mother and father ratings could be
constrained to be equal for both scales. The fit of the best model is given in Table 5.4. The
percentages of vatiance explained by the common and unique genetic, shared, and nonshared
environmental factors are given in Table 5.5. A major part of the variance was explained by

common factors. For the Externalizing scale the largest part of the variance was explained by
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the common genetic factor and sex-differences in the strength of this common genetic
influence is found, explaining 48% of the variance in boys and 40% of the variance in gitls.
For the Internalizing scale, 22% of the variance is explained by common genetic factors. The
common nonshared environmental factor explained 16% of the variance for the Internalizing
scale and around 8% for the Externalizing scale. The common shared environmental factor
accounted for around 25% of the variance for the Internalizing scale in boys and gitls and 20%
of the variance in the Externalizing variance in both boys and gitls. The unique factors
explained a relatively smaller part of the variance. For the Internalizing scale unique genetic
factors explained 15%, unique shared environmental factors explained 11%, and unique
nonshared environmental explained around 11% of the variance. For the Externalizing scale
unique factors also explained relatively smaller parts of the variance respectively 9% additive
genetic, 10% shatred environmental, and 6% nonshared environmental influences for boys and
11% additive genetic, 13% shared environmental, and 8% nonshared environmental influences

for girls.

Table 5.4.
Model fitting statistics for Psychometric and Rater Bias model and simplification of best fitting (Psychometric)
model, for 12-year-old twins’ Internaliging Problems.

INTERNALIZING
2 df p  AIC 42 df p
Overall model:
Psychometric model 51.557 47 030 -42.44
Rater Bias model 78.467 49 0.01 -19.53
Simplification overall model:
Factor estimates:
No common genetic effects 73595 49 .01  -2460 22.038 2 .000
No unique genetic effects 86.08 51 0.00 -15.92 34523 4 .000
No common shared env. 80.224 49 0.00 -17.78  28.667 2 .000
No unique shared env. 75.905 51 0.01 -26.10 24.348 4 .000
No common nonshared env. 257.69 49 0.00 159.69 206.133 2 .000
Sex differences:
No sex dif. common effects 56.771 50 0.24 -4323 5.214 3 157
No sex dif. unique effects 54122 53 043 -51.88  2.565 6 .861
No sex dif. common + unique 60.47 56 032 -51.53 8.931 9 .445
Rater differences:
Unique rater effect: M- F identical 55.654 53 0.38 -50.35  4.097 6 .000
Simplified model 63.981 59 0.31 -54.02
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Table 5.4.- continued
Model fitting statistics for Psychometric and Rater Bias model and simplification of best fitting (Psychometric)
model, for 12-year-old twins’ Externaliging Problems.

EXTERNALIZING
X2 df p AIC x2 df p
Overall model:
Psychometric model 38.532 47 0.81 -55.47
Rater Bias model 74.875 49 0.01 .23-13
Simplification overall model:
Factor estimates:
No common genetic effects 199.621 49 0.00 101.62 161.089 2 .000
No unique genetic effects 80.345 51 0.00 -21.66 41.813 4 .000
No common shared env. 59.763 49 0.14 -38.24 21.231 2 .000
No unique shared env. 91.164 51 0.00 -1.084 52.632 4 .000
No common nonshared env. 186.068 49 0.00 88.07 147536 2 .000
Sex differences:
No sex dif. common effects 57.103 50 0.23 -4290 18.571 3 .000
No sex dif. unique effects 48.232 53 0.66 -57.77  9.700 6 138
No sex dif. common + unique 71.068 56 0.09 -40.93 32.536 9 .000
Rater differences:
Unique rater effect: M- F identical 50.524 53 0.57 -55.48 11.992 6 .062
Simplified model 55.070 56 .051 -56.93
DISCUSSION

In a sample of 1481 Dutch 12-year-old twin pairs we studied the etiology of Internalizing and
Externalizing problems, while taking the processes undetlying agreement and disagreement
between maternal and paternal ratings into account. The purpose of the analyses was to
determine whether or not patental ratings of Internalizing and Externalizing behavior in 12-
year-old twins conformed to rating patterns seen in younger children, to determine if there
were differences in the way mothers versus fathers rated Internalizing and Externalizing
behavior, and if parents rated their daughters differently than their sons.

Parent rating styles: For Externalizing behavior, both mothers and fathers rated their daughters
as having fewer problems than their sons. Mother rated their daughters as having higher mean
scotes on Internalizing problems than their sons, where fathers reported similar rates of
Internalizing behavior for both daughters and sons. Finally, the ratings for the Internalizing
and Externalizing scales given by mothers were significantly higher than ratings given by
fathers for both boys and gitls. These reporting patterns conform with Achenbach’s finding
(1992).
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Table 5.5.
Genetic and environmental influences, estimated using best fitting Psychometric model, for Internalizing and

Excternalizing Problems rated for 12-year-old twins.

INTERNALIZING EXTERNALIZING
3 g
Genetic
Common | 22% 48% 40%
Unique | 15% 9% 11%
Shared
Common | 25% 20% 20%
Unique | 11% 10% 13%
Nonshared
Common | 16% 7% 8%
Unique | 11% 6% 8%

Agreement and disagreement between mother and father report. The Psychometric model fit the data
best for both scales. Thus rater differences did not merely reflect measurement etrors, but also
indicate that parents assess different aspects of the child’s behavior. These results are in
accordance with previous studies (Bartels e o/, submitted; Hewitt e @/, 1992; Van der Valk ez
al., 2001; Van der Valk e al, submitted). As suggested by Achenbach ez a/. (1987) unique
interactions might allow each parent to provide additional information about the child’s
behavior. Because no single rater may be able to provide a complete picture of the child’s
behavior, the implication is that it is important to collect data from multiple informants.

Variance decomposition. Genetic factors were most important for the Externalizing scale,
explaining over 50% of the variance in boys and girls. Heritabilities of around 50%, without
sex-differences at age 3 though, were found for 3 and 7-year-old twin pairs (Van der Valk ez
al., 2001, Van der Valk ¢ al, submitted). Zahn-Waxler ¢# a/. (1996) studying 5-year-old twin
pairs, Gjone et al. (1997) examining 5- to 15-year-old twin pairs, and Edelbrock ez a/. (1995)
studying 7- to 15-year-old twin pairs also found that genetic influences explained about half of
the variance of the Externalizing scale. At age 10 heritabilities are higher, explaining around
65% and about 50% of the vatiance in boys and gitls separately (Bartels ¢# @/, submitted). At
age 12 shared environmental influences explained 25% of the variance of the Externalizing
scale in boys and around 30% of the vatiance in gitls. This again was in accordance with the
shared environmental influences observed for the 3-and 7-year-old twin pairs (Van der Valk ez
al., 2001, Van der Valk e a/.,, submitted) and the results found in the studies of Edelbrock ez a/.
(1995), Gjone et al. (1997), and Zahn-Waxler ef al. (1996). Apart from quantitative genetic
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studies, various epidemiological studies have also demonstrated the importance of shared
environmental factors in the etiology of Externalizing behaviors. Family discord and
disruption, lack of affection and poor supervision all predispose to conduct problems and
antisocial behavior (Rutter, 1985).

Genetic influences for the Internalizing scale accounted for 27% of the variance for 12-
year-old twin pairs. In contrast, for preschool twin pairs the Internalizing scale was
predominantly influenced by the child’s genotype, explaining around 60% of the variance.
Zahn-Waxler ¢t al. (1996) also found for a sample of 5-year-old twin pairs that the genetic
influences explained more than half of the variance for the Internalizing scale. It may be that
the heritability for Internalizing behaviors changes with age. Shared environmental influences
showed a complementary increase in influences over time, having almost no influence on the
Internalizing scale of 3-year-old twin pairs (Van der Valk e al, 2002) and explaining around
35% of the variance of the Internalizing scale for 7- (van der Valk ¢z a/., in press), 10- (Bartels
¢t al., submitted) and 12 year-old twin pairs. A differential genetic influence for Internalizing
problems of older versus younger children was also found in other studies. Gjone et al. (1997),
examining a sample of twin pairs aged 5-9 and 12-15 years, found a near-significant effect of
age on the genetic influence for Internalizing behaviors in terms of a decreasing genetic
influence with increasing age. Also O’Connor ef al. (1998), studying a sample of 720 siblings
initially aged 10 to 18 years, found a decrease in heritability and a complementary increase in
environmental influences over a three year interval for a composite score of depressive
symptoms. The most plausible explanation for the differences in genetic influences on
Internalizing behavior is the argument that different influences are important at different ages.
At eatly ages, genetic influences predominate, as the child ages, and his or her environment
allows for different types of behaviors, shared environmental influences become relatively
more important. Contribution to the magnitude of the developmental findings are routed in
cognitive psychology, developmental biology, and parenting. As brain maturation proceeds,
children accrue added skills in communication, attention, and motoric behavior. These
behaviors are influenced in the child’s cognitive level. As Piaget (1954) has argued, children
pass through successive developmental stages during which different cognitive styles are
evidenced. Finally, as the child’s neurodevelopment proceeds, in concert with his or her
cognitive maturation, the parenting style will play an increasingly important role. Do the
parents reward good behavior, set limits on negative behavior, and tolerate small failures?
These positive parental attributes, as suggested by behavioral psychologists, may have different
influences on a child’s Internalizing behavior, than a parent who is disengaged, or
disinterested, or a parent who is neglectful or abusive. In essence, as the child ages, the
environment, or parent style will have a different contribution than when the child was 2 or 3

year old.
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However, it may be important to realize that shared environment is not necessarily
confined to the home environment. For instance, there are indications that these
environmental effects are not merely shared by siblings but also by cousins (Van den Oord
and Rowe, 1998; 1999). This suggests that shared environment reflects the wider community
in which families are embedded as well (Bronfenbrenner, 1979; Parke and Kellam, 1994, p.3).
This point has also been stressed by Harris (1995) who atgues that we should think about
environmental effects on development in terms of group processes where peers play an
important role. That is, phenomena such as within-group assimilation and between-group
contrast that increase the homogeneity of behaviors within groups and widen differences
between social groups could show as shared environment in a behavior genetic analysis. Thus,
the possible larger shared environmental effects in school-age versus preschool children could
also reflect a developmental shift due to socialization expetiences outside the home which
become increasingly important as children grow older.

Sex differences in heritability were found for the Externalizing scale showing higher
estimates of additive genetic effects in boys. For the Internalizing scale, girls tended to get
higher scores than boys. However, no sex differences were found in our analyses of genetic
and environmental estimates. For 3-year-old twin pairs (Van der Valk ez 4/, 2001) no sex
differences were found, neither for the Internalizing scale nor for the Externalizing scale. For
7-year-old twin pairs sex differences were found for the Externalizing scale, parameter
estimates for boys and gitls were very similar though (van det Valk et al, submitted).

For the Internalizing and Externalizing scales common and unique nonshared
environmental factors remained almost the same for 3-, 7-and 10-year-old twin pairs,
explaining around 18% and 12% respectively of the vatriance of the Internalizing scale and
about 11% and 7% respectively of the variance of the Externalizing scale. This indicated that
parents seem to be able to rate problem behaviors of preschool children as good as problem
behaviors of school-age children.

Fitting models to the observed data that explicitly incorporate rater bias and unreliability
ensured that these effects could not distort estimates of the shared and nonshared
environmental factors. Parameters obtained thus reflected more accurate estimates. Pure
nonshared environmental influences (undistorted by error or unreliability) were found for the
12-year-old, the 10-year-old twin pairs, the 7-year-old twin pairs and for the 3-year-old twin
pairs (this study; Bartels ¢ @/, submitted, Van der Valk ¢t @/,2001; Van der Valk ez al,
submitted, resp.). Thus idiosyncratic experiences seem to be of importance to explain both
preschool and school-age children’s problem behaviors. Measurement errors and unreliability
were estimated in the unique nonshared environmental factor. However, neither for the
Externalizing scale nor for the Internalizing scale did this factor account for more than 11% of

the variance. Rater bias was included in the estimate of the unique shared environmental
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factor, accounting for at most 13% of the variance for both the Internalizing and Externalizing
scale.

Conclusions. Our results confirm and extend earlier findings on the study of Internalizing
and Externalizing behavior in twins. In this report of 12-yeat-old children, i.e., children in the
peri-pubertal developmental period, we report on the differences and the similarities of the
genetic and environmental influences on common childhood and adolescent behavior. Based
on both mother and father reports, estimates of genetic influences on Externalizing behavior
account for approximately 40-50% of the total variance. These results are consistent with the
genetic influences reported by parents for eatlier ages. Internalizing behavior in 12-year olds
was influenced to a much smaller degree by additive genetic influences than those reported at
eatlier ages. We found no gender differences at age 12. Our data support the conclusion that
disagreement between mother and father reports on their 12-year-old children is a results of
informant specific viewpoint on the child’s behavior, rather than due to measurement error.

These findings are of specific interest to the study of developmental psychopathology,
because as children enter, endure, and exit puberty it will be important for parents to realize
that they see and respond to different aspects of behavior. It is in fact the case, that the same
child may appear different to mom and dad. More complete information on the child’s
behavior could also be obtained by adding teacher and self-report in studies on childhood
psychopathology. Teacher reports will give insight on the child’s behavior in a complete
different environment than the home-environment. Besides this different environment,
teacher report can be divided into two groups. One being the reports rated by teacher, who
teaches both children of the twin in one classtoom. The second group contains the teacher
rating based on one child of the twin pair in a situation where children are taught by different
teachers. Valuable information from those two groups can be obtained. Further, as the
children grow older a reliable source of information on their behavior could be the self. Thus,
in future studies we will extend these findings by including reports from teachers (Teacher
Report Form) and the children themselves (Youth Self Report Form). By including data from
multiple informants, we will be able to estimate how mothers, fathers, and teachers ratings of
children compare to self-reports. By analyzing these reports on a large sample of twin data, we
hope to come up with phenotyping strategies that will improve our ability to select subjects for
genotyping and treatment studies.

Limitations. Our assessment instrument, the Child Behavior Checklist, does not measure
DSM or ICD psychiatric diagnoses. Although, longitudinal data on the stability of
Internalizing and Externalizing behavior have been reported, and the relation between
Internalizing and Externalizing behavior and DSM disorders are well know, the purpose of
this report is to explore the genetic and environmental influences over the course of

development on these two broad syndromes, and not on DSM diagnosis. We are currently
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engaged in collecting DSM data on a selected group of these twins in order to comment on
diagnoses as well.

Estimates found using quantitative genetic studies do not pertain to the individual but
involve average differences between individuals in the population. For other populations, or
for specific individuals, other estimates may apply. This study used a nonclinical sample of
Dutch twin pairs, showing problem behaviors in the normal range. Whether similar results will
be obtained in clinical populations, showing more extreme problem behaviors, remains to be
explored. Estimating large genetic influences in the etiology of problem behaviors, does not
imply that these behaviors are not susceptible to change, for instance as a result of some
intetventions. The finding of genetic effects imply hereditary propensities, not predestination
(Plomin and Daniels, 1980).






A longitudinal twin model for multiple
raters: Illustrating the use of genetically
informative designs for studying
psychological data

This chapter is submitted as:

Bartels, M., Boomsma, D.I., Hudziak, J.J., Van Beijsterveldt, C.E.M., Rietveld, M.].H., and
van den Oord, E.J.C.G. (2002). A longitudinal twin model for multiple raters: Hllustrating
the use of genetically informative designs for studying psychological data. Psychological
Methods, submitted.




108 Chapter 6

ABSTRACT

The present article exhibits the advantages of genetically informative data. We argue that these data are

not merely useful for estimating the size of genetic and environmental effects but have the potential to shed

light on fundamental questions and wonld therefore be a useful addition to the traditional method arsenal
Jor studying psychological data. We use longitudinal data on behavior problems in children as assessed by
mnltiple raters and collected in a large sample of Dutch twin pairs. To analyze these data we propose a
structural equation model for longitndinal and genetically informative data obtained from multiple raters.

This model enables us to simultaneonsly investigate the etiology of developmental patterns and plansibility
of different models for (dis)agreement between multiple raters. Additive genetic factors explain a large part
of the stability in Internalizing and Externalizing bebavior, similar assessed by both parents. Important
findings are the influences of unique shared environmental influences, partly representing rater bias, on the

stability in problem bebaviors. Further, paternal specific view seems to be time specific only.
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INTRODUCTION

One of the most important methods to study the etiology of human variation is the
classical twin design. Monozygotic (MZ) twins derive from a single zygote and are
therefore genetically identical. A possible way to explain differences between two
members of a MZ twin pair, as indicated by less than perfect MZ twins correlations (tyz <
1), are environmental effects that are not shared. Examples of such nonshared
environmental influences (usually indicated with symbol E) are illness, diseases, trauma,
experiences at school or relationships with peers. Dizygotic (DZ) twins develop from two
distinct zygotes and share on average 50% of their segregating genes, like 'ordinary'
brothers and sisters. Differences between two members of a DZ twin pair can therefore
result from nonshared environmental influences as well as genetic differences. A higher
observed resemblance of MZ versus DZ twin pairs (riz>1pz) is therefore an indication
for genetic influences (A) on the trait under investigation (Martin e a/., 1997). The twin
design also allows the study of environmental influences that are shared by members of a
twin pair. Shared environmental factors (C) will create differences between families and
make family members relatively more similar. Possible examples are socioeconomic level,
religion, or style of parenting. Complex traits such as the ones studied in psychology are
likely to be influenced by multiple genes each with a small effect. It can be shown that if
these genes act in an additive manner, the DZ twin correlation is half the MZ twin
correlation (Falconer and Mackay, 1996). Shared environmental influences ate therefore
implied for traits where rpz>"217z.

Model fitting has become the standard data analytic tool in twin research (for an
overview see Neale and Cardon, 1992). It basically involves solving a series of
simultaneous structural equations to estimate genetic and environmental parameters that
best fit observed twin correlations. This procedure also allows for the comparison of
alternative models. For example, in psychopathology insight in comorbidity between
certain syndromes can be obtained by fitting multivariate models. These models will then
allow researchers to sort out if this comorbidity if genetically mediated, or driven by
environmental factors or both.

The present article exhibits the advantages of genetically informative data. We argue
that these data are not merely useful for estimating the size of genetic and environmental
effects but have the potential to shed light on fundamental questions and would therefore
be a useful addition to the traditional method arsenal for studying psychological data. We
use longitudinal data on behavior problems in children as assessed by multiple raters and
collected in a large sample of Dutch twin pairs. To analyze these data we propose a
structural equation model for longitudinal and genetically informative data obtained from

multiple raters. This model enables us to simultaneously investigate the etiology of
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developmental patterns and plausibility of different models for (dis)agreement between
multiple raters.

In developmental psychopathology there is considerable interest in the study of how
problem behaviors develop over time. A number of articles have, for instance, reported a
substantial degree of continuity (Verhulst and Van der Ende, 1992a; 1992b; Ghodsian ez
al., 1980; Richman e al., 1982; Graham and Rutter, 1973). However, because these studies
have relied on phenotypic correlations, they could not distinguish whether continuity was
caused by genetic or environmental influences or both. A more fundamental problem of
analyzing phenotypic data is that genetic and environmental factors may display different
developmental patterns. A mixture of different developmental patterns is not
distinguishable at phenotypic level, so that using phenotypic data only could lead to false
conclusions. An important feature of the present longitudinal twin studies is the possibility
to investigate the developmental pattern of genetic and environmental factors separately.

Further, in studies on childhood psychopathology researchers commonly use parental
ratings for behavioral assessment. In general parents show a reasonable agreement (e.g.
interparent correlations is usually about .6; e.g. Achenbach e a/, 1987), which implies that
parents can provide meaningful information about their child’s behavior, for if parental
ratings would reflect nothing but error the correlations between their ratings would be
close to zero. On the other hand this interparent correlation is less than perfect. This may
be explained by different forms of rater bias (a tendency of a rater to over-or
underestimate behavioral problem scores consistently compared to the mean of all raters,
e.g. a result of different normative standards or response tendencies) and unreliability.
Another possibility is that parents are not assessing exactly the same behavior in their
children. It is know that different raters can provide, each from their own perspective,
somewhat different but valid and complementary information about the child’s
functioning (Achenbach ef al, 1987). Again phenotypic data do not have the statistical
properties to disentangle the sources of disagreement, while using multiple raters in a
genetically informative sample give rise to the opportunity to distinguish between rater
bias/unreliability or unique view as the major source of disagreement. The crucial
difference is that if genetic effects account for part of the rater specific variance, this
unique part of the parental rating reflects the behavior of the child so that disagreement
cannot be the sole result of ‘error’.

In conclusion, the study of genetically related individuals provides more than estimates
of genetic and environmental influences on complex traits. The statistical properties of
these data yield unique information on fundamental questions in psychology such as rater

(dis)agreement and developmental mechanisms not available in phenotypic designs.
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Figure 6.1.

The three models used to investigate the underlying process of the development of problem bebavior (PB3,
PB7, PB10, PB12). 6.1a. the saturated model; 6.1b. the simplex model; 6.1¢. the common factor model,
with age specific influences Obviously, all three variance components (A, C, E) can be expressed in either

way.

In the next section we propose a longitudinal twin model for multiple raters. We first
focus on a single child and derive the contribution of different developmental mechanisms
to the covariances among measurement occasions. Next, we discuss the ‘Psychometric’
model proposed by Hewitt (1992) for the situation where both twins of a pair are rated by
both parents. Although there are alternative ways for modeling cross-sectional twin data
with multiple raters, in previous studies we have found this model the most appropriate
(Van der Valk ef al, 2001, 2002; Bartels ¢f al., submitted®d). Then, we generalize this twin

model to multiple measurement occasions using the developmental mechanisms discussed
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in step one. Finally, we present an application of this model using longitudinal data on

behavior problems in children collected in a large sample of Dutch twin pairs.

Developmental mechanisms

The three developmental mechanisms that were studied in this article are depicted in
Figure 6.1. We derive a matrix ), any matrix that represents the expected contribution of
each model to the covariances among measurements involving a single child. The
saturated model in Figure 6.1a, also known as a Cholesky or triangular decomposition, is
an unconstrained model for the (co)variances among measurement occasions. It implies

the covariance structure:
Y=Xx X’ (eq. 6.7)

where ” indicates transposition. Matrix X is a 7 X 7 lower triangular matrix with 7 equal to

the number of measurement occasions. For instance, for 7 = 4 matrix X would be:

a0 0 0
X = arzt az2 0 0
as1 asz az; 0

aqr a42 a43 a4

In the simplex model (Figure 6.1b) there are ‘carry-over’ or transmission effects from
one measurement occasion to the subsequent one as well as effects specific to each

measurement occasion. This implies the covariance structure:

Y = (@G x X xX) X (1G))’ (eq. 6.2

Where I is a 7. X n identity matrix with elements on the main diagonal set to one. Matrix
G is “sub” diagonal and contains the transmission effects (B¢(?)). A first order
autoregtressive processes is assumed so that only the elements directly below the main

diagonal are estimated. For instance, with four measurement occasions G would equal:

0
G= |p2 0
0 pc3 0

0 0 o4 0
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Matrix X is a 7 X n diagonal matrix with parameters on the main diagonal and zeroes
elsewhere. It represents the new influences (¢ct) that come into play at each measurement

occasion.

X1
0 X2
X = 0 0 X3

In the common factor model depicted in Figure 6.1c one underlying factor with time-
specific factor loadings is specified. We assume one common factor in this article but the
extension to multiple factors is straightforward. To account for occasion specific variance,
time specific factors are added to the model. Assuming that the common and time specific

factors are uncorrelated, the expected covariance matrix equals:

Y= QxQ +XxX (eq. 6.3)

where Q is the 7 X 1 vector with factor loadings and X is a 7 X 7 diagonal matrix

containing the occasion-specific effects.

Ji ai

¥ 0 az
Q=1 5 and X = 0 0 as
S 0 w

The saturated, simplex, and factor models result in a different pattern of covariances
among measurement occasions. The saturated model is descriptive and merely estimates
the variance-covariance matrix among time points. However, it is a useful model for
evaluating the fit of more restricted models. For instance, if a factor model fits the data
significantly poorer compared to the saturated model, it should be rejected. In a simplex
model subsequent levels of the phenotype are influenced by prior levels. The implication
of this autoregressive property is that effects of prior events or experiences will be larger
to the extent that they happened closer in time (Guttman, 1954). The transmission model
therefore predicts higher correlations among adjoining assessments than those occurring

more distantly in time, the so-called simplex structure. In contrast, the factor model



114 Chapter 6

assumes that the same stable factors exert their effects at each assessment and does not
imply that correlations between assessments vary as a function of the length of the time
lag. Thus, these models predict different patterns of longitudinal correlations, and tests
can be performed to derive the underlying mechanism by comparing observed and

predicted correlations.

A twin model for parental ratings

A twin model for the mother (MRT) and father (FRT) ratings is shown in Figure 6.2. The
model assumes that parents partly assess the same behaviors (PT1 and PT5) and partly a
unique aspect of their children’s behaviors. The common and unique part of the ratings
are influenced by additive genetic (A), shared environmental (C), and nonshared
environmental (E) factors. A factor that has no subscript is a common factor affecting the
ratings of both parents. Subscripts 7 and f are used to distinguish the factors that are
specific for mother and fathers. To derive the expected covariances we first focus on a

single child and write the model as a matrix equation:

MRT/ 1

FRT 1 X[a]x[A]+[;]x[C]+[3]x[E]+
0 L R 1 T 6 5 R

Because all genetic and environmental factors are uncorrelated, the total covariance matrix

N

for a single child is the sum of the individual contributions. When we scale the (latent)
factors by fixing their variance to one, these individual contributions can be obtained by
taking the quadratic forms of the parameter matrices in equation 6.4. This gives the

following results:
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Figure 6.2. The psychometric model

Phenotype T Phenotype T

Mother’s Father’s Mother’s Father’s
Rating T4 Rating T1 Rating T2 Rating T2

To extent the model to a twin pair we define the data vector with parental ratings as y’ =
[MRT,, FRT, MRT, FRT,]. By taking the expectation we obtain the expected covariance

matrix for the full model in Figure 6.2:

SyXxy)=Lx[A+C+E| r®A+C| XL'+{G+S+F | ,®G+$S
®A+C | A+C+E ®G+S |G+S+F

(eq. 6.5)
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where ® is the Kronecker product, L a matrix with loadings of the common factors on
the parental ratings, and 7, the correlation between the additive genetic factors of twins.
The factor loading matrix is of the general form: L = I ®[{s ® d) with It is a 7 X
identity matrix determined by the number of measutement occasions, Is 2X2 identity
matrix determined by the fact there are two children in a twin pair, and d is an 7 X 1
vector determined by the number () of raters. Correlation 7, can be derived from
quantitative genetic theory (Falconer and Mackay, 1996) and equals 1 for monozygotic
twins and .5 for dizygotic twins.

Model identification
To show that the twin model is identified we express its parameters as a function of the
observed statistics. We start with the common parameters. The cross-rater cross-twin

covariance equals:

Cov(MRT},FRT)) = 1 + &

Using the fact that correlation 7, equals 1 for monozygotic (MZ) and .5 for dizygotic (DZ)
twins, the common genetic (@) and shared environmental (¢) can be written as a function

of differences in the covariances in the MZ and DZ twins groups:

2 =2 X (Cov(MRT;,FRT2)r - Cov(MRT1,FRT2)n7) (¢. 6.6)
2 =2 % Cov(MRT1,FRT2)pz - Cov(MRT;,FRT )z (eq. 6.7)

Furthermore, because

Cov(MRT},FRT)) = 2 + 2 + &

the nonshatred environmental vatiance equals:

= Cov(MRT1,FRTY) - a2 - & (eg. 6.8)

To show that the rater specific effects are identified we focus on the maternal ratings

but the same reasoning can be applied to the paternal ratings. We start with noting that:
CovIMRT,MRT2)= 1@+ &+ rd®m + Em
Because 7, equals 1 for monozygotic (MZ) and .5 for dizygotic (DZ) twins we can write:

2 m = 2 X (Cov(MRT,MRT)riz - Cov(MRT,MRT)p7) - 2 (¢4.6.9)
2 =2 X Cov(MRT1,MRT2)pz - Cov(MRT,MRT2)niz - @ (eq.6.10)
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where for 22 and # we can substitute the expressions in equations 6.6 and 6.7. Finally, the

total variance of the maternal ratings equals:
Cov(MRTI,MRT)) = 22+ 2+ &+ &+ Em +
The nonshared environmental variance unique to the mother is therefore:
m = CovIMRTI,MRTY) —#®— ¢ — &— #m— (eq. 6.17)

where the terms on the right hand side of Equation 6.77 can be expressed as a function of

the observed statistics by using Equations 6.6 to 6.70.

Extending the twin model to multiple measurement occasions

In the case of multiple measurement occasions we write the data vector as y’ = [MRT1¢=1),
ceey MRTl(/:m), FRTl(/:l), ceey FRTl(/:m), MRTZ(/:D, ceey MRTZ(/:,ZQ, FRTZ(/:1), ey FRTZ(/:,,t)]
where 7 indexes the measurement occasion. The expectation E(y X y') is again given by
Equation 6.5. However, matrices A, C, and E should now be replaced by one of the
matrices Y in Equations 6.7 to 6.3. This imposes a saturated, simplex, or factor structure
on the covariances among the genetic and environmental factors at the measurement
occasions that are common to both parents. Matrices G, S, and J in equation 6.5 represent
the covariances among time points that involve factors unique for each rater. These
unique covariances can also be modeled using saturated, simplex, or factor structures. In
this case of multiple measurement occasions G, J, and S will have the following block

diagonal structure:

2 | Z
Z |

in which Z is a 7 X 5, full matrix with zeroes. Matrix )" is now subscripted » for mother
and f for father to indicate that developmental mechanisms and parameter estimates may
differ for both parents.

Equations similar to those presented in 6.6 to 6.77 can be used to show this model is
identified. Parental ratings that apply to the same time point identify the elements on the
main diagonal of ), and parental ratings that apply to different time points identify the
off-diagonal element of ).
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Estimation
To fit the models we used Maximum Likelihood analysis of Raw data (Lange ez a/., 1970).
RML calculates the log-likelihood for each data record. The multivariate normal density

function of the observed data vector y; for twin pair (7 = 1..N) is:
alys T = @2 | 1 2expl ety - Ty )

where 7 is the total number of ratings for twin pair 7, L = E(y), X is given in formula 6.5,
and |X| is the determinant and X! the inverse of matrix Y. Because RML takes the
individual data vectors as input, it can deal with missing values so that #,; can range from 1
to 7. X 7 X 2. Let @ represent the vector of parameters used to model the means and
covariances as W(@) and X (®). Parameter estimates are then obtained by maximizing the

log-likelihood function given the observed data.

N
InL(®sy;) = > Inly

=1
where the individual log-likelihoods equal:

InLi = — ¥ { nilog2m) + log | Z(©) | + (vi - W(©))L(©)(yi - W(©)}

The overall log-likelihood InL(®;y;) cannot be interpreted, but it can be used for model

comparisons. Minus two times the difference between the log likelihoods of two nested
models is chi-square distributed with the difference in estimated parameters as the degrees

of freedom.

AN APPLICATION

Subjects and Measures

Longitudinal questionnaire data are collected in a large sample of Dutch twins. All
participants were registered by the Netherlands Twin Registry (NTR), kept by the
Department of Biological Psychology at the Vrije Universiteit in Amsterdam. Of all
multiple births in the Netherlands, 40-50% is registered by the NTR (Boomsma e al,
1992; Boomsma, 1998; Boomsma et al., 2002). For this study, data from twins from the
birth cohorts 1986 - 1993 were used. Behavioral questionnaires have been collected
longitudinally at ages 3, 7, 10, and 12. Mother and father ratings were collected by making
use of age-approptiate Child Behavior Checklists (CBCL 2/3, Achenbach, 1992; CBCL 4-
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18, Achenbach, 1991). The CBCL is a standardized questionnaire for parents to report on
the frequency of problem behavior shown by the child during the last six months. Two
broadband groupings, called Internalizing and Externalizing behavior can be formed.
Internalizing behavior represents withdrawn behavior and anxious/depressed behavior.
Externalizing behavior represents aggressive and rule-breaking behavior. Details on the
CBCL and the construction of the Internalizing and Externalizing scales can be found
elsewhere (Bartels e a/, submitted® ). At age 3 maternal ratings were available for 5,602
twin pairs, at age 7 maternal ratings were available for 5,115 twin pairs, at age 10 maternal
ratings were available for 2,956 twin pairs, and at age 12 maternal ratings were available for
1,481 twin pairs. Paternal ratings were available for 3389 twin pairs at age 3, 3995 twin
pairs at age 7, 2258 twin pairs at age 10, and 1155 twin pairs at age 12.

Zygosity was determined for 787 same-sex twin pairs by DNA analyses or blood group
polymorphisms. For all other same-sex twin pairs zygosity was determined by discriminant
analysis, using questionnaire items at each age separately. Agreement between zygosity
assignment by the replies to the questions and zygosity determined by DNA
markers/blood typing is around 93% (For details see Rietveld e a/, 2000).

Genetic modeling

The package Mx (Neale ¢z al, 1999) was used to test the different longitudinal
psychometric models. A saturated model (model 1) was specified for all common and
unique genetic and environmental components. This model is only descriptive and not
driven by a specific hypothesis. However, it is a useful model for evaluating the fits of
more restricted models. Two series of analyses were conducted. First, the significance of
each variance component (unique and common) was tested. For instance, it was
investigated whether disagreement between the parents was based on rater bias solely or
whether real behavior, unique for each parent, was assessed. In order to make this
distinction the significance of the unique additive genetic effects (Am or Ajf) was tested. If
those unique genetic effects are significant, systematic effects must exist in the data that
are not expected when differences parental ratings are only caused by rater bias and
unreliability. It was investigated whether the disagreement between parents was based on
this unique view and measurement error/unreliability solely, by testing the significance of
the parental unique shared environmental influences. The significance of the influences of
genetic, shared and nonshared environmental influences on the reliable trait variance (the
behavior similar assessed by both parents) was tested. The only factor that was never
dropped from the model was the unique nonshared environmental factor, because

measurement errors are estimated in this factor.
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Second, for the significant unique and common components, based on the results of
model fitting series 1, continuity and the underlying developmental pattern was
investigated. It was tested if the influences of a certain component is best described by
time specific influences only or best represented by a longitudinal pattern (simplex or
common factor). Models with time specific influences only test the significance of
covariance between the ages for the variance components under investigation. A simplex
model implies that there are effects specific to each age and there are ‘carry-over effects’
or transmission effects from one age to the subsequent age. The factor structure implies
that genetic or environmental factors may exert a continuous influence from their time of
onset (common factor influences). The order of model reduction and the possibilities of
model specification influence the results of the parameter estimates and the goodness of
fit procedure. To take this into account all variance components (A, Am, As, C, Cn, C, or

E, En, Ef) were analyzed separately, leaving the others expressed in a saturated model.

Table 6.1.

Multivariate model fitting for Internalizing problem bebavior at age 3,7,10 and 12
INTERNALIZING

MODEL -2LL df ctm. |y? df |p AIC

1. all saturated 122775.525 50576

2. Aum :fixed 122875.716 50596 1 100.19 20 .00 60.19

3. Aur: fixed 122861.215 50596 1 85.69 20 .00 45.69

4. Cum :fixed 122900.053 50596 1 124.53 20 .00 84.53

5. CyF: fixed 122882.667 50596 1 107.14 20 .00 67.14

6. Acommon :fixed 123290.799 50596 1 515.27 20 .00 475.27

7. Ceommon: fixed 122862.261 50596 1 86.74 20 .00 46.74

8. Ecommon :fixed 124585.931 50596 1 1810.4 20 .00 1770.4

Submodels were compared by hierarchic 2 tests. The ¥? statistic is computed by
subtracting —2(log-likelihood) for a reduced model from that for the full model (¥? = -
2LLo — (-2LLy1)). In addition to the ) test statistic, Akaike’s Information Criterion (AIC =
X% — 2 x degrees of freedom) was computed. The lower the AIC the better the fit of the
model to the observed data. Although the simplex model and the factor model do not
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form a nested pair, they may be compared in terms of parsimony and goodness of fit
because they represent alternative sets of constraints on the saturated model. Fit statistics
of the reduced developmental models are compared to the saturated models. This results

in a )% and AIC, which are comparable for the different reduced models.

Table 6.1. -continued
Multivariate model fitting for Externalizing problem behavior at age 3,7,10 and 12

EXTERNALIZING

MODEL -2LL df c.t.m. |2 df o) AIC
1. all saturated 129223.468 50964

2. Aym :fixed 129402.159 50984 1 178.69 20 .00 138.69
3. Ayf: fixed 129289.963 50984 1 66.49 20 .00 126.49
4. Cum :fixed 129348.411 50984 1 124.94 20 .00 | 84.94
5. CyE: fixed 129437.045 50984 1 213.58 20 .00 173.58
6. Acommon :fixed 130355.095 50984 1 1131.63 |20 .00 1091.6
7. Ccommon: fixed 129368.438 50984 1 144.97 20 .00 104.97
8. Ecommon :fixed 131076.650 50984 1 1853.18 |20 .00 1813.1

RESULTS

The saturated, Cholesky Decomposition, model without restrictions (model 1) was taken
as a reference for evaluating changes in ¥? and associated degrees of freedom of more
parsimonious models. Because of the fact that the order of model reductions could
influence the results of the goodness of fit procedure all variance components were
analyzed separately.

Table 6.1 represents the model fitting results for testing the significance of all common
and unique genetic and environmental components for both Internalizing and
Externalizing behavior. All variance components are significant, indicated by the poorer fit
of the reduced models. The ¥? changes dramatically after fixing one of the variance
components to zero and high AIC values are found. Thus, each parent provides specific
information on the behavior of his or her child (model 2 and 3). Further, significant

unique shared environmental influences seem to exist, partly representing rater bias
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(model 4 and 5). Finally, significant additive genetic, shared environmental and nonshared
environmental influences on the reliable trait variance are found (model 6, 7, and 8).

The percentages of the total age specific variance and the total between age
covariances decomposed in common and unique additive genetic, shared environmental,
and nonshared environmental factors based on the saturated model are presented in Table
6.2. Common factors, influencing behaviors similatly assessed by both parents, were more
important than unique factors, influencing behaviors uniquely assessed by one parent.
Common additive genetic factors are most important in explaining individual differences
in both Internalizing and Externalizing behavior at ages 3, 7, 10, and 12. However, for
Internalizing behavior a decrease in common additive genetic influences is found over the
years. A complementary increase in common shared environmental influences is found.
These results are comparable to previous studies conducted with overlapping samples
(Van der Valk e al, 1998; 2001; 2002; Bartels e al, submitted® ¢ ¢). Variance and
covariance decomposition for boys and girls separately are presented in Appendix 6.1.

Important in Table 6.2 (off diagonal) are the influences of common and unique genetic
and environmental factors on the covariances. For Internalizing behavior, based on
mother ratings, stability, represented in these covariances, can be explained both by
common additive genetic and common shared environmental influences. Common
nonshared environmental influences seem of less important for stability in problem
behavior, represented by very low influences on the covariances. Based on the mother
ratings stability of Internalizing behavior over the years is for 41% ((50% + 45% + 45%
+39% + 34% + 31%) /6) explained by common additive genetic influences, on average.
28% of this stability can be explained by common shared environmental factors.

A salient finding is the significant and rather high influence of unique shared
environmental influences on the variances as well as the covariances. This influence can
represent two components. First, it can represent ‘real’” shared environmental influences,
uniquely assessed by one of the parents. Second, it can represent rater bias. The fact that a
relative large part of the total variance and covariance is explained by this unique shared
environmental factor point more into the direction of rater bias. However, some parental
specific shared environmental influence is expected. About 19% of the covariance in
Internalizing behavior, based on the mother ratings, is accounted for by these unique
shared environmental influences. So, a significant part of the stability is accounted for by
rater bias. For Internalizing behavior based on father ratings a similar picture emerges (see

Table 6.2).
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Table 6.2.
Percentages of the total variances (diagonal) and covariances (off diagonal) for Internalizing problem
behavior in boys and girls based mother and father ratings separately using the best fitting model.

INTERNALIZING
Mother Father
3 7 10 12 3 7 10 12
A2 3 48 3 49
7 .50 .33 7 .59 .35
10 45 .39 26 10 .56 47 .30
12 45 .34 31 25 12 54 .39 .36 27
3 7 10 12 3 7 10 12
Cp 3 .06 3 .06
7 24 13 7 28 14
10 .29 22 .19 10 .36 .26 21
12 .35 29 27 .20 12 42 .33 31 22
3 7 10 12 3 7 10 12
DI 3 14 3 14
7 .03 15 7 .04 .16
10 .01 A1 .15 10 .00 14 17
12 .00 12 .16 14 12 .00 13 .18 15
3 7 10 12 3 7 10 12
A4 3 13 3 .09
7 .02 12 7 .08 12
10 .02 .09 A1 10 .09 .00 .07
12 .00 .04 .09 A1 12 .00 .00 .02 .00
3 7 10 12 3 7 10 12
C.c 3 .05 3 .09
7 .19 .15 7 .02 12
10 24 17 14 10 .06 15 15
12 24 16 12 17 12 18 15 13 .08
3 7 10 12 3 7 10 12
E.f 3 14 3 12
7 .02 12 7 .00 A1
10 .00 .03 15 10 .00 .01 .10
12 .05 .03 .06 12 12 .01 .02 .00 A1

» Additive genetic influence on the reliable trait variance; > shared environmental influence on the reliable
trait variance; ¢ nonshared environmental influence on the reliable trait vatiance; ¢ parental unique genetic
influences; ¢ parental unique shared environmental variance; f parental unique nonshared environmental

variance.
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Table 6.2. - continued
Percentages of the total variances (diagonal) and covariances (off diagonal) for Externalizing problem
bebavior in boys and girls based mother and father ratings separately nsing the best fitting model.

EXTERNALIZING
Mother Father
3 7 10 12 3 7 10 12
A2 3 44 3 45
7 .53 A7 7 .62 49
10 49 .53 48 10 .54 .58 .50
12 48 .56 .58 45 12 .56 .64 .64 48
3 7 10 12 3 7 10 12
Cl 3 .20 3 21
7 23 .16 7 27 17
10 28 21 .16 10 31 23 .16
12 28 .19 .16 18 12 .33 22 18 .19
3 7 10 12 3 7 10 12
D 3 .10 3 A1
7 .04 .09 7 .05 .09
10 .03 .08 .09 10 .03 .08 .10
12 .03 .05 .07 .07 12 .03 .06 .08 .08
3 7 10 12 3 7 10 12
A4 3 .09 3 .04
7 .06 12 7 .00 .07
10 .09 12 12 10 .00 .03 .04
12 .08 .09 .10 15 12 .00 .00 .00 .00
3 7 10 12 3 7 10 12
C.¢ 3 .09 3 12
7 12 .10 7 .05 12
10 A1 .05 .09 10 13 .08 .15
12 12 .08 .06 .08 12 12 .09 14 14
3 7 10 12 3 7 10 12
E.f 3 .07 3 .08
7 .01 .06 7 .01 .06
10 .00 .01 .07 10 .00 .00 .06
12 .00 .02 .02 .07 12 .01 .00 .01 .06

2 Additive genetic influence on the reliable trait variance; b shared environmental influence on the reliable
trait variance; ¢ nonshared environmental influence on the reliable trait variance; 4 parental unique genetic
influences; ¢ parental unique shared environmental variance; f parental unique nonshared environmental

variance.
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For Externalizing behavior common additive genetic factors and common shared
environmental factors also seem to be the main source of stability. For Externalizing
behavior, based on mother ratings, 53% of the stability is explained by common additive
genetic factors, on average. Common shared environmental factors explain 23% of the
total covariance on average. For Externalizing behavior also, a significant part of the
covariances is accounted for by unique shared environmental factors, explaining 9% of the
covariances, on average. For Externalizing behavior based on father a similar picture
emerges (see Table 6.2.). Common nonshared environmental factors, unique additive
genetic factors and unique nonshared environmental factors are less important for stability

in Internalizing and Externalizing behavior, represented by the low estimates in Table 6.2.

Developmental patterns

Table 6.3 represents the results of the fit of time specific and distinct longitudinal models.
By using a model with time specific influences only it is tested whether the vatious
variance components account for stability in problem behavior. If it is found that the
influence of a certain variance component can be expressed by time specific influences,
only change in problem behavior throughout development is expected as a result of the
influence of this particular variance component.

The best fitting model for each component is boldfaced. Stability in ‘reliable assessed’
problem behavior, represented by behavior similar assessed by both parents, seem to be
accounted for by additive genetic, shared environmental and nonshared environmental
influences. Further, the maternal specific view is important for stability, represented by
unique additive genetic and unique shared environmental influences. Part of these unique
shared environmental influences will represent ‘real’ behavior, while part of this influence
will be accounted for by rater bias. The unique aspects of behavior solely observed by the
father seem to be time specific and not important for stability in problem behavior. For
father ratings significant influence on the covariance is observed for unique shared
environmental influences only. Because of the fact that no continuity is observed in the
paternal unique additive genetic influences it is expected that the paternal unique shared
environmental influences mainly represent rater bias.

For the factors that show continuity, represented by a poorer fit of a model with time
specific factors only, it is tested whether a simplex model or a common factor describes
the developmental process best. For the common factors A, C and E, representing
Externalizing behavior similar assessed by both parents, the developmental pattern is best

represented by a simplex model (model 3, 6, 9).
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Table 6.3.
Multivariate model fitting for Internalizing problem bebavior at age 3,7,10 and 12
INTERNALIZING
MODEL -2LL df c.t.m.? | y2 daf |p AIC
1. all saturated model 122775.525 | 50576
2. A: Time Specific 122976.893 50588 |1 201.37 |12 .00 177.37
3. A: Simplex Structure 122780.547 50582 |1 5.02 6 .45 -6.98
4. A: Factor Structure 122777.723 50580 |1 2.19 4 .70 -5.80
5. C: Time Specific 122848.048 50588 |1 72.52 12 .00 48.52
6. C: Simplex Structure 122780.435 50582 |1 4.91 6 .56 -7.09
7. C: Factor Structure 122776.504 50580 |1 979 4 91 -7.02
8. E: Time Specific 123076.546 50588 |1 301.02 |12 .00 277.02
9. E: Simplex Structure 122781.993 50582 |1 6.47 6 37 -5.53
10. E: Factor Structure 122780.561 50580 |1 5.04 4 28 -2.96
11. Am: Time Specific 122793.968 50588 |1 18.44 12 .10 -5.56
12. Amm: Simplex Structure | 122779.991 50582 |1 4.47 6 .61 -7.53
13. Am: Factor Structure 122778.109 50580 |1 2.58 4 .63 -5.42
14. A¢ Time Specific 122781.740 50588 |1 6.22 12 91 -17.78
15. Ag Simplex Structure | 122794.425 50582 |1 18.90 6 .00 6.90
16. A¢. Factor Structure 122776.437 50580 |1 91 4 .92 -7.09
17. Ci: Time Specific 122842.775 50588 |1 67.25 12 .00 43.25
18. Cin: Simplex Structure | 122791.595 50582 |1 16.07 6 .01 4.07
19. Cm: Factor Structure 122778.289 50580 |1 2.76 4 .60 -5.24
20. Cr: Time Specific 122818.176 50588 |1 42.65 12 .00 18.65
21. C¢ Simplex Structure | 122782.192 50582 |1 6.667 6 .35 5.33
22. Cg: Factor Structure 122776.659 50580 |1 1.134 4 .89 -6.87
23. Em: Time Specific 122829.756 50588 |1 54.23 12 .00 30.23
24. Em: Simplex Structure | 122801.064 50582 |1 25.54 6 .00 13.54
25. Em: Factor Structure 122960.449 50580 |1 184.92 |4 .00 176.92
26. E¢ Time Specific 122794.425 50588 |1 18.90 12 .09 -5.10
27. Eg Simplex Structure | 122785.044 50582 |1 9.52 6 15 -2.48
28. E¢. Factor Structure 122790.397 50580 |1 14.87 4 .05 6.87

2 c.t.m. = compared to model
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Table 6.3. - continued
Multivariate model fitting for Excternalizing problem bebavior at age 3,7,10 and 12

EXTERNALIZING
MODEL -2LL df c.t.m.? | y2 df P AIC
1. all saturated model 129223.468 50964
2. A: Time Specific 129871.175 50976 1 647.71 |12 .00 623.71
3. A: Simplex Structure 129226.374 50970 |1 291 6 .82 -9.09
4. A: Factor Structure 129241.623 50968 1 18.16 4 .00 10.15
5. C: Time Speciﬁc 129302.599 50976 1 79.13 12 .00 55.13
6. C: Simplex Structure 129229.710 50970 |1 6.24 6 .40 -5.76
7. C: Factor Structure 129228.502 50968 1 5.03 4 28 -2.97
8. E: Time Speciﬁc 129564.838 50976 34137 |12 .00 317.37
9. E: Simplex Structure 129226.442 50970 |1 2.97 6 .81 -9.03
10. E: Factor Structure 129231.807 50968 1 8.34 4 .08 .34
11. Am: Time Specific 129282.331 50976 1 58.86 12 .00 34.86
12. Am: Simplex Structure 129237.262 50970 1 13.79 6 .03 1.79
13. Aj: Factor Structure 129230.039 50968 |1 6.57 4 .16 -1.43
14. A¢ Time Specific 129237.775 50976 |1 14.31 12 .28 -9.69
15. Ag Simplex Structure 129240.775 50970 1 17.31 6 .01 5.31
16. Ag Factor Structure 129224.851 50968 1 1.38 4 .85 -6.62
17. Cm: Time Specific 129271.107 50976 1 47.64 12 .00 23.64
18. Cu: Simplex Structure | 129236.495 50970 1 13.03 6 .04 1.03
19. Ci: Factor Structure 129226.141 50968 |1 2.67 4 .61 -5.33
20. C¢: Time Speciﬁc 129261.961 50976 1 38.49 12 .00 14.49
21. Cg Simplex Structure | 129243.029 50970 1 19.56 6 .00 7.56
22. C¢ Factor Structure 129225.626 50968 1 2.16 4 .71 -5.84
23. Em: Time Speciﬁc 129266.504 50976 1 43.04 12 .00 19.04
24. Er: Simplex Structure | 129228.106 50970 |1 4.64 6 .59 -7.36
25. Em: Factor Structure 129388.835 50968 1 165.37 |4 .00 157.37
26. Eg: Time Specific 129240.775 50976 1 17.31 12 14 -6.69
27. Eg Simplex Structure | 129228.106 50970 |1 4.64 6 .59 -7.36
28. E¢ Factor Structure 129249.248 50968 1 25.78 4 .00 17.78

a c.t.m. = compared to model
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For Internalizing behavior, similar assessed by both parents, the picture is less clear. As
can be seen in Table 6.3, for common additive genetic and common shared environmental
influences on Internalizing behavior the factor (model 7) and the simplex (model 6) model
gave almost identical fits to the data. It depends on the fit index which developmental
pattern is considered to be best. Based on the AIC, the developmental pattern for the
common factors A, C, and E, representing Internalizing behavior similar assessed by both
parents, is best represented by a simplex model (model 3, 6, 9). Based on the p-value, a
factor model for both additive genetic and shared environmental influences is preferred
(model 4 and 7). The simplex model, though, is a more parsimonious model and therefore
preferred over a factor model. This parsimony is reflected in a lower AIC for the simplex
model than for the factor model, suggesting a better fit of the simplex model. It should be
noted, however, that it is an arbitrary choice, based on the preferred fit index.

For the parental unique views on behavior the distinct components show different
developmental patterns. From the paternal unique view, only shared environmental
influences are of significance for stability. The developmental pattern is best described by
a factor structure (model 22). Because of the fact that this is the only paternal specific
influence on continuity it is expected that it mainly represents rater bias. The maternal
shared environmental influences, on both problem behaviors, are also best described by a
factor structure. This suggests that a large part of this influences is rater bias. For the
maternal view the significant additive genetic influences on stability in Externalizing
behavior a factor model gave the best fit. For the maternal unique nonshared
environmental influences the developmental pattern in Internalizing behavior is best
described by a saturated model while this influence on Externalizing behavior is best

described by a simplex structure.

DISCUSSION
In this article we argue that genetically informative data are not merely useful for
estimating the size of genetic and environmental effects but have the potential to shed
light on more fundamental questions and would be a useful addition to the traditional
method arsenal for studying psychological data. To illustrate we propose a structural
equation model for longitudinal and genetically informative data obtained from multiple
raters and fit the model to a large sample of Dutch twin pairs. This models enabled us to
investigate the etiology of developmental patterns and plausibility of different models for
(dis)agreement between multiple raters.

Our model allowed us to decompose the variance into common additive genetic,
shared environmental and nonshared environmental influences and unique additive

genetic, shared environmental and nonshared environmental influences. The ‘common’
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components influence behavior similar assessed by both parents, i.e. reliable trait variance.
The ‘unique’ components represent influences on behavior uniquely assessed by one of
the parents. Based on the interparent correlation of about .6, the common factors were
more important than unique factors in explaining individual differences in problem
behavior. The variance of problem behavior at the distinct ages is mainly accounted for by
common additive genetic influences. Based on the mother ratings 48%, 33%, 26%, and
25% of the total variance in Internalizing behavior is accounted for by additive genetic
factors at ages 3, 7, 10, and 12 respectively. For Externalizing behavior based on the
mother ratings 44%, 47%, 48%, and 45% of the total variance is accounted for by additive
genetic factors at ages 3, 7, 10, and 12 respectively. For Internalizing behavior a decrease
in additive genetic influences is found over the years. A complementary increase in
common shared environmental influences is found.

This study shows that stability is mainly accounted for by common additive genetic
and shared environmental influences. Stability in Internalizing behavior, based on mother
ratings is for 41% accounted for by common additive genetic factors and for 28% by
common shared environmental influences. In Externalizing behavior, based on mother
ratings, stability is for 53% accounted for by common additive genetic factors, while 23%
is accounted for by common shared environmental influences. Although there were
exceptions the developmental process for the common additive genetic, shared
environmental and nonshared environmental influences seemed in most cases best
described by a simplex structure. This simplex-like continuity for genetic and
environmental influences assumes that successive levels of functioning were causally
linked and that earlier expetiences and/or genetic effects affected later maladjustment.

Another finding is that the maternal and paternal unique shared environmental
influences are best described by a factor structure. This structure as well as the fact that
compared to the common shared environmental effects, the unique effects are relatively
large seems to suggest a significant influence of rater bias on stability in problem
behaviors. In interpreting results of longitudinal studies it should therefore be realized that
part of the stability is caused by stability in the ‘rater bias’ instead of stability in the ‘real’
behavior of the child.

The significant influences of additive genetic factors on the reliable trait variance
indicate a possible innate vulnerability to childhood psychopathology. The influences of
common nonshared environmental influences suggest the importance of pure
idiosyncratic experiences. Significant influences of environment shared by both members
of a twin pair are represented by the common shared environmental factor. The significant
influence of unique additive genetic influences represent the fact that parents assess

unique aspects of their child’s behavior and so the use of multiple raters adds rater specific
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information. Unique shared environmental influences partly represent ‘real’ shared
environmental influences on behavior uniquely assessed by one parent, but also represents
rater bias. Measurement error is mainly accounted for by unique nonshared environmental
influences.

The general model can be readily extended to more than two raters, for instance
teacher ratings can be added to the model. Information from teachers can shed a different
light on rater bias and specific view. First teachers do see a lot of children of the same age,
so they might be more capable to judge a child’s behavior as being relatively normal or
deviant. Further, they interact with the child in a school environment that could result in a
different view on behavior in comparison to behavior art home, rated by parents.

Phenotypic studies on change and stability in problem behavior also indicate
Internalizing and Externalizing behavior to be highly stable. Verhulst and Van der Ende
(1992a, 1992b) studied stabilities in problem behavior in a sample of 936 Dutch 4- to 11-
year old children. This study is especially interesting because children were almost the
same age range and from the same Dutch population as the children in the present article.
The average observed stability coefficients for the two-four-, and six-year time intervals
were, respectively, .53, .48, .42. The decrease of the coefficients with increasing time
interval suggests a simplex pattern as the underlying developmental process. However, the
stability between the distinct ages is higher than would be expected based on a simplex
structure solely. This same pattern of stability coefficient is also found in a national sample
of 16,000 British children at ages 7, 11, and 16 years (Ghodsian ez a/, 1980).

The present study sheds new light on these findings in several ways. First, it shows that
stability is mainly accounted for by common additive genetic factors, common shared
environmental factors, and unique shared environment, partly representing rater bias. This
knowledge about the causes of stability might be useful for prevention. For instance,
suppose that the results found in the present study can be generalized and that especially
children with a high genetic liability or children who continue to experience adverse
shared environments are at risk for later maladjustment. For these children, a ‘wait and
see’ policy would be inappropriate and an active intervention would be required. On the
other hand, for behavior problems that mainly have nonshared environmental etiologies,
intervention would be superfluous because these problem would be of transient nature.

Second, nine to 20% of the stability in Internalizing and Externalizing problem
behavior is accounted for by unique shared environmental influences, partly representing
rater bias, displaying a factor structure. In other words, the developmental pattern of rater
bias (a common factor structure) could have resulted in misleading results when the
influences of ‘real’ shared environment and rater bias cannot be disentangled. This may

partly explain the finding of the relative higher stability coefficients in phenotypic studies
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than would be expected on a simplex structure for development. So, using genetically
related individuals and multiple raters give rise to the capability of distinguishing the
distinct sources influencing stability in problem behavior.

In general it is recommended to use multiple raters (see also Achenbach e# al., 1987),
because different raters are assumed to provide, each from their own perspective, unique
and complementary information about the children’s functioning. Using more than one
rating will give more reliable results by decreasing measurement error. However, when
studying developmental patterns to predict and prevent maladjustment the use of father
ratings is questionable. Results of this study indicate that the influences of the paternal
specific view (Ag) are time specific only. Fathers seem to attribute additional information
on the child’s behavior, however no continuity in this view is observed. It could be the
case that these age specific paternal views are a representation of trivial behavioral
fluctuations rather than real father-child specific interaction. Further, mothers specific
view show continuity over the years, the influence on the covariance, though, is very low.
Thus, the use of multiple raters is necessary to correct for the influence of rater bias. In
the scope of prediction and prevention father raters are less valuable.

The present article shows one example of the advantages of genetically informative
data for analyzing psychological data. Other applications are conceivable. For instance, a
commonly used approach to study the structure of psychological tests is factor analysis. Its
equivalent in a genetically informative design is a model where the genetic and
environmental effects influence the latent factor. An implicit assumption of this model,
and consequently of phenotypic factor analyses, is that genetic and environmental factors
cause similar patterns of item correlations and that the relative importance of genetic and
environmental factors is identical for all items. Assume, for instance, a three item test with
loadings A1, A2, and As, that the genetic effect on the factor is @, and the shared
environmental effect is ¢. Because the genetic and shared environmental factors affect the
items via the “phenotypic” factor, their effects on the items equal a1, ak2, and @ks and d\,
Az, and s respectively. Except for the propottion (a/¢)? the genetic and environment
effects on the items and their inter correlations are therefore identical. However, in reality
this model may be wrong because genetic and environmental factors affect the items and
different ways. For instance, in the context for neuroticism (Tyrer, 1985), it has been
speculated that genetic factors mainly determine a general vulnerability and that the
environment codes for the specific symptoms. In this case, only genetic factors would
contribute to the correlations between the symptoms and the relative importance of
genetic and environmental factors is likely to vary across symptoms. Regardless of the
validity of this specific theoretical model, there is empirical support for the notion that

genetic and environmental factor vary across symptoms of neuroticisms (Martin e/ al,
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1979). With only phenotypic data it will very difficult to recover the correct factor
structure if genetic and environmental factors affect items via different pathways. We
speculate that in this situation the factor structure will be unclear and that the phenotypic
solution will tend to the extract the genetic or environmental factor that explains most of
the variance. A scale derived on the basis of this factor solution will therefore mainly tap
this component and systematically ignore the other sources of variation. By using
genetically informative data it will be possible to derive the correct factor structure.
Further, factor estimation procedure could be used to derive genetic and environmental
test scores (Boomsma et al.,, 1990). Such a differential scoring at the level of etiology might
be useful for several reasons. For instance, it could be used to obtain more refined
diagnoses of children’s problem behaviors which could be important to optimize response

to treatment.
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Appendix 6.1.
Percentages of the total variances (diagonal) and covariances (off diagonal) for Internalizing problem
behavior in boys and girls based mother and father ratings separately using the best fitting model.

INTERNALIZING in BOYS
Mother Father
3 7 10 12 3 7 10 12
A2 3 .51 3 .53
7 .56 .36 7 71 .38
10 48 44 28 10 71 53 .32
12 49 .39 .35 28 12 .66 44 .39 31
3 7 10 12 3 7 10 12
Cp 3 .03 3 .04
7 .16 A1 7 21 A1
10 23 .20 .18 10 .33 23 21
12 26 26 25 .18 12 .36 .29 28 .20
3 7 10 12 3 7 10 12
DI 3 15 3 16
7 .03 15 7 .04 .16
10 .00 .10 .16 10 .00 12 .18
12 .00 12 .16 14 12 .00 14 .18 .16
3 7 10 12 3 7 10 12
A4 3 .09 3 11
7 .03 13 7 .05 .10
10 .04 13 12 10 .00 .00 .05
12 .00 12 .10 13 12 .00 .00 .01 .00
3 7 10 12 3 7 10 12
C.c 3 .08 3 .05
7 .20 13 7 .01 12
10 27 13 12 10 12 12 13
12 31 .10 .10 16 12 13 13 12 .07
3 7 10 12 3 7 10 12
E.f 3 13 3 12
7 .01 12 7 .00 13
10 .00 .00 .14 10 .00 .04 A1
12 .06 .01 .04 .10 12 .00 .03 .02 .10

» Additive genetic influence on the reliable trait variance; > shared environmental influence on the reliable
trait variance; ¢ nonshared environmental influence on the reliable trait vatiance; ¢ parental unique genetic
influences; ¢ parental unique shared environmental variance; f parental unique nonshared environmental

variance.
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Appendix 6.1. - continued
Percentages of the total variances (diagonal) and covariances (off diagonal) for Internalizing problem
bebavior in boys and girls based mother and father ratings separately nsing the best fitting model.

INTERNALIZING in GIRLS
Mother Father
3 7 10 12 3 7 10 12
A2 3 45 3 46
7 43 29 7 A7 31
10 43 .35 24 10 48 42 27
12 A1 27 28 21 12 44 .32 34 23
3 7 10 12 3 7 10 12
Ccp 3 .09 3 .09
7 31 .16 7 34 17
10 .33 22 .19 10 37 27 22
12 43 .33 27 23 12 46 .39 .33 25
3 7 10 12 3 7 10 12
D 3 13 3 13
7 .03 .15 7 .04 .16
10 .00 12 14 10 .01 15 .16
12 .00 A1 15 14 12 .00 13 .19 15
3 7 10 12 3 7 10 12
Ad 3 14 3 .01
7 .04 A1 7 .00 A1
10 .00 .06 .10 10 .00 .00 .06
12 .00 .00 .06 .06 12 .00 .00 .02 13
3 7 10 12 3 7 10 12
C.¢ 3 .04 3 19
7 17 16 7 15 15
10 22 .20 17 10 22 23 .19
12 .26 .19 .16 21 12 12 17 .16 13
3 7 10 12 3 7 10 12
E.f 3 14 3 A1
7 .02 12 7 .03 .10
10 .01 .05 .16 10 .00 .00 .09
12 .05 .09 .08 14 12 .05 .01 .00 A1

2 Additive genetic influence on the reliable trait variance; b shared environmental influence on the reliable
trait variance; ¢ nonshared environmental influence on the reliable trait variance; 4 parental unique genetic
influences; ¢ parental unique shared environmental variance; f parental unique nonshared environmental

variance.
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Appendix 6.1. - continued
Percentages of the total variances (diagonal) and covariances (off diagonal) for Externalizing problem
behavior in boys and girls based mother and father ratings separately using the best fitting model.

EXTERNALIZING in BOYS
Mother Father
3 7 10 12 3 7 10 12
A2 3 48 3 48
7 .58 49 7 .66 .50
10 .55 .55 52 10 .60 .61 .53
12 .51 .58 .61 A7 12 .59 .67 .66 49
3 7 10 12 3 7 10 12
Ccl 3 18 3 18
7 .20 15 7 23 .16
10 25 .20 .14 10 27 22 15
12 25 17 16 19 12 29 .19 17 .20
3 7 10 12 3 7 10 12
DI 3 .10 3 .10
7 .04 .09 7 .04 .09
10 .02 .06 .08 10 .02 .07 .09
12 .02 .05 .06 .06 12 .02 .06 .07 .07
3 7 10 12 3 7 10 12
A4 3 .05 3 .05
7 .04 A1 7 .03 .09
10 .06 12 12 10 .00 .03 .02
12 .07 13 .08 13 12 .00 .02 .00 .02
3 7 10 12 3 7 10 12
C.¢ 3 13 3 A1
7 14 .09 7 .03 A1
10 13 .04 .07 10 13 .06 16
12 13 .06 .06 .09 12 .10 .06 14 14
3 7 10 12 3 7 10 12
E.f 3 07 3 .08
7 .00 .06 7 .02 .06
10 .00 .01 .06 10 .00 .00 .05
12 .02 .02 .03 .06 12 .03 .00 .00 .04

» Additive genetic influence on the reliable trait variance; > shared environmental influence on the reliable
trait variance; ¢ nonshared environmental influence on the reliable trait vatiance; ¢ parental unique genetic
influences; ¢ parental unique shared environmental variance; f parental unique nonshared environmental

variance.
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Appendix 6.1. - continued
Percentages of the total variances (diagonal) and covariances (off diagonal) for Externalizing problem
bebavior in boys and girls based mother and father ratings separately nsing the best fitting model.

EXTERNALIZING in GIRLS
Mother Father
3 7 10 12 3 7 10 12
A2 3 41 3 42
7 48 46 7 57 48
10 41 48 41 10 45 51 43
12 41 .52 .52 40 12 50 58 .57 43
3 7 10 12 3 7 10 12
Cc 3 22 3 23
7 27 17 7 31 18
10 34 25 19 10 38 27 20
12 34 24 21 21 12 41 27 23 22
3 7 10 12 3 7 10 12
Ec 3 A1 3 A1
7 .05 .09 7 .06 .09
10 .05 .09 10 10 .06 10 A1
12 03 .06 .08 .09 12 04 07 .08 .09
3 7 10 12 3 7 10 12
Ad 3 A1 3 04
7 08 13 7 .00 03
10 13 .09 .09 10 .00 .05 .05
12 .08 .06 A1 A1 12 .00 .00 .00 .02
3 7 10 12 3 7 10 12
C.¢ 3 .08 3 13
7 10 10 7 08 15
10 08 08 13 10 14 08 14
12 13 .09 08 13 12 .08 10 12 15
3 7 10 12 3 7 10 12
E.f 3 07 3 07
7 02 .06 7 .00 07
10 .00 01 .08 10 .00 .00 07
12 .00 03 02 07 12 .00 .00 03 .08

2 Additive genetic influence on the reliable trait variance; b shared environmental influence on the reliable
trait variance; ¢ nonshared environmental influence on the reliable trait variance; 4 parental unique genetic
influences; ¢ parental unique shared environmental variance; f parental unique nonshared environmental

variance.




Genetic and Environmental Influences
on the Development of Intelligence

This chapter is published as:

Bartels, M., Rietveld, M.J.H.,Van Baal, G.C.M., and Boomsma, D.I. (2002). Genetic and
Environmental Influences on the Development of Intelligence. Bebavior Genetics , 32(4),
237-249.



138 Chapter 7

ABSTRACT

Measures of intelligence were collected in 209 twin pairs at 5, 7, 10, and 12 years of age, as part of a
longitudinal project on intelligence, brain function and bebavioral problems. Intelligence was measured at 5,
7, and 10 years of age with the RAKIT, a well-known Dutch intelligence test, consisting of 6 subscales.
At 12 years of age the complete WISC-R was administered (12 subscales). Both intelligence tests resulted
in a measure of Full-Scale 1Q (FSIQ). Participation-rate is around 93% at age 12. Correlation
coefficients over time are high: (r5.7)= .65; 15.100= .65; 15.12=.6%; ¥7.10/=.72; 17.12=.69 and ro.
12)=.78). Genetic analyses show significant beritabilities at all ages, with the expected increase of genetic
influences and decrease of shared environmental influences over the years. Genetic influences seem to be the
main driving force behind continuity in general cognitive ability, represented by a common factor influencing
FSIQ at all ages. Shared environmental influences are responsible for stability as well as change in the
development of cognitive abilities, represented by a common factor influencing FSIQ at all ages and age-
specific influences, respectively.
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INTRODUCTION

Heritability of intelligence has been studied extensively, both in adults and in children, but
far less is known about the developmental genetics of cognitive abilities. Many behavior
genetic studies yield the largely consistent result that genetic differences account for at
least 50% of the observed variability in cognition in adults (e.g. Bouchard and McGue,
1981; McCartney ef al., 1990; Bratko, 1996; Rijsdijk e al., 1997, 1998; Alarcédn et al, 1998,
1999, Posthuma e a/, 2000 ). It is also well established that the genetic influences on
cognitive functioning increase throughout development, whereas influences of common
environment decrease (e.g. Skodak and Skeels, 1949; Wilson, 1983; Labuda ez a/, 1986;
Fulker ez al, 1988; Loehlin ez al, 1989; McCartney et al, 1990; McGue et al, 1993;
Boomsma, 1993; Plomin ¢/ a/., 1997; Boomsma and Van Baal, 1998; Alarcén, 1998, 1999).
A few longitudinal studies have focused on the influences of genes and environment on
cognitive development rather than cognition at specific ages. New genetic influences at
different ages and a common factor for shared environmental influences have been found
(Colorado Adoption Project; e.g. Plomin and DeFries, 1985; Louisville Twin Study; e.g.
Wilson, 1983; Eaves ez al., 1980).

Longitudinal twin and family data allow the study of persistence and change of genetic,
shared environmental and nonshared environmental influences. The genetic and
environmental influences may exert their effects following several possible mechanisms.
First, genetic or environmental factors may exert a continuous influence from their time
of onset (common factor influences). This mechanism implies that the same genetic or
environmental factors are responsible for stability, possibly with age-dependent factor
loadings. Second, genetic and environmental influences may be specific at a certain age
and exert an effect on cognition at that age only. Change in cognitive development may be
due to these age specific factors. Finally, there can be a simplex-like continuity in genetic
and environmental effects (Eaves ¢ al, 1986; Boomsma and Molenaar, 1987). In this
simplex-like continuity, there are effects specific to each age and there are ‘carry-over
effects’ or transmission effects from one age to the subsequent age (Figure 7.1.). In other
words, eatlier influences may be transmitted from one occasion to the next and new
influences (innovations) may come into play at each occasion. Data that are collected from
the same subjects repeatedly in time often display this simplex structure for the observed
correlations among the measures at different time points. Specifically, it is observed that
correlations are highest among adjoining occasions and that they decrease systematically as
the distance between time points increases (Guttman, 1954).

Notable longitudinal studies on cognition are the Colorado Adoption Project (CAP)
(e.g. Plomin and DeFries, 1985) and the Louisville Twin Study (LTS) (e.g. Wilson, 1983).

These studies are more or less comparable to the current study, in which intelligence is
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assessed longitudinally in twins from age 5 to age 12. We will introduce CAP and LTS and
also mention other studies, which offer an insight in the genetic and environmental
patterns that account for variance in cognitive development (for reviews, see also
Thompson, 1993; Patrick, 2000).

The CAP is a longitudinal ‘full’ adoption study of behavioral development. The study
started in 1975 and included adopted children and their adoptive and biological parents.
Children in the sample were tested yearly on age-appropriate cognitive measures. Until
now, longitudinal results from 1 to 16 years of age have been published for the CAP. The
CAP original sample consisted of 245 adoptive families and 245 nonadoptive control
families. In 1999 the CAP sample consisted of 129 adopted individuals tested at 16 years
of age and their adoptive and biological parents. The nonadoptive (control) sample
included 125 sets of parents and nonadoptive children (Alarcon e al., 1999).

The LTS was initiated in 1957 by Falkner. In the LTS, twins were tested every three
months in the first year of life. Testing continued at 6-months intervals during second and
third year of life, and annually through age 9 with follow-up visits at age 15 and adulthood.
In 1983, the sample of the LTS consisted of 494 pairs of twins active in the longitudinal
study, ranging in age from 3 months to 15 years. Recruitment has been an ongoing
process, with 25-35 pairs added each year since 1963. However, like in every longitudinal
design, the study suffers from dropouts over the years.

Sophistication in developmental behavior genetics involves the formulation of models
that attempt to describe the etiology of genetic and environmental influences on variation
in cognitive development. Phillips and Fulker (1989) developed a model, based on a quasi-
simplex model presented earlier by Eaves er a/ (1986), in which it was possible to
distinguish between the three possible longitudinal mechanisms (time-specific, common
factor, simplex). This model was applied to a large data set combined from several major
projects (Cardon ef al., 1992). CAP data at ages 1, 2, 3, 4, and 7 were combined with data
from twins at ages 1, 2, and 3 from MacArthur Longitudinal Twin Study (MLTS) (Plomin
et al, 1990) and the Twin Infant Project (TIP) (Dilalla e al, 1990; Benson, et al., 1993).
The best model for genetic influences on 1Q was a simplex model, with time-specific
innovations included. That is, genetic variation initially shown at age 1 is expressed
through at least age 7 with new genetic variation, independent of the initial genetic
influence, at ages 2,3, and 7, but not at age 4. For shared environment the best-fitting
model showed only a single common factor influence on 1Q, with equal factor loadings at
each age. This longitudinal outcome suggests that shared environmental effects contribute
to continuity only. In complete contrast is the picture that emerged for nonshared

environment. For nonshared environment the influences were specific to each time-point
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which implied that change in cognition is, at least partly, accounted for by these
influences.

In a subsequent publication involving CAP, TIP, and MLTS subjects, including
subjects from the CAP sample at age 9, very similar results were found (Fulker ez af,
1993a). This time, a Cholesky decomposition was used. A common genetic factor present
at year one continued to account for observed variance in 1Q, but with diminishing impact
with increasing age. Evidence for genetic change at two important developmental
transitions was found. The first was transition from infancy to early childhood (age 2 and
3). The second was the transition from early to middle childhood (age 7). Fulker and
colleagues (1993a) speculated that the new genetic influence at age 7 might be in response
to the ‘novel environmental challenge’ of schooling. No new genetic effect was apparent
at age 9. Further, there was one continuous source of shared environmental influence
across all ages. Application of the quasi-simplex model to the same data yielded identical
results (Cherny and Cardon, 1994). Finally, the only longitudinal model-fitting results
based on LTS data showed that a simplex model gave a better fit compared to a common
factor model for genetic effects from ages 1 to 9 years (Humpreys and Davey, 1988).

To summarize, the general picture that emerges from these studies with young children
is that genetic effects account both for stability and change in cognitive performance. This
is implied by the simplex-like structure with time-specific innovation effects. Shared
environmental effects appear to account for stability in intellectual performance, indicated
by the single common factor structure, without age-specific effects. Consistent across
studies, the nonshared environment is best modeled as exerting time specific influences
only. This structure implies that the nonshared environment is important in explaining
variance in cognitive performance at each age, but not in explaining stability of cognitive
performance across ages.

In the present longitudinal study structural modeling techniques were used to examine
the influences of genetic and environmental factors on development of Full-Scale 1Q
(FSIQ), using data of 209 Dutch twin pairs tested at 5, 7, 10, and 12 years of age. In
addition to estimating the importance of heritability and environmental influences, the
focus was on the developmental pattern of cognition. A genetic simplex model and a
common factor model were used to study continuity and changes of genetic and
environmental influences over time. Based on previous results of longitudinal studies on
the development of cognitive functioning, a simplex structure for genetic influences was
expected. Further, it was assumed that shared environmental factors show continuing

effects over the years and nonshared environmental influences are age specific only.
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METHODS

Participants

This study is part of an ongoing, longitudinal study of the development of intelligence and
problem behavior. The study started in 1992 with recruitment of 209 twin pairs from the
Netherlands Twin Register (NTR; Boomsma e7 4/, 1992; Boomsma, 1998; Boomsma e7 a/,
2002). The initial sample of 209 twin pairs was selected on the basis of age and zygosity of
the twins, and their city of residence. Mean age at the first measurement occasion was 5.3
years (80% ranging from 5 years and 1 month to 5 years and 6 months). At the second
measurement occasion mean age was 0.8 years (80% ranging from 6 years and 6 months
to 7 years and 1 month). Mean age at the third measurement occasion was 10 years (80%
ranging from 9 years and 11 months to 10 years and 1 month). Mean age at the fourth
measurement occasion was 12 years and several day’s (80% ranging from 11 years and 11
months to 12 years and 1 month). Zygosity of the same-sex twins was established by
either blood group polymorphisms (137 pairs) or DNA analyses (24 pairs), and in a few
pairs by physical resemblance assessed by the test-administrator (9 pairs). There were 47
monozygotic female (MZF), 37 dizygotic female (DZF), 42 monozygotic male (MZM), 44
dizygotic male (DZM), and 39 dizygotic pairs of opposite sex (DOS). The intelligence test
was administered to all 209 twin pairs at age 5. At the second measurement occasion (age
7) 192 pairs of the original sample provided complete data on all subtests. The number of
participating twin pairs increased to 197 when the children were tested around their 10th
birthday. At the fourth measurement occasion (age 12) 192 twin pairs participated. A small
group of four families refused consistently to participate after the first measurement
occasion. Five families dropped out at both ages 10 and 12. The remaining
nonparticipants refused participation at one measurement occasion. At age 5 and 12, one
incomplete twin pair can be found in the data because of difficulties during testing (age 5)
and refusal to participate (age 12). Due to serious loss of hearing one twin pair was
assigned missing value at all four ages for FSIQ. This left a sample of 176 twin pairs with
complete data at all four ages. No significant difference in initial FSIQ (at age 5) has been
found for twins who dropped out on one or more of the following occasions (I3 415
=2.25, p=.082). Details on the demographic characteristics of the sample and information
on parental occupation can be found in Rietveld ez @/, (2000).

Procedure and intelligence tests

At ages 5 and 7 years the twins participated in a study on the development of cognitive
abilities and brain-activity (Boomsma and Van Baal, 1998). At both measurement
occasions the twin and their family visited the laboratory at the university. While one of

the twins participated in the electro-physiological experiment, the co-twin participated in
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an intelligence test. At age 10 and 12 years a different procedure was followed. The twins
and their parents could choose whether they preferred to come to the university or
whether they preferred to be visited at home to participate in the intelligence test. The
majority of the families (around 70% at both ages) preferred testing at home. No
significant difference in FSIQ was observed between children tested at home or at the
university. The intelligence test was assessed by an experienced test-administrator. At ages
5,7, and 10 the test took approximately one hour to complete and at age 12 the test took
one and a half-hour to complete. All children received a present afterwards.

At age 5,7, and 10 the children were tested with the Revised Amsterdamse Kinder
Intelligentie Test (RAKIT) (Bleichrodt ez a/, 1984). Six subtests, with age-appropriate
items, were employed to assess cognitive functioning. Raw subtest total scores are
corrected for age and transformed into standardized scores with a mean of 15 and a
standard deviation of 5. The total IQ score is based on the combination of these
transformed subtests with a mean of 100 and standard deviation of 15. The
standardization is based on a population sample of Dutch 6 to 11-year-old children. No
difference is made for boys and girls. For further details on this well-known Dutch
intelligence test see Rietveld ez 2/ (2000). At age 12 the twins conducted the complete
version of the WISC-R, Dutch version (Van Haasen ¢# a/., 1986). The WISC-R consists of
12 subtests, 6 mainly verbal and 6 mainly non-verbal. The subtest scores are standardized,
based on results of same-aged children in the Netherlands. No differences are made for
boys and girls. Addition of the twelve standardized subtest scores results in FSIQ. The
concurrent validity of the RAKIT and the WISC-R is .86 (Pijl ez a/., 1984).

Statistical analyses

Desctiptive statistics for FSIQ wete calculated using SPSS/windows 10. Twin correlations
with their 95% confidence intervals at each age have been calculated. These correlations
are informative on the importance of genes and environment in explaining observed
variance at each age. To assess stability of intelligence, phenotypic cross correlations over
time were calculated. MZ and DZ cross correlations over time have been calculated to get
a first impression of the genetic and environmental contributions to the covariance over

time.

Genetic Modeling

Univariate model fitting procedures were used to estimate genetic and environmental
influences at each age separately and to investigate the presence of sex-differences and
influences of sex-specific genes in these data. Genetic model fitting of twin data allows for

separation of the observed phenotypic variance into its genetic and environmental
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components. Additive genetic variance (A), is the variance that results from the additive
effects of alleles at each contributing genetic locus. Shared environmental variance (C) is
the variance that results from environmental events common to both members of a twin
pair. Nonshared environmental variance (E) is the wvariance that results from
environmental effects that are not shared by members of a twin pair. Estimates of the
nonshared environmental effects also include measurement error. To account for this
source of variance, E is always specified in the model.

The different degree of genetic relatedness between monozygotic (MZ) and dizygotic
(DZ) twin pairs was used to estimate the contribution of these factors to the phenotypic
variation in cognitive abilities. Similarities for MZ twins are assumed to be due to additive
genetic influences plus environmental influences that are shared by both members of a
twin pair. Experiences that make MZ twins different from one another are nonshared
environmental influences. Because DZ twins share 50% of their genetic material on
average, like other siblings, genetic factors contribute only half to their resemblance. As
for MZ twins the shared environment contributes fully. Model fitting to twin data is based
on the comparison of the vatiance-covariance matrices in MZ and DZ twins. Exploiting
the known difference in genetic contribution to intra-pair resemblance of MZ and DZ
twin pairs, influences of additive genetic, shared environmental and nonshared
environmental factors are estimated using the computer program Mx (Neale ¢f a/., 1999).

Differences between boys and girls can occur in two ways. First a difference in the
magnitude of additive genetic, shared environmental and nonshared environmental
influences can exist, represented in a distinct pattern of twin correlations for boys and
girls. Second, heterogeneity, an expression of different genes in boys and gitls, can occur.
This heterogeneity would be represented by a lower twin correlation in dizygotic twins of
opposite sex in comparison to dizygotic same sex twins. Differences in magnitude of
additive genetic, shared environmental and nonshared environmental influences is tested
by the change in fit after constraining the parameter estimates equal for boys and gitls.
Testing for heterogeneity is accomplished by testing the genetic correlations between two
members of a dizygotic twin of opposite sex. Normally the genetic correlation of DZ
twins is fixed at .5. Heterogeneity would result in a genetic correlation of less than .5.

Multivariate genetic model fitting techniques were used to obtain insight in the
developmental pattern of cognitive functioning and to obtain estimates of the genetic and
environmental influences on cognitive development. Parameters were estimated by
maximum likelihood, using the computer program Mx (Neale ¢f a/, 1999). Rather than
decomposing the variance of a measurement into genetic and environmental sources of
variance, multivariate genetic analysis decomposes the variance of each measurement

occasion and the covariance between the measurement occasions into genetic and
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environmental sources. The total variances and covariances were decomposed into
additive genetic (A), shared environmental (C), and nonshared environmental (E) parts.
First, to get an initial insight in the variance and covariance structure a Cholesky
decomposition model was applied to the data. Next, to investigate the stability and change
in FSIQ a simplex model was applied to the data. For each source of variance (A,C, and

E) a simplex structure was specified.

Figure 7.1.

A Simplex Model in which 105. ... 1012 represent the observed 1Q at measurement occasion one fo
measurement occasion_four for twin 1 (1'7) and twin 2 (12). &(1)... Ec(4) represent the innovations and
Bc(2)... Bo(2) the transmission effects.

IQ5'1‘1 IQ7T1 IQ10’1‘1 IQ12T1
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X3
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A simplex model is a first order auto-regressive process. In the simplex model
covariances among the four ages of measurement are specified by genetic and
environmental factors specific to each age and by ‘carry-over effects’ or transmission of
these factors to subsequent ages. The model specifies the variance nonshared to each
measurement occasion by an innovation term that comes into play at each time point.
The variance is a product of the age specific effects and age-to-age transmission effect (see

Appendix 7.1 and Figure 7.1). Finally, it was investigated whether a common factor,
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possibly with age-dependent factor loadings and age specifics influences, could replace the
simplex structure for genetic and shared environmental influences.

To make optimal use of all available data, analyses were performed on the raw data.
Submodels were compared by hierarchic )2 tests. The ¥? statistic is computed by
subtracting —2LL for the full model from that for a reduced model (> =2 (LL; — LLo)). A
good model is indicated by a low non-significant ¥? test statistic (P > .05). Apart from the
X 2 test statistic, Akaike’s Information Criterion (AIC = Y2 - 2 X degrees of freedom) was
computed. The lower the AIC the better the fit of the model to the observed data.

Reductions of the model were based on the expectations raised by previous studies. In
detail, a simplex structure for genetic influences, a common factor for shared
environmental influences and time-specific structure for nonshared environmental
influences is expected. Estimates of genetic, shared environmental and nonshared
environmental influences on the age specific variance and between age covariance of
general cognitive abilities are reported based on the Cholesky decomposition model, the

full simplex model and the best fitting reduced model.

Table 7.1.
Descriptive statistics for Full-Scale 1Q at different ages

N2 Mean Min | Max | Mean | Std Skewness Kurtosis
Age
s.e. s.e.
FSIQ5 | 415 5.3 64 [142 [102.75 |13.18 [-059 |[.120 |.209 |.239
FSIQ7 | 382 6.8 62 | 145 [10290 |14.67 |-127 |.125 |.023 |.249
FSIQ10 | 392 10.0 63 [145 [106.96 |1554 [-066 |.123 |-166 |.246
FSIQ12 | 381 12.0 61 138 [100.03 [13.18 |-.039 |.125 |.177 |.249

anumber of children in the study

RESULTS

Descriptive statistics for FSIQ at 5, 7, 10, and 12 years of age showed that the variables
were approximately normal distributed (Table 7.1). Table 7.2 shows the twin correlations
for the five zygosity groups calculated separately for each age. MZ correlations are higher
than DZ correlations suggesting genetic influences at each age. The low DOS correlation
at age 12 suggests heterogeneity and univariate model fitting procedures were used to
explore this possibility. Estimates for genetic and shared environmental influences based
on the univariate model-fitting procedure are presented in Table 7.3. These results are
consistent with previous results (Boomsma and Van Baal, 1998; Bouchard and McGue,

1981) showing increase of genetic influences and diminishing effects of shared
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environment over the years. Shared environmental influences are insignificant at ages 10
and 12. Univariate model fitting showed no presence of sex-differences at the four ages
separately and no presence of sex specific genes at age 12.

To get a first impression of the developmental pattern of cognitive abilities,
phenotypic cross-correlations over time were calculated (Table 7.4). All correlations are
rather large, which indicates a strong degree of stability of intellectual performance. This
structure may best be described by a common factor mechanism.

Cross correlations over time for monozygotic (MZ) and dizygotic (DZ) twins were
calculated separately to explore the genetic and environmental influences on the observed
stability. As can be seen in Table 7.4, the MZ cross correlations over time (above the
diagonal) are higher than the DZ cross correlations over time (below the diagonal),
suggesting that stability in intelligence over time is mainly due to genetic factors. Further,
when the correlations of the adjoining age-intervals are compared (age 5 to 7; age 7 to 10;
age 10 to 12) the increased difference between MZ and DZ correlations suggests an

increase in the genetic contribution to stability with increasing age.

Table 7.2.
Twin Correlations for FSIQ with 95% confidence intervals
MZF~ DZF MZM DZM DOS
FSIQ5 |.78 (64-87) |.73 (53-85)  |.77(62-87)  |.53(29-72) | .64 (41-79)
46" 37 42 43 39
FSIQ7 |.77 (61-.87) .50 (:(20-.70) .56 ((29-.74) A1 (13-63) .56 (30-.74)
41 34 37 41 38
FSIQI0 | .87 (78-92) |45 (16-67) |73 (54-85)  |.53(28-72)  |.50 (21-70))
43 37 38 41 37
FSIQI2 | .86 (76-92) | .67 (46-82) |84 (71-91) |57 (32.75) | .35 (03-60)
43 37 36 39 35

@ MZF= monozygotic female, DZF= dizygotic female, MZM= monozygotic male, DZM=dizyotic males,

DOS= dizygotic opposite sex; P number of complete twin pairs

Analyses were continued with the application of the different models to the
longitudinal data. Model-fitting procedures yielded the results presented in Table 7.5. The
simplex model without restrictions (model 2) was taken as a reference for evaluating
changes in %% and associated degrees of freedom of more parsimonious models. First,
reduction of the model was based on the expectation of age-specific nonshared

environmental factors only (model 3). No significant change in (2 arose.
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Second, model reduction was based on the expectation of a common factor for shared
environmental influences (model 4). Because the order of model reduction may influence
the fit of the model, a model with a common factor for genetic influences and a simplex
structure for shared environmental influences was fitted to the data as well (model 5). No
clear distinction could be made between models 4 and 5, both being more parsimonious

than model 3 but not significantly different.

Table 7.3.
Univariate Model-Fitting results and parameter estimates for FSIQ at the four ages.

MODEL -2LL df [ y2 df |p A C E

FSIQ5 ACE + sd? 3178.20 | 408

ACE 3180.40 | 411 | 220 |3 53 [.26 (.03-52) | .50 (.26-.68) | .24 ((18-.33)
AE 3193.71 | 412 | 13.31 |1 .00
CE 318525 | 412 | 485 |1 .03

FSIQ7 | ACE +sd 3051.33 | 375
ACE 3054.37 | 378 | 3.04 |3 39 (.39 (07-.72) | .30 (.00-.55) | .31 ((23-44)
AE 3058.12 | 379 |3.75 |1 .05 1.70 (60-.78) | - .30 ((122-.40)
CE 3059.83 | 379 | 546 |1 .02

FSIQ10 | ACE +sd 3135.48 | 385
ACE 3140.87 | 388 |5.39 |3 A5 | .54 ((28-83) | .25 ((00-48) | .21 ((15-29)
AE 3143.62 | 389 [2.75 |1 10 |.80 (72-.85) | - .20 (:15-.28)
CE 3156.99 | 389 | 16.12 |1 .00

FSIQ12 | ACE+ rge> |2903.40 | 373

ACE+ sd 2903.71 | 374 | .31 1 .58
ACE 2908.72 | 377 | 5.01 |3 A7 .64 (40-.88) | .21 (00-43) | .15 (11-22)
AE 2910.81 {378 | 2.09 |1 15 | .85 (79-89) |- A5 (11-.21)
CE 2936.28 | 378 | 27.56 | 1 .00

2 model with sex differences for parameter estimates; > model with sex specific genes

A model with a common factor for both genetic and shared environmental influences,
allowing for time specific influences as well, did not gave a significant worse fit (model 6).
Further, it was tested whether dropping the age-specific influences, cither genetic or
shared environmental, altered the ¥? significantly (model 7 and model 8). Based on the
difference in %? and the lower AIC, model 7 was preferred above model 8. The genetic
(co)variance is modeled as a common factor without specifics, whereas the shared

environmental (co)variance is modeled as a common factor with specifics. These results
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suggest that stability in cognitive performance is mainly due to genetic factors. Finally, a
model with a common factor, without time specific influences for both genetic and shared

environmental influences showed a significant increase in X2 (model 9).

Figure 7.2.

Model 7: Common factor for additive genetic influences, common factor with age specific influences for

shared environmental influences, and age specific influences for nonshared environmental factors.

Estimates of the path-coefficients for the best fitting model (model 7) are presented in
Figure 7.2. Percentage of age specific variance explained by genetic, shared environmental
and nonshared environmental factors based on the Cholesky decomposition (model 1),
the full simplex model (model 2), and the best fitting model (model 7) are presented in
table 7.6. Table 7.7 contains the percentages of between age covariances explained by
genetic, shared environmental and nonshared environmental factors based on the
Cholesky decomposition, the full simplex model, and the best fitting model. Indicated by
the observed MZ and DZ cross-correlations, genes become more important in explaining
stability in cognitive performance with increasing age. As opposed to this outcome, the
shared environment accounts for a decreasing portion of the covariance between age-
intervals, whereas the nonshared environment explains, on general, around one quarter of
the total variance at each age (Table 7.6). The nonshared environment contributes only
minimal to the observed covariance between ages (Table 7.7). It should be noted that the
genetic, shared environmental and nonshared environmental variance components
estimated from fitting the multivariate models to these data are somewhat different from
what univariate analyses at each age separately might yield. These differences arise because
the multivariate models take into account the cross-sibling cross-time covariance structure,

which can impact the within-time parameter estimates. In addition, multivariate model-
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fitting increases the power to detect shared environmental influences as a source of

familial aggregation.

Table 7.4.
Phenotypic cross correlations for FSIQ, calculated for the complete dataset and MZ (above diagonal) and
DZ (below diagonal) cross correlations over time for FSIO.

Total Sample |5 7 10 12

5 1.00 .65 (.59-.70) .65 (59-.70) 04 (57-.69)
7 1.00 T2 (67-77) .09 (63-74)
10 1.00 78 (74-.82)
12 1.00
DZ/MZ 5b 7b 10b 12b

5a - .66 (54-.75) .67 (56-.76) 068 (37-77)
7a 42 (30-.54) - 71 (60-.79) .68 (:57-77)
10a 42 (30-54) .39 (26-.52) - 79 (.70-.85)
12a A2 (29-54) 42 (29-54) 45 (32-57) -
DISCUSSION

The influences of genes and environment on cognitive development and on its
developmental structure were studied in a longitudinal sample of Dutch twins at 5, 7, 10,
and 12 years of age. It can be concluded that the development of general cognitive abilities
is a continuous process. Continuity is represented by a common factor, with age specific
factor loadings, for both genetic and shared environmental influences. Change in
development, represented by age specific factors, are presented in the shared
environmental structure and, as expected, in the nonshared environmental structure.
Further, decomposition of the between age covariances in additive genetic, shared
environmental, and nonshared environmental influences showed that the continuity in
cognitive abilities is mainly due to additive genetic factors.

In this study increasing additive genetic influences and decreasing influences of shared
environmental factors are found in both age specific variances and between age
covariances. The increase of genetic influences on cognitive functioning throughout
development is already well established in US samples and is now also found in a sample

of Dutch twins.
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Table 7.5. Model-fitting results for FS10

MODEL

-2LL

df

xZ

df

c.t.m.

AIC

1.

A: Cholesky
C: Cholesky
E: Cholesky

11527.470

1520

2.

A:full simplex structure

C:full simplex structure

E:full simplex structure with
time-specific factors?

11510.105

1508

3.

A:full simplex structure
C:full simplex structure
E:time-specific factors only®

11517.278

1512

5.681

22

-2.319

4.

A:full simplex structure
C:common factor + specifics
E:time-specific factors only”

11513.722

1511

3.617

31

-2.383

5.

A:common factor + specifics
C:full simplex structure
E:time-specific factors only”

11517.303

1511

7.198

.07

1.198

6.

A:common factor+specifcs
C:common factor + specifics
E:time-specific factors only®

11513.743

1510

3.638

.16

-.362

7.

A:common factor
C:common factor + specifics
E:time-specific factors only®

11513.743

1514

1.00

-8.000

8.

A:common factor +specifics
C:common factor
E:time-specific factors only”

11521.677

1514

7.934

.09

-.066

9.

A:common factor
C:common factor
E:time-specific factors only”

11545.797

1518

32.05

.00

16.050

a these time specific factor are equal at all ages; P these time specific factors are estimated separately at

every age

In the common factor pattern for genetic influences (model 7; Figure 7.2), increasing

influences of heritability are represented by increasing factor loadings from age 5 to 10.
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Further, in the common factor pattern for shared environmental influences, decreasing
influences are represented by decreasing factor loadings from age 5 to 10 and decreasing

age specific influences from age 5 to 10.

Table 7.6.

Percentage of variance explained by A,C en E, based on a Cholesky decomposition, a simplex: model and
the best fitting model, with 95% confidence intervals

Model1 | Var | A cholesky C cholesky E cholesky
5 30 (15-54) 46 (24-.62) .24 (18-.30)
7 42 (21-.67) 28 (05-49) .30 (22-39)
10 .61 (36-.82) 19 (00-43) 20 (15-27)
12 .62 (39-86) 23 (.00-45) 15 (11-21)

Model 2 | Var | A simplex C simplex E simplex
5 .38 (22-.60) .39 (18-56) 23 (18-.30)
7 .38 (20-.63) .32 (09-50) .30 (23-.39)
10 72 (33-83) .08 (00-46) 20 (15-27)
12 .62 (37-83) 23 (.01-46) 15 (11-21)

Model 7 | Var | A common C total common | specific | E time specific
5 .26 (.14-46) S51(31-.65) | .47 .04 23 (18-29)
7 AT (29-62) 206 (11-45) |17 .09 27 (21-35)
10 .69 (49-.82) 12 (00-33) |.10 02 19 (14-25)
12 .64 (45-77) 21 (09-40) |.11 10 15 (11-.20)

The developmental pattern for genetic influences found in this study is partly different
from previous, comparable studies like the combined study of CAP, MLTS, and TIP
(Cardon et al., 1992; Fulker, et al., 1993). Results provided by these studies show a simplex
pattern for genetic influences with genetic innovation at 2, 3, and 7 years of age, with the
suggestion that genetic innovation at age 7 may be due to ‘the novel environmental
challenge of schooling’. In our study no indication for genetic innovation is obtained.

Comparison of the different longitudinal studies is limited due to distinct ages of
testing. In our study no information is available for cognitive development prior to age 5
and the results, mainly presented by the CAP studies, provide no information on the
development of general cognitive ability between age 9 and 16. Another difficulty in
longitudinal studies in general and in comparing different longitudinal studies on cognitive
development in particular is the measurement of cognitive performance. There are no

cognitive assessments that are common to all ages, so different age appropriate



The Development of Intelligence 153

instruments must be used. One of the difficulties that comes along with this issue is that
no distinction can be made between true changes in development and changes due to

different measurement instruments.

Table 7.7.
Percentage of covariance explained by A, C en E, based on a Cholesky model, a simplex model and a

restircited models with their 95% confidence intervals

Model 1 | Covariance | A cholesky C cholesky E cholesky
5-7 .55 (.32-.87) 40 (10-.63) .05 (.00-.12)
5-10 .66 (40-99) .34 (01-58) .00 (:00-.07)
5-12 .66 (42-98) .34 (02-58) .00 (:00-.04)
7-10 71 (43-93) 21 (00-48) .08 (02-.15)
7-12 73 (46-.98) 24 (.01-50) .03 (.00-.10)
10-12 78 (51-.99) .20 (.00-45) .02 (.00-.08)
Model 2 | Covariance | A simplex C simplex E simplex
5-7 .59 (33-95) .38 ((04-.63) .03 (:00-.10)
5-10 82 (55-99) 17 (00-45) .01 (00-.04)
5-12 76 (48-99) 24 (01-52) .00 (:00-.02)
7-10 73 (46-97) .20 (.00-46) 07 (01-15)
7-12 69 (42-98) .29 (01-56) .02 (00-.07)
10-12 .84 (55-99) 13 (00-42) .03 (.00-.08)
Model 7 | Covariance | A common factor | C common factor |E time specific?
5-7 .56 (.35-.83) A4 (17-65) -
5-10 006 (42-95) .34 (05-58) -
5-12 64 (41-92) .36 (.08-59) -
7-10 81 (:55-98) 19 (02-45) -
7-12 .80 (54-.98) .20 (02-46) -
10-12 .86 (.63-.99) 14 (.01-37) -

2 E is represented in time specific influences only.

A major advantage of our longitudinal study is that the same intelligence test (RAKIT),
with age specific items, is used at the first three measurement occasions. Further, the
intelligence test used at the fourth measurement occasion (WISC-R) shows a high
concurrent validity with the RAKIT (.86 for full-scale 1Q) ( Pijl ez 4., 1984).

More striking is the finding for shared environmental influences. Previous studies

suggested a common factor for shared environmental influences. Our study indicates that,
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besides a continuing influence of shared environmental factors, age specific influences are
present. These age-specific effects were significant but the proportion of variance
explained is much smaller compared to the proportion explained by the shared
environmental factor common to all ages. This common factor could be accounted for by
SES and parental education, as these environmental aspects are not sensitive to large
changes over a time-span of 7 years.

Aspects outside the family environment, like friends or being a member of a
sportsclub, might also cause similarities between two children of a twin pair during
childhood. For the age specific shared environmental influences one may consider the
school environment. Information on same or different teacher for both children of a large
sample of 12 year old twin pairs (n=1164) indicates that in 63% of the cases both children
of a twin pair are taught by the same teacher, whereas 37% go to separate classes. This
ratio makes teacher or classroom environment a shared environmental influence for the
majority of the children. Since, in the Dutch school system children move to a different
teacher each school year, this results in a lack of continuity in this particular aspect of
shared environment. So, these shared but age-specific experiences within the class-room
may be represented by the age-specific factors as specified significant in the best fitting
model. In addition to SES and aspects of school, the direct neighborhood, experienced
during childhood, may contain shared environmental influences. Neatly half of the initial
sample (47%) changed residency after the twins were born. The majority of those families
who moved once during the twins’ lifetime did so before the twins’ fifth birthday. If this
particular source of shared environmental variance has an impact on the development of
cognition, it may be considered a continuous source of influence. That is, the impact of
change of residency remains detected years after the actual change took place. Further, the
model fitting results imply that this hypothetical influence of the shared environment
diminishes with increasing age. This is what one expects when a change of domicile has
taken place eatly in a child’s life. The nonshared environment was found to explain a
substantial portion of the variance at each age (best model, range from 15% to 27%). With
respect to developmental aspects of the data the nonshared environment acts in a well-
established manner. The environment that is uniquely experienced by an individual
contributes to change rather than stability in cognitive performance.

The above mentioned findings are in line with those obtained by multivariate analyses
of the RAKIT subtests collected at the twin’s age 5, 7 an 10 (Rietveld e¢7 4/, submitted).
Subtest performance, either verbal or nonverbal, displays stability mainly due to genetic
effects and to a lesser extent to shared environmental effects. The nonshared environment
is important at each age, but plays no role of significance when one attempts to explain

stability in subtest performance.
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For future purposes of disentangling genetic and environmental influences on
cognitive development it might be important to collect more information on possible
shared or nonshared environmental influences as previous studies on the development of
cognition mainly focus on heritability estimates. The nature of the influences of shared
and nonshared environment is underexposed and only modestly discussed in behavior
genetic literature. Ideally, one should measure a range of potential environmental
influences to be able to gain more insight into the exact nature of these influences.

Besides the above mentioned use of different age appropriate tests, longitudinal studies
in general are subjected to other unavoidable difficulties. A major difficulty in longitudinal
studies is the participation rate. By studying the same subjects over the years dropout is
inevitable. In our study the dropout rate is low. Over 90% of the initial sample continued
to participate at the fourth measurement occasion and the reasons for leaving the study
were found unrelated to the initial measurement of the twins FSIQ. Complete intelligence
data at all ages are available for 84% of the sample.

Our ongoing longitudinal study has the potential to overcome some of the mentioned
shortcomings of the unknown influence of the use of different intelligence tests. In order
to clearify out the influences on the change of FSIQ test between age 10 and 12 a sample
of younger siblings of the twins will be tested by making use of both tests. And, a
continuity of the study has just started to see whether hormonal influences, induced by
puberty, change the developmental pattern of general and specific cognitive abilities
between age 12 and 14.

In summary, the results of our study did not fully reach our prior expectations based
on previous studies. In our study genetic influences are the main driving force behind
continuity in general cognitive ability. The shared environment contributes to continuity
and to a lesser extent to change. As expected, nonshared environmental influences

contribute to change of cognitive abilities solely.
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Appendix 7.1.

The longitudinal simplex model exists of a measurement model, which represents the
relation between the latent and the observed variables (FSIQ = F +U), in which FSIQ is
the observed variable, F is the latent variable (A, C or E) and U is the measurement errot.
Further it exists of a structural equation model, which represents the relation among the
latent variables (A = BA + &), in which A is the latent variable, B is the transmission factor
and § is the innovation factor. A simplex model is a first-order auto-regressive process. In
other words; each latent variable is influenced by the preceding latent variable (see Figure
7.1):

Ai=B At &

In which B; is the autoregressive (transmission) coefficient and &; represent innovation at
that point in time. Further, units of measurement in the latent variables are the same as in

the observed variables resulting in:
FSIQ=(-B)' *& + U
Hence, the expected additive genetic covariance matrix is:
H = (1LG)1* ARA'* (LG

where genetic transmission parameters are modeled in matrix G, a 4*4 matrix with three
transmission parameters on its subdiagonal, based on the four point in time used in this
study. These autoregressive coefficients (B¢(#)) are a measure of the amount of genetic
variation at time point #1 that is transmitted to time point # and therefore associated with
stability. Genetic innovation parameters are modeled in matrix A, a 4%4 diagonal matrix.
These innovation parameters (Eg(4) denote the effects of new genes turned on at time
point 7 and will therefore lower the stability of the genetic process between #1 and

Similar parameter matrices can be defined for nonshared and common environment.
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ABSTRACT

The aim of this study is to explore to what extent psychometric IQ and scholastic achievement, as assessed
by the CITO high-school entrance test, are corvelated. In addition, it was investigated whether this expected
correlation is due to a common genetic background, shared or nonshared environmental influences common
to CITO and intelligence or a combination of these influences. To this end multivariate bebavior genetic
analyses with CITO and 1Q at ages 5, 7, 10 and 12 years have been conducted. The correlations were
41, .50, .60, and .63 between CITO and 1Q assessed at age 5, 7, 10, and 12 respectively. The results of
the analyses point to genetic effects as the main source of variance in CITO and an important source of
covariance between CITO and 10Q. Additive genetic effects account for 60% of the individnal differences
Sfound in CITO scores in a large sample of Dutch 12-year-olds. This high heritability indicates that the
CITO might be a valuable instrument to assess individual differences in cognitive abilities in children but
might not be the right instrument to put the effect of education fo the test.
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INTRODUCTION

In the Netherlands, nowadays, much value is attached to the results of a national test of
educational achievement (CITO), administered around age 12, in order to determine high
school entrance level. The results of the test are often used as an independent judgement,
besides the teachers’ opinion, in advising the parents on future educational level of their
child. From a historical perspective, this attention for ‘independent’ testing has to do with
the possibilities for selection. The establisher of the CITO (Eindtoets Basisonderwijs
2002, Arnhem: Citogroep, 2002) emphasizes that this national test of educational
achievement puts the effect of education in a particular school to the test besides
measuring possible learning potential or cognitive abilities in children (Geldermans, 2001).
It is hypothesized that success in scholastic achievement depends on the quality of the
elementary school. A large number of articles in Dutch daily newspapers are dedicated to
the influences of the school population and school neighborhood on the test results of the
pupils. In these articles the influences of SES and ethnic background of the majority of the
children at a certain school are considered important factors to classify the school and the
future success of the pupils. Several studies agree on the claim that family variables (e.g.
family size, SES, parental involvement, cultural level) influence the development and
educational achievement of children (Christenson, ez al., 1992; Matjoribanks, 1994, Garcia
and Rosel, 2001). If this is true, influences of shared environmental factors on CITO
would show up as significant in the classical twin design. Alternatively, parental SES may
reflect the parents’ cognitive abilities. Heritable influences on cognition would predict
CITO scores to be genetically mediated.

Intelligence has been found to explain a significant amount of the variance in
educational achievement (Eaves and Darch, 1990, Jensen, 1972). In the Netherlands no
attempt has been made to address the question about the nature of a possible association
between the results of the CITO and cognitive abilities, as measured by psychometric 1Q.
Even more striking, no attention has been paid to possible genetic influences on the
results of the national test of educational achievement. In emphasizing that the CITO is a
test for the level of the school and the classification of children, the CITO-group may
underestimate the true content and value of the results of this test. It could be interesting
to sort out whether the possible association between intelligence and results of the CITO
is based either on overlapping genetic influences, overlapping environmental influences
(SES, school population), or both.

Numerous behavior genetic studies have been conducted in which cognition and
educational achievement are examined separately. Studies on cognition yield the largely
consistent result that genetic differences account for at least 50% of the observed

variability in cognition in adults (e.g. Bouchard and McGue, 1981; McCartney e¢f a/., 1990,
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Bratko, 1996; Rijsdijk e# al, 1997, 1998; Alarcén et al, 1998, 1999; Posthuma ez a/., 2000). It
is also well established that the genetic influences on cognitive functioning increase
throughout development, whereas influences of common environment decrease (e.g.
Skodak and Skeels, 1949; Wilson, 1983; Labuda e 4/, 1986; Fulker e al., 1988; Loehlin e#
al., 1989; McCartney ef al, 1990; McGue ¢f al., 1993; Boomsma, 1993; Plomin ez al., 1997;
Boomsma and Van Baal, 1998; Alarcén, 1998, 1999, Bartels ez al, 2002). A few
longitudinal studies have focused on the influences of genes and environment on
cognitive development rather than cognition at specific ages. Results of these studies
prove intelligence to be one of the most stable phenotypes (Colorado Adoption Project;
e.g. Plomin and DeFries, 1985; Louisville Twin Study; e.g. Wilson, 1983; Eaves ¢ a/., 1980;
Netherlands Twin Register, Boomsma e¢7 a/., 1992; 2002; Boomsma, 1998). In the Dutch
longitudinal sample this stability in intelligence seems to be mainly genetically mediated.
Environmental factors give rise to stability as well as change of cognitive functioning over
the years (Bartels ¢z a/, 2002).

There are fewer behavioral genetic studies of scholastic achievement during childhood.
However, genetic influences also seem to be an important factor explaining individual
differences in achievement, but the influences of shared environmental factors can not be
ruled out (Nichols, 1965; Martin and Mattin, 1975; Martin, 1975; Loehlin and Nichols,
1976; Willerman e7 al., 1977; Labuda ez al., 1980; for a review see Plomin, 1986; Thompson
et al., 1991).

Multivariate behavioral genetic models indicate that genetic effects are the primary
source of variance underlying the phenotypic correlation between cognition and scholastic
achievement (Petrill e a/, 1993; Wadsworth e al, 1995a, 1995b). Thompson and
colleagues (1991) showed genetic correlations between cognition and achievement tests
ranging from .57 to .85., whereas shared environment correlations were essentially zero,
and specific environment correlations were low (.00 to .19). Results of the Colorado
Adoption Project, using related and unrelated sibling pairs, showed that genetic influences
accounted for most of the phenotypic covariance among measures of cognitive ability
(verbal comprehension and perceptual organization) and achievement (reading recognition
and mathematics achievement), with much of the genetic covariation being due to
influences shared with verbal ability (Wadsworth e @/, 1995a). An extension of the
previous study by simultancously analyzing parent-offspring and sibling data form the
CAP yielded the same results (Wadsworth e a/, 1995b).

We have studied the development of cognitive abilities and the correlation with
educational achievement in a large longitudinal sample of Dutch twins. A previous analysis
on the heritability of cognition in this longitudinal sample of Dutch twins at ages 5, 7, 10

and 12, showed an increase in heritability over the years, ranging from 26% at age 5 to
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85% at age 12. A decrease in shared environmental influences is observed. Shared
environmental influences seem to be significant at age 5 and 7, but not at ages 10 and 12
(see table 8.1) (see also Chapter 7 and Bartels ez 4/, 2002).

Table 8.1.

Univariate Model fitting voor 10 at four ages (see also Bartels et al., 2002).
MODEL |-2LL df [Ay2 |Adf|p |AP C E

IQ5 |ACE 3180.40 [ 411 1220 |3 .53 | .26 (03-52)p .50 (26-.68) | .24 ((18-.33)
AE 3193.71 412 | 1331 |1 .00

IQ7 |ACE 3054.37 | 378 [3.04 |3 .39 1.39 (07-.72) 30 (00-.55) | .31 (23-44)
AE 3058.12 | 379 | 3.75 1 .05 |.70 (60-.78) - .30 ((22-40)

IQ10 | ACE 3140.87 | 388 [539 |3 A5 | .54 (28-.83) 25 (00-48) | .21 (15-29)
AE 3143.62 | 389 | 2.75 1 .10 | .80 (72-.85) - .20 ((15-.28)

IQ12| ACE 2908.72 | 377 |5.01 |3 17 | .64 (40-.88) 21 (00-43) | .15 (11-22)
AE 2910.81 | 378 [2.09 |1 .15 | .85 (79-.89) - 15 (11-21)

295% confidence intervals; b A represents additive genetic influences, C represents shared environmental

influences, and E represents nonshared environmental influences.

The aim of this study is to explore to what extent psychometric IQ and scholastic
achievement, as assessed by the Dutch CITO-elementary test, are correlated and whether
this correlation is due to genetic influences, shared or nonshared environmental influences
common to CITO and intelligence or a combination of these influences. The unique
aspect of this study is that the IQ data were collected longitudinally at ages 5, 7, 10, and 12
and that scholastic achievement is assessed at age 12. So we have the possibility to
determine whether intelligence measured at age 5, 7, 10 and 12 may be used as a predictor
of scholastic achievement at age 12. Since, scholastic achievement and IQ) are also assessed
at the same age a reliable measure of the association, without confounding effects related
to age, can be obtained. Further, the variance found in the results of CITO will be
disentangled into variance due to genetic influences, variance due to shared environmental
influences (environmental influences shared by two members of a twin pair), and variance
due to unique environmental influences (environmental influences unique to an
individual). If shared environmental influences (C) determine the association, then we
expects that 1Q5-CITO will show the highest correlation, because C is of significant
influence on IQ at age 5. If genetic factors (A) determine the association, then we expect
the highest correlation between 1Q12 and CITO, because genetic factors are the main

source of individual differences of 1Q) at age 12.
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Information on the strength of genetic and environmental influences on the results of
the CITO and information on an association between CITO and intelligence at several
ages is a valuable contribution to a discussion on the reliability of the CITO and use of
this national test of educational achievement as a predictor of future scholastic success and
the quality level of a certain elementary school in comparison to other elementary schools

in the country.

METHODS

Participants

In 2000, the Netherlands Twin Register (NTR; Boomsma e/ 4/, 1992; Boomsma, 1998;
Boomsma ez al, 2002) started collecting the results of a national test of educational
achievement (CITO) from all registered 12-year old twins. 85% of all Dutch schools yearly
administer this test in the final class of elementary school. The main purpose of this test is
to select for different levels of high school education. A standardized CITO score was
collected for 1495 children, who took the CITO in 1998, 1999, 2000 or 2001.

Zygosity of this large CITO-sample was determined by DNA or blood group
polymorphisms for 306 same-sex twin pairs. For the remaining same sex twin pairs
zygosity was determined by discriminant analysis of questionnaire items. The
questionnaire items allow accurate determination of zygosity of nearly 95%. The
employment of the discriminant analysis and the use of zygosity questions are described in
more detail in Rietveld ez 2/ (2000b). In this sample of 1495 children there were 170
monozygotic female twin pairs (MZF), 113 dizygotic female twin pairs (DZF), 127
monozygotic male twin pairs (MZM), 113 dizygotic male twin pairs (DZM), and 168
dizygotic pairs of opposite sex twin pairs (DOS). There were 9 MZM incomplete twin
pairs, 25 DZM incomplete twin pairs, 7 MZF incomplete twin pairs, 17 DZF incomplete
twin pairs and 54 DOS incomplete twin pairs. For one child zygosity was missing.

A subsample of this NTR sample took part in a longitudinal study of the development
of intelligence and problem behavior. This longitudinal study started in 1992 with
recruitment of 209 twin pairs. The initial sample of 209 twin pairs was selected on the
basis of age and zygosity of the twins, and their city of residence. Details on the
demographic characteristics of the sample and information on parental occupation can be
found in Rietveld ¢ al, (2000). Zygosity of the same-sex twins in this longitudinal sample
was established by either blood group polymorphisms (137 pairs) or DNA analyses (24
pairs), and in a few pairs by physical resemblance assessed by the test-administrator (9
pairs). There were 47 monozygotic female (MZF), 37 dizygotic female (DZF), 42
monozygotic male (MZM), 44 dizygotic male (DZM), and 39 dizygotic pairs of opposite
sex (DOS).
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In this subsample IQ tests were administered at ages 5,7,10, and 12. Mean age at the
first measurement occasion was 5.3 years (80% ranging from 5 years and 1 month to 5
years and 6 months). At the second measurement occasion mean age was 6.8 years (80%
ranging from 6 years and 6 months to 7 years and 1 month). Mean age at the third
measurement occasion was 10 years (80% ranging from 9 years and 11 months to 10 years
and 1 month). Mean age at the fourth measurement occasion was 12 years (80% ranging
from 11 years and 11 months to 12 years and 1 month).

The intelligence test was administered to all 209 twin pairs at age 5. At the second
measurement occasion (age 7) 192 pairs of the original sample provided complete data on
all subtests. The number of participating twin pairs increased to 197 when the children
were tested around their 10th birthday. At the fourth measurement occasion (age 12) 192
twin pairs participated. A small group of four families refused consistently to participate
after the first measurement occasion. Five families dropped out at both ages 10 and 12.
The remaining nonparticipants refused participation at one measurement occasion. At age
5 and 12, one incomplete twin pair can be found in the data because of difficulties during
testing (age 5) and refusal to participate (age 12). Due to serious loss of hearing one twin
pair was assigned missing values at all four ages for 1Q. This left a sample of 176 twin
pairs with complete 1Q data at all four ages. No significant difference in initial IQ (at age
5) was found for twins who dropped out on one or more occasions (I3 415 =2.25, p=.082).
For at least 190 of the 209 twin pairs results for CITO at age 12 and Full-Scale 1Q at age

5,0t 7, or 10 or 12 are available.

Procednre

The Dutch CITO-elementary test

Educational achievement was assessed by the Dutch CITO-elementary test (Eindtoets
Basisonderwijs 2002, Arnhem: Citogroep, 2002). The CITO consists of 240 multiple-
choice items assessing four different intellectual skills: Language, Mathematics,
Information Processing, and World Orientation. Each performance scale contains 60
multiple-choice questions. In 2001 the test slightly changed with respect to the distribution
of the questions resulting in 60 questions for Mathematics and World Orientation, 90
questions for Language and 30 questions for Information Processing. Together the
performance scales result in a standardized score between 501 and 550. The test is
administered on three consecutive days in January or February when the children are in
the final class of elementary school. In the present study the CITO data were collected by
mail from the teacher, after informed consent from the parents or by mail from the
parents as a question in a questionnaire on the child’s behavior at age 12. In all analyses

concerning the CITO score the mean is fixed to the population mean (534.5) in order to
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control for volunteer bias, which in this respect could be a result from voluntary
registration in the Netherlands Twin Register, voluntary sending in the results of the
CITO, or voluntary participating in the CITO test (Neale and Cardon, 1992; Neale and
Eaves, 1993). The population mean is based on a sample of 657869 children, who took
the CITO in the years 1997 till 2001. The mean of our sample (m=>537.88) is slightly, but
significantly higher than this population mean (tis04 = 15.099, p=.00).

The intelligence tests

At ages 5 and 7 years the twins participated in a study on the development of cognitive
abilities and brain-activity (Boomsma and Van Baal, 1998). At both measurement
occasions the twins and their family visited the laboratory at the university. While one of
the twins participated in the electro-physiological experiment, the co-twin participated in
an intelligence test. At age 10 and 12 years a different procedure was followed. The twins
and their parents could choose whether they preferred to come to the university or
whether they preferred to be visited at home to participate in the intelligence test. The
majority of the families (around 70% at both ages) preferred testing at home. No
significant difference in IQ was observed between children tested at home or at the
university (age 12 oldest of the twin: Fz1900=.654, p=.521; youngest of the twins:
F2101=.32-12, p=.733). The intelligence test was assessed by an experienced test-
administrator. All children received a present afterwards.

At age 5,7, and 10 the children were tested with the Revised Amsterdamse Kinder
Intelligentie Test (RAKIT) (Bleichrodt ef a/, 1984). Six subtests, with age-appropriate
items, were employed to assess cognitive functioning. The raw scores were standardized.
For further details on this well-known Dutch intelligence test see Rietveld ez a/ (2000). At
age 12 the twins completed the full version of the WISC-R. (Dutch version; Van Haasen ez
al., 1986). The WISC-R consists of 12 subtests, 6 mainly verbal and 6 mainly non-verbal.
The subtest scores are standardized, based on results of same-aged children in the
Netherlands and the same standardization is used for boys and girls. Addition of the
twelve standardized subtest scores results in Full-Scale 1Q (IQ). The concurrent validity of
the RAKIT and the WISC-R is .86 (Pijl ¢ al, 1984).

Descriptive Statistics

Descriptive statistics for full-scale 1Q at age 5,7,10 and 12 (I1Q5, 1Q7, 1Q10, and 1Q12),
and the standardized CITO scores wete calculated using SPSS/windows 10. Diffetences in
means and variances of 1Q and CITO for boys and girls and monozygotic and dizygotic
twins were tested with ANOVA. Twin correlations for the five zygosity groups (MZM,
DZM, MZF, DZF, DOS) have been calculated to get a first impression of the genetic and
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environmental influences on the variance in CITO scores. Pearson correlations were used
to test the association (phenotypic correlation) between 1Q at the four ages and CITO at
age 12. MZ and DZ cross-correlations are calculated to get an impression of influences of

genes and environment on the covariance between 1Q and CITO.

Genetic Modeling

Genetic model fitting of twin data allows for separation of the observed phenotypic
variance into its genetic and environmental components. Additive genetic variance (A) is
the variance that results from the additive effects of alleles at each contributing genetic
locus. Shared environmental variance (C) is the variance that results from environmental
events common to both members of a twin pair. Unique environmental variance (E) is the
variance that results from environmental effects that are not shared by members of a twin
pair. Estimates of the unique environmental effects also include measurement error. To
account for this source of variance, E is always specified in the model.

The different degree of genetic relatedness between monozygotic (MZ) and dizygotic
(DZ) twin pairs was used to estimate the contribution of these factors to the phenotypic
variation in 1Q) at the four ages and in CITO scores. Similarities for MZ twins are assumed
to be due to additive genetic influences plus environmental influences that are shared by
both members of a twin pair. Experiences that make MZ twins different from one another
are unique environmental influences. Because DZ twins share 50% of their genetic
material on average, like other siblings, genetic factors contribute only half to their
resemblance. As for MZ twins the shared environment contributes fully. Model fitting to
twin data is based on the comparison of the variance-covariance matrices in MZ and DZ
twins. Exploiting the known difference in genetic contribution to intra-pair resemblance
of MZ and DZ twin pairs, influences of additive genetic, shared environmental and unique
environmental factors are estimated using the computer program Mx (Neale ¢z a/., 1999).

Univariate model fitting was carried out to estimate the genetic and environmental
components in CITO scores. Per time point (CITO-1Q5, CITO-1Q7, CITO-IQ10 and
CITO-1Q12) a bivariate model (Cholesky decomposition) was used to estimate genetic
and environmental influences (Figure 8.1). Rather than decomposing the variance of 1Q
and CITO into genetic and environmental sources of variance, bivariate genetic analysis
decomposes the variance of each measured variable and the covariance between the

measured variables into genetic and environmental sources.
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Figure 8.1.
e Bivariate Cholesky Decomposition

To make optimal use of all available data, the analyses were performed on raw data.
Submodels were compared by hierarchic 2 tests. The ¥? statistic is computed by
subtracting —2LL for a reduced model from that for the full model. This resulted in a ¥?
statistic (> = 2LLo — (-2LL1)). We compared alternative models by means of the principle
of parsimony. We began the bivariate model fitting with a full model with additive genetic,
shared environmental and unique environmental influences (ACE model), including sex-
differences in mean and a free estimate of the degree of genetic relatedness in twins of
opposite sex (model 1). First, we tested whether different genes influence 1Q and CITO in
boys and girls (model 2). It was also tested whether the influences of the genes are of
different magnitudes in boys and gitls (model 3). Further we tested whether the influences
of unique environment were specific for CITO and IQ (model 4). After these model
reductions it was tested whether the covariance between 1Q and CITO is based on a

common genetic background, a common source of shared environmental influences or
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both. Estimates of genetic, shared environmental and unique environmental influences on
CITO and the covariance between IQ (four ages) and CITO have been estimated based
on the best fitting model.

RESULTS

Descriptive statistics for 1Q at the four ages and CITO at age 12 are presented in Table
8.2. No differences in means are found for boys and gitls or monozygotic and dizygotic
twins for IQ and CITO. Significant differences in variances between boys and gitls are
only found for IQ at age 10(F1,300=4.326, p=.038). No differences in variances are found

for monozygotic and dizygotic twins.

Table 8.2.
Descriptive statistics for Full-Scale IQ at different ages and CITO
N Min |Max |Mean |SD Skewness Kurtosis
s.e. s.e.
1Q5 31210 64 139 102.32 13.19 -.164 168 281 334
9 205 70 142 103.20 13.19 .047 170 142 .338
1Q7 31194 |65 139 102.98 14.63 -.079 175 .001 347
9 188 62 145 102.80 14.75 -176 177 .076 .353
1Q10 31195 69 145 107.75 14.40 -.009 175 .040 .346
9 197 63 145 106.17 16.59 -.067 173 -361 ].345
1Q12 31185 66 138 101.03 13.00 123 179 216 .355
? 119 61 127 99.08 13.32 -171 174 -018 | .346
CITO12 6\ 702 510 550 538.13 8.61 -.865 .092 317 184
9 793 506 550 537.66 8.70 -.730 .087 073 173

Phenotypic correlations between 1Q and CITO are presented in Table 8.4 (upper part).
All correlations are significant at the = .01 level, indicating medium to strong associations
between 1Q at several ages and CITO. The expected rise in correlation from 1Q5 and
CITO to 1Q12 and CITO is observable in the final column of the table. This rise is not
surprising because of the fact that the CITO is taken at age 12 and is in that sense most
comparable to 1Q12. Twin correlations for the five zygosity groups for CITO and the
univariate model fitting results are presented in Table 8.3.

Fifty-seven percent of the individual differences in CITO can be explained by additive

genetic influences. Shared environmental influences explain 27% and nonshared
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environmental influences explain 16% of the total variance respectively. Univariate model
fitting showed no presence of sex-differences in heritability for CITO.

Twin cross correlations for monozygotic (MZ) and dizygotic (DZ) twins were
calculated separately to explore the genetic and environmental influences on the observed
association between CITO and IQ. As can be seen in Table 8.4 (lower part), the MZ cross
correlations over time (above the diagonal) are higher than the DZ cross correlations over
time (below the diagonal), suggesting that the observed significant association between
CITO and IQ at four ages is at least partly due to genetic factors. The MZ correlations,
though, are not twice as high as the DZ correlation which indicates influences of shared
environment as well. Further, when the correlations of the adjoining age-intervals are
compared (CITO-1Q5; CITO-1Q7; CITO-1Q10; CITO-1Q12) the increased difference
between MZ and DZ correlations, from age 5 to age 10, suggests an increase in the

genetic contribution to the association in this age interval.

Table 8.3.
Twin correlations and Univariate model fitting results for CITO at age 12.

MZF> DZF MZM DZM DOS
CITO .85 (80-.89) A7 (30-.61) .83 (.77-.88) .56 (42-.67) .55 (44-.65)
Model -2LL df |Ay2 |Adf |p |Ad C E
ACE+sd© | 10410.65 | 1491
ACE 10411.11 | 1494 | .46 3 93 | .57 (44-71) 27 (13-39) 16 (.13-19)
AE 10424.19 | 1495 | 13.8 1 .00
CE 10494.41 | 1495 | 83.3 1 .00

a MZF= monozygotic female, DZF= dizygotic female, MZM= monozygotic male, DZM=dizygotic
males, DOS= dizygotic opposite sex; P 95% confidence intervals; ¢ model with sex-differences in the
strength of the additive genetic, shared environmental and nonshared environmental influences; 4 A
represents additive genetic influences, C represents shared environmental influences, and E represents

nonshared environmental influences.

Model fitting results of the bivariate Cholesky Decomposition for CITO with 1Q at
the four ages are presented in Table 8.5. As expected from the univariate model-fitting
procedure, no sex-differences are found (models 2 and 3). Further, the estimated genetic
and shared environmental correlations indicate overlapping influences for genetic and
shared environmental effects on CITO and 1Q. For CITO-1Q5, CITO-1Q7, and CITO-
1Q10 the unique environmental influences could be reduced to the variable specific

influence only (model 4). For CITO-IQ12, however, some overlap in nonshared
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environmental influences is observed. For CITO-1Q5 and CITO-IQ7 no difference was
observed between a model with a common factor for additive genetic influences or a
model with a common factor for shared environmental influences. Both models did not
significantly worsen the fit. However, model reduction to a common factor for both
additive genetic and shared environmental influences did change the ¥? significantly. For
CITO-1Q10 both the additive genetic and the shared environmental influences could be
reduced to a common factor influencing CITO and 1Q10. For CITO-1Q12, the full
model could be reduced to a model with a common factor for shared environmental

influences.

Table 8.4.
Phenotypic cross correlations for 1Q at four ages and CITO, calenlated for the complete dataset (upper part
table) and MZ (above diagonal) and DZ (below diagonal) cross correlations (lower part table).

Total Sample |IQ5 1Q7 1Q10 1Q12 CITO
1Q5 1.00 65 (59-70) | .65(59-70) | .64 (57-69) | .41(31-50)
1Q7 1.00 72(67-77) | .69 (63-74) | .50 (40-58)
1Q10 1.00 78 (74-82) | .60 (52-66)
1Q12 1.00 63 (55-69)
CITO 1.00
DZ\MZ IQ5bb IQ7b IQ10b IQ12 CITOb
1Q5a2 - 66 (54-75) | .67 (56-76) | .68 (57-77) |35 (12-53)
I1Q7a 42(30-54) |- T71(60-79) | .68 (57-77) | .47 (27-62)
1Q10a 42(30-54) | .39(26-52) |- 79 (71-85) | .55 (36-68)
IQ12a 42(29-54) | 42(29-50) | .45(32-57) |- 52 (32-65)
CITOa 37(23-48) | .37 (24-48) | 37(24-48) |50 (39-59)

a2 is the oldest of the same sex twin pair and the boy in twin pairs of opposite sex; P b is the youngest of

the same sex twin pair and the girl in twin pairs of opposite sex

The percentage of variances explained by additive genetic, shared environmental and
unique environmental influences based on the full model (ACE without sex-differences)
are presented in Table 8.6. From age 5 to age 10, the expected increase in heritability of

IQ can be seen. This increase was previously found in these data (Bartels ez al, 2002).
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TABLE 8.5.
Bivariate model-fitting results for CITO-10
MODEL -2LL df x> df |ct.m.2|p
Model 1. ACE, 13540.560 | 1883
Heree, sex differences
Model 2. ACE 13540.576 | 1884 |[.016 1 1 .90
sex differences
CITO-IQ>  Nfodel 3. ACE 13547738 | 1893 [7.162 |9 |2 )
no sex differences
Model 4. ACE 13548.158 | 1894 | .42 1 3 .52
E:variable-specific factors only
Model 1. ACE, 13412.527 | 1850
Hiree, sex differences
Model 2. ACE 13412.546 | 1851 |.019 1 1 .89
sex differences
CITO-IQT  Nfodel 3. ACE 13417961 | 1860 [5415 |9 |2 78
no sex differences
Model 4. ACE 13417.962 | 1861 |.001 1 3 .92
E:variable-specific factors only
Model 1. ACE, 13447.831 | 1860
Hiree, sex differences
Model 2. ACE 13447.837 | 1861 |[.006 1 1 .94
sex differences parameter estimates
CITO-IQ10 Model 3. ACE 13462.791 | 1870 | 14.954 |9 2 .09
no sex differences
Model 4. ACE 13462.798 | 1871 |.007 1 3 93
E:variable-specific factors only
Model 1. ACE, 13210.245 | 1849
Heree, sex differences
Model 2. ACE 1321.343 1850 | .01 1 1 .92
sex differences parameter estimates
CITO-IQI2 g5e1 3. ACE 13220468 | 1859 [10.125 [9 |2 34
no sex differences
Model 4. ACE 13225.776 | 1860 [5.308 |1 3 .00
E:variable-specific factors only

2 c.t.m. = compared to model

Further, additive genetic effects explain around 60% of the individual differences in

CITO. 24% of the variance in CITO can be explained by shared environmental influences,
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while unique environmental influences explain 16%. This pattern of influences is identical
to the results of the univariate analysis. Covariance between CITO and IQ at the four ages
could be mainly explained by additive genetic factor for CITO-IQ7 and CITO-IQ10
(Table 8.6). The covatiance between CITO-1Q5 and CITO-1Q12 was accounted for by
additive genetic factors as well as shared environmental factors. As for the most important
covariance, CITO-IQ12, it is indicated that the same shared environmental influences
influence both CITO and 1Q at that age. Some nonshared environmental influences on
the covariance between CITO and IQ 12 are observed. These influences suggest
idiosyncratic experience specific for age 12.

In summary, additive genetic as well as shared environmental effects are of significant
influence on the observed association between CITO and IQ at four ages. Heritabilities of
1Q rise from age 5 to age 10 and the heritability of CITO is around 60%.

DISCUSSION

Previous studies indicate that in addition to several environmental variables, intelligence
seems to be an explaining factor for the variance in scholastic achievement (Eaves and
Darch, 1990, Jensen, 1972). Behavior genetic studies also established that genetic effects
are the primary source of variance underlying the observed association between cognition
and achievement (Petrill ez a/, 1993; Wadsworth et al, 1995a, 1995b, Thompson e7 al.,
1991).

The primary aim of this study was to establish if an significant association exists
between cognitive abilities and a national test of educational achievement (CITO) in a
Dutch sample and to establish the background mechanism of this possible phenotypic
correlation. Further the predictive value of IQ for scholastic achievement was examined.
To this end multivariate behavior genetic analyses with CITO and IQ at age 5, 7, 10 and
12 were conducted. The results point to genetic effects as the main source of variance in
CITO score and an important source of covariance between CITO score and 1Q. Beside
genetic influences, shared environment shows significant influences on the variance of
CITO and IQ and the covariances at all ages. Further, based on correlation between 1Q5
and CITO and taking the results of the bivariate model fitting into account IQQ5 seems to
be an accurate indicator for CITO at age 12. However, the association is not strong
enough to completely predict outcomes of the CITO at age 12 from cognitive ability at
age 5. Despite the wealth of evidence for small but significant sex-differences in cognitive
abilities (for a review see Helgeson, 2002) no sex-differences for CITO or 1Q were found.
CITO scores were available for 702 boys and 793 gitls, resulting in means of 538.13 and
537.66 respectively.
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Table 8.6.
Percentage of variance and covariance explained by A, C en E, based on a Cholesky ecomposition without

sexc-differences, with 95% confidence intervals

Variance A2 C E

Model 4 CITO 57 (44-72) 27 (13-39) 16 (13-19)
1Q5 22 (01-46) 55 (32-72) 23 (17-32)

Model 4 CITO 56 (44-.70) 28 (.14-40) 16 (13-19)
1Q7 40 (11-73) 29 (00-.54) 31 (22-43)

Model 4 CITO 58 (45-72) 26 (.13-39) 16 (13-19)
1Q10 50 (.26-.79) 30 (02-52) 20 (.15-.28)

Model 3 CITO 55 (43-68) 29 (.16-40) 16 (13-19)
1Q12 51 (31-73) 33 (13-52) 15 (11-22)
Covariance A C E

Model 4 CITO-IQ5 40 (.00-.92) 60 (:08-1.00) -

Model 4 CITO-1Q7 75 (32-1.00) 25 (00-.68) -

Model 4 CITO-1IQ10 .83 (.53-1.00) 17 (00-47) -

Model 3 CITO-IQ12 | .41 (19-64) 51 (28-70) 09 (01-.16)

A correlation | C correlation E correlation

Model 4 CITO-IQ5 42 .58 -

Model 4 CITO-1Q7 74 42 -

Model 4 CITO-IQ10 .90 35 -

Model 3 CITO-1Q12 47 1.00 A7

* A represents additive genetic influences, C represents shared environmental

influences, and E represents nonshared environmental influences.

In comparing the estimates of genetic and environmental influences on IQ in the
univariate analyses to the estimates in the bivariate analyses (with CITO), differences are
observed. Based on the bivariate analyses, the estimates of additive genetic influences are
slightly lower and the estimates of the shared environmental influences are slightly higher.
This difference can be explained by the increase of power by multivariate instead of
univariate analyses. Multivariate analysis increases the power to detect shared
environmental influences, especially when the bivariate analyses are conducted with a trait
on which shared environmental influences are significant (e.g. CITO). The correlation for

shared environmental influences on CITO at age 12 and 1Q at age 12 is 1, which indicates
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that the same shared environmental factor influences CITO and IQ. This overlap in
shared environmental influences results in an increased power to detect these influences in
a bivariate analysis.

Remarkable is the drop in genetic influences on the covariance between CITO and 1Q
at age 12. An possible explanation can is suggested based on the results of the longitudinal
study previous conducted in this sample (Bartels ez @/, 2002). In this longitudinal study a
common genetic factor is found, which influences cognitive ability at all ages. So it can be
hypothesized that the genes that influences stability in 1Q also influence the covariance
between CITO and IQ at ages 5, 7, 10 and 12. The longitudinal study in cognitive abilities
shows that shared environmental influences are partly explained by a common factor and
partly by age specific factors. The covariance between CITO score and 1Q at age 12
however, can be based on several time specific influences. For instance age specific shared
environmental influences explain a large part of the covariance between CITO and IQ at
age 12. So the fact that CITO is measured at age 12 and analyzed in combination with 1Q
assessed at age 12, makes this bivariate analyses more sensitive than the bivariate analyses
for CITO and 1Q at previous ages.

Focusing on genetic influences as the overlapping factor for the association, the large
CITO database creates opportunities for future research on the genetics of cognition.
Administering an intelligence test is time consuming and in order to get more insight in
the genetic background of cognition large sample sizes are necessary. Especially since the
CITO is a nationwide standardized test, the use of the database and the possibilities to
recruit parents, siblings and normal controls for genetic studies would boost power to
finally find genes influencing cognitive abilities.

Focussing on shared environmental influences as the main overlapping factor for the
association between CITO and IQ, it is interesting to focus on the exact nature of these
environmental influences. In general, family environment (SES) is considered to be the
main factor of shared environmental influences. However, studies nowadays, also
emphasize aspects outside the family environment, like friends or being a member of a
sportsclub, which may also cause similarities between two children of a twin pair.
Obviously in measuring scholastic achievement and cognitive abilities and taking the
Dutch school system into account, one may also consider the school environment as an
important source of shared environmental influences. Information on ‘same or different’
teachers indicated that out of a large sample of 12-year-old twin pairs (n=1164) 63% of
twins are taught by the same teacher, whereas 37% go to separate classes. This ratio makes
teacher or classroom environment a shared environmental influence for the majority of
the children. Since, in the Dutch school system children move to a different teacher each

school year, this results in a lack of continuity in this particular aspect of shared
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environment. So, these shared but age-specific experiences within the classroom may be
represented by the age-specific factors as specified significant in a previous longitudinal
study (Bartels e# 4/, 2002). Further indication to consider the classroom and teacher as
shared environment is given by preliminary results on twin correlations for CITO in the
same large sample of 12- year- old-twin pairs. The twin correlation for CITO in twins
taught by the same teacher indicate higher influences of shared environment than the twin
correlations for CITO in twins taught by different teacher. It should be noted that because
only a minority of the twin go to separate classes the zygosity groups to calculate these
twin cortelation are still small. The collection of CITO data and data on ‘different or same’
teacher is a continuous process at the NTR, so more insight in this matter can be gained in
the future. The unique environment was found to explain only a small portion of the
variance of CITO It further seems to be of no influence on the association between CITO
and 1Q), except for the association between CITO and IQ12. The finding of the influence
of nonshared environmental influences on this covariance indicates that, besides
measurement error, pure idiosyncratic experience are of importance for individual
differences in cognitive abilities and CITO at age 12. Further, the finding of a significant
influences on the association between CITO and IQ at age 12 only, underlines the
transient nature of these idiosyncratic experiences. This transient nature of nonshared
environmental influences was previous found in a longitudinal study on the development
of intelligence (Bartels ez al., 2002)

Cognitive abilities seem to be an explaining factor for the variance in scholastic
achievement as measured with the CITO. The association between CITO and IQ is both
mediated by underlying genetic and shared environmental influences. Further it is clear
that genetic background accounts for almost 60% of the individual differences found in
CITO scores in a large sample of 12-year-olds. The large heritability indicates that the
CITO is a valuable instrument to measure capacities in cognition in children but may not
be the correct instrument to put the effect of education in a specific school to the test.

With the unique databases of CITO in mind, future studies could be very valuable. For
instance, influences of classroom and teacher as a source of shared environmental
influences could be sorted out by comparing twins attending the same class with twins
attending separate classes. Further, with the value put on the results of the CITO
nowadays, it is important to sort out the background of the individual differences in the
test results. Another valuable future study could focus on comparison of the
decomposition of the variance in CITO scores measured in different cohorts. Daily
newspapers mostly devote their articles to the reliability of the national test of educational
achievement. Questions are raised about the measurement procedure and the non-

standardized preparation of the children. There is no control on the amount of practice
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prior to the actual days of testing. Opponents of the CITO often use these arguments in
discussing the value of the test. The high correlation between MZ twins, which can be
regarded as an alternative measure of test-retest reliability suggests that reliability of the
CITO test is good to excellent.

In the USA it has been proven that supplementing teachers opinions with standardized
screening test results is needed to ensure accurate decision-making (Glascoe, 2001). The
teacher’s opinion may be biased by formal expectations (Demaray and Elliot, 1998),
knowledge of the child’s SES (Lichtenstein, 1984), or risk factors for difficulties such as
language spoken at home (Glascoe, 2001). These previous studies emphasize the
importance of independent testing in order to advice parents on future educational level
of their children. The current study on CITO and IQ at four ages may give rise to a
valuable discussion on the reliability and appropriateness of the CITO as a measure for
the quality level of a certain elementary school in comparison to other elementary schools

in the country.

Limitations of the study
It is know that academic achievement or educational attainment is a phenotype on which
nonrandom mating occurs. Besides the so-called passive elements of mate selection (e.g.
type and length of education, social class, area of residence), active personal preferences
for physical and psychological attributes, including 1Q, may play a role in mate selection.
This will induce positive assortative mating. Assortative mating is important for genetic
research for two reasons. First, assortative mating increases genetic variance in a
population. In other words, positive assortative mating increases variance in that the
offspring differ more from the average than they would if mating were random. Even if
spouse correlations are modest, assortative mating can greatly increase genetic variability
in a population, because its effects accumulate generation after generation. Assortative
mating is also important because it affects estimates of heritability. Positive assortative
mating increases the resemblance between dizygotic twins because it renders the parents
of these twins more similar compared to the situation where assortative mating is absent.
Identical or monozygotic twins, however, are already at the point of maximum genetic
resemblance, and are thus unaffected by positive assortative mating (Plomin e /., 2000).
Based on the comparison of MZ correlations and DZ correlations, an increased DZ
correlation will result in decreased estimates of heritability, when estimating C. It is
possible that in our study the estimate of shared environmental influences is inflated by
assortative mating.

Strong assortment effects have been shown for cognitive abilities (Mascie-Taylor,

1989; Nagoshi ef al, 1987; Philips et a/,1988; Tambs ez al, 1989). The extension of the
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classical twin design to include parental measurements can be used to disentangle sources
of variation that are confounded in the classical twin design and explicitly assess the roles
of mate selection in the determination of scholastic achievement (Eaves ez a/, 1989). In
future research, information on CITO scores for the parents of the twins should be
collected from the unique database of CITO to sort out the presence and strength of

assortative mating in these traits.
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ABSTRACT

Cortisol has a pivotal role in physical and mental health, but relatively few studies have paid attention to
individual differences in cortisol levels and the etiology of these differences, in particular their possible
genetic basis. In this article we review the existing literature on the heritability of cortisol levels. Most of
the studies, which have been carried out in genetically informative samples, lack methodological consistency
with regard to frequency and timing of sample collection. The circadian rhythm in cortisol levels was often
not taken into account. A power analysis shows that none of these studies nsed adequate sample sizes to
distinguish genetic from shared environmental influences as a cause for familial aggregation. Results of a
simultaneous analysis of 5 comparable twin studies suggest a beritability of 62%. Hence, we conclude
that, to understand the contribution of genetic and (shared) environmental influences to variation in basal
cortisol levels, future studies should be designed more rigorously with strict collection and sampling

protocols, sufficient sample size and repeated measures across multiple days.
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INTRODUCTION

Cortisol is a steroid hormone secreted by the outer cortex of the adrenal gland. Its
secretion is stimulated by ACTH (adrenocorticotrophic hormone), produced in the
pituitary in response to corticotropin-releasing hormone (CRH), a product from the
neurons in the paraventricular nucleus of the hypothalamus. In the characteristic diurnal
thythm of plasma cortisol level typically 10-15 well-defined pulses of variable amplitude
are observed, with a morning maximum, declining levels throughout the daytime, a period
of low concentrations generally centered around midnight, and an abrupt rise after the
first few hours of sleep (Weitzman, 1971). This diurnal cycle is tied to the sleep-wake cycle
and to the light-dark cycle (Spith-Schwalbe ez a/, 1993). Although both mechanisms are
involved in the regulation of the HPA axis, the light-dark cycle is still the primary
synchronizer of a basically endogenous rhythm originating in the suprachiasmatic nucleus
of the hypothalamus (Fischman e 4/, 1988; Van Cauter ¢z al, 1990; Boivin et al., 1996;
Scheer and Buijs, 1999). The circadian rhythm is reversed in nocturnal species and
disrupted by sleep deprivation, and changes in the sleep pattern (e.g. shift work and long
distance travel). Further, plasma cortisol release is tightly regulated through negative
feedback at the pituitary, hypothalamus and hippocampus (Kovacs e a/., 1987; Jacobson
and Sapolsky, 1991). Strength of this feedback signal strongly varies with time of day
(Dorin et al, 1996; Huizinga et al, 1998; Young et al, 1998), contributing to the
characteristic diurnal rhythm in plasma cortisol levels. After its release, the major
proportion of cortisol binds to the plasma proteins corticosteroid binding globulin (CBG
or transcortin) and albumin, which prevents the hormone from penectrating the
membranes of their target cells. Only, about 3-5% of the total cortisol is the unbound,
biologically active fraction.

Large individual differences exist in basal cortisol levels at all points of the circadian
cortisol curve (Smyth e al, 1997). These individual differences in cortisol levels play a
prominent role as an explanatory variable in studies on physical (Walker, 1996; Mantero
and Boscaro, 1992; Pedersen and Hoffman-Goetz, 2000; Roy ef @/, 2001; Rosmond and
Bjorntorp, 2000c; ) and mental health (Young e al, 2000; Posener ¢f al., 2000; Goodyer e7
al., 2000). There are many sources of individual differences in cortisol levels, including
negative feedback regulation through the corticoid receptors. In this regulation two
receptor types can be distinguished: the mineralocorticoid (MR, or type-1) receptor and
the glucocorticoid (GR, or type-1I) receptor (Veldhuis ef a/, 1982; Reul and De Kloet,
1985). Because of its much higher affinity to cortisol, MRs are predominantly occupied
under (nonstress) basal levels whereas during stress, when cortisol levels are much higher,
GRs become increasingly occupied (Young et al, 1998). Individual differences in the

number, affinity and efficiency of signaling cascades of these receptors will directly affect
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cortisol levels and biological activity. Further, individual differences may arise from the
secretion of ACTH in response to CRH or the secretion of cortisol by the adrenal cortex
in response to ACTH (Dorin e al, 1996; Posener e al, 1997, Beuschlein ez al., 2001).
Finally, basal cortisol levels are responsive to individual differences in the capacity of 11§3-
Hydroxy steroid dehydrogenase (113-HSD), that causes the conversion of the biologically
active cortisol to its inactive metabolite cortisone.

Ultimately, individual differences in all these mechanisms arise from two main factors:
genetic and environmental influences. As for the latter, evidence suggests that ecarly
adverse experiences, like childhood abuse or parental separation, play a prominent role in
development of mood and anxiety disorders and that corticotrophin-releasing hormone
(CRH) systems may mediate this association (Mullen ez @/, 1996; Heim ez al, 2000).
Further evidence for this association has been assembled in animal models, where prenatal
and early developmental stress, often related to parental rearing, have been shown to cause
long-lasting or even permanent alteration of the HPA axis (Plotsky and Meaney, 1993;
Levine, 1994). Not only early experiences, but also experiences later in life can influence
HPA axis activity. For example, trauma survivors with posttraumatic stress disorder such
as Vietnam veterans, holocaust survivors or victims of abuse are characterized by
decreased urinary cortisol level as compared to healthy controls (see, among others,
Yehuda et al, 1991; 1995, 2000). Accordingly, environmental challenges are important in
the development of HPA axis disregulation and stress-related diseases. Still, this does not
answer the question why similar stressors affect some individuals strongly, while others
remain relatively untouched. These remaining individual differences point in the direction
of genetic influences on variation in cortisol levels.

A powerful tool to unravel the genetic architecture of individual differences is to study
genetically related individuals. Family studies might give a first impression of familial
aggregation, but they can not distinguish between genetic and shared environmental
effects. Similarities between family members may be created either by genetic relatedness
or by sharing the same family environment, the so-called shared environment (C). A
method that solves this problem, is the classical twin design. Monozygotic (MZ) twins
derive from a single zygote and therefore two individuals of a MZ twin pair are genetically
identical. Dizygotic (DZ) twins develop from two distinct zygotes and share on average
50% of their genes, like 'ordinary' brothers and sisters. Hence, the only possible way to
explain the variation in cortisol levels between two members of a MZ twin pair are
environmental effects that are not shated by those two: the so-called nonshared
environmental influences (E). Conversely, the variation in cortisol levels between two
members of a DZ twin pair could result from different genes and/or nonshared

environmental influences. Accordingly, the difference in relatedness between MZ and DZ
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twin pairs (mostly expressed as correlation coefficients: mz and #Dz) gives information
about the strength of the genetic and environmental influences on the trait under
investigation (Martin ez al, 1997). It further allows the separation of environmental
influences into those of the environment shared by members of a family and those
unique for each individual.

Twin and family studies constitute a powerful instrument, but surprisingly few
attempts have been made to estimate the impact of genetic and environmental factors on
the regulation of cortisol levels. The first and main purpose of this article was to review
the existing studies, listed in table I, to obtain insight in the genetic and environmental
influences on cortisol levels. Using PubMed and the search terms #win, cortisol, corticosteroid,
beritability and family, 29 studies emerged. However, the studies by Norman ez a/. (1982;
1983a; 1983b; 1984) and Lopez Bernal ez a/ (1980) are based on neonates or twin
pregnancies, which is beyond the scope of this paper. Further, several case studies
(Mendlewicz et al., 1984; Milford et al., 1994; Li et al., 1997; Pinheiro ef al., 1999) have been
omitted, since no reliable heritability can be estimated based on one case. Likewise seven
studies (Nurnberger e/ al, 1983; Linkowski es al, 1985; Schuckit e# al, 1991; Karl and
Schulte, 1994; Smyth ef al, 1997, Walker et al, 1998; Yehuda ef al, 2000) have been
excluded because these are based on unrelated subjects or are family studies without any
information on parent-offspring correlations, which gives no opportunity to estimate
genetic parameters. A study by Schwartz ez a/ (1972) has been excluded because it is based
on an ocular response to dexamethasone eye-drops. Finally, one study was published in
Polish (Raczynska e7 al., 1978).

What immediately catches the eye in Table 9.1 is the huge variation in heritability
estimates (0.0% to 84%, with a median of 52%). To explain this discrepancy, a secondary
purpose of this paper was to scrutinize the methodological aspects of existing studies to
select studies with comparable methodology for a simultaneous (or meta-) analysis of the
MZ and DZ correlations reported in these studies. Three fundamental issues were
addressed: how the samples were collected, when they were collected, and how they were

analyzed in the laboratory.

Collection methods
Table 9.1 shows that different methods of collection —blood, saliva, urine - have been
used over the years. In general, saliva collection is the most practical and stress-free

method of cortisol collection in a large group of subjects (both adults and children). The
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reason why blood and urine sampling have been used more often, is probably historical as
the development of the ‘Salivette” has taken place fairly recently and the knowledge about
the use of saliva as a representative biological fluid has increased over the past years.
Salivette samples are obtained by placing a small cotton swab into the mouth for two
minutes after which it is stored in a closed plastic container. Because total serum cortisol
may be altered by fluctuations in binding proteins, free serum cortisol is a better
indication of adrenal activity. Salivary cortisol measurements always reflect the biological
active free form. Salivary free cortisol is approximately 70% of that of serum free cortisol
because of conversion of cortisol to cortisone in the salivary glands. However, there is a
strong relationship between cortisol levels extracted from saliva and from blood (Riad-
Fahmy ez al, 1982; Kirschbaum and Hellhammer 1994; Aardal and Holm 1995). In urine
cortisol exists only in free form; secretion is dependent on serum levels, but also on renal
glomular and tubular function. Both blood and saliva can provide information on the
diurnal thythm, while urine measures represent the cortisol production over a period of
time. The latter is less informative, but, because it is a summary index, may show better
reliability than blood samples. A possibility to get informative urine samples, taking the
diurnal cycle into account, is by collecting at different times of the day instead of the
commonly used 24-hour pooling method.

All three methods have their pro’s and cons and it depends on the aim of the studies
which method is more appropriate (Riad-Fahmy et al; 1982; Kirschbaum and
Hellhammer, 1989; Trainer e a/, 1993; Aardal and Holm 1995; Kirschbaum and
Hellhammer 1994). Likewise, there is no theoretically optimal measure suitable for twin
studies, because there too it depends on what exact cortisol phenotype is of interest. In
the existing studies, significant genetic influences on baseline as well as stimulated cortisol
levels have been found in saliva (Kirschbaum ez @/, 1992; Young ez al., 2000; Wiist ef al.,
20005), blood (Maxwell ef al., 1969; Meikle e# al., 1988; Linkowski ez al. 1993; Inglis ez al.,
1999) and urine (Inglis e a/, 1999). The difference in collection method may explain part
of the difference in heritability estimates, but cannot explain all of it. For example, both
the study by Froelich e a/. (2000) and Inglis ¢f a/. (1999) used plasma samples, collected in
the morning, and analyzed by making use of a RIA. The two studies, nonetheless, find
severely discrepant results with Froelich e /. showing no sign of heritability and Inglis ez
al. reporting a heritability estimate of 46%.

Methods of analysis

Levels of cortisol in plasma, urine and saliva can be estimated by commercial
radioimmunoassay (RIA), high performance liquid chromatography (HPLC), and enzyme-
linked immunosorbent assay (ELISA). All three methods of analysis have their pro’s and
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cons and it again depends on the aim of the studies which method is more appropriate
(Liddle, 1960; Kuhn, 1989; Okumura et al, 1995). The commercial availability of sensitive
and specific antisera for cortisol has made RIA the method of choice in most laboratories.
However, the advantage of using an ELISA is that it does not require the use of any
radioactive reagent, and therefore it is safer and more economical than standard RIAs.
The disadvantage is that the sensitivity of an ELISA does not quite approach that available
with standard RIA. HPLC might be more specific and accurate, but they are also
considerably more time consuming, and require much more complicated instrumentation.
There is again no theoretical advantage of any method in twin studies.

However, what is important is the handling of batch effects. Perhaps counter-
intuitively, a random distribution of the samples of family members over different batches
is required to avoid confusing the genetic experiment. Like any family study, the classical
twin design can provide evidence of familial aggregation of cortisol levels. In addition, the
twin study exploits the difference in genetic similarity between two members of an MZ
and of a DZ twin pair to differentiate between the two factors of familial aggregation:
genetic influences and shared environmental influences. However, a third factor accounts
for the observed wvariance in cortisol, the so-called nonshared environmental influences.
These are influences unique to an individual, and include unpredictable measurement error
due to the distance of the sample to the last CRF pulse but also predictable measurement
error due to batch effects. If the within-family batch effects ate removed, but between
family batch effects are left to exist (because not all families can be run in a single batch),
the extent of familial aggregation will be overestimated in MZ as well as DZ twin pairs.
This overestimation will show up as influences of shared environmental factors. Random
distribution over batches will force the batch effect to show up as a nonshared
environmental effect, which is appropriate.

None of the studies reviewed in Table 9.1 mentioned a random distribution over
different batches. Hence, it is possible that samples of two members of a twin pair are
analyzed in the same batch as a result of sample collection on the same day. Random
distribution of the samples is the procedure to avoid correlated measurement errors,

which are difficult to detect but could certainly influence the results.

Timing of sampling

The secretion of cortisol is a prominent part of the endocrine response to stress. Because
of the complexity of the HPA-axis mechanism and the discrepancy in physiological
background of basal cortisol levels in comparison to cortisol release in response to a
stressor (psychological stress, chemical substance, exercise), we will focus on basal

cortisol levels solely. Six of the 11 studies (Nurnberger ez al., 1982; Kirschbaum, 1992;
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Pritchard ez al, 1998; Froehlich e al., 2000; Inglis ez al., 1999; Pritchard e al., 1999) focus
on the cortisol response to a certain stimulus, but also took basal samples to determine
baseline cortisol levels before application of the stressor. Unfortunately, because their
basal sample only acted as baseline for computation of the reactivity levels, most
completely ignored the timing of the basal sample in the circadian rhythm. Four out of
these 6 studies did not find evidence for genetic influences on the basal levels. Only Inglis
et al. (1999) and Kirschbaum ez al. (1992), report significant genetic influences on basal
cortisol.

Five of the 11 studies (Maxwell ¢z a/, 1969; Meikle e al., 1988; Linkowski ez al, 1993;
Young et al., 2000; Wiist e/ al., 2000), listed in Table 9.1, focus specifically on basal cortisol
levels. These studies show an unfortunately large variation in frequency and the timing of
the sampling across the measurement day. Some studies sampled twice or more a day, at
fixed hours and over a longer period, whereas others sampled only once a day and not
even at fixed times. Cleatly, based on the knowledge of the circadian rhythm, the frequent
sampling at fixed times is favored and except for those studies that used urinary sampling
to measure 24 hour cortisol profiles, the other approaches introduce large between-
subject variance due to time of sampling. 24-hour averages have the disadvantage,
however, that they assume the cortisol level at all time points of the day to be influenced
by the same genetic or environmental influences. This assumption need not hold, in the
view of the complexity of the HPA system. It is entirely possible that different genes
influence cortisol at different times of day.

In summary, the differences in the estimates for genetic influences could in part be due
to collection methods, handling of batch effects, different time schedules for sample
collection and different focus of studies (basal or reactivity). Apart from these differences
in methodology, however, a major problem in most studies is the small sample size. The
statistical power of quantitative genetic studies is influenced by the size of the effect (e.g.
heritability), the sample size, the probability level (x) chosen, and the homogeneity of the
sample (see among others, Neale and Cardon, 1992). Table 9.1 cleatly shows that the
number of twin pairs used in the different studies is rather low. This may be sufficient to
demonstrate familial effects, but the statistical power to distinguish between genetic or
shared environmental influences (environmental influences shared by different members
of a twin pair or family) as the primary cause of familial aggregation may still be

insufficient.

A SIMULTANEOUS ANALYSIS
To deal with this problem of small sample sizes, we performed a simultaneous analysis on

those five studies that used more or less comparable methodology to measure basal
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cortisol levels and which provided description of the sample size and MZ and DZ

correlations. The studies used in the simultaneous analysis are described in Table 9.2.

Table 9.2.
Descriptives of the studies used in the simnltaneons analysis
Study Sample Sample Size MZ and DZ
Correlations
1. Wist e# al., 2000 saliva 52 MZ tMZ.: .58
52DZ tDZ: .38
2. Froehlich e al., 2000 plasma 51 MZ tMZ: .57
37DZ tDZ: .49
3. Inglis et al., 1999 plasma 75 MZ tMZ.: .50
71 DZ tDZ: .27
4. Linkowski et al., 1993 plasma 11 MZ tMZ: .59
10 DZ tDZ: .60
5. Meikle ¢# al., 1988 plasma 20 MZ tMZ: .50
20 DZ tDZ: .24

What is immediately evident is that the MZ correlations of all studies are
approximately .55, whereas the DZ correlations vary from .24 to .60. Based on the stable
MZ correlation it was expected that basal cortisol levels are influenced by genetic factors
with a maximum heritability of 60%. In absence of shared environmental influences the
MZ correlation is equal to the heritability. However, MZ correlation alone cannot
distinguish between genetic or shared environmental influences as the primary cause of
familial aggregation. Making use of the difference in MZ and DZ correlation, a
simultaneous analysis was used to disentangle these sources. Structural equation modeling
(Mx, see Neale e al, 1999) was used to fit, by maximum likelihood estimation, the
observed twin correlations of all studies against different theoretical models (Table 9.3).
The full model allows for genetic (A), shared environmental (C), as well as nonshared
environmental (E) influences on cortisol. More parsimonious models then leave out the
genetic or environmental influences and test the loss of fit to the observed data by
calculating the change in 2 (Ax? against the gain of degrees of freedom (Adf). First, it
was tested whether the five studies could be taken together to use all information to
estimate the genetic and environmental influences (model 2, 3, 4). Taking the various
studies together did not result in a significant change of fit. Secondly, the significance of

shared environmental influences was tested by dropping this factor from the model
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(model 5 and 6), which did not result in a significant change of % However, dropping
genetic influences did significantly change the fit of the model (model 7 and 8).

Table 9.3.

Model-fitting results of the simultaneons analysis based on twin correlations from 5 studies (see table 9.2).
Model x> df | x? df |ctm.se |p A C

1. ACa, all different® 009 |0 .00-.49¢ | .00-.59
2. AC, A equal 1.05 |4 |1.04 |4 1 nsd |.40 .05-.32
3. AC, C equal 316 |4 |3.07 |4 1 n.s .31-.65 A3

4. AC, A equal, Cequal |7.89 |8 |7.88 |8 1 s, |.37 17

5. A different, no C 536 |5 [535 |5 1 ns. |.49-88 |-

6. A equal, no Ce¢ 1154 |9 |6.18 |4 5 ns.  |.62 -

7. C equal, no Af 16.30 |9 |13.14 |5 3 02 |- .45

8. C different, no A 11.69 |5 |11.68 |5 1 04 |- .37-.59

2 A= additive genetic factors, C= common (shared) environmental factors; b different estimates for the

separate studies; ¢ range of estimates for the different studies; 4 n.s. = non-significant determination of fit;
p g e

¢ Common environmental influences are dropped from the model; f additive genetic influences are

dropped from the model; 8 c.t.m. = compared to model

POWER ANALYSIS

Based on the simultaneous analyses it can now be concluded that genetic factors are the
major source of the familial aggregation. No evidence was found for shared
environmental factors, but a major question remains whether statistical power, even with
pooling of studies, was sufficient. A third and final purpose of this study, therefore, was
to estimate the number of twin pairs required to obtain reliable estimates of heritability
and shared environmental variance. A power analysis using Mx (Neale ¢f @/, 1999) was
conducted to calculate the required sample sizes given heritability estimates of 5%, 15%,
25% 35%, 45% and 55%, so that rMZ=.60 (Accordingly estimates of shared
environmental influences are 55%, 45%, 35%, 25%, 15% and 5%, respectively). The
assumption of tMZ=.60 was made based on the MZ correlations used for the
simultaneous analyses.

The analyses were again based on a comparison of different models. To estimate the
sample size to detect genetic influences a model with additive genetic (A), shared
environmental (C) and nonshared environmental (E) factors was compared to a model
with shared environmental and nonshared environmental factors only. Further, to
estimate the sample size needed to detect the shared environmental influences, an ACE

model was compared to an AE model. Finally, to estimate the sample size for detection
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of familial aggregation an ACE model was compared to a model with nonshared
environmental influences only. Table 9.4 shows the required number of twin pairs on the
basis of the power desired. As can be seen in Table 9.4, small effect, i.e. low heritabilities,
are harder to detect and need far larger sample sizes than have been used in the existing

studies.

Table 9.4.
Sample sizes needed to estimate genetic influences, common environmental influences and familial

aggregation with a power of .80 and with simnlated twin data (equal number of MZ and DZ).

Variance distribution| detection of detection of common | detection of
genetic environmental familial
influences influences aggregation

h?=.05, c2=.55 16087> 136 19

h?2=.15, ¢?=.45 1984 215 21

h?=.25, c2=.35 786 374 22

h?=.35, c2=.25 437 769 24

h?=.45, c2=.15 286 2231 26

h?=.55, ¢2=.05 206 20878 28

2 h2 = heritability, c2 = common environmental influences; P total number of complete twin pairs (equally

divided in MZ and DZ).

DISCUSSION

The first purpose of this chapter was to critically examine the existing literature on the
heritability of cortisol levels in twin and family studies. We found 11 studies that satisfied
our search criteria; based on the search terms swin, cortisol, corticosteroid, heritability and family,
no case studies, published in English, and genetically related subjects (see introduction).
After careful inspection we concluded that these studies lack the methodological
consistency required for a good comparison. A factor that makes it hard to compare the
different studies is the multitude of cortisol measures used: basal cortisol, area under the
curve, morning peak, nocturnal nadir and reactivity to acute stressors. These are clearly
different phenotypes and need not be influenced by the same genes or environmental
factors. The studies that focus on basal levels have used rather equivocal frequency and
timing of sampling across the day. Also where the older studies sometimes neglected
confounding factors such as physical exercise, smoking or type of depression, the more
recent studies often rule out all possible individual differences by selecting non-smoking,

same-sex subjects that use no oral contraceptives or other over the counter medications.
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This is good experimental practice, but makes it hard to compare them to the older
studies. It is also uncertain how this selection affects the generalisability of the genetic
architecture to that of the general population. Twin pairs with cortisol levels outside the
expected range are mostly excluded, for instance, while it might be interesting to know
why those twin pairs deviate.

The main problem plaguing existing studies is the relatively low number of twin pairs
on whom cortisol was obtained. A power analysis revealed that none of the 11 studies
examined consists of a large enough sample size to be able to separate genetic and
environmental influences. A combined analysis of these studies estimated the heritability
of 62% for basal cortisol levels with a combined sample size of 399 twin pairs (209 MZ
and 190 DZ). According to Table 9.4, this simultaneous analysis has the power to
separate familial influences into shared environmental and genetic influences.
Disentangling the sources of familial aggregation is essential in understanding individual
differences in basal cortisol levels. Previous studies point out that both genetic factors
(see Table 9.1) and shared environmental factors, such as parenting styles, influence basal
cortisol levels.

The obvious approach to increase power is to increase the sample size. The recent
development of large Twin Registries all over the world (e.g. Boomsma, 1998) and of
ambulatory sample collection methods will make it more feasible to measure on large
numbers of subjects relatively easily in the future. Even so, the sample sizes shown in
Table 9.4 are in some cases unrealistic high and beyond the scope of actual resources of
time, money and practical attainability. Other remedies, therefore, must be considered.
One might be the composition of the sample. Increase of power can be achieved by
extending the twin design by adding siblings (Posthuma and Boomsma, 2000) or adding
information from adoption studies (Schmitz ez a/., 1998). Most importantly, an increase in
power can be achieved through multivariate analyses, i.e. by increasing the number of
measurements through repeated measure designs. Provided that those repeated
measurements correlate significantly with each other, this yields large gains in power
(Schmitz ez al., 1998).

Increasing the number of samples on a single measurement day is a first method to
obtain repeated measures. However, in the view of the complexity of the HPA system, it
is entirely possible that different genes influence cortisol at different times of day. It is
valuable as such to assess the genetic architecture of cortisol level at different points of
the diurnal curve, i.e. to understand the sources underlying individual variation in the
morning peak level as well as in the evening. But if the samples across different time
points are not (genetically) correlated increasing the number of samples on the same

measurement day will do little to improve power to detect heritability. The optimal
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approach is to sample at repeated time points of the diurnal curve, on repeated days within the
same subject as was done by Young ¢z 4/ (2000). This still leaves error variance due to
differences in day-to-day variation in wake-up times, but this can be dealt with by
sampling at fixed time points relative to wake-up times.

In summary, understanding the genetic architecture of basal cortisol level awaits
studies with large twin samples that measure cortisol repeatedly at fixed time points from
the awakening time, and do so on repeated days. In parallel, twin studies must be aware of
the rapid progress in animal research. A number of candidate genes with respect to basal
cortisol levels have emerged, like those that affect corticotrophin-releasing hormone
(CRH) or ACTH synthesis (and also the production of their receptors) and those that
code for mineralocorticoid (MR, or type-I receptor) and the glucocorticoid (GR, or type-11
receptor). Polymorphism(s) in the latter gene have already been associated with various
aspects of cortisol metabolism such as varying basal cortisol levels (Rosmond ez a/., 2000a;
Rosmond e¢7 af., 2000b) and differences in sensitivity to glucocorticoids (Huizinga ez .,
1998). One of the huge advantages of a twin sample is that such observed genes
(candidate genes) and unobserved genes (estimates of heritability through the MZ-DZ

comparison) can be simultaneously tested.
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ABSTRACT

Individnal differences in the level of the stress hormone cortisol levels play a prominent role as an
explanatory variable in studies on psychopathology. Relatively few studies have paid attention to individual
differences in cortisol levels and the etiology of these differences, in particular their possible genetic basis. All
these studies have been in adults. The aim of this study was to estimate genetic and environmental
influences on basal cortisol levels in twelve-year-old children. To this end, four samples of salivary cortisol
were collected on two consecutive days in a sample of 180 twin pairs. Low correlations were found between
cortisol levels at different points in time during the day. A significant genetic contribution was found to the
variation of basal cortisol levels in the morning and afternoon samples, but not in the evening sample.
Heritability did not differ for boys and girls and was highest (60%) for cortisol levels during the sample
taken about 45 minutes after awakening.  This cortisol awakening response provides a useful

endophenotype in the search for genes that may affect hypothalamic-pituitary adrenocortical functioning in
children.
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INTRODUCTION

Cortisol is a steroid hormone secreted by the outer cortex of the adrenal gland. Its
secretion is stimulated by ACTH (adrenocorticotrophic hormone), produced in the
pituitary in response to corticotropin-releasing hormone (CRH), a product from neurons
in the paraventricular nucleus of the hypothalamus. After its release, the major part of
cortisol binds to the plasma proteins corticosteroid binding globulin (CBG or transcortin)
and albumin, which prevents the hormone from penetrating the membranes of their target
cells. About 3-5% of the total cortisol is the unbound, biologically active fraction. This
active fraction has permissive, suppressive, stimulatory, and preparative action effects in
the realms of cardiovascular function, fluid volume and hemorrhage, immunity and
inflammation, metabolism, neurobiology, and reproductive physiology (Sapolsky, Romero
& Munck, 2000). Although cortisol is mainly known for its pivotal role in generating an
adequate response to physical and emotional stressors, it may also exert strong behavioral
effects that are already apparent during childhood. Many studies have reported an
association between cortisol levels and Internalizing and Externalizing problem behaviors
in children (McBurnett e a/., 2000; 1996; 1991; Dawes e# al., 1999; Van Goozen et al., 1998,;
Scerbo and Kolko, 1994; Vanyukov e# al., 1993; Tennes and Krey, 1985; Dorn ¢f al, 1999;
Granger e/ al., 1994; Scerbo and Kolko, 1994; McBurnett ef al., 1991; Kagan et al., 1987,
Tennes et al., 1986). An obvious question for behavior geneticists, therefore, is whether
the known genetic contribution to these problem behaviors is partly mediated through
genetic effects on the hypothalamic-pituitary adrenocortical (HPAC) axis generating this
important stress hormone.

In the characteristic diurnal rhythm of plasma cortisol level, typically 10-15 well-
defined pulses of variable amplitude are observed, with a morning maximum, declining
levels throughout the daytime, a period of low concentrations generally centered around
midnight, and an abrupt rise after the first few hours of sleep (Weitzman, 1971). Within
the first 30 minutes after awakening, free cortisol levels rise by 50-60% (Pruessner e7 al,
1997; Wist et al, 2000). Plasma cortisol release is tightly regulated through negative
feedback at the pituitary, hypothalamus and hippocampus (Kovacs ¢z a/., 1987; Jacobson &
Sapolsky, 1991). This negative feedback is mediated via two types of adrenal steroid
receptors: the high-affinity mineralocorticoid receptors (MR) in the hippocampus and the
low-affinity glucocorticoid receptors (GR) widely distributed throughout the brain.
Strength of this feedback signal strongly varies with time of day (Dorin et al, 1996;
Huizinga ef al., 1998; Young ef al., 1998), contributing to the characteristic diurnal thythm
in plasma cortisol levels (See Figure 10.2). Because the activated GR and MR receptors act
as transacting factors (Meyer, de Kloet and McEwen, 2000) it is likely that genetic variation

in the csacting elements for these activated receptors can act to create significant
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individual variation in diurnal cortisol profiles. However, genetic variation in cortisol levels
may also arise at many other points in HPAC axis, for instance in the synthesis of
corticotrophin-releasing hormone (CRH) or ACTH or in the production of their receptors
or those that code for mineralocorticoid (MR, or type-I receptor) and the glucocorticoid
(GR, or type-1I receptor) receptors themselves. In animal studies, polymorphism(s) in the
latter gene have already been associated with various aspects of cortisol metabolism such
as varying basal cortisol levels (Rosmond ez al, 2000a; Rosmond ef /., 2000b) and
differences in sensitivity to glucocorticoids (Huizinga ez al., 1998).

Twin studies constitute a powerful method for identifying genetic influences on
(diurnal changes in) cortisol levels in humans. Surprisingly few attempts have been made
to estimate the relative impact of genetic and environmental factors on the regulation of
cortisol levels (for a review see Bartels e¢f al, 2002c). Most of these studies point to the
direction of moderate genetic contributions to different aspects of cortisol measures.

Thus, Maxwell and colleagues (1969) showed a significant smaller intrapair variance in
MZ as compared to DZ female twin pairs. Meikle ez a/ (1988) reported evidence of
moderate genetic effects (h?= 51%) on basal cortisol levels in males. More recently, Inglis
et al. (1999) has reported a heritability of 46% in morning plasma cortisol samples.
Furthermore, significant heritabilities have been found in the cortisol stress-response and
in the cortisol response to awakening (Kirschbaum e a/, 1992; Wist ¢t al., 2000). The
main problem plaguing many of these studies is the relatively low number of twin pairs on
whom cortisol was obtained. A power analysis revealed that none of the previous studies
on the heritability of cortisol levels consists of a large enough sample size to be able to
distinguish between genetic or shared environmental influences (environmental influences
shared by different members of twin pair or family) as the primary cause of familial
aggregation (Bartels e al., 2002c).

The obvious approach to increase power is to increase the sample size. The recent
development of large Twin Registries all over the world (e.g. Boomsma, 1998) and of
ambulatory salivary sample collection methods (Aardal and Holm, 1995; Kirschbaum and
Hellhammer, 1994; Riad-Fahmy e7 a/., 1982) has made it more feasible to measure on large
numbers of subjects relatively easily in the future. Actual resources of time, money and
practical attainability now mostly restrict the sample size. The power of twins studies to
detect additive genetic or environmental variation, however, can be increased through
other means besides increasing the sample size (Cohen, 1977; Neale ¢z a/., 1994). Relevant
for the present study is that an increase in power can be achieved through multivariate
analyses, for instance by a repeated measurement design. Provided that those repeated
measurements correlate significantly with each other, this yields large gains in power

(Schmitz ef al, 1998). In this multivariate method not only the expectation for the within-
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pair covariances is taken into account but also the cross-trait as well as the within-person
information. A first method to obtain repeated measures on basal cortisol is to repeatedly
sample across an entire measurement day.

A first practical strategy would be to sample repeatedly on a single measurement day.
However, there are large changes in mean and variance due to the circadian rhythm. It is
entirely possible that the contribution of genetic variance changes across the day, possibly
due to the expression of different genes. From a physiological “content” point of view it is
valuable per se to assess the genetic architecture of cortisol level at different points of the
diurnal curve, i.e. to understand the sources underlying individual variation in the morning
peak level as well as in the evening through. The optimal approach, therefore, is to sample
the same time point across multiple days instead of multiple time points on a single
measurement day.

Full understanding of the genetic architecture of basal cortisol level awaits studies with
large twin samples that measure cortisol repeatedly at fixed time points from the awakening
time, and do so on repeated days. Moreover, all our current knowledge on the genetics of
cortisol comes from studies in adults. Estimates of the strength of genetic and
environmental influences on variation in basal cortisol levels obtained in adults cannot be
generalized to children. The developmental trajectories of the various steroid hormones are
intertwined and points of cross-talk between the HPAC axis and the gonadal hormones
have been shown (Vamvakopoulos and Chrousos, 1994). Just by considering the large
changes in gonadal hormone levels from childhood to adolescence, it would be unwise to
extrapolate adult genetic architecture of cortisol levels (which itself is unlikely to be stable
across the adult life span) to pre-adolescent children. Indeed, for the behavioral
phenotypes possibly influenced by cortisol, cognitive ability and problem behavior, a
change in the strength of genetic and environmental influences throughout development
has already been observed (Bartels ef al, 2002b, 2002¢). So, insight into the cause of
individual differences in basal cortisol levels in childhood, besides the current knowledge in
adults, is essential.

The aim of this study is to determine the heritability of variation in daytime cortisol
levels in children. In accordance with methodological consideration mentioned above, we
collected saliva samples on four fixed points of time on two consecutive days in a large

group of twelve-year-old twins.

METHODS
Subyects
This project is part of an ongoing, longitudinal study on the development of cognition and

emotional and behavioral problems in children. Details on the demographic characteristics
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of the sample and information on parental occupation can be found elsewhere (Rietveld ez
al., 2000). For the determination of cortisol levels, saliva was collected in 1999/2000 when
the twins were 12 years old. Mean age of the subjects was 12 years (80% ranging from 11
years and 11 months to 12 years and 1 month). Zygosity of the same-sex twins was
established by either blood group polymorphisms (137 pairs) or DNA analyses (24 pairs)
and in nine pairs by physical resemblance assessed by an experienced test-administrator.
The twin sample at age 12 consisted of 47 monozygotic female (MZF), 37 dizygotic
female (DZF), 42 monozygotic male (MZM), 44 dizygotic male (DZM), and 39 dizygotic
pairs of opposite sex (DOS). Because of difficulties during saliva collection or laboratory
analyses, the final sample consisted of 180 twin pairs. The exact numbers of cortisol
samples for each point in time can be found in Table 10.1. Pubertal status has been

determined by the Tanner scales.

Saliva collection

Four samples of cortisol per day on two consecutive days were collected using the
Salivette sampling device (Starstedt, Rommelsdorf, Germany). Salivary cortisol
measurements reflect the biological active free form. Salivary free cortisol is approximately
70% of that of serum free cortisol because of conversion of cortisol to cortisone in the
salivary glands. However, salivary cortisol levels correlate very strongly with plasma free
cortisol (Aardal & Holm, 1995, Kirschbaum & Hellhammer, 1994, Riad-Fahmy ez a/,
1982).

Salivettes were sent to the participants by mail and the twin pairs collected their saliva
at home, following a written instruction. The samples were collected at prescribed times
and, importantly, at the same time for both children of a twin pair. On the first day the
first sample (S11) was taken in the morning just before getting up (still lying in bed) (mean
time 0728H), the second (S21) sample was taken at least half an hour after getting up but
before going to school (mean time 0817H), the third sample (S31) was taken before lunch
(mean time 1234H), and the fourth sample (S41) was taken in the evening (mean time
2032H). On the second day the same schedule was adapted for four repeated samples
(812, S22, S32, S42)(mean times 0735H, 0826H, 1232H, 2034H). The twins were
instructed to collect saliva on two school days to restrict the awakening time and time of
sampling. School starting time and lunch break is at approximately the same time all over
the Netherlands resulting in small sampling time variation. Each participant was asked to
write down the exact sampling time in a time-schedule and to note exceptional events
interfering with daily routine. Subjects were instructed not to brush their teeth before
completing saliva sampling to avoid contamination of saliva with blood caused by micro-

injuries in the oral cavity. Also, subjects were instructed to thoroughly rinse their mouth



Heritability of Daytime Cottisol Levels in Children 199

with tap water before sampling saliva and not to eat sour food or drink aerated drinks.
Subjects were strictly instructed to collect saliva before taking lunch at time point three
(83). Saliva samples were stored in the freezer until completing the experimental protocol
and the samples were picked up by the test-administrator and sent by courier to the

laboratory in Germany (Trier and Dusseldorf).

Saliva sampling

The saliva samples of twins of the same pair were randomly distributed over different
batches, but the samples of a single subject were placed in one batch. The analyses were
performed without knowledge of the zygosity of the twins and without knowledge of
exact time of collection. Saliva samples were spun at 3300 rpm for five minutes, and
cortisol in saliva was determined by time-tesolved fluorescence immunoassay, as desctibed
elsewhere (Dressendorfer ez al., 1992; Wist ef al, 2000). Intra- and interassay variability of

the assay was less than 10 and 12%, respectively.

Data analyses

Descriptive statistics for S11 (sample one at day one), S21, S31, S41, S12, S22, S32, and
S42 were calculated using SPSS/windows 10. Pearson cotrelations wete used to test the
association between the samples collected on the same day and the association between
the samples taken at the same point in time on the two consecutive days. MZ and DZ
cross correlations and twin correlations for the five zygosity groups (MZM, DZM, MZF,
DZF, DOS) have been calculated to get a first impression of the genetic and
environmental influences on salivary cortisol levels at the different points in time. The
cross-correlations represent cross-day-cross-twin correlation and in that matter represents
the repeated measurement design. For instance, sample one, at day one for the oldest of

the twin is correlated with sample 1, at day 2 for youngest of the twin.

Genetic Modeling

Genetic model fitting of twin data allows for separation of the observed phenotypic
variance into its genetic and environmental components. Additive genetic variance (A), is
the variance that results from the additive effects of alleles at each contributing genetic
locus. Shared environmental variance (C) is the variance that results from environmental
events common to both members of a twin pair. Unique environmental variance (E) is the
variance that results from environmental effects that are not shared by members of a twin
pair. Estimates of the unique environmental effects also include measurement error. To

account for this source of variance, E is always specified in the model.
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Figure 10.1.
Cholesky Decomposition Model for a sample on the first day and a sample on the second day at the same
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The different degree of genetic relatedness between monozygotic (MZ) and dizygotic

(DZ) twin pairs was used to estimate the contribution of these factors to the phenotypic
variation in cortisol levels (Plomin ez /, 1997). Similarities for MZ twins are assumed to be
due to additive genetic influences plus environmental influences that are shared by both
members of a twin pair. Experiences that make MZ twins different from one another are
unique environmental influences. Because DZ twins share 50% of their genetic material
on average, like other siblings, genetic factors contribute only half to their resemblance. As
for MZ twins the shared environment contributes fully. Model fitting to twin data is based
on the comparison of the vatriance-covariance matrices in MZ and DZ twins. Exploiting

the known difference in genetic contribution to intra-pair resemblance of MZ and DZ
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twin pairs, influences of additive genetic, shared environmental and unique environmental
factors are estimated using the computer program Mx (Neale ¢f a/., 1999).

Per time point a bivariate model (Cholesky decomposition), based on cortisol samples
from the same point in time on the two consecutive days, was used to estimate genetic and
environmental influences (see Figure 10.1). Rather than decomposing the variance of a
single cortisol sample into genetic and environmental sources of variance, bivariate genetic
analysis decomposes the variance of each sample and the covariance between the samples
at the same time on the two measurement days into genetic and environmental sources.

To make optimal use of all available data, including incomplete twin pairs, analyses
were performed on the raw data. In Mx the handling of such ‘incomplete’ data is
implemented by calculating twice the negative log-likelihood (-LL) of the raw data of each
twin pair and sum these over all pairs. When two models, which provide —2LLs, are
nested subtracting the two —2LLs from each other provides a (-2LL), which has a )2
distribution. A high ¥? against a low gain of degrees of freedom (df) denotes a worse fit of
the second, more restrictive model relative to the first model. If no significant difference is

observed, the more parsimonious model is preferred.

Figure 10.2.
Graphical representation of the mean cortisol levels (nmol/ 1) at each measurement occasion for the total

saniple and boys and girls separately.
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We began with fitting an ACE model. The issue of possible sex-differences in
heritability or environmental influences is sorted out in the model fitting procedures. First,
we tested whether different genes influence basal cortisol levels in boys and gitls or
whether the same or different shated environmental factors influence cortisol levels in
boys and girls. It was also tested whether the influences of the genes are of different
strength in boys and gitls. Significance of genetic and shared environmental influences was
tested. To this end it was tested whether a model with additive genetic and unique
environmental influences only (AE), gave a significantly worse fit than the full model
(ACE). It was also tested whether a model with shared environmental influences and
unique environmental influences (CE) gave a significantly worse fit than the full model
(ACE). Finally, it was tested whether individual differences of cortisol levels are based on
unique environmental influences, solely (E model).

Estimates of genetic, shared environmental and unique environmental influences on
basal cortisol levels at each point of time separately have been estimated based on the best
fitting model. Because the between time point (on the same day) correlations were very
low, multivariate models with different cortisol samples taken on the same day but at a

different point in time were not considered meaningful.

Results
Descriptive statistics of the cortisol measures assessed during the day are presented in
Table 10.1. Means and standard deviations have been calculated for the entire sample and
for boys and gitls separately. Skewness and Kurtosis showed that the variables were
approximately normal distributed, so no transformation was conducted. Figure 10.2 shows
the expected circadian rhythm with an increase of cortisol levels in the morning and
decreasing levels over the day. No significant differences for boys and gitls are observed.
No significant influence of pubertal status on cortisol levels could be observed.
Phenotypic correlations are presented in Table 10.2. Very low associations are found
between samples taken on the same day at different time points. Significant correlations
are found between samples taken at the same point in time on the two consecutive days
(boldfaced). The MZ and DZ cross-correlations, presented in Table 10.3, suggest
influences of genetic factors on the association between the two same samples on the two
different days (boldfaced). Twin correlations for the five zygosity groups separately are
presented in Table 10.4. As for the MZ and DZ correlation, these twin correlations
suggest genetic influences on S1, S2, and S3. Individual variation for S4 is mainly due to

environmental factors.
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Table 10.1.
Descriptives of cortisol (nmol/ L) for all subjects together and for males and females separately.
N2 | Min Max |Mean |Std Skewness Kurtosis
s.e. s.e.
S11b all | 309 5.42 27.86 14.40 4.66 .566 139 -211 276
3 158 5.78 27.35 13.97 4.66 .675 193 165 384
Q 151 5.42 27.86 14.85 4.62 476 197 -216 392
S21 all | 324 2.38 10.19 5.46 6.69 .672 135 174 270
3 158 2.43 10.19 5.23 6.15 615 193 165 384
Q 166 2.38 9.50 5.69 7.10 .646 188 015 375
S31 all | 315 2.38 10.19 5.46 1.66 429 137 -465 274
3 155 2.43 10.19 5.23 1.67 674 195 049 387
Q 160 2.38 9.50 5.69 1.63 224 192 - 749 381
S41 all 293 .59 3.98 1.73 .67 .892 142 395 284
4 150 .59 3.78 1.73 .67 .892 198 425 394
Q 143 .62 3.98 1.72 .66 901 203 418 403
S12 all | 317 6.07 24.96 14.62 4.53 323 137 -759 273
3 158 6.07 24.96 14.02 4.31 .549 193 -317 384
Q 159 6.13 24.96 15.20 4.68 106 192 -.969 383
S22 all | 293 5.14 27.99 14.87 5.44 .388 142 -.671 284
& 146 5.14 26.51 14.71 5.25 A17 201 -.628 .399
Q 147 5.23 27.99 15.03 5.65 .356 .200 -714 397
S32 all | 309 2.07 11.27 5.87 1.93 445 139 -.337 276
3 1149 2.30 10.64 5.58 1.81 499 199 -325 .395
Q 160 2.07 11.27 6.15 2.01 355 192 -.386 381
S42 all | 296 53 4.87 1.95 .89 961 142 .619 282
3 142 .55 4.79 1.99 .86 912 203 762 404
Q 154 .53 4.87 1.91 92 1.028 195 .603 .389

a the total number of children ; P the first number refers to the time of sampling and the second number
refers to the day; S11= first sample at day one; the cross correlation between the same time of sampling

at the two different days is bold faced.
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Table 10.2.
Phenotypic cross-correlations of cortisol levels with their 95% confidence interval
S11» S21 S31 S41 S12 S22 S32

s21 | .02 70-15) |-

s31| .21 (10-33) | .22(10-33) |-

S41 .03 (-.10-.15) | .03 (-09-.15) | .09 (~03-21) | -

S12 | .36 (.25-.46) | 10 (02-21) | 14 (03-25) |.10 (03-23) |-

s22| 01 (.12.14) | .36 (.24-46) | 23 (10-33) | .02 (11-14) | .03 (.08-15) |-

$32|.07 (.04-19) |19 (07-30) | .24 (.13-.35) | 14 (02-26) | .17 (05-28) |21 (09-32 |-

$42| .00 (12.12) | .06 (07-19) | 16 (04-27) | .21 (09-.33) | 10 (~02-22) | 18 (05-29) | .04 (-08-16)

a the first number refers to the time of sampling and the second number refers to the day; S11= first

sample at day one; the cross correlation between the same time of sampling at the two different days is

bold faced.

The results of the bivariate model fitting procedure for each time point demonstrate
different contributions of genetic and environmental influences at the four cortisol
measures (Table 10.5). However, no significant sex-differences have been found. For
sample 1 (S1) no clear distinction could be made between genetic or shared environmental
influences as the primary cause of familial aggregation, both model 5 (AE) and 6 (CE) are
not significant different from a model with both A and C present (model 4). Reducing the
additive genetic influences to one common influence on day one and day two did not
significantly worsened the fit (model 7).The best-fitting model for samples S2 is a
Cholesky decomposition model with additive genetic influences and unique environmental
influences (model 5). For sample S3 the same pattern as for S1 was found. The best fitting
model is a model with additive genetic and unique environmental influences (model 7).
For sample 4 (S4) no factors of familial aggregation could be detected. The best fitting
model is a model with unique environmental influences only (model 7).

Unstandardized and standardized estimates of genetic and environmental influences
based on the best fitting models are presented in Table 10.6. Significant genetic influences
are found for sample 1 (22%, 24%), sample 2 (56%, 59%) and sample 3 (30%, 21%). The
heritabilities on the two consecutive days show slight differences. This is due to
differences in unique environmental influences that change across days because they also
contain day-specific measurement error. Since the total variance equals 100%, the
differences in unique environmental influences are reflected in the small differences in

heritability.
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Table 10.3.
MZ (above diagonal) and DZ (below diagonal) correlation and cross correlations

S1la | S21a | S31a | S41a | S12a | S22a | S32a | S42a | S11b | S21b | S31b | S41b | S12b | S22b | S32b | S42b
Slla | - .01 .24 .01 28 -02 .10 .06 332 |.00 .09 .07 18 .00 .00 .03
S21a | .02 - .30 -11 .00 47 .23 .02 .00 .64 | .16 -12 | -.04 | .46¢ | .17 .10
S31a | .21 .16 - .03 .10 40 .29 .35 .09 .16 450 1.00 23 .35 24 .19
S41a | .03 17 14 - A1 -18 | .15 .18 .07 -11 |-06 |.12* | .14 -18 | -11 .00¢
S21a | .41 21 17 A1 - -03 1.20 A1 18 -04 | .23 14 432 .03 -05 |.13
S22a | .04 .33 .10 17 .10 - .30 27 .00 46 .35 -18 .03 622 | .25 .10
S32a | .06 .19 .24 17 .16 15 - A2 .00 17 24 11 ]1-05 .25 312 .04
S42a |-.06 |.15 .03 27 .09 16 -03 |- .03 .10 19 .00 13 .10 .04 14
S1lb | .a7* | -.08 |.13 .01 .08 .06 -07 .07 - .00 .24 .01 .28 -02 .10 .06
S21b |-.08 |.32> |.02 .08 -02 |.20 .08 .03 .02 - .30 -01 .00 47 .23 .02
S31b | .13 .02 25> | .04 .18 .03 .02 .09 21 .16 - .03 .10 40 .29 .35
S41b | .01 .08 .04 14> 1.00 11 .04 .08 .03 17 14 - A1 -18 | .15 .18
S12b | .08¢ | -.02 |.18 .01 19 |.00 .05 .03 41 21 17 A1 - -.03 .20 A1
S22b | .06 204 1.03 12 .00 36 | .05 -03 |.04 .33 10 17 .10 - .30 27
S32b|-07 |.08 024 |.04 .05 .06 A5 |01 [.06 19 24 17 .16 15 - A2
S42b | .07 .03 .09 .08¢ |.03 -03 | -11 23> 1-06 |.15 .03 27 .09 .16 -03 |-

aTwin correlations for monozygotic twins; P Twin correlations for dizygotic twins; ¢ Cross correlations for

monozygotic twins; 4 Cross correlations for dizygotic twins

Discussion

The purpose of this study was to estimate the genetic and environmental influences on the

variation in basal cortisol levels at four different time points on two consecutive days in a

large sample of 12-year-old children. Although previous studies have all used adult twins,

the findings were very much in line with previous findings on the genetic architecture of

urinary or salivary cortisol levels (Bartels ¢f a/., 2002c). A significant genetic contribution to

basal cortisol levels was found at three of the four time points sampled. Heritability did

not differ for boys and gitls and was highest (60%) for cortisol levels during the second

sample taken about 45 minutes after awakening. A major contribution of unique

environmental factors was found that dominated interindividual variation at all time

points, save the second sample.
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Table 10.4.
Twin correlations in cortisol level with their 95% confidence intervals.
MZM 2 DZM MZF DZF DOS

S1b | .28 (00-58) | .11(00-42) | .42(07-67)  |.00(00-33) | .11 (00-46)

S21 | .45 (06-71) | 34(01-60) |.67 (44-82) | .23 (00-55) |.14 (00-50)

S31 | .54 (19-75) | .40 (03-67) | .43(08-67) |.50(13-73) |.00 (00-31)

s41 | .00(00-30) |.53(10-76) | .21(00-62) |13 (00-52) | .04 (00-44)

s12 | .17(00-51)  |.00(00-34) | .62(36-79)  |.35(00-64) |.18 (00-50)

§22 |53 (17-76) | .23(00-52) |.68 (40-83) 37 (00-67) | .35 (00-62)

832 |.03(00-43)  |.32(00-61) |.31(00-59) |.10(00-49) |.00 (00-32)

S42 | .00 (00-49) | .40 (04-66) |17 (00-51) |19 (00-54)  |.00 (00-27)

& MZM= monozygotic males, DZM= dizygotic males, MZF= monozygotic females, DZM= dizygotic
females, DOS= dizygotic opposite sex;Pthe first number refers to the time of sampling and the second

number refers to the day; S11= first sample at day one

Wiist and colleagues (2000) found a similar pattern of heritabilities, with a moderate to
high heritability estimate for the cortisol response to awakening (40%) and low to non-
significant heritability estimates for cortisol samples later that day, where unique
environmental influences dominated. As suggested by Wist ez /. (2000), sleep is a period
of very low differentiation in environmental influences that only kick in fully after
awakening, and accumulate during the day, giving rise to a gradual increase in
environmental variance. This could lead to a shift from genetic to environmental control
over individual variation in cortisol levels. We explicitly tested in what way the changes in
genetic architecture across time points reflected a change in the ratio of genetic and
environmental variance. In contrast to the suggestion by Wiist ¢f 4/, we found that the
relative increase in genetic variance at the second sample compared to the other samples
was much more pronounced than the increase in environmental and total variance.
Alternatively, therefore, we hypothesize that the heritability of cortisol levels varies
inversely with the strength of the negative feedback signal exerted by cortisol at the GR
and MR receptors. Changes in the strength of this feedback signal are reflected in changes
in the absolute cortisol level, although time lagged, because the effects of cortisol on the
GR and MR receptors are largely genomic.

If our above hypothesis is correct, genetic variation in the GR and MR receptors may
be important sources of the genetic variation in morning cortisol levels. Since, these
receptors act as framsacting factors (de Kloet, 2000), genetic variation in the esacting

elements for these activated receptors can be a second source of genetic variation.




Heritability of Daytime Cottisol Levels in Children 207

Polymorphism(s) in the GR gene have already been associated with various aspects of
cortisol metabolism such as varying basal cortisol levels (Rosmond ef a/., 2000a; Rosmond
et al., 2000b) and differences in sensitivity to glucocorticoids (Huizinga ez 4/, 1998). Mutant
forms of the GR gene are also found in patients with primary cortisol resistance (Ruiz ez
al., 2001). Allelic variation in MR sensitivity is likely to further influence basal cortisol

levels, although no evidence has been presented to date.

Table 10.5.
Summary Statistics of the Fit of the Genetic-Environmental Models to the four samples of cortisol.
MODEL -2LL df Model Comparison
com | y2 df p
S1 1 | Cholesky ACE 3616.172 | 597
sex differences, r, DOS free
2 | Cholesky ACE 3616.153 | 597
sex differences, r. DOS free
3 | Cholesky ACE 3616.153 | 598
sex differences
4 | Cholesky ACE 3627.676 | 607 3 11.523 9 24
no sex differences
5 | Cholesky AE 3628.038 | 610 4 .362 3 .95
no sex differences
6 | Cholesky CE 3630.672 | 610 4 2.996 3 .39
no sex differences
7 | Cholesky AE 3632.385 | 612 5 4.347 2 11
ay; = az, azn =10
S2 1 | Cholesky ACE 3861.988 | 588
sex differences, r, DOS free
2 | Cholesky ACE 3861.695 | 588
sex differences, r. DOS free
3 | Cholesky ACE 3882.181 | 589
sex differences
4 | Cholesky ACE 3870.692 | 598 3 8.511 9 48
no sex differences
5 | Cholesky AE 3870.922 | 601 4 23 3 97
no sex differences
6 | Cholesky CE 3881.929 | 601 4 11.237 3 .01
no sex differences
7 | Cholesky AE 3882.284 | 603 5 11.362 2 .00
ay; = az, az =0

2 The A, C and E influences are represented by a Cholesky decomposition; P The influence of A and C in
the Cholesky decomposition are reduced to a common factor; ¢ The A, C, and E influences ar
represented by a common pathway model with sample specific influences; A is additive genetic

influences, C is shared environmental influences, E is nonshared environmental influences
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Table 10.5. - continued
Summary Statistics of the Fit of the Genetic-Environmental Models to the four samples of cortisol.

MODEL -2LL df Model Comparison
com | y2 df P
S3 1 [ Cholesky ACE 2444214 | 595

sex differences, r, DOS free

2 | Cholesky ACE 2442.230 | 595
sex differences, r. DOS free

3 | Cholesky ACE 2445157 | 596
sex differences

4 | Cholesky ACE 2453.593 | 605 3 8.436 9 49
no sex differences

5 | Cholesky AE 2453.593 | 608 4 .00 3 1.00
no sex differences

6 | Cholesky CE 2457.805 | 608 4 4.212 3 24
no sex differences

7 | Cholesky AE 2456.984 | 610 5 3.391 2 18
ay; = az, az =0

S4 1 | Cholesky ACE 1337.975 | 560

sex differences, 1, DOS free

2 | Cholesky ACE 1336.863 | 560
sex differences, r. DOS free

3 | Cholesky ACE 1338.487 | 561
sex differences

4 | Cholesky ACE 1341.947 | 570 3 3.46 9 94
no sex differences

5 | Cholesky AE 1343412 | 573 4 1.465 3 .69
no sex differences

6 | Cholesky CE 1344.376 | 573 4 2.429 3 .49
no sex differences

7 | Cholesky E 1347.354 | 576 4 5.407 6 49
no sex differences

2 The A, C and E influences ate represented by a Cholesky decomposition; P The influence of A and C in
the Cholesky decomposition are reduced to a common factor; < The A, C, and E influences are
represented by a common pathway model with sample specific influences; A is additive genetic

influences, C is shared environmental influences, E is nonshared environmental influences

Many other sources of genetic variation should not be ruled out. These include genes
that affect corticotropin-releasing factor (CRF) and adrenocorticotrophic hormone
(ACTH) synthesis, the affinity, density of their receptors and their functionality. For
instance, an ACTH receptor gene (Mountjoy e al, 1992) has been localized on
chromosome 18 (Gantz ¢ al, 1993) and mutations of this gene might lead to the
disturbance of the HPAC-axis function. Further progress in understanding the genetics of
individual differences in cortisol levels will be made through pharmacological and

knockout studies in animals. However, although large homology probably exists between
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animals and human HPAC genes, genetic linkage or candidate gene studies in humans,
may be ultimately required. The high heritability of the cortisol level after awakening
suggest that this may be the most useful phenotype to attempt gene finding. One of the
huge advantages of a twin sample in gene finding is that observed candidate genes and
unobserved genes (estimates of genetic influences through the MZ-DZ comparison) can

be simultaneously tested.

Table 10.6.
Parameter estimates for additive genetic, shared environmental and nonshared environmental influences

with their 95% confidence intervals.

Sample | Model A C E

s Model 7: AE | .22 (09-.35) - 78 (65-91)
S12 Model 7: AE | .24 (09-.37) - 76 (63-91)
S21 Model 5: AE | .56 (:39-.69) - 44 (31-61)
S22 Model 5: AE | .59 (42-.72) - 41 (.28-58)
831 Model 7: AE .30 ((15-43) - 70 (57-85)
832 Model 7: AE | .21 (.11-.30) - 79 (.70-.89)
S41 Model 7: E - - 1.00 (1.0-1.0)
842 Model 7: E - - 1.00 (1.0-1.0)

High and low basal cortisol levels in children have been associated with Externalizing
and Internalizing problem behavior, respectively. From eleven studies on the association
between cortisol and Externalizing behavior, nine studies report a negative association
(McBurnett ez al., 2000; 1996; 1991; Dawes ¢# al., 1999; Van Goozen ¢t al., 1998; Scerbo
and Kolko, 1994; Vanyukov ef al, 1993; Tennes and Krey, 1985), one study reports a
positive association (Gerra ef al, 1998) and two studies report no difference in cortisol
levels between the group with Externalizing behavioral problems and normal controls
(Schulz et al, 1997; Kruesli ez al, 1989). Children with high levels of cortisol are
characterized by inhibition of temperament, higher rates of self-reported depression,
parent-reported Internalizing problem behavior, social withdrawal, social anxiety, and
social problems. Six of the nine reported studies on the association of Internalizing related
disorders and cortisol, found a positive association (Dorn ez al, 1999; Granger ¢f al., 1994;
Scerbo and Kolko, 1994; McBurnett ez al, 1991; Kagan et al., 1987; Tennes et al., 1980),
while a negative association was found for two studies (Moss ¢z al., 1995; Vanyukov ¢ al,

1993). One study reported the finding of no association at all (Tennes and Krey, 1985).
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These deviations in basal cortisol during childhood suggest a role for disturbed
functioning of the hypothalamic-pituitary adrenocortico (HPAC)-axis in the pathogenesis
of these behavioral disorders. Some circumstantial evidence for this chain of events exists
as significant genetic effects have also been found on problem behavior. For instance, van
der Valk observed both genetic effects on problem behavior in a large sample of 3-year
old twins (van der Valk et al., 1998?), as well as stable genetic influences on problem
behavior at the age of 10 and 15 years in biologically related and unrelated adoptees (van
der Valk ez al, 1998P). Significant influences of genetic factors have been found on stability
in problem behavior in large longitudinal sample of Dutch twins followed from age 3 to
age 12 (Bartels e al., 2002¢). Comparable results of genetic influences on stability have
been found in other studies (Verhulst & van der Ende, 1993; van den Oord, 1994; Koot,
1995; Edelbrock ez al., 1995; Schmitz et al., 1995). Although these findings allow a scenario
in which genetic influences on HPAC-axis functioning translate to a genetic risk for
behavioral problems, the opposite — an effect of genetically determined problem behavior
on HPAC-axis functioning - cannot be ruled out. Also, an underlying genetic defect may
cause problem behavior as well as deviant HPAC function without a direct causal link
between these two (pleiotropy) (Blizard, 1992). Future multivariate modeling of cortisol
and problem behavior could resolve this main issue of causality.

Finally, it should be emphasized that cortisol in these children was collected at home.
Hence, the results of this study give a good insight in the genetic and environmental
influences on basal cortisol levels but not on cortisol levels in response to specific physical
or emotional stressors. Individual differences in stress reactivity may well be a key factor
in the link between HPAC-axis functioning and behavior. Cortisol reactivity to
standardized stressors, therefore, would be served by future examination in genetically

related children.
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INTRODUCTION

Cortisol and childhood psychopathology

Disturbances in hypothalamic-pituitary-adrenal (HPA) regulation, possibly due to prenatal
exposure to glucocorticoids causing prenatal programming, are associated with affective
and anxiety disorders in humans (Lopez ¢ a/, 1998; Holsboer and Barden, 1996). Many
studies report an association between cortisol levels and Externalizing and Internalizing
problem behaviors during childhood (for an overview see Table 11.1). Previous studies
report on relations between low levels of cortisol and aggressive and antisocial behavior.
From the eleven studies on the association between cortisol and Externalizing behavior,
presented in Table 11.1, nine studies report a negative association (McBurnett ez a/., 2000;
1996; 1991; Dawes ¢ al., 1999; Van Goozen et al, 1998; Scetbo and Kolko, 1994;
Vanyukov e al., 1993; Tennes and Krey, 1985), one study reports a positive association
(Gerra et al, 1998) and two studies report no difference in cortisol levels between the
group with Externalizing behavioral problems and normal controls (Schulz et al, 1997;
Kruesli ez a/,1989). In contrast, children with high levels of cortisol are characterized by
inhibition of temperament, higher rates of self-reported depression, parent-reported
Internalizing problem behavior, social withdrawal, social anxiety, and social problems. Six
of the nine reported studies on the association of Internalizing related disorders and
cortisol, found a positive association (Dorn ef al, 1999; Granger et al., 1994; Scerbo and
Kolko, 1994; McBurnett ef al, 1991; Kagan et al, 1987; Tennes et al., 19806), while a
negative association was found for two studies (Moss ¢z al, 1995; Vanyukov ef al., 1993).
One study reported the finding of no association at all (Tennes and Krey, 1985).

Different measurement methods for both cortisol and psychopathology may partly
explain the inconsistency in the results of previous studies. One difference across studies
involves the hormone collection procedures, such as sampling from serum, urine or saliva,
taking single versus multiple measurements and taking samples in response to a stressor or
without a stressor to define basal daily variation. All methods of sample collection have
their pro’s and cons and it depends on the aim of the studies which method is more
appropriate (Aardal and Holm 1995; Kirschbaum and Hellhammer 1994; Trainer ef al,
1993; Kirschbaum and Hellhammer, 1989; Riad-Fahmy ez a/, 1982). In general, saliva
collection is the most practical and stress-free method of cortisol collection in a large
group of subjects (both adults and children).

The reason why blood and urine sampling have been used more often, is probably
historical as the development of the “Salivette” has taken place faitly recently and the

knowledge about the use of saliva as a representative biological fluid has increased over
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the past years. Further, both blood and saliva can provide information on the diurnal
rhythm, while urine measures represent the cortisol production over a period of time.

Additionally, in measuring basal levels of cortisol multiple sampling is essential
according to the circadian thythm. In the studies mentioned in Table 11.1, a huge variation
in number of samples and time of sampling can be observed creating possible differences
in results of distinct studies. Cortisol shows a strong circadian thythm, but the secretion of
cortisol is also a classical endocrine response to stress. In order to compare studies on
cortisol levels a clear distinction should be made between basal cortisol levels and cortisol
reactivity to stressors or chemical stimuli (e.g. ACTH), because these cortisol levels are
based on a completely different physiological mechanism.

Other differences across studies on cortisol and problem behavior can rise due to
determination of the aspects of problem behavior and strength of problem behavior under
study. Validity in behavioral data have been diverse as represented by observations, ratings
by professional or parental or teacher questionnaires. Additionally, some studies focus on
a single dimension of problem behavior, such as aggression while other studies take
multiple dimensions into account, like Internalizing or Externalizing behavior. Another
problem with studying problem behavior is the comorbidity and definition of the problem
behavior syndromes, especially in clinical samples.

The inconsistent result could also partly be explained by the samples used. Most
studies use small clinical samples and it had yet to be established if the results found in
clinical samples can be generalized to the general population. Further, the power of a
study to detect an association depends partially on the sample size.

Finally, in none of the studies data are available to gain insight into the physiological
mechanism underlying the association between problem behavior and cortisol levels. Most
studies focus on the presence or absence of an association solely. A single study
considered the impact of glucocorticoids (GC, cortisol) on cognitive and behavioral
development in children who were exposed to repeated antenatal GC treatment but not
born before term (Trautman e al, 1995). Children exposed to dexamethasone in eatly
pregnancy, because of increased risk of congenital adrenal hyperplasia, showed significant
increases in emotionality, unsociability, avoidance, and behavioral problems. Higher
cortisol reactivity in young children following a parent-child conflict task may contribute
to subsequent Internalizing symptoms over a G-month period, suggesting effects on
general cognitive and emotional performance that might have implications for later
psychopathology (Granger e al, 1996). Further, studies are required to establish the
impact of elevated GC, due to repeated antenatal GC treatment or maternal stress, on

behavioral outcome in children just after birth and later in life.
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220 Chapter 11

To investigate the nature of the association between cortisol and behavioral problems
insight into the etiology of individual differences in basal cortisol levels in children is
essential.

Thus, while some studies suggest an association between cortisol levels and common
childhood psychopathology, there have been inconsistent findings, which may vary as a
function of the reliability of cortisol sampling, problem behavior ratings, the use of clinical
or nonclinical samples, and the sample size used. The purpose of this chapter is to assess
the relation between baseline salivary cortisol and Internalizing and Externalizing behavior
in a large non-clinical sample. The consideration of this normally developing population
can be informative, because clinic-referred children’s problems may not represent
extremes on behavioral, cognitive, and emotional dimensions. Therefore studying a

sample of the general population is useful to gain insight into healthy functioning children.

Cortisol and cognition

An association between cortisol and cognition can exist because glucocorticoid receptors
are expressed in parts of various brain regions, so glucocorticoids are involved in the
regulation of neural metabolism, physiologic functions, and gene expression in the brain,
particulatly in the hippocampus. A range of evidence supports the role of the
hippocampus in declarative memory performance (e.g. Squire, 1992; Monk and Nelson,
2002) and high levels of cortisol seem to be particularly damaging to the hippocampus
(Lupien ez al., 1998). Some evidence supports the notion that high circulating levels of
cortisol are correlated with impaired psychological performance from childhood though to
adult life. For instance, case-control study designs indicate decreased memory
performance during corticosteroid treatment of asthmatic children (Bender ef af, 1988)
and decreased verbal declarative memory in corticosteroid-treated patients vs. matched
medical control subjects (Keenan e al, 1996). Investigators also reported inverse
correlations between memory performance and plasma concentrations of cortisol in
patients with Cushing syndrome, dementia of the Alzheimer type, schizophrenia, and
depression (Whelan e a/., 1980; Statkman ez al, 1981;; Rubinow e7 al, 1984 Heuser ef al.,
1988; Newcomer e al., 1998). Evidence for an inverse relation between several days of
exposure to cortisol and verbal declarative memory in healthy subjects is presented in a
study by Newcomer and colleagues (1999). Based on these reported results it is important
to gain insight into the relationship between basal cortisol levels and cognitive functioning

in the normal population, especially in children.
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METHODS

Participants and Analysis

Internalizing and Externalizing behavior problems are rated by mothers and fathers at age
12, using the Child Behavior Checklist in a large sample of twins (For details see chapter
6). Maternal ratings were available for 1,481 twin pairs and paternal ratings were available
for 1,156 twin pairs. In a subsample data on cognition are collected at age 12, using the
WISC-R (for details see chapter 7) as well. A measure of Full Scale IQ is available for 381
children. Bivariate Pearson’s correlations were calculated for boys and gitls separately

using SPSS/windows 10.

Table 11.2.
Pearson correlations between Cortisol and Internalizing bebavior, Externaliging behavior, and cognition.
Cortisol 12 Cortisol 2 Cortisol 3 Cortisol 4
Int12,, a1.111 163) 068 (161) ~119 (160) 154 (157)
o010 a7 135 (172) 052 (171) 056 (164)
Int12 3 |.117 (150 ~041 (150) ~129 (147) ~025 (144)
e 112 (154) -.010 (155) -.005 (156) .037 (151)
Ext12, 3 |.034 (168) 025 (166) ~078 (165) 132 (161)
Q 012 (174) 286 (175)** 166 (174) 161 (167)*
Ext12 3 1-103 (151) ~104 (151) ~175 (148)* ~011 (145)
0|25 (155) 090 (156) 147 (157) 007 (152)
1Q12 3 [-.050 177) ~006 (175) ~041 (174) ~068 (170)
e -.085 (178) -.040 (179) -.032 (178) 011 (171)

a the mean of the same samples at the two consecutive days; 1= first sample (before getting up);
2=second sample (half an hour after awakening); 3=third sample (before lunch); 4=fourth sample
(evening); P number of children used to calculate this correlation; ¢ *correlation is significant a .05 level; **

cotrelation is significant at .01 level.
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RESULTS

As a preliminary finding to support future research, correlations between cortisol levels
and childhood psychopathology or cognition are calculated. Table 11.2 presents the
correlations between basal cortisol levels and Internalizing behavior, Externalizing
behavior, and cognitive abilities. The results presented in Table 11.2 show no
overwhelming evidence for the significance of a simple association between the traits
under investigation. Further the significant correlations that are found point more into the
direction of a change finding than a consistent pattern of associations. One of the most
striking findings is that two of the three significant correlations found for Externalizing
behavior and cortisol are positive, while most previous studies report a negative
association.

Because the use of the broadband scales Internalizing and Externalizing may
overshadow an association between certain kinds of problem behavior and cortisol,
correlations were calculated for anxiety and aggressive behavior as well. In Table 12.3, the
picture that emerges from Table 12.2 is confirmed. For cortisol and anxiety and aggressive
behavior no significant or consistent associations are found. Further, the significant
correlations are in the opposite direction than expected, with higher cortisol levels being
assessed with higher levels of aggression.

The results of these data do not completely rule out the possibility of an association
between problem behavior and cortisol levels in children. For instance, sampling at a
normal day during the week at home reflects the steady, basal activity of the adrenal cortex
of an organism, while measuring cortisol before and after a stressor reflects the organism’s
adrenocortical reactivity to its environment (Wolff ez a/, 1964). Cortisol secretion has been
found to rise in stressful or anxiety-provoking situations, although there is considerable
variability in this rise between individuals (Mason, 1968). Therefore, it is possible that
there is a relationship between childhood problem behavior and cortisol levels in response
to a stressor, while in this study only basal cortisol levels have been used.

The findings of these preliminary analyses may also be a result of lack of power. The
power to detect a significant association depends on a number of factors, namely, the true
size of the effect in question, the probability level chosen and the sample size (Cohen,
1992). The number of participants in which daytime cortisol was measured was high in
comparison to previous studies in the field. However, when only moderate correlations
are found in clinical samples, the effect in non-clinical referred children might be even
smaller and in that respect larger samples are necessary to find this association. Finally, for
the determination of basal cortisol levels only four sample of saliva are collected a day. As
mentioned in Chapter 9, probably more than four samples a day are necessary to get a

reliable picture of basal cortisol levels in children.
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Table 12.3.
Pearson correlations between Cortisol and Anxiety and Ageressive bebavior.
Cortisol 12 Cortisol 2 Cortisol 3 Cortisol 4
Anx12,, d|.182 (170)* 144 (168) -.069 (167) .080 (163)
0 -.067 (180) .034 (181) .006 (180) 071 (173)
Anx12¢ 3 |.058 (152) .040 (152) -.103 (149) -.004 (1406)
0 .049 (160) .024 (161) .031 (162) -.050 (157)
Agol2,, 3 1.100 (169) .063 (167) .004 (1606) 134 (162)
0 -.016 (179) .200 (180)** 102 (179) .205 (172)**
Aggl2; 3 |-.045 (152) -.061 (152) -.199 (149)* -.016 (146)
0 .026 (160) 097 (161) 140 (162) .019 (157)

2 the mean of the same samples at the two consecutive days; 1= first sample (before getting up);
2=second sample (half an hour after awakening); 3=third sample (before lunch); 4=fourth sample
(evening); ® number of children used to calculate this correlation; ¢ *correlation is significant a .05 level; **

correlation is significant at .01 level.

FUTURE DIRECTIONS

Based on the contrast of our findings with findings from previous studies some future
directions in this kind of research should be considered. First, our assessment instrument
for problem behavior, the Child Behavior Checklist, does not measure DSM or ICD
psychiatric diagnoses used in most previous studies. Using the CBCL results in a
continuous variable of problem behavior. To overcome the discrepancy in the diagnosis of
psychopathology between this study and the previous studies it is possible to select
children from the population sample. Selection criteria can be based on CBCL scores in
the range that these children are likely to meet DSM criteria for Internalizing or
Externalizing behavior. In the future we are also able to create a large dataset with children
who show persistent problem behavior from age 3 throughout development. Children at
the extreme ends of the distribution can be selected based on the presence or absence of

persistence in problem behavior.
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Some other aspects of the cortisol data can be useful to investigate. In general cortisol
shows a well-documented circadian rhythm resulting from stimulation of paraventricular
neurons by pacemaker cells located in the supriciasmatic nucleus. Peak cortisol levels are
observed shortly after awakening with steadily decreasing values thereafter. The trough of
cortisol secretion is reached around midnight with only minimal levels of cortisol
detectable (Anders, 1982; Desir e al., 1980; Weitzman ef al, 1971). In two recent studies,
though, variabilities are found in this circadian rhythm which was believed to be relatively
homogencous. Smyth and colleagues (1997) collected six saliva samples at random points
throughout the day for two consecutive days in a group of community-dwelling
individuals. 51% of their sample showed strong, decreasing patterns of cortisol on both
days, 31% showed inconsistent cycles where one day was typical and the other flattened,
and 17% showed flattened cycles on both days. This result is replicated in a study by Stone
and colleagues (2001), who found that 15% of community individuals did not show the
typical diurnal thythm. In respect to investigating a possible association between cortisol
levels and childhood psychopathology or cognitive abilities it might me useful to first
further investigate the circadian rhythm in adults as well as children. If variation in cycles
is found it is interesting to see whether splitting the sample in three groups, (I) always
rising, (II) inconsistent pattern, (I1I) always flattened, results in distinct levels of problem
behavior between the groups. However, by doing so, we must take into consideration that
little is known about reproducibility of diurnal rhythms over longer periods of time,
namely, months or years.

In conclusion, the often cited association between problem behavior and cortisol levels
in clinical referred groups or small samples was not paralleled by an association between
Internalizing behavior, Externalizing behavior and cortisol levels in a population sample.

Future research is necessary to replicate or falsify this finding.

BACKGROUND HYPOTHESIS

Why is an association between cortisol, psychopathology and cognition expected?

A possible moderator for individual differences in cognition and problem behavior is
cortisol. In other words, individual differences in psychopathology or cognitive abilities
could be a results of individual differences in cortisol levels as a result of genetic and
environmental influences. In this matter cortisol can be considered as an endophenotype.
In general endophenotypes represent biological, neurophysiological, electrophysiological,
and behavioral indices of the pathways that connect genes and the trait under
investigation. The possible moderator effects of cortisol are partly based on a
phenomenon dubbed ‘fetal programming’ (for a review see: Welberg and Seckl, 2001;
Matthews, 2000). In the prenatal period the development of the brain is influenced by
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hormones, secreted by the pituitary and the gonads (Collaer and Hines, 1995; Edwards ez
al., 1993; Sikich and Todd, 1988). These carly effects are referred to as ‘programming

effects’ because of their possible influence on the development and structure of the brain.

FETUS CHILD MODIFICATION
OF
BRAIN BRAIN BEHAVIOR
COGNITION
MEMORY
LIMBIC LIMBIC LEARNING
DEVELQPMENT ) DEVELQPMENT —) EMOTION
GLUCOCORTICOID
EXPOSURE:
—) —)
HPA HPA Cardiovascular system
DEVELOPMENT DEVELOPMENT Immune system
Glucose regulation

Figure 11.1.

Diagrammatic representation of the routes by which prenatal GC exposures programs postnatal behavior
and nenroendocrine function. The fetal limbic system (primarily the hippocampus), hypothalamus, and
anterior pituitary express high concentrations of corticoid receptors, and are sensitive to GCs. Exposure to
excogenous GC at this time alter development and subsequent function of both the limbic system and the
HPA axis. The bippocampus regulates HPA function, and endogenons GCs (the end product of HPA
activation) modify many aspects of limbic function. In the periphery, the overall effect of programming
during development will be altered exposure to endogenons GC thronghout life. Increased exposure will
predispose to a number of neurologic, metabolic and cardiovascular diseases, whereas reduced exposure may

act to protect against these diseases (Matthews, 2000).

Glucocorticoids (GC) (e.g. cortisol) are essential for normal development. However,
excess exposure has deleterious effects, inhibiting fetal growth and altering the trajectory
of tissue maturation. The hypothalamic-pituitary-adrenal axis (HPA-axis), which is the
central to the integration of the individual’s endocrine and behavioral response to stress,
appears highly sensitive to excess GC exposure during development (Figure 11.1).

For instance, exposure of pregnant rats to exogenous or endogenous glucocorticoids

not only reduces birth weight, produces permanent hypertension, hyperglycemia, and
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hyperinsulinia, but also results in behavioral inhibition, impaired coping and adult affective
dysfunction (Welberg e# al., 2001; Nyirenda e al., 1998; Levitt ez al, 1996; Lindsay ef al.,
1996a and 1996b). In humans, increased exposure to glucocorticoids (cortisol) can occur
due to maternal stress during pregnancy. Several behavioral abnormalities have been
reported in children exposed to ‘prenatal stress’ (Stott, 1973).

Besides these prenatal influences of hormones, persistently higher postnatal cortisol
levels, from whatever cause, might endanger the functional integrity of the brain and hence
the probability of cognitive dysfunction and subsequent psychopathology. The
developmental origins of these risks remain unclear but early environmental adversities are
one set of candidates. For instance, evidence suggests that early adverse experiences, like
childhood abuse or parental separation, play a prominent role in development of mood
and anxiety disorders and that corticotrophin-releasing hormone (CRH) systems may
mediate this association (Mullen ef a/, 1996; Heim e# al., 2000). Further evidence for this
association has been assembled in animal models, where prenatal and early developmental
stress, often related to parental rearing, have been shown to cause long-lasting or even
permanent alteration of the HPA axis (Plotsky and Meaney, 1993; Levine, 1994; Schmidt ez
al., 2002). Not only early experiences, but also experiences later in life can influence HPA
axis activity. For example, trauma survivors with posttraumatic stress disorder such as
Vietnam veterans, holocaust survivors or victims of abuse are characterized by decreased
urinary cortisol level as compared to healthy controls (see, among others, Yehuda e 4/,
1991; 1995, 2000). Accordingly, environmental challenges are important in the
development of HPA axis disregulation and stress-related diseases.

Research on the functional effects of pre- and postnatal cortisol levels in children and
adolescent is complicated by developmental changes in cognitive abilities, childhood
psychopathology and hormonal milieu. So, insight into the developmental process of
genetic and environmental influences on cognition and Internalizing and Externalizing
problem behavior and knowledge on the cause of individual differences in basal cortisol
levels is essential to investigate a possible relationship between these two variables.
Cortisol levels at age 12, as used in this project, may or may not reflect prenatal cortisol
levels, which are of significance in the fetal programming hypothesis. One of the ways to
gain more insight into this complex system of pre- and postnatal cortisol levels is to collect
umbilical cord blood from twins. Cortisol levels determined at birth may reflect the
prenatal cortisol levels. Ideally, these twins will be followed from birth onwards to
investigate the genetic and environmental influences on the developmental pattern of

cortisol levels, behavioral problems and cognition.
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This final chapter gives an overall conclusion followed by a summary of the empirical

results presented in this thesis. The implications for future research are discussed.

Ovwerall conclusion
Based on the results of this thesis it can be concluded that genetic influences are pervasive
during childhood. Genes affect two major phenotypes, behavioral problems and cognitive
abilities, as well as a possible endophenotype, basal cortisol levels. Genes also affect
vatious aspects of development and are very important for continuity and change
throughout development.

It can be stated that genetic studies are not only important for estimating size of
genetic and environmental effects, but can shed light on fundamental questions in child
development. For this reason, genetic studies supply phenotypic studies and are an

essential addendum for research in developmental psychology.

Childhood psychopathology
Prevalence
Behavioral and emotional problems are common among children. Twenty-five to 30% of

the children in the twin sample showed behavioral problem (Table 12.1).

Table 12.1.

Prevalence of behavioral problems in boys and girls according to mother or father ratings (I-score 260)
3 g

age 3 31.8% 27.9%

age 7 31.2% 25.2%

age 10 30.0% 24.0%

age 12 28.8% 25.2%

To be more specific the prevalence of behavioral problems varies depending on the
kind of behavior, the rater, and the age and gender of the child (Table 12.2). Internalizing
problems (anxious/deptessed behavior, withdrawn behavior) are more prevalent in gitls
than boys and Externalizing problems (aggressive behavior, rule breaking behavior) are
more prevalent in boys than girls. Overall, mothers report more problem behaviors than
fathers. Finally, prevalence of problem behavior, as rated by the parents, decreases over
age.

For both the Internalizing and the Externalizing scale, the ratings given to the twins

were quite similar to the ratings in the norm sample (Verhulst ez 4/, 1996). In previous
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studies, using an overlapping sample, comparable levels of problem behavior were found
(Van der Valk ez al., 1998, 2001). Since the prevalence and means of problem behaviors in
the twin sample are comparable to children of the Dutch population, generalization of the

results of this twin study to Dutch children of the same age seems allowed.

Table 12.2.
Prevalence of Internalizing, Externalizing or both kinds of problem bebavior in the longitudinal twin
sample based on mother and father ratings (1-score = 60).

Mother ratings Father ratings
3 g 3 g
Int3? 8.5% 10.2% 8.4% 9.0%
Int7 5.3% 9.4% 6.0% 8.7%
Int10 5.5% 9.1% 4.8% 7.8%
Int12 5.6% 9.0% 4.7% 9.2%
Ext3b 11.1% 7.9% 11.2% 7.2%
Ext7 11.5% 4.6% 12.3% 5.3%
Ext10 11.2% 4.0% 11.7% 5.2%
Ext12 11.2% 4.3% 12.5% 5.2%
Int3 & Ext3c |7.3% 5.7% 6.1% 5.2%
Int7 & Ext7 |6.3% 4.8% 6.9% 5.0%
Int10 & Ext10 | 6.8% 4.5% 6.8% 4.7%
Intl12 & Ext12]5.4% 4.9% 7.0% 3.7%

2 Internalizing problems only; ® Externalizing problems only; ¢ Internalizing and Externalizing problems

Development of Internalizing and Externalizing behavior

A main objective of this thesis was to investigate the etiology of individual differences in
the development of psychopathology. For the study of development of Internalizing and
Externalizing problem behavior parental ratings on psychopathology collected at ages 3, 7,
10, and 12 years in birth cohorts 1986 up to and including 1993 were used.

To gain a first insight into the development of Internalizing and Externalizing problem
behavior structural equation modeling techniques were used in a large longitudinal sample
of Dutch twins, in which the mother of the twins rated behavioral problems. The
observed stability coefficients for the four- seven-, and nine-year time intervals were,
respectively, .37, .33, .30 for Internalizing behavior and .55, .49, and .48 for Externalizing

behavior. The phenotypic correlations were in line with results from previous large scale
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longitudinal studies (Verhulst and Van der Ende, 1992a; 1992b; Ghodsian et @/, 1980;
Richman e# al.,, 1982; Graham and Rutter, 1973).

Besides a common factor structure for the influences of shared environment on the
development of behavioral problems, a simplex structure for genetic influences on the
developmental process was found. Based on these developmental patterns it was estimated
that stability in Internalizing problem behavior is for 43% accounted for by additive
genetic factors and for 47% by shared environmental factors. For Externalizing behavior,
stability was represented by additive genetic transmission factors explaining 67% of the
stability over the years, on average, for boys and 53% of the stability over the years, on
average, for gitls. Stability was further accounted for by shared environmental influences,
explaining 27% and 40% of the total stability for boys and girls, respectively. Change in
Internalizing and Externalizing behavior in both boys and gitls could be mainly explained
by nonshared environmental influences. Genetic innovations and age specific shared
environmental influence also accounted for some change in both problem behaviors over
the years.

Our finding of different developmental patterns for the distinct sources of variance
(additive genetic and shared environmental) has important implication for the prevention
of later maladjustment. The shared environmental influences, for instance, exert a
continuous influence from their time of onset. So, children who continue to experience
adverse shared environment are at risk for later maladjustment. For additive genetic
influences, parts of previous effects are transmitted to later ages. However, genetic
influence is less static due to new genetic influences that come into play at each age.
Nonshared environmental influences seem to be important for age-specific behavior
problems and have almost no developmental significance. This implies that influences of
nonshared environment are important but that they are mostly of transient nature and
specific to a specific moment in time.

In studying the etiology of childhood psychopathology using twin pairs the
implications of possible contrast effects needed to be considered. As explained in the
introduction, very low DZ correlations compared to MZ correlations and differences in
variance for MZ and DZ twins give an indication that contrast effects are present. Both
the variances and pattern of twin correlations for Internalizing and Externalizing behavior
at ages 3, 7, 10, and 12 showed no indication of a contrast effect (see Chapter 3). Thus,
contrast effects were not considered to be important for the results of the longitudinal

analyses on the development of Internalizing and Externalizing problem behavior.
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Rater bias and parental disagreement

As explained in the introduction, sources of rater bias are stereotyping, employing
particular normative standards, of having a certain response style. Based on a specific
rating tendency, parents will rate their children more alike than the really are. So the
presence of rater bias will cause shared environmental effects to be overestimated. The
analyses in Chapter 3, on the development pattern of genetic and environmental
influences on Internalizing and Externalizing problem behavior were conducted with data
from mother ratings only, so it could be the case that parts of the significant shared
environmental influences on Internalizing and Externalizing behavior at a certain age and
on the stability in both behaviors were partly based on rater bias. In order to distinguish
‘real’ shared environmental influences on problem behavior from rater bias, data based on
mother and father ratings were used.

Two cross-sectional analyses have been conducted with mother and father ratings for
Internalizing and Externalizing behavior in large samples of Dutch 10-and 12-year-old
twins. The parental intercorrelation for both Internalizing and Externalizing behavior at
ages 10 and 12 was around .60, which is in line with the results from a meta-analysis
conducted by Achenbach and colleagues (1987). This high intercorrelation implied that
both parents similarly assess part of the behavior. The intercorrelation, though, was less
than perfect, indicating disagreement between parents. Differences in types of rater bias
between raters leads to disagreement between raters. Another important source of
disagreement is unreliability, which rises when raters cannot give an accurate desctiption
about relevant behaviors. Finally, it could be the case that parents do not assess exactly the
same behavior in their children. It is know that different raters can provide, each from
their own perspective, somewhat different but valid and complementary information
about the child’s functioning.

To disentangle sources of parental disagreement and to distinguish ‘real’ shared
environmental influences from influences due to rater bias, distinct multiple rater models
(introduced in Chapter 2) were fit to parental ratings of Internalizing and Externalizing
behavior. It was found that rater differences do not merely reflect measurement error or
rater bias, but indicate that parents assess different aspects of the child’s behavior, as
represented by the so-called Psychometric model. These results in 10-and 12-year-old
twins are in accordance with previous studies (Hewitt ez 2/, 1992; Van der Valk ez al, 2001;
Van der Valk ¢f al, in press). Neither for the Internalizing scale nor for the Externalizing
scale measurement errors and unreliability account for more than 11% of the variance.
Rater bias accounts for at most 13% of the variance for both the Internalizing and

Externalizing scale.
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An important finding from these cross-sectional studies was the significance of an
unique view of each parent. These results can be linked to results from previous
comparable studies in the 3-and 7-year old twins (Van der Valk ¢f @/, 2001; Van der Valk ez
al., in press). For Internalizing behavior, a possible specialization of the parent-child
relationship over the years is represented by a relative increase of unique additive genetic
factors, representing the parental unique view, from age 3 to age 12. At age 3 the unique
additive genetic factors represented 16 % of the total additive genetic effects, while at age
10 the unique additive genetic effect explained 28% of total additive genetic variance
based on mother ratings and 21% of the total additive genetic variance based on father
ratings for Internalizing problem behavior. At age 12, for Internalizing behavior 41% of
the total additive genetic variance was explained by unique additive genetic effects. When
children grow older the mother-child and father-child relation may become more distinct,
because of the fact that the child’s behavior becomes more diverse over the years. The
diversity of behavior may create more situational specific behavior, different for mothers
and fathers.

For Externalizing behavior less change was observed. The relative importance of the
unique view of the mother on the child’s’ behavior, was relatively stable over the years
(around 15% in boys and around 25% in girls). Father’s unique view, however, showed a
remarkable drop at age 10 and 12. Fathers seem to add no unique view on Externalizing
behavior at age 10 and 12 in both boys and girls. Future studies in this sample may be
helpful to determine whether this effect will persist at older ages. These findings are of
specific interest to the study of developmental psychopathology, because as children enter,
endure, and exit puberty it will be important for parents to realize that they see and
respond to different aspects of behavior. It is in fact the case, that the same child may
appear different to mom and dad.

A final step in disentangling genetic and environmental influences on Internalizing and
Externalizing problem behavior and in investigating the distinct developmental processes
of these variance components was to study the developmental patterns of the parental
shared and unique views. Further insight into the stability or change in the influences of
rater bias and the parental unique view is essential in studying the developing child by

making use of questionnaire data.

The longitudinal psychometric model

So far it has been established that genetic and shared environmental influences are
important in explaining stability in Internalizing and Externalizing problem behavior
throughout development. A small but significant part of the shared environmental

influences on problem behavior seems to be accounted for by rater bias. Further,
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disagreement between parents is result of rater bias, but parents also provide unique
information on the child’s behavior. The significance of the parental unique view was
sorted out with the use of the Psychometric model. If the behaviors uniquely rated by the
parents are shown to be influenced by the genotype of the child, the parent must have
been assessing ‘real” unique behavioral views. For etror and/or unreliability cannot cause
the systematic effects necessary for the model to estimate genetic influences.

To analyze longitudinal data on problem behavior as assessed by multiple raters a
longitudinal Psychometric model was developed. This model provided the tools to
simultaneously investigate the etiology of developmental patterns and plausibility of
different models for (dis)agreement between multiple raters.

For Internalizing behavior a decrease in additive genetic influences on the reliable trait
variance, representing behavior similar assessed by both parents, was found over the years,
from 48% at age 3 to 28% at age 12. A complementary increase in common shared
environmental influences from 6 % at age 3 to 20% at age 12 was found. Stability in
Internalizing behavior, based on mother ratings was for 41% accounted for by common
additive genetic factors and for 28% by common shared environmental influences. In
Externalizing behavior, based on mother ratings, stability was for 53% accounted for by
common additive genetic factors, while 23% was accounted for by common shared
environmental influences. The developmental process for the common additive genetic,
shated environmental and nonshared environmental influences wete best described by a
simplex structure.

An important finding is that the maternal and paternal unique shared environmental
influences, partly, representing rater bias, were best described by a factor structure. This
developmental structure indicates a significant influence of rater bias on stability in
problem behaviors. In interpreting results of longitudinal studies it should be taken into
account that part of the stability in the trait under investigation can be caused by stability
in aspects outside the trait. In this case part of the stability is caused by stability in the
‘rater bias’ instead of stability in the ‘real’ behavior. Another important result of the
analyses is the fact that the unique view of the father, represented by unique additive

genetic influences, is time specific only.

Overall conclusions in studying the development of Internalizing and Externalizing problem behavior

Some overall conclusions can be drawn from the distinct but overlapping studies on
Internalizing and Externalizing problem behavior in this project. Individual difference in
Internalizing and Externalizing behavior at the distinct ages can be explained by additive
genetic and shared environmental factors. For Internalizing behavior a decrease of genetic

influences from 57% at age 3 to 22% at age 12 years was observed A complementary
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increase in common shared environmental influences, from no significant influence at age
3 to 25% at age 12 years, was found. For Externalizing behavior the influences of additive
genetic and shared environmental factors remained relatively stable over the years
explaining about 45% and 20% of the total variance, respectively.

The significant influences of additive genetic factors on the reliable trait variance
indicate a possible innate vulnerability to childhood psychopathology. The influences of
nonshared environmental factors, explaining 10 to 20% of the total variance in both
Internalizing and Externalizing behavior suggest the importance of pure idiosyncratic
experiences. Significant influences of environment shared by both members of a twin pair,

like home environment, are represented by the common shared environmental factor.

Table 12.3.
Decomposition of the total variance and covariances for Internalizing bebavior based on a single and a

multiple rater model

Variance Covariance
Int3 |Int7 |Intl0 |Int12 |Int3- |Int3- |Int3- |Int7- |Int7- |Intl0-
Int7 Intl0 |[Int12 [Intl0 |Intl2 |ntl2

gb = Aa .59 44 .36 .37 .52 43 .32 .51 .40 .38
E § Cb 13 28 34 .37 43 .56 .63 .36 42 40
Ec 28 .28 31 .26 .05 .01 .04 13 17 22
Ad 48 .36 28 28 .50 45 45 .39 .34 .31
Ane |13 12 A1 A1 .02 .02 .00 .09 .04 .09
Cf .06 13 .19 .20 24 .29 .35 22 .29 27
Cn8 |.05 15 .14 17 .19 24 24 17 .16 12
0 ER 14 15 15 14 .03 .01 .00 11 12 .16
:g" 8_, Eni |14 12 .15 12 .02 .00 .05 .03 .06 .06
25 é Ad 49 .35 .30 27 .59 .56 .54 47 .39 .36
Af .09 12 .07 .00 .08 .09 .00 .00 .00 .02
Cf .06 .14 21 22 28 .36 42 .26 .33 31
Cék .09 12 15 .08 .02 .06 18 15 15 13
Eh .14 .16 17 .15 .04 .00 .00 .14 13 .18
E{ 12 A1 .10 11 .00 .00 .01 .01 .02 .00

The importance of the use of multiple raters to reliable estimate the influences of
genetic and environmental factors on variance and covariances of problem behavior can

be seen in Table 12.3 (Internalizing behavior) and 12.4 (Externalizing behavior).




Discussion 235

Comparing estimates of genetic and environmental influences on covariance using single
rater models and multiple rater models showed that a significant fraction of the shared
environmental influences on stability were accounted for by parental unique shared
environmental influences (Cm and Cy), which partly represent rater bias. So by interpreting
results of longitudinal studies it should be noted that the stability is partly accounted for
by stability in rater instead of stability in ‘real’ behavior. The unique additive genetic
influences (Am and Ay) represent the finding of a unique view of each parent on his or her
child’s behavior. This result implies that each parent provides additional information on
the child’s functioning and in that matter the use of multiple rater to study individual
differences at distinct ages is recommended. However, when studying developmental
patterns to predict and prevent maladjustment the use of father ratings is questionable.
Results of this study indicated that the influences of the paternal specific view (Af) were
time specific only. Fathers seem to attribute additional information on the child’s
behavior, however no continuity in this view was observed. It could be the case that these
age specific paternal views are a representation of trivial behavioral fluctuations rather
than real father-child specific interaction. Further, mothers’ specific view showed
continuity over the years, the influence on the covariance, though, was very low. In the
scope of aim of the study and actual resources of time, money and practical attainability it
could be reasonable to use mother ratings of genetically related individuals only in
studying the influences of genetic and environmental factors on the development of
problem behavior. However, by doing so, one should always be aware of the significant
influences of rater bias, resulting in an overestimation of shared environmental influences
on the development of behavioral problems.

Finally an important feature of the present longitudinal twin studies was the possibility
to investigate the developmental pattern of genetic and environmental factors separately.
Influences of additive genetic, shared and nonshared environment on the development of
problem behavior were best described by a simplex pattern. This simplex-like continuity
for genetic and environmental influences assumes that successive levels of functioning
wete causally linked and that eatlier expetiences and/or genetic effects affected later
maladjustment. Nonshared environmental influences seemed to be mainly important for
age-specific behavior problems and have almost no developmental significance. This
implies that influences of nonshared environment are important but that they are mostly of

transient nature and specific to a specific moment in time.



236 Chapter 12

Table 12.4.
Decomposition of the total variance and covariances for Externalizing bebavior based on a single and a

mnltiple rater model

Variance Covariance
Int3 Int7 Intl0 | Intl2 Int3- | Int3- |Int3- |Int7- |Int7- |Intl0-
Int7 |Intl0 |Intl2 |Intl0 |Intl2 | ntl2

Ar 3|57 .59 .65 .64 .64 .66 .57 74 .69 73

9 .50 .59 45 .51 .54 45 44 .60 .58 .58

gp § cr 4|27 26 .20 .23 .33 .33 .38 19 23 18
E é 9 32 27 .36 .33 .38 .50 .52 32 33 .33
Ec & |.16 15 14 13 .03 .01 .05 .07 .07 .08

9 .18 14 19 .16 .07 .06 .04 .09 .09 .09

Ad 3148 49 .52 AT .58 .55 .51 .55 .58 .61

9 41 46 41 40 48 41 41 48 52 .52

Anc 6 .05 1 12 13 .04 .06 .07 12 13 .08

9 11 13 .09 11 .08 13 .08 .09 .06 11

ct 4118 15 14 19 .20 25 .25 .20 17 16

9 22 17 19 21 27 34 34 .25 24 21

Cms d |13 .09 .07 .09 14 13 13 .04 .06 .06

9 .08 .10 13 13 .10 .08 13 .08 .09 .08

Er 4 ].10 .09 .08 .06 .04 .02 .02 .06 .05 .06

9 11 .09 .10 .09 .05 .05 .03 .09 .06 .08

o ) DI 6 .07 .06 .06 .06 .00 .00 .02 .01 .02 .03
E" g 9 .07 .06 .08 .07 .02 .00 .00 .01 .03 .02
= § Ad 6 48 .50 .53 49 .66 .60 .59 .61 .67 .66
= 9 42 48 43 43 .57 45 .50 .51 .58 .57
A 6 .05 .09 .02 .02 .03 .00 .00 .03 .02 .00

9 .04 .03 .05 .02 .00 .00 .00 .05 .00 .00

ct 4.8 .16 15 .20 23 27 .29 22 19 17

9 23 18 .20 22 31 .38 A1 27 27 23

C& 4.1t 11 16 14 .03 13 .10 .06 .06 14

9 13 15 14 15 .08 14 .08 .08 10 12

Er 4 ].10 .09 .09 .07 .04 .02 .02 .07 .06 .07

9 11 .09 11 .09 .06 .06 .04 .10 .07 .08

Ed 6 .08 .06 .05 .04 .02 .00 .03 .00 .05 .00

9 .07 .07 .07 .08 .00 .00 .00 .00 .00 .03

2 Additive genetic influences; P Shared environmental influences; ¢ nonshared environmental influences; d
Additive genetic influences on the reliable trait variance; ¢ Maternal unique Additive genetic influences;
Shared environmental influences on the reliable trait variance; & Maternal unique shared environmental
influences; b nonshared environmental influences on the reliable trait variance; ! Maternal unique
nonshared environmental influences; I Paternal unique additive genetic influences; ¥ Paternal unique
shared environmental influences; ! Paternal unique nonshared environmental influences
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Cognitive abilities

Heritability of cognition has been studied extensively, both in adults and in children. Far
less is known about the developmental genetics of cognitive abilities. In this project the
influences of genes and environment on cognitive development and on its developmental
structure were studied in a longitudinal sample of Dutch twins at 5, 7, 10, and 12 years of
age. It can be concluded that the development of general cognitive abilities is a continuous
process, represented by high correlations over time (rs.n= .65; £510= .65; 1(5.12=.64; £
10=.72; 17-12=.09 and ra0.12=.78). Continuity was represented by a common factor, with
age specific factor loadings, for both genetic and shared environmental influences. Change
in development, represented by age specific factors, was presented in the shared
environmental structure and, as expected, in the nonshared environmental structure.
Further, decomposition of the between age covariances in additive genetic, shared
environmental, and nonshared environmental influences showed that the continuity in
cognitive abilities was mainly due to additive genetic factors, accounting for 72% of the
covariance on average. The remaining 28% could be explained by environmental influences
shared by both members of a twin pai.

An increase in heritability of IQ over the years was found. At age 5, 26% of the total
variance was accounted for by genetic influences, while at age 10, 69% of the total variance
was explained by genetic factors. Estimates on heritability and influences of shared and
nonshatred environment based on several studies with twin from the NTR (Rietveld e a/.,
2002; Posthuma, 2002; Van Baal, 1997; Rijsdijk; 1997a; Van Beijsterveldt, 1996) are
summarized in Diagram 12.1. The increase of additive genetic influences is cleatly
observed, so is the decrease of shared environmental influences.

Based on previous longitudinal studies (Cardon ef al, 1992; Fulker, et al, 1993) the
finding of a common factor for shared environmental influences was expected. However,
beside this common factor, age specific influences of shared environment were found.
These age specific influences were significant, but the proportion of variance explained by
this shared environmental factors was much smaller compared to the proportion explained
by the shared environmental factor common to all ages. SES and parental education could
account for this common factor, as these environmental aspects are not sensitive to large
changes over a time-span of 7 years. For the age specific shared environmental influences
one may consider the school environment. In 63% of a large sample of Dutch 12-year old
twins, the same teacher teaches both children of a twin pair, whereas 37% go to separate
classes. This ratio makes teacher or classroom environment a shared environmental
influence for the majority of the children. Since, in the Dutch school system children move

to a different teacher each school year, this results in a lack of continuity in this particular
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aspect of shared environment. So, these shared but age-specific experiences within the

classroom may be represented by the age-specific factors.

Diagram 12.1.
Influences of additive genetic (A), shared environment (C), and nonshared environment (E) on cognitive
abilities at distinct ages (Data at ages 16 to 50 are provided by the Netherlands Twin Register)

TS AN AT AT ANMES A IS A
100%1
| E
80%1
60%- C
40%1
20%1 A
0%
5 7 10 12 16 18 26 50

The nonshared environment was found to explain a substantial portion of the variance
at each age (best model, range from 15% to 27%). With respect to developmental aspects
of the data the nonshared environment acts in a well-established manner. The environment
that is uniquely experienced by an individual contributes to change rather than stability in
cognitive performance.

The developmental pattern for genetic influences found in this study is partly different
from previous, comparable studies like the combined study of CAP, MLTS, and TIP
(Cardon e# al., 1992; Fulker, et al., 1993). Results provided by these studies show a simplex
pattern for genetic influences with genetic innovation at 2, 3, and 7 years of age. In our
study no indication for genetic innovation is observed. Our result point into the direction

of a common set of genes influencing cognitive abilities throughout development. It can be
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hypothesized that differences in results from distinct studies can be partly explained by

differences in age of the subjects and methods to assess cognitive abilities.

Eduncational achievement and the overlap with cognitive abilities

Intelligence seems to be an obvious explaining factor for the variance in educational
achievement. In this project significant correlations were found between 1Q and a national
test of educational achievement (CITO). The correlations were .41, .50, .60, and .63
between CITO and 1Q assessed at ages 5, 7, 10, and 12 years, respectively. Additive genetic
effects accounted for 60% of the individual differences found in CITO scores. This high
heritability indicates that the CITO might be a valuable instrument to assess individual
differences in cognitive abilities in children but might not be the right instrument to put
the effect of education to the test. The results of the bivariate analyses pointed to genetic
effects as an important source of covariance between CITO and 1Q, explaining 60% of the
covariance on average. Shared environmental influences seemed significant in explaining
the overlap between scholastic achievement and 1Q as well.

In general, the family environment (SES) is considered to be the main factor of shared
environmental influences. As mentioned in the study on the development of cognitive
abilities, one may also consider the school environment as an important source of shared
environmental influences, which can be age specific due to the move to a different teacher
each school year. Further indication to consider the classroom and teacher as shared
environment is given by preliminary results on twin correlations for CITO in the same
sample of 12- year- old-twin pairs. The pattern of twin correlation for CITO in twins
taught by the same teacher indicated higher influences of shared environment than the
pattern of twin correlations for CITO in twins taught by different teachers. Two
limitations of the preliminary results must be emphasized. First, a problem is that there
may be reasons why twins go to separate classes. For instance, educational achievement of
both children of a twin pair diverges over the years, resulting in different classes. Based on
the high heritability in both cognitive abilities as well as scholastic achievement this is more
likely to occur in DZ twins. Further, it should be noted that because only a minority of the
twin go to separate classes the zygosity groups to calculate these twin correlation are very
small. The collection of CITO data and data on ‘different or same’ teacher is a continuous
process at the NTR, so more insight into this matter can be gained in the future.

The unique environment was found to explain only a small portion of the variance of
CITO. It further seems to be of no influence on the association between CITO and 1Q,
except for the association between CITO and IQ12. The finding of the influence of
nonshared environmental influences on this covariance indicates that, besides

measurement error, pure idiosyncratic experience are of importance for individual
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differences in cognitive abilities and CITO at age 12. Further, the finding of a significant
influence on the association between CITO and IQ at age 12 only, underlines the transient
nature of these idiosyncratic experiences. This transient nature of nonshared
environmental influences was also found in the longitudinal study on the development of
intelligence.

The finding of genetic influences as the overlapping factor for the association creates
opportunities for future research on the genetics of cognition. Assessing an intelligence
test is very time consuming and in order to get more insight in the genetic background of
cognition large sample sizes are necessary. Since the CITO is a nationwide standardized
test, the use of the database and the possibilities to recruit parents, siblings and normal
controls for genetic studies would boost power to finally find genes influencing cognitive

abilities.

Cortisol

The recent literature on the heritability of cortisol levels was reviewed and it was observed
that most of the studies, which have been carried out in genetically informative samples,
lack methodological consistency with regard to frequency and timing of sample collection.
The circadian thythm in cortisol levels was often not taken into account. A power analysis
showed that none of the reviewed studies used adequate sample sizes to distinguish genetic
from shared environmental influences as a cause for familial aggregation. Results of a
simultaneous analysis of 5 comparable twin studies suggested a heritability of 62% for basal
cortisol levels. Hence, it was concluded that, to understand the contribution of genetic and
environmental influences to variation in basal cortisol levels, future studies should be
designed more rigorously with strict collection and sampling protocols, sufficient sample
size and repeated measures across multiple days.

Taking these recommendations into account a study on the heritability of cortisol in 12-
year-old children was conducted. To this end, four samples of salivary cortisol were
collected on two consecutive days in a sample of 180 twin pairs. The results showed a
significant genetic contribution to the variation of basal cortisol levels in the morning and
afternoon samples. Heritability did not differ for boys and gitls and was highest (around
60%) for cortisol levels during the morning.

Rapid progress in understanding the genetics of cortisol receptors is made through
pharmacological and knockout studies in animals. However, although large homology
probably exists between animals and human HPA genes, genetic linkage or candidate gene
studies in humans may well be needed. The heritability of cortisol levels found here
suggests that this may be a useful phenotype for future gene hunting projects.

Nevertheless, before cortisol can be adopted as an endophenotype for molecular genetic
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studies, it is clearly essential to demonstrate that this measure of cortisol levels is strongly
related to psychopathology or cognition, that they are influenced genetically, and that genes
that influence cortisol also are likely to be involved in the etiology of behavioral problems
or cognitive abilities. The finding of low and insignificant correlations between basal
cortisol levels and problem behavior or cognition questions to what extent basal cortisol
levels can be considered the designated endophenotype to explain individual differences in

psychopathology and cognition.

FUTURE RESEARCH

The results of this study in light of future gene finding

The elusive goal of behavior geneticists will be the isolation of genes mediating complex
behavioral phenotypes, such as psychopathology or cognition. It is established that
behavior is partly inherited, by transmission of alleles from one generation to the next. The
prevalence and magnitude of environmental influences, tough, tend to obscure behavior
differences between distinct genotypes. A first step in successfully searching for genes
influencing complex behavior (QTL; quantitative trait loci) is to disentangle these genetic
and environmental influences. A next step will be the determination of the number and
nature of inherited factors contributing to a behavioral trait and the mapping of genetic
factors to positions on chromosomes. The final step will be the determination of how
genetic factors function to generate behavior. Given the rapid advancements made in
molecular biology, the development of statistical genetic methods, and the sequencing of
the human genome, the identification of specific genes, even for complex traits, becomes a
realistic goal of quantitative genetic analyses.

Despite these rapid advancements, though, a major obstacle to identifying genes for
cognition and psychopathology remains the issue of phenotype definition. In this matter
longitudinal studies in genetically related individuals, like this study, are valuable, because
these studies take into account the magnitude and developmental pattern of genetic and
environmental factors, the age of the subject, the gender of the subject, an the informant
used. Further, although the heritabilities in cognitive abilities and psychopathology are
high, the genetic influences are likely to be determined by a complex interplay of multiple
biological and physiological processes, each influenced by its own set of genes. So, one
approach to identify genes for complex traits could be the use of endophenotypes. In
general endophenotypes represent biological, neurophysiological, electrophysiological, and
behavioral indices of the pathways that connect genes and the trait under investigation.
Based on several hypothesis (see Chapter 11) cortisol could be considered as an
endophenotype for individual differences in psychopathology and cognition. In this project

more insight into the etiology of individual differences in cortisol levels is gained. Future
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studies, though, are necessary to estimate the value of the use of basal cortisol as an
endophenotype to identify genes for psychopathology and cognition.

The development pattern of additive genetic influences on cognition was best captured
by a common factor structure. This finding of a common set of genes has important
implications for the search for genes for cognition. If the same genes influence cognition at
distinct ages, the search for QTLs can be conducted in a group of subjects of varying ages.
For Internalizing and Externalizing behavior, though, additive genetic influences on
development, were best described by a simplex pattern. This structure implies that genetic
variance is partly transmitted from one age to the next, but new genetic influences come
into play at each age as well. Thus, the set of genes influencing Internalizing and
Externalizing behavior is not common to all ages and DNA of distinct age groups need to
be considered for finding QTLs.

Finally, an important approach for investigating genetic influences on complex traits
involves examining the consequences of experimental manipulations of genes. Because this
work cannot be performed in humans, model organisms much be used for such studies.
Genetic regulation of behavior may be explored in the mouse by examining naturally
occurring gene variants and by introducing genetic mutations. Moreover, humans and mice
possess remarkably similar genomes (Makalowski and Boguski, 1998). Therefore, mouse
genetic studies can provide insight into the actions of corresponding human genes.
Collaboration of human and animal studies might facilitate and accelerate the finding of

genes for complex behaviors.

The genetic basis of psychopathology

Most of the studies on the genetics of childhood psychopathology focus on attention
deficit hyperactivity disorder (ADHD) and aggression. This attention may be partly due to
the high heritability found for these disorders. In this project focus has been on
Internalizing and Externalizing behavior as assessed with the Child Behavior Checklist.
Syndromes used to define Externalizing behavior are Attention problems and Aggressive
behavior. Externalizing behavior is a valuable concept to gain insight into development of
behavioral problems. For the finding of genes influencing these kinds of behavior, though,
this broadband scale may be to complex.

Replicated findings for susceptibility genes for ADHD ate reported for the dopamine
(DRD4) receptor gene and the dopamine transporter gene (DAT1). The indication of the
involvement of the dopaminergic system in individual differences in ADHD is based on
the fact that 70 to 80% of children with ADHD show an immediate improvement in
ADHD symptoms when given stimulant medication such as methylphenidate (e.g. Ritalin).

These genes are known to inhibit reuptake via the dopamine transporter (Amara and
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Kuhar, 1993) and increase synaptic levels of dopamine (Solanto, 1998). Several studies
have examined the association of a genetic polymorphism (the 48bp VNTR in exon 3) of
the DRD4 gene with ADHD. Eight independent studies have found evidence of
association of DRD4 7-repeat allele with ADHD (Lahoste ¢f al, 1996; Smalley ez al., 1998;
Swanson et al., 1998; Comings ¢t al., 1999; Faraone e# al., 1999; Muglia ez al., 2000; Sunohara
et al., 2000; Tahir et al., 2000). A recent meta-analysis demonstrated significant association
(and linkage) of the DRD4 repeat allele with ADHD from both family-based studies and
case control studies (Faraone e7 al., 2001) . Thus overall, so far evidence suggests that there
is association between the DRD4 7-repeat allele and ADHD. Further, there have been at
least eight published studies of DAT1 and ADHD, all of which have examined the same
genetic variant, a VN'TR at the 3 region. Four studies have shown significant linkage and
association with allele 10, the 480 bp repeat (Cook ez al., 1995; ; Gill ez al., 1997; Daly et al.,
1999; Curran e al., 2001). One study found evidence of a trend for association (Barr e al,
2001). Three studies, though, failed to show association (Swanson ez al., 1998; Palmer ¢f al.,
1999; Holmes ¢t al., 2000).

Besides the interest for the dopamine hypothesis, more recently the potential role of
seretonin (5-HT) in the etiology of ADHD has been highlighted. This has been suggested
by findings from animal studies and the effect that stimulant medication and second-line
therapeutic drugs for ADHD have on noadrenergic pathways (Solanto, 1998). In general,
5-HT appears to play a role in a range of neuropsychiatric disorders. For instance, genes
encoding various components of the 5-HT system are being studies as risk factors in
depression, obsessive-compulsive disorder, and aggtression (for a review see Lucki, 1998).

Further, genetic deficiencies in /MA40.4 have been linked with aggression in mice and
humans (Rowe, 2001; Manuck e al, 2000). The MAOA gene is located on the X
chromosome (Xp 11.23-11.4) and it encodes the MAOA enzyme, which metabolizes
neurotransmitter such as norepinephrine (NE), seretonin (5-HT), and dopamine (DA).
Increased aggression and increased levels of brain NE, 5-HT, and DA were observed in a
transgenic mouse line in which the gene encoding MAOA was deleted (Cases, 1995), and
aggression was normalized by restoring MAOA expression (Shih and Thompson, 1999). In
humans, a null allele at the MAOA locus was linked with male antisocial behavior in a
single large family studied in the Netherlands (Brunner ¢7 2/, 1993). However, this mutation
is very rare. Further preliminary evidence of an association between polymorphic variation
in the gene for MAO.A and interindividual variability on aggression, impulsivity and central
nervous system serotonergic responsitivity is found by Manuck and colleagues (2000).
Recently, a significant GXE interaction was reported between MAOA and maltreatment.
Caspi and colleagues (2002) found that maltreated children with a genotype conferring high

levels of MAOA expression were less likely to develop antisocial behavior. Overall,
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evidence for an association between MA0.A and aggressive behavior or antisocial behavior
in human general population remains inconclusive and replication of the results are

needed.

The genetic basis of cognition

In spite of the overwhelming evidence for the moderate to high heritability in cognitive
abilities, actual genes have not yet been identified. A recent review of the exiting literature
presents a list of over 150 candidate genes that contribute to cognition (Motley and
Montgomery, 2001). The tumor-suppressor gene NF1, which encodes a Ras-specific
GTPase activating protein, has been implicated in the cognitive processes of humans, mice
and Drosophilae. In humans this gene is linked to neurofibromatosis type 1 (Hofman ez al.,
1994; Notth ez al., 1995; Ferner et al., 1996; Silva et al., 1997; Ozonoff ¢t al., 1999), a disease
that includes a number of general cognitive impairments, and Watson syndrome, an
autosomal dominant condition that includes low intelligence (Allanson ez al, 1991). The
ADRA2C (adrenergic alpha 2A receptor) gene is a strong candidate for a role in human
cognition due to its involvement in attention, learning and memory. The additive effects of
ADRA2C and dopamine beta-hydroxylase genes were significantly associated with ADHD,
learning disabilities and poor scholastic performance in children (Comings e/ al 1999).
Finally, there is evidence for a role of APOE in human and mouse learning and memory.
The presence of at least one epsilon 4 allele is associated with lower 1Q scores, especially
with lower verbal 1Q (Posthuma ez a/, 1999a; 1999b). Henderson and colleagues (1995)
showed that the epsilon 4 allele of APOE is associated with increased risk for dementia or
cognitive impairment in aged subjects. Further, subjects with APOE epsilon 4 allele have
decreased learning and memory abilities compared with control subjects (Schmidt ef @/,
19906).

Finding genes associated with complex quantitative traits, such as cognition, requires
power to detect QTLs of small effect size. Recently, a genome wide scan for cognitive
abilities was conducted, using 1842 markers across the genome (Plomin ez 4/, 2001). In
order to detect QTLs of small effects size, they used extreme selected samples and five-
stage design with normal alpha levels that permit false positive results in early stages but
remove false positives in later stages. Despite this approach they could not replicate any of

the previously found QTL associations and did not detect new QTL associations.

To summarize
In studying individual differences in development during childhood insight is gained into
the etiology of human variation. Behavioral problems and cognitive abilities are stable over

the years and genetic and shared environmental influences are important in explaining this
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stability. A comprehensive picture of developmental processes underlying child
psychopathology and cognition is obtained. Important to reliable estimate the influences of
genetic and environmental factors on problem behavior is the use of information from
multiple raters. Further, It was hypothesized that individual differences in pre- or postnatal
cortisol levels could be an indirect cause of individual differences in psychopathology or
cognition. The finding of low and insignificant correlations between basal cortisol levels

and problem behavior or cognition questions the value of this hypothesis.
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This thesis describes the outcome of two longitudinal studies. Two important phenotypes
are considered in a large longitudinal sample of Dutch twins: cognitive abilities and
childhood psychopathology. Cognitive abilities were studied in a longitudinal sample of
400 children. Measures of intelligence were collected at 5, 7, 10, and 12 years of age.
Additional information on cognitive abilities at age 12 was collected by means of the
CITO score for 1495 children. Behavioral and emotional problems were assessed
longitudinally, by parental report, in over 10,000 children at ages 3 and 7, in 6000 children
at age 10 and in 3000 children at age 12. Finally, salivary cortisol samples were collected at
two consecutive days in 180 twelve-year-old twin pairs, who participated in the

longitudinal study on cognitive abilities.

The longitudinal study on cognitive abilities

It can be concluded that the development of general cognitive abilities is a continuous
process, represented by high correlations over time (rs.7= .65; t510= .65; £5.12=.04; 1(7-
10)=.72; £7.12=.69 and r@10.12=.78). Stability in cognitive ability throughout development is
mainly accounted for by genetic factors. Seventy-two percent of the between age
covariance, representing stability in cognitive abilities over time, was accounted for by
additive genetic factors. The remaining 28% could be explained by environmental
influences shared by both members of a twin pair. The developmental pattern of additive
genetic influences (A) on cognition is best described by a common factor structure. Thus,
an underlying set of genes influences cognition from the beginning onwards. However,
the importance of these genes increases greatly during childhood (see Figure I).
Environmental influences shared by both members of a twin pair, the so-called shared
environmental influences (C), are less important over time. The developmental pattern is
also best captured by a common factor structure. Besides this common factor structure,
significant age specific influences of shared environment in cognitive abilities are found.
Nonshared environmental influences, environmental influences unique for each person
(E), show no continuity, thus mainly account for change in cognitive functioning over the
years.

As depicted in figure I, an increase in heritability of 1Q) over the years was found. At
age 5, 26% of the total variance was accounted for by genetic influences, while at age 10,
69% of the total variance was explained by genetic factors. A complementary decrease in
shared environmental influences is observed.

The correlation between scholastic achievement, assessed with the CITO score at age
12, and cognitive abilities at ages 5, 7, 10 and 12 years (41, .50, .60, and .63 resp.) is
explained by genetic and shared environmental factors. Individual differences in CITO

score are mainly accounted for by additive genetic influences, explaining 60% of the total
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variance. Small but significant influences of shared environment are found, explaining
about 25% of the total variance. The remaining 15% is accounted for by nonshared

environmental influences.

Figure I.
Graphical representation of the variance decomposition in additive genetic (A), shared environmental (C),

and nonshared environmental (E) factors for cognitive abilities at age 5, 7, 10, and 12 years.
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The longitudinal study on bebavioral and emotional problems

Behavioral and emotional problems are highly prevalent in Dutch children aged 3 to 12
years. Twenty-five to 30% of the children in the sample showed some kind of behavioral
problem. The prevalence of behavioral problems, though, varies depending on the kind of
behavior, the rater, and the age and gender of the child. Internalizing problems
(anxious/depressed behavior, withdrawn behavior) are more prevalent in gitls than boys
and Externalizing problems (aggressive behavior, rule breaking behavior) are more
prevalent in boys than girls. Overall, mothers report more problem behaviors than fathers
and prevalence of problem behavior, as rated by the parents, decreases over age.

As for cognitive abilities, it can be concluded that the development of Internalizing
and Externalizing problem behavior is a continuous process, represented by moderate to
high correlations over time. The observed stability coefficients for the four- seven-, and
nine-year time intervals were, respectively, .37, .33, .30 for Internalizing behavior and .55,
49, and .48 for Externalizing behavior. Stability in problem behaviors can be explained by

genetic and environmental influences on the covariances over time. For Internalizing
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behavior in boys stability is for 65%, 26%, and 9% explained by additive genetic, shared
environmental and nonshared environmental influences, respectively. Forty-seven percent
of the stability in girls is accounted for by additive genetic factors. Stability in Internalizing
behavior in gitls is accounted for 43% by shared environmental factors. The remaining
10% can be explained by nonshared environmental factors. Genetic influences are the
main factor for stability in Externalizing behavior in boy, explaining 76% of the
covariance over time. Nineteen percent is accounted for by shared environmental
influences. Only 5 % of the stability in Externalizing behavior in boys is accounted for by
nonshared environmental factors. For Externalizing behavior in girls, both genetic and
shared environmental factors are important for stability over the years, explaining 62%
and 31% respectively. The remaining 7% is accounted for by nonshared environmental
factors. For both Internalizing and Externalizing behavioral problems the developmental
pattern of genetic, shared and nonshared environmental influences is best described by a
simplex pattern. So, influences are transmitted from age to age and new influences come

into play at each age.

Figure II.
Grapbhical representation of the variance decomposition in additive genetic (A), shared environmental (C),
and nonshared environmental (E) factors for Internalizing bebavior in boys, similar assessed by both

parents, at age 3, 7, 10, and 12 years.
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For Internalizing behavior (See Figure II) in both boys and gitls a decrease in genetic

influences and a complementary increase of shared environmental influences is observed.
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Relative stability in the strength of genetic and environmental influences in boys is reached

from age 10 onwards.

Figure II-cont.
Graphical representation of the variance decomposition in additive genetic (A), shared environmental (C),
and nonshared environmental (E) factors for Internalizing bebavior in girls, similar assessed by both

parents, at age 3, 7, 10, and 12 years.
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For Externalizing problem behavior less change in the strength of genetic and
environmental influences is observed (see Figure III). Stability in Externalizing problem
behaviors throughout development in boys and gitls is mainly accounted for by additive
genetic influences. For both Internalizing and Externalizing behavior it can be seen that
the influences of nonshared environmental influences, representing pure idiosyncratic
experiences, remains stable throughout development.

It can be concluded from this study that the developmental processes of genetic and
environmental influences on the different phenotypes (cognition, Internalizing behavior,
and Externalizing behavior) show distinct patterns. While a common set of genes
influences cognition during childhood, a transmission process including new genetic
influences at distinct ages best describes genetic influences on behavioral problems during
childhood. Further, the strength of genetic and environmental influences changes during

childhood, with an increase of genetic influences on cognition, a decrease of genetic
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influences on Internalizing behavior and relatively stable genetic influences on

Externalizing behavior.

Figure III.
Graphical representation of the additive genetic (A), shared environmental (C), and nonshared
environmental (E) influences on Externalizing problem bebavior, similar assessed by both parents, for

boys (upper diagram) and girls (lower diagram) thronghout development.
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The use of multiple raters in studying the development of both problem behaviors

is recommended. Agreement between parents for each assessment (age 3, 7, 10 and
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12) was about .6, which indicates that part of the behavior is similar assessed by
mothers and fathers. It is further found that disagreement between the parents,
indicated by the less than perfect agreement, is not merely the result of unreliability
and/or rater bias, but each patent also provides unique information from his/her own
perspective on the child’s behavior. These parental unique views show almost no
continuity over the years, so this parent specific view is important for behavioral
assessment at a certain age but is not significant for understanding the development of
problem behavior during childhood. However, about 20% of the stability in
Internalizing and Externalizing problem behavior over the years is accounted for by
so-called rater bias. In other words, a part of the observed stability in problem
behavior is accounted for by characteristics of the rater instead of factors of ‘real’
behavior. This finding emphasizes the importance of the use of multiple raters in
studying the development of problem behavior.

Cortisol is mainly known for its pivotal role in generating an adequate response to
physical and emotional stressors. However, it may also exert strong behavioral effects
that are already apparent during childhood. In general biological, neurophysiological,
electrophysiological, and behavioral indices of the pathways that connect genes and the
trait under investigation, such as cortisol, are called endophenotypes. Before cortisol can
be considered as an endophenotype in studying individual differences in the development
of cognitive abilities and psychopathology, it is clearly essential to demonstrate that this
measure of cortisol levels is strongly related to psychopathology or cognition, that both
phenotypes are influenced genetically, and that genes that influence cortisol also are likely
to be involved in the etiology of behavioral problems or cognitive abilities. Previous
studies report an association between cortisol and cognitive abilities or childhood
psychopathology. Further, the significance of genetic influences on childhood
psychopathology and cognitive abilities are well established. However, more insight into
the etiology of individual differences in cortisol levels, especially in children, still need to
be gained.

For the determination of cortisol levels in children four saliva samples were collected
at two consecutive days in a subsample (N=180 twin pairs) of the sample that participated
in the longitudinal study of cognitive abilties. Results of the analyses showed a significant
genetic contribution to the variation of basal cortisol levels in the morning and afternoon
samples. Heritability did not differ for boys and girls and was highest (60%) for cortisol
levels during the sample taken about 45 minutes after awakening. This cortisol awakening
response provides a useful endophenotype in the search for genes that may affect

hypothalamic-pituitary adrenocortical functioning in children.
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Low correlations were found between cortisol levels at different points in time during
the day. It was hypothesized that the heritability of cortisol levels varies inversely with the
strength of the negative feedback signal exerted by cortisol at the glucocorticoid receptors
(GR) and mineralocorticoid receptors (MR). Changes in the strength of this feedback
signal are reflected in changes in the absolute cortisol level, although time lagged, because
the effects of cortisol on the GR and MR receptors are largely genomic.

Preliminary results show no significant correlation between cortisol levels assessed
at age 12 and Internalizing or Externalizing behavior at ages 3, 7, 10, and 12. Further,
no significant association is observed between cognitive abilities at ages 5, 7, 10, and
12 and cortisol levels at age 12. Future studies are necessary to gain more insight into
the presence or absence of these associations and the possible value of cortisol levels
as an endophenotype in studying individual differences is the development of
cognition and childhood psychopathology.

Based on the results of this thesis it can be concluded that genetic influences are
pervasive during childhood. Genes affect two major phenotypes, behavioral problems and
cognitive abilities, as well as a possible endophenotype, basal cortisol levels. Genes also
affect various aspects of development and are very important for continuity and change
throughout development. It can be stated that genetic studies are not only important for
estimating size of genetic and environmental effects, but can shed light on fundamental
questions in child development. For this reason, genetic studies supply phenotypic studies

and are an essential addendum for research in developmental psychology.
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Dit proefschrift beschrijft de resultaten van twee longitudinale en een cross-sectioneel
onderzoek. Het cerste longitudinale onderzock betrof de ontwikkeling van
probleemgedrag bij kinderen. Informatie was beschikbaar voor meer dan 10.000 kinderen
op leeftijd 3 en 7, voor 6000 kinderen op leeftijd 10 en voor 3000 kinderen op leeftijd 12.
Deze informatie werd verkregen door ouders via vragenlijsten het gedrag van hun
kinderen te laten beoordelen. Ten tweede is de ontwikkeling van cognitieve vaardigheden
bestudeerd. Bij 400 kinderen zijn de cognitieve vaardigheden (IQ) gemeten op vier
leeftijden 5, 7, 10, en 12. Een extra maat voor cognitie is verzameld in de vorm van de
CITO toets. De uitslag van de CITO toets is verzameld in een groep van 1495 kinderen.
Het cross-sectionele onderzoek betrof een kleinere steckproef van de twaalfjarige kinderen
waarbij speeksel verzameld was voor de bepaling van cortisol gehalten over de dag.

Het longitudinale karakter van de data biedt de mogelijkheid om de ontwikkeling van
cognitief functioneren en gedragsproblemen in kaart te brengen en inzicht te verkrijgen in
de oorzaken van stabiliteit en verandering in deze fenotypen tijdens de ontwikkelingen van
jonge kinderen (3 jaar) tot kinderen in de prepuberale/puberale leeftijd (12 jaar).

Voor het bestuderen van deze oorzaken is gebruik gemaakt van het zogenaamde
klassieke tweelingen design. In dit design wordt de overeenkomst tussen kinderen van
monozygote, eeneiige, (MZ) tweelingen vergeleken met de overeenkomst tussen kinderen
van dizygote, twee-eiige, (DZ) tweelingen. MZ tweelingen ontstaan als een bevruchte eicel
zich in tweeén splitst. MZ tweelingen zijn genetisch identick en dus ook altijd van
hetzelfde geslacht. DZ tweelingen ontstaan na een dubbele ovulatie bij de moeder en zijn
genetisch gezien niet meer verwant dan gewone broertjes of zusjes, dat wil zeggen dat ze
gemiddeld 50% van hun genetisch materiaal gemeenschappelijk hebben.

Een grotere overeenkomst tussen kinderen van MZ dan DZ tweelingen voor een
bepaalde eigenschap is een eerste indicatie dat individuele verschillen in deze eigenschap
mede worden bepaald door erfelijke aanleg (heritability, A). Naast deze genetisch invloed
kunnen ook invloeden uit de omgeving een rol spelen. De invloeden uit de omgeving
worden onderverdeeld in omgevingsinvloeden die gedeeld worden door kinderen uit een
zelfde gezin (gedeelde omgeving; common environment, C) en omgevingsinvloeden die
uniek zijn voor het individu (unicke omgeving; nonshared environment, E). De mate
waarin MZ tweelingen en DZ tweelingen op elkaar lijken geeft informatie over het
relatieve belang van A, C en E.

MZ tweelingen die in hetzelfde gezin opgroeien zijn genetisch identick en delen
dezelfde gezinsomgeving. De overeenkomst tussen MZ tweelingen is dus een functie van
A + C; de invloed van erfelijke aanleg plus de invloed van de gezinsomgeving. Verschillen
tussen twee kinderen van een MZ tweeling worden verklaard door invloeden die zij niet

delen; de unieke omgevingsinvloeden (E). Voor DZ tweelingen die samen opgroeien geldt
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ook dat zij de gezinsomgeving delen. Zij delen echter gemiddeld maar de helft van hun
genetisch materiaal. De overeenkomst in DZ tweelingen is dus een functie van %2A + C.
Op grond van het patroon van MZ en DZ correlaties kan het relatieve belang van
erfelijke en omgevingsinvloeden geschat worden. Als de twee kinderen van een tweeling
paar (zowel MZ als DZ) niet op elkaar lijken dan speelt bij de eigenschap noch erfelijke
aanleg noch hun gemeenschappelijke omgeving een rol. De individuele verschillen in
gedrag of cognitie worden dan bepaald door unieke omgevingsinvloeden zoals vrienden,
unicke aspecten in de relatic met de ouders, vrije tijdsbesteding etc. Als MZ en DZ
tweelingen evenveel op elkaar lijken dan wordt de bestudeerde eigenschap waarschijnlijk
beinvloed door de gedeelde omgeving (zoals eetgewoonten binnen het gezin, de buurt, de
school etc) en niet door hun genetische verwantschap. Wanneer de gelijkenis tussen MZ
tweelingen groter is dan tussen DZ tweelingen dan is dat een sterke aanwijzingen dat

genetische factoren van invloed zijn.

Figuur 1. Het common factor’ model

Het longitudinale onderzoek naar de oorzaken van individuele verschillen in cognitieve vaardigheden
tijdens de ontwikkeling van leeflijd 5 tot 12.

Cognitieve vaardigheden zijn erg stabiel over de tijd, wat weergegeven wordt door een
sterke samenhang tussen cognitie gemeten in hetzelfde kind op verschillende leeftijden.
Deze samenhang kan worden weergeven door middel van een correlatie coéfficiént (r=een
getal tussen O en 1, waarbij 1 een perfecte samenhang weergeeft en 0 de afwezigheid van
samenhang). De correlaties voor cognitieve vaardigheden over tijd zijn ongeveer .6-.7 voor
tijdsintervallen van 2 tot 7 jaar. Stabiliteit in cognitieve vaardigheden blijkt voornamelijk
veroorzaakt te worden door genetische factoren. Tweeénzeventig procent van de
samenhang over tijd kan verklaard worden door genetische invloeden (A). De
overgebleven 28% wordt veroorzaakt door omgevingsinvloeden die door beide kinderen
van het tweelingpaar gedeeld worden (C). Uit de resultaten blijkt verder dat het dezelfde
groep genen is die cognitieve vaardigheden op verschillende leeftijden beinvloedt, een
zogenaamde common factor structuur (zie figuur I). Echter het belang van deze groep

genen neemt toe naarmate de kinderen ouder worden (zie Figuur II). De
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omgevingsinvloeden die gedeeld worden door beide kinderen van een tweelingpaar, de
zogenaamde gedeelde omgevingsinvloeden, worden minder belangrijk naarmate een kind
ouder wordt. Het ontwikkelingspatroon voor deze gedeelde omgeving invloeden kan ook
het beste beschreven worden met een ‘common factor’ structuur. Naast deze constante
invloed van dezelfde gedeelde omgevingsfactoren blijken ook leeftijdsspecificke gedeelde
omgevingsfactoren een rol te spelen. Aangezien deze omgevingsfactoren alleen belangrijk
zijn op een bepaalde leeftijd dragen ze bij aan veranderingen in cognitief functioneren over
de tijd. Omgevingsinvloeden die uniek zijn voor ieder kind vertonen geen continuiteit en

dragen alleen bij aan verandering van cognitieve vaardigheden over de tijd.

Figuur II.
Grafische representatie van de bronnen voor individuele verschillen in cognitieve vaardigheden op leeftijd 5,
7, 10 en 12.
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In figuur II is te zien dat er sprake is van een toename van genetische invloeden op
cognitic naarmate men ouder wordt. Op leeftiid 5 wordt 26% van de individuele
verschillen in cognitief functioneren verklaard door verschillen in genetische aanleg.
Echter, op leeftijd 10 wordt 69% van de verschillen in cognitief functioneren verklaard
door genetische factoren.

In het onderzoek is een sterke samenhang gevonden tussen cognitief functioneren op
leeftijd 5, 7, 10 en 12 en de uitslag van de CITO toets. Deze samenhang van ongeveer .5
wordt verklaard door genetische factoren (A) en gedeelde omgevingsinvloeden (C).
Individuele verschillen in de uitslag van de CITO toets blijken voor 60% verklaart te

kunnen worden door verschillen op genetisch niveau. Significante invloeden van gedeelde
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omgeving verklaren 25% van de totale variantie. De overgebleven 15% kan toegeschreven

worden aan omgevingsinvloeden uniek voor ieder individu.

Het longitudinale onderzoek naar de oorgaken van individuele verschillen in gedragsproblemen in kinderen
tijdens de ontwikfkeling van leeftijd 3 tot 12.

De prevalentie van gedragsproblemen in Nederlandse kinderen in de leeftijd van 3 tot 12
jaar is erg hoog (5 tot 15%). De prevalentie is athankelijk van het soort gedragsproblemen,
de beoordelaar van de gedragsproblemen, en de leeftijd en geslacht van het kind.
Internaliserende gedragsproblemen (angstig/depressief gedrag, teruggetrokken gedrag)
komen meer voor bij meisjes terwijl Externaliserende gedragsproblemen (agressief gedrag,
regelbrekend gedrag) meer voorkomen bij jongens. Wanneer ouders het gedrag van hun
kinderen beoordelen rapporteren moeders meer gedragsproblemen dan vaders. De
prevalentie van gedragsproblemen, gerapporteerd door de ouders, neemt af naarmate het

kind ouder wordt.

Figuur IIL. Het Ssimplex’ model
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Net als voor cognitieve vaardigheden, is er gevonden dat Internaliserende en
Externaliserende gedragsproblemen redelijk stabiel zijn over de tijd. De correlaties voor
Internaliserende gedragsproblemen over tijd zijn: r3.7=.37; r310=.33; r312=.30. De
correlaties voor Externaliserende gedragsproblemen over tijd zijn: r3.7=.55; 13-10)=.49; 13-
12=.48, waarbij de getallen tussen haakjes de leeftijdsintervallen weergeven.

Stabiliteit in gedragsproblemen kan verklaard worden door genetisch en
omgevingsinvloeden. Stabiliteit in Internaliserende gedragsproblemen in jongens wordt
voor 65%, 26%, en 9% verklaard door genetische (A), gedeelde omgevings (C) en unicke
omgevingsinvloeden (E). Zevenenveertig procent van de stabiliteit in Internaliserende
problemen in meisjes kan verklaard worden door verschillen op genetisch niveau.
Gedeelde omgevingsinvloeden en unicke omgevingsinvloeden verklaren 43% en 10% van

de stabiliteit in Internaliserende gedragsproblemen over tijd.
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Figuur IV.
Grafische representatie van de bronnen voor individuele verschillen in Internaliserende gedragsproblemen in

Jongens (bovenste fignur) en meisjes (onderste fignur) op leeftijd 3, 7, 10 en 12.
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Genetische invloeden blijken de belangtijkste verklarende factor voor stabiliteit in
Externaliserende gedragsproblemen in jongens (73%). Negentien procent van de stabiliteit
wordt verklaard door gedeelde omgevingsinvloeden en slechts 5% van de stabiliteit wordt
verklaard door omgevingsfactoren uniek voor ieder individu. Voor stabiliteit in
Externaliserende gedragsproblemen in meisjes blijken zowel genetische factoren als
gedeelde omgevingsinvloeden een rol van betekenis te spelen. Deze factoren verklaren
respectievelijk 62% en 31% van de stabiliteit over de tijd. De resterende 7% wordt

verklaard door unieke omgevingsfactoren.
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Figuur V.
Grafische representatie van de bronnen voor individuele verschillen in Externaliserende gedragsproblemen

in_jongens (bovenste fignur) en meisjes (onderste fignur) op leeftzjd 3, 7, 10 en 12.
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Het ontwikkelingspatroon van genetische en omgevingsinvloeden op Internaliserende
en Externaliserende gedragsproblemen wordt het best beschreven met een zogenaamd
simplex model (zie figuur III). Dit wil zeggen dat invloeden worden doorgegeven van en
bepaalde leeftijd naar de volgende leeftijd. Naast dit transmissie proces komen er op iedere

leeftijd nieuwe invloeden (innovaties) tot expressie.
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Een afname van genetische invloeden en een toename van gedeelde
omgevingsinvloeden op Internaliserende gedragsproblemen is zichtbaar in figuur IV. Voor
genetische en omgevingsinvloeden op Externaliserende gedragsproblemen is minder
verandering over de tijd zichtbaar. (Zie figuur V). Voor zowel Internaliserende als
Externaliserende gedragsproblemen blijken de invloeden van unieke omgevingsinvloeden

stabiel te blijven over tijd.

Conelusie van de longitudinale onderzoeken

Uit beide longitudinale onderzoeken kan geconcludeerd worden dat de
ontwikkelingsprocessen van genetische en omgevingsfactoren op de verschillende
fenotypes (cognitieve vaardigheden en gedragsproblemen) een verschillende patroon
vertonen. Terwijl een zelfde groep genen cognitieve vaardigheden van leeftijd 5 tot en met
leeftijd 12 beinvloedt, beschrijft een transmissie proces, met genetische innovaties, de
genetische invloeden op gedragsproblemen in kinderen tijdens de ontwikkeling van 3 naar
12 jaar. Verder blijkt de sterkte van de genetische en omgevingsinvloeden te veranderen
over de jaren, met een toename van genetische invloeden op cognitieve vaardigheden, een
afname van genetische invloeden op Internaliserende gedragsproblemen en relatief stabiele

genetische invloeden op Externaliserende gedragsproblemen.

De beoordeling van gedragsproblemen

Een betrouwbare en bruikbare methode voor het verzamelen van informatie over het
gedrag van kinderen is aan de hand van gestandaardiseerde vragenlijsten, waarmee ouders
het gedrag van hun kind kunnen beoordelen. De overeenstemming tussen moeders en
vaders over het gerapporteerde probleemgedrag is ongeveer .6. De hoogte van het
verband suggereert dat ouders in staat zijn het gedrag van hun kind met enige
betrouwbaarheid te beoordelen. De overecenstemming is echter niet perfect. Uit dit
onderzoek blijkt dat verschillen tussen beoordelingen door moeders en vaders niet alleen
het resultaat zijn van onbetrouwbaarheid van meten of enige vorm van ‘rater bias’ (b.v. het
overschatten of onderschatten van bepaald gedrag, het hanteren van verschillende
normatieve standaarden, het gebruik van een bepaalde style van antwoorden), maar dat
iedete ouder, vanuit zijn eigen perspectief, informatie over het gedrag van zijn/haar kind
verschaft.

Deze specifieke informatie van moeders en vaders blijkt geen continuiteit over de tijd
te vertonen. Hieruit kan geconcludeerd worden dat deze ouder-specificke informatie
belangrijk is voor het bestuderen van gedragsproblemen op cross-sectioneel niveau, maar
niet van significante waarde is voor het bestuderen van stabiliteit in de ontwikkeling van

gedragsproblemen over de tijd.
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Het blijkt dat 20% van de stabiliteit die geobserveerd wordt voor Internaliserende en
Externaliserend gedrag het gevolg is van de eerder genoemde ‘rater bias’. Met andere
woorden, een deel van de geobserveerde stabiliteit wordt veroorzaakt door
karakteristicken van de beoordelaar in plaats van stabiliteit in gedrag van het kind. De
werkelijke stabiliteit in probleem gedrag is dus lager dan op grond van longitudinale
studies met één beoordelaar gevonden zal worden. Deze bevinding benadrukt het belang
van het gebruik van meerdere beoordelaars in het onderzoeken naar de oorzaken van

individuele verschillen in de ontwikkeling van gedragproblemen.

Cortisol

Cortisol is een hormoon dat wordt afgescheiden door de bijnieren. Cortisol is vooral
bekend door de rol die het speelt in de reactie op fysicke en emotionele stress. Het is
echter mogelijk dat cortisol ook van invloed is op gedrag en al een rol van betekenis speelt
in de vroege kinderjaren. Doordat cortisol in de prenatale of postnatale fase van invloed
zou kunnen zijn op de ontwikkeling van de hersenen, zouden individuele verschillen in het
cortisol gehalte mogelijk een deel van de individuele verschillen in gedragsproblemen en
cognitieve vaardigheden kunnen verklaren. In een dergelijk geval wordt cortisol
beschouwd als een endophenotype voor het onderzoeken van individuele verschillen in
cognitieve vaardigheden en gedragsproblemen. Eerst moet aangetoond worden dat
cortisol gehalte in verband staat met cognitie en gedrag, dat beide beinvloed worden door
genetische factoren en dat de genen die een rol lijken te spelen in cortisol gehalte tevens
een rol spelen in cognitief functioneren en gedragsprobleem

Eerdere studies tonen aan dat er een verband bestaat tussen cortisol en cognitie of
tussen cortisol en gedragsproblemen. Verder is het inmiddels algemeen bekend dat
genetische invloeden een rol spelen in zowel cognitief functioneren als gedragsproblemen.
Er is echter slechts weinig onderzoek gedaan naar de oorzaken van individuele verschillen
in cortisol gehalte en de onderzoeken die zijn gedaan zijn uitgevoerd in volwassenen. Het
was dus belangtijk om eerst meer inzicht te verkrijgen in de etiologie van de individuele
verschillen in cortisol gehalte in kinderen.

Voor het bepalen van cortisol gehalte in kinderen is vier keer per dag op twee
verschillende dagen speeksel verzameld. Resultaten tonen aan dat genen een belangrijke
rol spelen in de variantie in cortisol gehalte. De erfelijkheid was gelijk voor jongens en
meisjes en was het hoogst (60%) voor het cortisol gehalte in de ochtend, ongeveer 45
minuten na het opstaan.

In dit onderzoek is tot op heden echter geen significante samenhang gevonden tussen
cortisol gehalte op leeftijd 12 en gedragsproblemen op leeftijd 3, 7, 10 of 12 en cognitieve

vaardigheden op leeftijd 5, 7, 10 en 12. Een vervolg onderzoek zal nodig zijn om de aan of
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afwezigheid van deze samenhang nader te onderzoeken en cortisol als endophenotype te
gebruiken in de zocktocht naar genen die verschillen tussen kinderen in cognitief

functioneren en gedragsproblemen kunnen verklaren.

Algemene conclusie

Gebaseerd op de resultaten van dit onderzoek, zoals beschreven in dit proefschrift, kan
geconcludeerd worden dat genetische invloeden belangrijk zijn tijdens de ontwikkeling van
kinderen. Genen beinvloeden cognitief functioneren, gedragsproblemen en cortisol
gehalte. Genen blijken ook erg belangrijk te zijn voor zowel stabiliteit als verandering van
cognitie en gedragsproblemen tijdens de ontwikkeling,.

Dit onderzoek laat zien dat gedraggenetische studies niet alleen belangrijk zijn voor het
schatten van erfelijke en omgevingsinvloeden, maar dat dit soort studies een belangrijke
aanvulling zijn op fenotypische studies bij het in kaart brengen van de ontwikkeling van
jonge kinderen tot adolescenten. Het is bijvoorbeeld mogelijk om naast informatie over
genetische invloeden ook inzicht te verkrijgen in de wijze waarop omgevingsinvloeden
ontwikkeling beinvloeden. Daarnaast leveren deze studies informatie op over hoe om te
gaan met verschillen en overeenkomsten tussen ouderlijke beoordelingen van probleem

gedrag.
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Dankwoord

Toen ik net begonnen was met het onderzoeksproject, wist ik al bijna wat ik in mijn
dankwoord zou willen zeggen. Twee jaar later wist ik het precies, maar nu het moment
werkelijk daar is moet ik er nog eens goed over nadenken. Het begin is eenvoudig. Het
hele onderzoek had nooit uitgevoerd kunnen worden zonder de medewerking van vele
tweelingparen en hun ouders. Zoals al uit de titel van dit proefschrift blijkt, is het een
longitudinaal project, wat in de praktijk betekent dat de tweelingen en hun ouders
meerdere keren gevraagd is om hun medewerking te verlenen. Zonder hen geen data en
zonder data geen proefschrift. Ik wil alle tweelingen en hun ouders dan ook hartelijk
danken voor hun medewerking. Maar met alleen data kom je ook nog niet echt ver. Ik wil
dan ook als tweede Dorret Boomsma, mijn promotor, bedanken. Ik heb 4 jaar lang met
heel veel plezier aan mijn onderzock en proefschrift gewerkt en dat is grotendeels te
danken aan jouw altijd inspirerende aanwezigheid. De snelheid en precisie waarmee jij
dingen doorleest is gewoonweg indrukwekkend. Het lijkt net of jij veel meer uren in de
dag hebt dan ieder ander. Ik heb alle vertrouwen in de toekomst; er valt nog heel veel te
onderzoeken! Van mijn promotor wil ik dan overstappen op mijn copromotor, Edwin van
den Oord. Edwin, alhoewel je pas de laatste 6 maanden (!) echt wist van het bestaan van
mijn onderzoek is het toch gelukt om een enorme bijdrage te leveren. Mijn verblijf in
Richmond is door jouw gastvrijheid, enthousiasme, kennis en onze samenwerking
geweldig geweest. Onze planning van week 1 is voor de volle 100% uitgevoerd! Naast
deze ‘officiéle’ begeleiders is daar ook nog de ‘officieuze’. Eco, jij zorgt voor een bruisende
afdeling. Ik hoop dat ik ooit net zoveel uit mijn hoofd weet en zoveel kennis voor handen
heb als jij (al is dat voor mij wat minder nodig omdat ik gewoon even het artikeltje opzoek
in een georganiseerde ladekast). I like to thank Jim Hudziak for his ‘clinical view’ and all
the effort he put in reading my papers. Via deze weg wil ik ook prof.dr. Buitelaar, prof.dr.
Cohen-Kettenis, prof.dr. Delemarre-van de Waal, prof.em.dr. Orlebeke en prof.dr. Terwel
hartelijk danken voor de vaak kostbare tijd en moeite die ze gestoken hebben in het lezen
en beoordelen van dit proefschrift. I also like to thank prof.dr. Kirschbaum for his
willingness to invest his time, his knowledge and experience into my thesis.

In de loop van de relatief ‘eenzame’ weg van de wetenschap ben ik er achter gekomen
hoe waardevol collegae zijn. Alhoewel iedereen bezig is met zijn eigen stukje werk heb je
ook weer een zelfde doel voor ogen. Mijn verblijf in Richmond met ‘tea’ maar zonder
‘borrel” heeft mij des te meer doen beseffen dat we toch een mooi setje wetenschappers bij
elkaar zijn. Marjolein, 4 jaar een kamer delen is veel meer dan toevallig dezelfde sleutel op
zak hebben en uit hetzelfde raam kunnen kijken. Ik ben er trots op dat je mijn paranimf
wilt zijn. Zolang de inzet van onze weddenschappen dezelfde blijft, moeten er nog heel

wat afgesloten worden! Maar ook zonder het winnen of verliezen van de weddenschappen
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hoop ik je nog vaak te zien, wat de toekomst ook moge brengen! Danielle, bedankt voor
de gezelligheid, maar ook voor de hulp bij vele Mx probleempjes. Als ik een dringende
vraag had en niet zeker wist of het een ‘domme’ vraag zou zijn, was daar altijd Caroline. Ik
ging steeds opnicuw weg met een antwoord of een nieuw idee en was er dan nog steeds
niet achter of het nu werkelijke een ‘domme’ vraag was of niet. Thérése (en de andere
medewerkersters van het NTR), ik wil niet eens proberen een uitspraak doen over het
aantal vragenlijsten en aanverwante zaken dat door jullie handen is gegaan. Jullie waarde
voor de afdeling is onbeschrijfelijk. Tinca, ik ben blij dat je de afdeling bent komen
versterken. Een beetje Annewil, bitterballen of Til op z’n tijd is lang niet gek. Natascha,
zonder jouw kennis van zaken, gepaste charmes en Sloterdijk-verhalen waren we nooit de
afdeling geweest die we nu zijn. Eric, bedankt voor de altijd goede tips omtrent eet-
technische zaken en bovenal voor het doorspitten van mijn verleden in de vorm van foto’s
voor het creéren van het omslag! Frans, my scientific-career-coach, neem nu maar van mij
aan, het geluk ligt in de toekomst en het brein is net een harde schijf (wissen is eenvoudig).
Nu zijn er natuurlijk nog vele collegae over en zonder iedereen persoonlijk te noemen, zeg
ik alleen ‘Keep up the good spirit’

Maar er is meer dan wetenschap en werk en alhoewel dit een dankwoord is bij een
wetenschappelijk werk, is er een aantal mensen die op verschillende wijze ertoe hebben
bijgedragen dat het leven zo mooi is als het is. Chronologische volgorde lijkt me een goede
manier om deze groep te bedanken. Natuurlijk kan ik dan alleen maar bij ‘mijn begin’
beginnen. Lieve paps en mams, jullie onvoorwaardelijke steun, interesse, warmte en
gezelligheid hebben mij grotendeels gemaakt tot wie ik ben. Lieve Jan Willem, Marlotte en
Anouk, allemaal op jullie eigen wijze spelen jullie een belangrijke rol in mijn leven. Ik ben
er trots op en enorm gelukkig mee dat ik “zusje van Bartels’ ben. Set, 1 keer prunussen
trekken op de hei was genoeg. Mijn eeuwige rots in de branding! Sjaan, Jimster (Loes),
Vrolijkje, Jet, Justa, Ka, Guul, Reuf, Haak, en Alwine, ieder op andere wijze, maar allemaal
geweldig! Edwin, Esther, en Lyon (en natuurlijk Chatlie), wat een bizarre tijd. De
wonderen zijn de wereld nog niet uit. Ik wens jullie alle geluk van de wereld. Lieve Lyon,
ik hoop dat we snel weer in de gelegenheid zijn om samen bellen te blazen.

Er is nog een aantal andere factoren die het leven geweldig maken. “Zoals daar zijn’ de
ontdekking dat toeval niet bestaat. Voor mij is dit bewezen door het feit dat Mr Bojangles
wordt bezongen maar ook een standbeeld heeft in Richmond. Tot slot wil ik nog
toevoegen dat alle woorden, die hier toepasselijk zijn, terug te vinden zijn in het liedje van

Alanis Morissette met als titel ‘Head over Feet’.

Meike, 8 November 2002



