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The Genetic Basis of Problem Behavior
in 5-Year-Old Dutch Twin Pairs

C. E. M. van Beijsterveldt,"* F. C. Verhulst,? P. C. M. Molenaar,’ and D. 1. Boomsma'

Received 13 June 2002—Final 20 Oct. 2003

Different instruments can be used in the assessment of psychopathology in young children. In
the present study the psychometric properties of a subset of items of the Devereux Child Behavior
(DCB) rating scale were evaluated and the contribution of genetic and environmental influences
to the variance of derived problem behavior scales was estimated. Maternal and paternal ratings
were obtained in about 7600 5-year-old Dutch twin pairs. Six problem scales were derived from
exploratory and confirmatory factor analysis and designated as emotional lability, aggressive
behavior, attention problems, anxiety problems, physical coordination problems, and dependency.
Univariate genetic analyses of the problem scales yielded large additive genetic effects. Heri-
tability estimates ranged from 40% for aggressive behavior to 81% for attention problems. Shared
environmental influences were found for aggressive behavior, anxiety problems, dependency,
and emotional lability. Rater contrast and/or sibling interaction effects were found for attention
problems and physical coordination.

KEY WORDS: Behavior genetics; children; twins; problem behavior.

INTRODUCTION

In clinical and empirical research of child psy-
chopathology the operationalization of childhood be-
havioral and emotional problems is complex. The lack
of independent validating criteria and vague boundaries
between different taxonomic constructs complicate the
definition of the phenotype (Rutter et al., 1999). In
the last decade considerable effort has been devoted to
the development of standardized assessment procedures
of child psychopathology (Achenbach, 1995; Verhulst
and Van der Ende, 2001). The two most widely used
approaches are: (i) the clinical diagnostic approach
exemplified by DSM (American Psychiatric Associa-
tion, 1996), in which panels of experts negotiate on the
existence of diagnosis and on the criteria defining them,
and (ii) the empirical approach, in which multivariate
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statistical techniques are used to derive syndromes from
scores based on rating scales completed for large sam-
ples. The first method assumes that disorders are dis-
crete categories defined by a priori criteria for the
number and type of symptoms. The empirical approach
measures problem behaviors on continuous scales by
summing the scores of the items that compose the syn-
dromes. In genetic epidemiology, both methods can be
used but the empirical approach using rating scales has
some advantages. Rating scales assess problem behav-
ior in a standardized way, are easy to administer for
large groups in an economic way, and measure prob-
lem behavior on a quantitative scale. In addition, the
empirical approach may offer a more discriminating
etiology of childhood psychopathology and retain
more specific information needed for genetic studies
(Hudziak, 2001).

An increasing number of studies have used rating
scales to examine the importance of genetic and envi-
ronmental influences on problem behavior in children
(Edelbrock et al., 1995; Gjone and Novik, 1995;
Hudziak et al., 2000; Kuntsi et al., 2000; Rietveld et al.,
2003; Schmitz et al., 1995; Van Den Oord et al., 1996;
Van Der Valk et al., 1998, 2001). Although it is evident
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that genetic factors explain a substantial part of the vari-
ation in problem behavior in childhood, the estimates
of genetic and environmental effects varied among the
studies. For example, the heritability estimates for
parent-rated anxiety range from 30% to 80% (Rice et al.,
2002). In addition to factors such as age, sex, and who
rated the behavior, the use of different assessment in-
struments may contribute to these differences. Although
most questionnaires cover a roughly similar content, the
scales may vary as function of the item content, the
number of items, the statistical technique that was used
to compute the syndromes and the samples used to de-
rive the data (Verhulst and Van der Ende, 2001). As a
consequence, the content, number of scales, and psy-
chometric qualities of the syndrome scales may differ
across the various instruments and may bring about vari-
ation in the genetic and environmental estimates. This
is illustrated in a study of Nadder et al. (2001), in which
various assessment instruments were used to assess
ADHD in the same sample. A common factor was found
that underlies the expression of ADHD across the var-
ious instruments. However, about 14% of the genetic
variance was due to instrument-specific genetic effects
not shared by other assessment instruments.

The contribution of genetic and environmental in-
fluences to problem behavior in childhood may vary as
function of age. In a cross-sectional study Gjone et al.
(1996) used the Child Behavior Checklist (CBCL) to
assess externalizing and internalizing behavior in a
sample of 915 twin pairs ages 5 to 15 years. For inter-
nalizing behavior, they found that the heritability esti-
mate decreased from about 70% at age 5 to 6 years to
30% at age 14 to 15 years. Shared environmental in-
fluences increased from 0 to 40%. Recent genetic lon-
gitudinal studies (Bartels et al., submitted; Rietveld
et al., in press; Van der Valk et al., 2003) also reported
changes in the etiology of problem behavior during
childhood. Using the CBCL as well, these longitudinal
studies examined the genetic contribution to problem
behavior from ages 3 to 12 in large samples of Dutch
twin pairs (partly overlapping each other and partly
overlapping with the present sample). For internalizing
behavior the influence of genetic factors decreased,
whereas the influence of the shared environment in-
creased over time. Across sexes, at age 3 the estimates
for genetic and shared environmental influences were
59% and 10%, respectively. Four years later, at age 7,
the influence of genetic factors decreased to 31%, while
the influence of the shared environment increased to
40%. No changes in heritabilities were observed for
externalizing behavior, both at age 3 and age 7 the
heritability estimate was about 60%. However, different
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sets of genes seemed to be expressed at ages 3 and 7.
The age related changes in genetic architecture of in-
ternalizing and externalizing behaviors might be ex-
plained by developmental changes between ages 3 and
7 (Van der Valk et al., 2003). In this period, signifi-
cant changes in brain structure and functioning are re-
ported (Pfefferbaum etz al., 1994; Van Baal et al., 2001).
In addition, it is a period in which the transition from
preschool to elementary school takes place. School-age
children, in comparison with preschool children, de-
velop new cognitive and social skills and experience
new environmental demands. These new environmen-
tal stressors, together with the accompanying different
interactions between these new environmental stressors
and the biological make-up of the child, may have an
influence on the etiology of children’s problem behav-
ior. Van der Valk et al. (2003) suggested that the be-
havior of the preschool child is predominantly
influenced by the child’s genotype, and thus a relatively
high genetic estimate will be found. Older children,
with a better developed understanding of others peo-
ples’ values and ideas, will be more receptive for
parental advice and values. As a consequence, the in-
fluence of shared environmental factors will be more
important in school-age children.

The period between age 3 and 7 years covers a rel-
atively long period, and little is known about the eti-
ology of the variability in problem behavior in this
period. Studying 5-year-old children may fill this gap.
As far as we know, there are only two studies that in-
vestigated the problem behavior in this critical devel-
opmental period (Gjone et al., 1996; Zahn-Waxler
et al., 1996). However, both studies yielded different
results, used small sample sizes, and investigated the
etiology of broad categories of problem behavior. In a
sample of 199 twin pairs, Gjone et al. (1996) reported
a heritability estimate of about 70% for both internal-
izing and externalizing problems, but found no effect
of shared environment influences. Zahn-Waxler et al.
(1996) examined about 200 twin pairs and found that
genetic factors accounted for 50% of the variance of
both externalizing and internalizing problems. Shared
environment was important only for externalizing prob-
lems and explained about 30% of the variance.

In the present study behavioral/emotional prob-
lems were measured in a large sample of Dutch twin
pairs with a mean age of 5 years using a subset of
42 items of the Devereux Child Behavior rating scale
(DCB, Spivack and Spotts, 1966). The psychometric
properties of this shortened version of the DCB are
unknown, and therefore in the present study the psy-
chometric properties of the DCB were evaluated using
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exploratory and confirmatory factor analysis. In the
second part of the study, we determined the influence
of genetic and environmental factors on the derived
problem scales of the DCB.

METHODS
Sample

The data of the present study were derived from a
large, ongoing longitudinal twin study that examines
the genetic and environmental influences on the de-
velopment of problem behavior in families with 3- to
12-year-old twins. The families are volunteer members
of the Netherlands Twin Register (NTR), kept by the
Department of Biological Psychology at the Free
University in Amsterdam (Boomsma et al., 2002).
Since 1986 the NTR recruits families with twins a few
months after birth. Currently 40% to 50% of all twin
births in the Netherlands are registered by the NTR
(Boomsma, 1998; Boomsma et al., 2002). For the pre-
sent study, we included data of 5-year-old twin pairs
from birth cohorts 1989 to 1997. Questionnaires were
mailed to families within 3 months of the twins’ fifth
birthday. After 2 or 3 months, reminders were sent, and
4 months after the initial mailing, persistent nonre-
sponders were contacted by phone. Families whose
address was not available were included in the nonre-
sponse group. A response rate of 66% was obtained
(n = 8219 families). The mean age of the total sample
was 5.3 years (SD = 0.22). In the current analyses, twin
pairs were excluded if one or both twins had a mental
handicap (n = 164). This left 8041 twin pairs for which
the mother filled in the questionnaire. The question-
naire included a section with the same 42 items on be-
havioral problems that had to be completed by the
father. In the surveys that were used for the present
study, 7202 of the fathers completed this section.

Determination of Zygosity

For 351 same-sex twin pairs, zygosity was based
on blood group polymorphisms (n =29) or DNA
(n = 317) analyses or both (n = 5). For the remaining
same-sex twins, zygosity was determined by question-
naire items, completed by the mother, about physical
similarity and frequency of confusion of the twins by
family and strangers (Goldsmith, 1991; Rietveld et al.,
2000). The classification of zygosity was based on a
discriminant analysis, relating the questionnaire items
to zygosity based on blood or DNA typing in a group
of same-sex twin pairs. The discriminant function was

created, based on a data from 766 twin pairs for whom
both DNA or blood results and questionnaire items
were available. The zygosity was correctly classified
by questionnaire in 94.2% of the cases.

For 140 twin pairs, zygosity could not be deter-
mined because one or more items were missing on the
questionnaire on zygosity. For the genetic analysis,
the final sample included only twin pairs with a com-
plete set of data (thus a score for all problem behavior
scales). This left data for 7679/6999 (mother ratings/
father ratings) twin pairs: 1220/1131 monozygotic
males (MZM), 1270/1154 dizygotic males (DZM),
1445/1311 monozygotic females (MZF), 1188/1076
dizygotic females, and 1307/1183 dizygotic males-
females (DOSm_f), and 1249/1144 dizygotic females-
males (DOSf_m).

Rating Scale

The study started in 1994, and at that time the
rationale to use the DCB questionnaire was the need
for a questionnaire that assessed problem behavior in
a young children that might be related to cognitive de-
velopment. The DCB is a rating scale for young chil-
dren to be completed by parents or parent surrogates
(Spivack and Spotts, 1966). Parents are asked to rate
the behavior of their child in the last 2 months. Items
are scored on a 5-point scale, with 1 indicating never
and 5 indicating very frequently. The original DCB
consists of 121 items, from which 42 items were used
in the present study. Items were chosen whose scale
was associated with intelligence (Spivack and Spotts,
1966). In addition, the questionnaire included items
from scales that are related to emotional problem be-
havior. According to the manual the following prob-
lem scales might be associated with intelligence:
distractibility, poor self-care, social isolation, inade-
quate need for independence, social aggression, and
unethical behavior. Other problem behavior dimen-
sions included were: coordination body, messiness/
sloppiness, inability to delay, and anxious-fearful
ideation. Four items were included that did not belong
to one of the behavior dimensions.

Statistical Analysis
Phenotypic Factor Analyses

To examine the factor structure of the 42 DCB
items, exploratory and confirmatory factor analyses
(EFA and CFA) were performed. The EFA was per-
formed to obtain an initial description of the factor
structure. All EFA’s were employed in two subgroups,
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consisting of a sample of first-born twins rated by the
mother that was randomly divided into two groups.
The first series of EFAs were conducted using the pro-
gram SPSS, and were done to determine the number of
factors with an eigenvalue larger than 1. The next series
of EFA’s were performed using unweighted least
squares and promax rotation and were applied to poly-
choric correlations using the program LISREL V8.3
(Joreskog and Sorbom, 1999). Promax rotations were
used because problem dimensions in child psy-
chopathology tend to show positive intercorrelations.
The EFA was repeated with six to nine factor solutions
(all factors with an eigenvalue larger than 1), and the
factor loadings of the different solutions were compared
across the two samples. The final factor model was cho-
sen according to the following rules: the factor loading
coefficients must be consistent across the two samples;
solutions that comprised factors with only two items
were excluded; and the final rule was that the solution
must have meaningful factors. In the next step, the final
factor model was applied to the entire sample of mother
ratings to determine which items should be included in
the factor model to be evaluated with CFA. Items were
assigned to the factor on which they loaded the high-
est and the loading exceeded .30 on a given factor.
Finally, confirmatory factor analysis (CFA) was used
to replicate the factor model in four different samples:
boys and girls rated by the mother and boys and girls
rated by the father. These samples consisted of the data
of the second-born twin.

The CFA was done using LISREL V8.3. Because
the data were ordinal, polychoric correlations were
used. With polychoric correlations as input, an accu-
rate chi-square can only be obtained with weighted
least squares estimation (Joreskog and Sorbom, 1989,
p- 193). However, the computation of the weight matrix
needed in a weighted least squares (WLS) estimation
procedure is not stable in models with a large number
of variables and therefore unweighted least square
(ULS) estimation was used.

Measurement of Fit in Phenotypic Analysis

To assess the goodness of fit we report several
indices. The chi-square statistic is often used as a fit
index, but less suitable when ULS estimation is used.
For the ULS estimation the chi-square statistic does not
follow the theoretical chi-square distribution (Bentler
and Dudgeon, 1996) and is therefore less useful. How-
ever, the fit of a model may be assessed by other fit
indices, such as the goodness-of-fit index (GFI), the
root means square error of approximation (RMSEA),
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and the comparative fit index (CFI). The GFI provides
a measure of the relative amount of variance and co-
variance accounted for by the hypothesized model. The
CFI provides a fit of a particular model relative to a
null model. The value of GFI and CFI can range from
0 to 1; a value of 0.90 or higher indicates an “accepted”
fit, and a value of 0.95 indicated a good fit (the larger
the value the better the fit). The RMSEA measures the
average of the residual correlation when the predicted
correlations from the model are subtracted from the ob-
served correlations. This value should be close to 0.08
or lower (the lower the value, the better the fit).

Genetic Analyses of Problem Behavior

To estimate the influence of genetic and environ-
mental factors on the variance of the problem behav-
ior scales, as identified in the phenotypic factor
analyses, genetic covariance structure modeling was
employed (Neale and Cardon, 1992). This modeling
allows the decomposition of the observed variance re-
sulting from additive genetic factors (A), dominance
genetic factors (D), shared environment factors (C), and
unique, specific environmental factors (E). The rela-
tive contributions of genetic and environmental influ-
ences to individual differences in problem behavior
were estimated by maximum likelihood, using the com-
puter program Mx (Neale et al,, 1999). Model fitting
was done on variance-covariance matrices of problem
behavior in twin 1 and twin 2. Several models were fit-
ted to the data to test the significance of the A, D, C,
and E factors. The basic model fitted to the data was
an ACE or an ADE model. Note that estimating D and
C at the same time is not possible in a design using only
MZ and DZ twins reared together. In that case the num-
ber of parameter estimates will be larger than the
number of statistics and the model is underidentified.
The reduced models consisted of dropping one of
variance components A, C, or D or dropping A and C
or A and D together. The presence of sex differences
in genetic architecture was tested by a common effect
sex limitation model (Neale and Cardon, 1992). In this
model the relative magnitude of genetic and environ-
mental factors can differ between sexes, but the same
genes and/or shared environmental influences are
expressed. Before the genetic analyses, it was tested
whether the variances of MZ twins and DZ twin pairs
could be constrained to be equal, and the fit of this
model was compared with a model in which all vari-
ances were freely estimated. If the variances between
MZ and DZ twin pairs were significantly different then
reciprocal paths between the twins’ phenotypes were
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included into the model to test for possible interaction
effects. To test whether the interaction effects were the
same across sexes, these reciprocal paths were con-
strained to be equal across boys and girls and across
same-sex and opposite-sex twin pairs. To measure the
fit of the reduced models, the x2 obtained for the dif-
ferent models were compared with x2-difference tests.
The degrees of freedom (df) for this test are equal to
the difference between the df for the full and the re-
duced model (Neale and Cardon, 1992). The best model
was selected by Akaike’s Information Criterion (AIC),
which is a goodness-of-fit index that takes parsimony
(i.e., number of parameters) into account. The AIC
is calculated as the x> minus twice the degrees of
freedom.

RESULTS
Phenotypic Factor Analyses

Using SPSS, the results of first EFAs indicated
nine factors with an eigenvalue larger than 1. Subse-
quently, the EFAs were repeated with six- to nine-factor
solutions in two subsamples. In both samples, the
results yielded only small differences in the patterns of
factor loadings across the different factor solutions (six
to nine factors). In the models with more than seven
factors, too many factors with only two items emerged,
and these solutions were discarded. This left the choice
between a model with six or seven factors. The only
difference between these two solutions was that in the
six-factor model a general “anxiety” factor appeared,
whereas in the seven-factor model this factor split up
in an “anxiety” and an “emotional lability” factor. Be-
cause these two factors are also present in the original
DCB, the model with seven factors was chosen as the
best model. To select the items for the model to be
evaluated with CFA, an EFA with seven factors was

employed on the entire set of mother ratings. An item
was assigned to a factor when its loading was greater
than .30. When an item loaded on two factors, the item
was assigned to the factor with the highest loading. On
this ground, six items were excluded from further
analyses.

Using CFA, the fit of the final model was evalu-
ated in four different samples (boys and girls rated by
mother and boys and girls rated by the father). In
the model the factors were allowed to correlate and the
variances of the latent factors were fixed to one (needed
for statistical identification). To get an impression of
the fit of the seven-factor model, we tested first a one-
factor model. A summary of the results of the CFA is
given in Table I. In each sample the fit of the seven-
factor model was better than fit of the one-factor model
and the fit was fairly good. Classical test theory as-
sumes that the indicators chosen to reflect the under-
lying construct are unique, but in practice this
assumption is usually violated. Therefore we checked
whether the pattern of factor loadings was not too re-
strictive, and whether correlated errors of measurement
or cross-factor loadings had to be specified. This was
done using modification indices (MlIs) provided by
LISREL, which indicate possible misspecifications. To
obtain the MI’s maximum likelihood, estimation was
used. If there was an indication for misspecification of
a cross—factor loading or measurement error, the para-
meter was set free. This resulted in a final model with
four cross-factor loadings and five measurement errors.
The higher fit indices for this final model can be seen
as an indication of the validity for the respecifications
of the initial model. Table II displays the factor load-
ings obtained from the final model in the four samples.
Only cross-loadings with an absolute value greater than
.30 are shown. Overall, the results of the CFA confirms
the fit of the model with seven factors. There were two
items with cross-loadings higher than .30. The item

Table I. Goodness-of-Fit Statistics for the Phenotypic Factor Analyses of the DCB Rating Scale

Girls Boys

Model df GFI CFI RMSEA GFI CFI RMSEA
Mother report

One-factor model 560 .890 .820 .090 .880 .800 .091
Seven-factor model 573 950 .920 .063 .940 910 .063
Final seven-factor model 564 .960 .940 .056 950 .930 .058
Father report

One-factor model 560 .900 .840 .086 .900 .820 .084
Initial seven-factor model 573 .950 .920 .062 .950 .920 .059
Final seven-factor model 564 .960 .940 .056 .960 .930 .053
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Table II. Factor Structure of the Final Model Obtained by Means of Confirmatory Factor Analysis of the DCB for Four Groups

Mother report girl

Mother report boy Father report girl Father report boy

F1: Emotional lability n=23770
Markedly impatient 45
Unpredictable in behavior 74
Changeable in mood .67
Refuses doing what is asked of him 41
Nags, demands, repeatedly ask for it .66
F2: Social Isolation

Quite timid or shy 21
Quite rejected by peers 92
Quite socially isolated .54
F3: Aggressive behavior

Hits, bites, scratches other children .67
Bossy with other children .55
Annoys or provokes peers into hitting 74
Intentionally tells lies .58
Teases or bullies other children .70
Takes things that do not belong to him .57
Blames others for his actions .62
F4: Attention problems

Jumps from one activity to another .64
Does not attend to activity .58
Does not attend to adults .42 (F5: .36)
Distracted by others .68
Does not finish activity 72
F5: Dependency

Does not want to do things for himself 44
Not capable of bathing self .26
Not capable of dressing self 44
Not doing something new .39
No meaningful communication .70
F6: Anxiety problems

Concern about his physical health 49
Less tolerance for pain .54
Expresses fears .53
Looks unhappy .62
Wakes up in the night 34
Overexcitable 42
F7: Physical coordination

Gets dirty and untidy .50
Awkward in gross body movements .35
Clumsy with fingers .53
A bit messy in eating habits .57
Careless about own belongings .59

n=3616 n = 3472 n = 3355
43 31 (F4: .32) 48
75 7 .68
.65 .67 .61
A7 27 .46
.60 .60 .59
25 28 27
.89 .85 17
.55 .63 .62
.70 .67 .67
.58 .52 .57
74 1 71
.58 .62 .59
.68 .69 71
51 .58 .54
.57 .62 .58
.63 .63 .64
57 .54 .49

43 (F5:.33) .36 (F5: .35) .36 (F5:.37)
73 .66 71
75 71 12
41 38 .39
32 .29 .38
46 45 42
.33 .38 41
.68 72 .64
48 .52 .49
49 .55 51
Sl .53 .50
.61 .62 .63
37 .34 27
46 .35 28
45 51 47
.34 41 32
52 .57 .55
A48 .55 48
.57 .60 .61

Note: F4 denotes a cross-loading on factor 4 (attention problems). F5 denotes a cross-loading on factor 5 (dependency).

“markedly impatient” loaded on the factor emotional
lability and attention problems. The item was finally
included in the scale emotional lability because the
cross-loading was larger than .30 only in one sample.
The item “does not attend to adults” loaded on the fac-
tor attention problems and dependency. This item was
finally included in the attention scale because the
loadings were larger for this scale in three of the four

samples. The factor “social isolation” had only two
items with factor loadings higher than .30 in all four
samples, and therefore it was decided to exclude this
factor from further analysis. The six remaining factors
were designated as (i) emotional lability, (ii) aggres-
sive behavior, (iii) attention problems, (iv) anxiety
problems, (v) physical coordination problems, and (vi)
dependency. These six factors agreed with the original
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Table III. Correlations Between DCB Problem Scales as Reported by Mother and Father (between the brackets)

1. Agg 2. Anx 3. Att 4. Dep 5. Coo 6. Emo
1. Aggressive (Agg) .50 (.57) 48 (.48) .04 (.12) 42 (47) .70 (.69)
2. Anxiety (Anx) .53 (.62) .36 (.42) .23 (.29) 45 (.50) .64 (.68)
3. Attention (Att) .50 (.53) .39 (.46) .38 (.40) .59 (.58) .59 (.58)
4. Dependency (Dep) .06 (.17) 21 (.28) 40 (.45) A5 (43) .20 (.23)
5. Coordination (Coo) 49 (.52) 45 (.52) .66 (.63) .39 (.50) .60 (.60)
6. Emotional (Emo) .68 (.73) .66 (.73) .65 (.48) 17 (.25) .56 (.61)
Cronbachs alpha
Mother report, girl 0.74 0.62 0.74 0.50 0.57 0.72
Mother report, boy 0.76 0.60 0.75 0.51 0.58 0.71
Father report, girl 0.74 0.63 0.72 0.50 0.60 0.68
Father report, boy 0.76 0.57 0.72 0.52 0.57 0.68

Note: Below the diagonal the factor correlations are given for girls and above the diagonal the correlations are given for boys.
In the lower part of the table the Cronbachs alpha is given for each of the problem scales in the 4 samples.

DCB dimension to a large extent. There were two ex-
ceptions: the original DCB dimensions coordination
body and messiness/sloppiness grouped into one fac-
tor that we called physical coordination and the origi-
nal DCB dimensions social aggression and unethical
behavior grouped into one aggressive behavior factor.

As shown in Table III, the pattern of correlations
among the six factors was consistent across the four
groups. The correlations among the factors aggressive
behavior, anxiety problems, attention problems, and
emotional lability were higher than between the factors
aggressive behavior and dependency. None of the
correlations approximate 1; thus all factors can be
considered as separate dimensions of problem behav-
ior. To assess the internal consistency, Cronbach’s alpha
coefficients were calculated for the six factors.
As shown in Table III, the internal consistency of the
scales dependency and physical coordination problems
was not very high. Both the low number of items and
the heterogeneity of item content may have caused the
low internal consistency. The last point especially ap-
plies to the dependency scale, which includes items such
as “does not want to do things for himself,” but also
“not capable of dressing and bathing self.” The internal
consistency coefficients of the remaining scales were
not very high but were acceptable. Finally, the problem
scales were constructed by summing up the scores of
the items. The scales included the items that correspond
with the items of the factors given in Table II.

To examine whether DCB problem scales show an
overlap with the problems scales of the CBCL, we cal-
culated the correlations between DCB scales with
CBCL scales obtained at ages 3 and 7 years. For about
6500 twin pairs, information was available for both
DCB scales and the CBCL scales obtained at age 3.

The following correlations (mother/father) were found:
for aggressive behavior, .41/.37; for attention prob-
lems, .47/.44; and for emotional lability (with CBCL
oppositional behavior), .49/.45. Data of parents that
filled in both the DCB at age 5 and the CBCL at age 7
were available for about 3000 twin pairs. The correla-
tions (mother/father) of the DCB scales with the CBCL
scales were: for aggressive behavior, .48/.44; and for
attention problems, .45/.41. The DCB scale emotional
lability showed a correlation of .49/.48 with the CBCL
aggressive behavior.

Descriptive Statistics of the Problem Scales

Means and standard deviations of the problem
scales are shown in Table IV. Both fathers and mothers
reported more aggressive behavior [ F(1,7856) = 69.58;
p < 0.01], more attention problems [F(1,7856) =
28.67; p < 0.01], more emotional lability [F(1,7856) =
42.62, p < 0.01], more physical coordination problems
[F(1,7856) = 518.68, p < 0.01], and more dependency
problems [F(1,7850) = 128.03] for boys than girls.
Girls obtained a higher score than boys for anxiety prob-
lems [F(1,7856) = 28.67; p < 0.01]. Results of paired
t tests showed significant mean differences between
ratings of mother and father for all problem scales
(aggressive behavior: t =9.34, df = 7208; p < 0.01;
attention problems: t=7.875; df = 7180, p < 0.01;
anxiety problems: t = 7.096, df = 7209; physical coor-
dination problems: t=16.444, n =7189; p < 0.01;
dependency: t = 7.991, df = 7187, p < 0.01; emotional
lability: t=4.852; df =7083, p < 0.01). Although
scores of the father ratings were significantly higher than
scores of ratings given by the mother, these differences
were very small. In Table IV the correlations between
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Table IV. Estimated Means and Standard Deviation (between the brackets) of Untransformed Scores of the
DCB Problem Scales as Reported by Mother (M) and Father (F) Across Sex and Zygosity

Mother report Father report r(M,F)f

Aggressive behavior Boys MZ 12.55 (3.65)* 12.89 (3.80) 0.61
DZ 12.99 (3.98) 13.19 (3.99) 0.66

DOS 12.22 (3.79) 12.63 (3.93) 0.61

Girls MZ 11.70 (3.45) 12.01 (3.52) 0.60

DZ 11.96 (3.50) 11.72 (3.45) 0.60

DOS 11.97 (3.55) 11.34 (3.27) 0.58

Anxiety problems Boys MZ 10.71 (3.25) 10.79 (3.11) 0.60
DZ 10.92 (3.37) 11.10 (3.25) 0.60

DOS 10.72 (3.28) 11.02 (3.29) 0.59

Girls MZ 11.35 (3.49) 11.45 (3.38) 0.55

DZ 11.28 (3.47) 11.56 (3.44) 0.59

DOS 10.90 (3.30) 11.17 (3.27) 0.56

Emotional lability Boys MZ 11.78 (3.35) 11.85 (3.22) 0.63
DZ 11.97 (3.52) 12.02 (3.30) 0.62

DOS 11.87 (3.55) 12.02 (3.36) 0.62

Girls MZ 11.42 (3.23) 11.48 (3.19) 0.57

DZ 11.53 (3.47) 11.73 (3.24) 0.60

DOS 11.26 (3.31) 11.55 (3.21) 0.59

Attention problems Boys MZ 11.99 (3.40)* 12.09 (3.18)* 0.60
DZ 11.88 (3.77) 11.98 (3.53) 0.67

DOS 11.81 (3.65) 12.09 (3.47) 0.63

Girls MZ 11.50 (3.33)* 11.80 (3.12)* 0.58

DZ 11.56 (3.61) 11.72 (3.45) 0.66

DOS 11.12 (3.43) 11.34 (3.28) 0.63

Dependency Boys MZ 11.86 (2.97) 11.95 (2.89)* 0.55
DZ 11.63 (3.10) 11.84 (3.10) 0.56

DOS 11.97 (3.09) 12.19 (3.05) 0.53

Girls MZ 11.15 (2.94) 11.45 (2.83) 0.51

DZ 11.23 (2.92) 11.40 (2.99) 0.50

DOS 10.75 (2.90) 11.14 (2.90) 0.49

Physical coordination Boys MZ 9.77 (2.93)* 10.06 (2.92)* 0.59
DZ 9.91 (3.18) 10.26 (3.16) 0.60

DOS 10.05 (3.22) 10.49 (3.29) 0.63

Girls MZ 8.45 (2.63)* 8.95 (2.76)* 0.57

DZ 8.71 (2.92) 9.37 (3.11) 0.62

DOS 8.24 (2.58) 8.82 (2.76) 0.60

Note: In the last column the interparent correlations are given.
* = Significant differences (p < 0.05) between MZ and DZ; "r(M,F) = interparent correlation.

mothers and fathers ratings are given for the oldest twin.
The interparent correlations ranged from to .49 to .67
and resembled the interparent correlations obtained
for the CBCL in a Dutch sample (Bartels et al., 2003;
Van der Valk et al., 2001). The asterisks in Table IV in-
dicate whether the MZ and DZ variances were differ-
ent. Across sexes and raters, for the scales attention
problems and physical coordination problems the DZ
variances were larger than the MZ variances.

Genetic Analysis of Problem Behavior

As shown in Table V all problem scales have
higher correlations in MZ than in DZ twin pairs,

indicating genetic influences for these problem behav-
iors. Most of the MZ and DZ twin correlations did not
differ for boys versus girls. Also, most of the MZ and
DZ correlations did not differ between mother and fa-
ther ratings. For attention problems and physical coor-
dination problems, DZ correlations were smaller than
half the MZ correlations and may reflect nonadditive
genetic influences. Therefore, for these scales, the ge-
netic model fitting procedure started with an ADE
model. For anxiety problems, aggressive behavior, de-
pendency, and emotional lability, the genetic model fit-
ting procedure started with an ACE model because
the pattern of DZ and MZ correlations suggested pos-
sible shared environmental influences. Formal testing
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Table V. Twin Correlations for the DCB Problem Scales (Transformed Data)

Twin correlations MZM DZM MZF DZF DOS_mf DOS_fm
Mother/Father ~ Mother/Father ~ Mother/Father =~ Mother/Father =~ Mother/Father =~ Mother/Father
Number of twin pairs 1220/1131 1270/1154 1445/1311 1188/1076 1307/1183 1249/1144
1. Aggressive behavior 71174 .48/.52 71171 .46/.52 .50/.56 .52/.52
2. Anxiety problems 12171 447.43 72171 42/.53 51/.55 45/.51
3. Attention problems .59/.56 .03/.05 .64/.56 .00/.09 A1/.15 12/.13
4. Dependency .83/.82 .60/.60 .85/.81 .61/.58 .571.57 .61/.62
5. Physical coordination problems .721.70 .28/.34 .68/.70 .20/.29 .26/.34 .24/.32
6. Emotional lability .68/.69 .33/.40 .64/.71 .29/.40 .30/.45 .29/.40

Note: Dos_mf = dizygotic opposite sex (male-female); Dos_fm = dizygotic opposite sex (female-male).

confirmed the significance of these initial models. For
the scales attention problems and physical coordination
problems, the DZ variances were significantly larger
than MZ variances and therefore an interaction para-
meter was included in their initial model.

Using model fitting, significance of sex differences
and of A, C, and D factors were tested. In the first model
the magnitude of A, D (or C), and E parameters was al-
lowed to differ between boys and girls. In the second
model the A, D (or C), and E parameters were con-
strained to be equal across sex. Depending on the results,
the significance of the A, D (or C), and E parameters
were tested in a model with or without sex differences.
The model-fitting results are summarized in Table VI.
Dropping A from the model led to enormous reduction
of the fit for all problem scales, and therefore these fits
are not reported. Because of the large sample size we
have used an a-level of 0.01 in all statistical tests.

Aggressive Behavior

The model fitting results showed that the ACE
model was the best model for both father and mother
ratings. Dropping C, A or both C and A led to a large
and significant deterioration of the fit. Constraining the
A, C, and E parameters to be equal across sexes sig-
nificantly worsened the fit. However, inspection of the
standardized parameter estimates and their 95% confi-
dence intervals in Table VII revealed no sex differ-
ences. Significant sex differences appeared for the
unstandardized genetic and environmental variance
components. Genetic factors accounted for 40% to 48%
of the variance for aggressive behavior. The contribu-
tion of shared environmental influences varied between
25% and 32% for mother and father ratings.

Anxiety Problems

The best model for anxiety problems was an ACE
model without sex differences. Dropping A or C resulted

in a large decrease in the fit. As shown in Table VII, a
large part of the variance (53%/43%) was explained by
genetic factors.

Dependency

An ACE model with sex differences provided the
best fit for dependency rated by the mother. For the
father ratings, no indication for sex differences was ob-
tained. Inspection of the standardized estimates for A,
C, and E showed no differences between sexes. The only
significant sex difference appeared for the unstandard-
ized unique environmental component. The contribu-
tion of genetic factors was almost equal for mother and
father ratings and accounted for 50% of the variance.
Shared environmental factors accounted for 34% of the
variance.

Emotional Lability

For this factors, slightly different results were ob-
tained for the mother and father ratings. An AE model
was the best model for the mother ratings, while an
ACE model provided the best fit for the father ratings.
There was no evidence for sex differences in genetic
architecture in both the father and mother ratings.

Attention Problems

For attention problems a near-0 DZ correlation
was obtained for both father and mother ratings. This
low correlation may indicate the presence of genetic
dominance, contrast effects, or both. If there is a con-
trast effect, variance differences between MZ and DZ
twins are expected. Indeed both for males and females,
larger variances were obtained for DZ twins compared
to MZ twins. Because the contrast effects could be dif-
ferent among different groups (Eaves et al., 2000), it
was first tested whether the contrast effect could be
constrained to be equal across boys and girls and across
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Table VI. Model-Fitting Results for the DCB Problem Scales

Mother report

Father report

df x> AlIC P df X’ AlIC P
Aggressive behavior
ACE, sex differences 12 30.138 6.138 <0.01 12 16.047 —-7.953 0.189
ACE, no sex differences 15 50.155 20.155 <0.01 15 45.888 15.888 <0.01
AE, sex differences 14 146.724 118.724 <0.01 14 197.459 169.459 <0.01
Anxiety problems
ACE, sex differences 12 28.853 4.853 <0.01 12 41.674 17.674 <0.01
ACE, no sex differences 15 33.962 3.962 <0.01 15 49.937 19.937 <0.01
AE, no sex differences 16 99.967 67.967 <0.01 16 191.352 159.352 <0.01
Dependency
ACE, sex differences 12 8.604 —15.396 0.736 12 21.147 —2.853 0.05
ACE, no sex differences 15 22.164 —7.836 0.104 15 24.235 —5.765 0.06
AE, sex differences 14 298.326 270.326 <0.01 16 no sex* 269.409 237.409 <0.01
Emotional lability
ACE, sex differences 12 27.267 3.267 <0.01 12 13.622 —10.378 0.326
ACE, no sex differences 15 34.306 4.306 <0.01 15 14.872 —15.128 0.461
AE, no sex differences 16 34.306 2.306 <0.01 16 36.460 4.460 <0.01
Attention problems
ADE-I, sex differences 10 18.766 —1.234 0.68 10 12.110 —7.890 0.278
ADE-I, no sex differences 13 32.114 6.114 <0.01 13 14.554 —11.446 0.336
ADE, sex differences 12 119.035 95.035 <0.01 15 no sex* 79.056 49.056 <0.01
AE-1, sex differences 12 22.136 —1.864 0.036 14 no sex* 14.554 —13.446 0.409
AE, sex differences 14 408.893 380.893 <0.01 16 no sex* 256.858 224.858 <0.01
Physical Coordination
ADE-I, sex differences 11 34.428 12.428 <0.00 11 44,179 22.179 <0.01
ADE-1, no sex differences 14 83.369 55.369 <0.00 14 57.319 29.391 <0.01
ADE, sex differences 12 46.967 22.967 <0.01 12 49.229 25.299 <0.01
AE-1, sex differences 13 35.583 9.853 <0.01 13 44.231 18.231 <0.01
AE, sex differences 14 141.197 113.917 <0.01 14 65.431 37.431 <0.01

Note: Bold typed models were the best-fitting models.
AE-I = AE model with sibling interaction.
* Model without sex differences.

same-sex and opposite-sex twin pairs. Results showed
a smaller contrast effect in opposite-sex twin pairs com-
pared to same-sex twin pairs. Subsequently, the sig-
nificance of D and of the contrast effect was tested.
Results showed that an AE model with a contrast effect
provided the best fit. Significant sex differences were
obtained for mother ratings, but not for father ratings.
However, the sex differences of the standardized esti-
mates of the AE parameters were very small. Overall,
the contribution of the genetic factors was large
(76%-81%).

Physical Coordination

The results showed a higher variance for DZ twins
compared to MZ twins for both male and female twin
pairs. Therefore an interaction parameter was included
into the model. For the mother ratings, an AE-I model
with sex differences was indeed the best model. For the

father ratings, it was not possible to distinguish between
an ADE and AE-I model, but the fit of the AE-I model
was slightly better. For both father and mother ratings
a model with sex differences was the best model, but
the sex differences of standardized estimates were
minimal.

DISCUSSION

The present study evaluated the phenotypic factor
structure of a subset of items of the DCB and estimated
to what extent genetic and environmental influences
are involved in the individual differences of the derived
problem scales in a large sample of 5-year-old twin
pairs. The findings of the exploratory and confirma-
tory factor analyses of the DCB suggested a solution
with six problem scales. These problem scales were in-
terpreted as emotional lability, aggressive behavior,
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Table VII. For each DCB Problem Scale the Estimates of the Absolute and Relative Contribution (with 95% CI
between the brackets) of Genetic and Environmental Factors Across Sex

Mother report Father report

Standardized Unstandardized Standardized Unstandardized

estimates estimates estimates estimates
Aggressive behavior
Boys A 48 (41-54) 0.13 (0.11-0.15) 44 (37-51) 0.13 (0.10-0.15)
C 25 (19-31) 0.07 (0.05-0.09) 31 (25-37) 0.09 (0.07-0.11)
E 27 (25-30) 0.08 (0.07-0.08) 25 (23-27) 0.07 (0.07-0.08)
Girls A 47 (40-53) 0.11 (0.09-0.13) 40 (32-47) 0.10 (0.08-0.12)
C 29 (19-31) 0.06 (0.05-0.08) 32 (26-39) 0.08 (0.06-0.10)
E 25 (26-31) 0.07 (0.06-0.07) 28 (26-30) 0.07 (0.06-0.08)
Anxiety
A 53 (47-58) 0.13 (0.12-0.14) 43 (38-48) 0.10 (0.09-0.11)
C 19 (15-23) 0.05 (0.04-0.06) 28 (24-33) 0.07 (0.06-0.08)
E 28 (27-30) 0.07 (0.07-0.07) 29 (27-30) 0.07 (0.06-0.07)
Dependency
Boys A 50 (43-55) 0.10 (0.09-0.11) 49 (45-53) 0.09 (0.09-0.10)
C 34 (28-39) 0.07 (0.06-0.08) 34 (30-37) 0.06 (0.06-0.07)
E 16 (27-30) 0.04 (0.03-0.04) 17 (16-19) 0.03 (0.03-0.04)
Girls A 50 (43-56) 0.10 (0.08-0.11) * *
C 35 (30-41) 0.07 (0.06-0.08)
E 15 (14-16) 0.03 (0.03-0.03)
Emotional lability
A 66 (65-68) 0.16 (0.16-0.17) 58 (52-63) 0.13 (0.12-0.14)
C — — 12 (7-17) 0.03 (0.02-0.04)
E 34 (34-32) 0.08 (0.08-0.09) 30 (29-32) 0.07 (0.06-0.07)
Attention problems
Boys A 79 (76-81) 0.24 (0.22-0.25) 76 (73-78) 0.20 (0.19-0.21)
E 21 (19-24) 0.06 (0.06-0.07) 24 (22-27) 0.06 (0.06-0.07)
Girls A 81 (79-83) 0.23 (0.22-0.24) * *
E 19 (17-21) 0.05 (0.05-0.06)
Interaction
Same sex — —0.20 (—0.22—-—-0.18) — —0.18 (—0.20-—0.15)
Opposite sex — —0.15 (=0.17--0.13) — —0.13 (=0.15-—0.11)
Coordination
Boys A 80 (78-82) 0.20 (0.19-0.21) 76 (73-79) 0.18 (0.17-0.19)
E 20 (18-22) 0.05 (0.04-0.05) 24 (21-29) 0.06 (0.05-0.06)
Girls A 77 (74-79) 0.16 (0.15-0.17) 75 (72-77) 0.16 (0.15-0.17)
0.05 (0.04-0.05) 25 (23-28) 0.05 (0.05-0.06)

E 23 (21-26)

Interaction, all —0.09 (—=0.10--0.07) — —0.04 (—=0.06--0.02)

Note: A = additive genetic, D = dominance genetic, C = shared environment, E = unique environment,
I = interaction.
* The estimates for girls are the same as for boys.

attention problems, anxiety problems, physical coordi-
nation problems, and dependency. Univariate genetic
analyses of the problem scales, reported by mother and
father, yielded moderate to large additive genetic
effects. Heritability estimates ranged from 40% for
aggressive behavior to 81% for attention problems.
These high heritability estimates confirm the general
finding that in early childhood genetic influence is an
important determinant of problem behavior (Edelbrock,
et al., 1995; Gjone and Novik, 1995; Gjone et al., 1996;
Schmitz et al., 1995; Van den Oord et al., 1996; Van

der Valk et al., 1998; Zahn-Waxler et al., 1996). Shared
environment influences also accounted for a quarter to
one third of the variance of aggressive behavior, anxi-
ety problems, and dependency.

Genetic factors accounted for 43% to 53% of the
variance of anxiety problems, and shared environmental
factors accounted for 19% to 28% of the variance. Pre-
vious studies yielded quite varying results. By review-
ing the literature of anxiety/depression in childhood, Rice
et al. (2002) reported a large variability of heritability
estimates for parent-rated anxiety/depression (30% to
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80%). Most of these studies used samples with children
of 8 years and older. Also, the evidence for shared envi-
ronmental influences on anxiety in children varied across
studies (Eley, 1999). Some studies that investigate anx-
iety in twin pairs ages 7 to 16 years did not find evidence
for shared environment (Eaves, 1997; Hudziak et al.,
2000; Kuntsi et al., 2000; Thapar and McCuffin, 1995),
whereas others reported that one quarter to one third of
the variance in anxiety is explained by environmental
factors (Edelbrock et al., 1995; Eley and Stevenson,
1999; Feigon et al., 2001). The only two studies that mea-
sured internalizing behavior in twin pairs with the same
age as in our study did not find any indication for shared
environmental influences. Because of the small number
of twins pairs the two studies may not have had enough
statistical power to detect shared environment. The
findings of shared environmental influences on anxiety
agree with the findings of a longitudinal study on CBCL
internalizing behavior in Dutch twin pairs of 3 to age
12 years (Van der Valk et al., 2003; Bartels et al., sub-
mitted). In these studies, shared environmental influ-
ences on internalizing behavior were absent at age 3, but
played arole at the older ages. Our shared environmental
estimate for anxiety corresponds very well with the find-
ing of increased importance of shared environmental
influences with increasing age.

In line with other twin studies we found that the
genetic factors contributed to the largest part of the
variance of aggressive behavior (Edelbrock et al., 1995;
Eley et al., 1999; Hudziak et al., 2003; Leve et al.,
1998; Schmitz et al., 1995; Van den Oord et al., 1996;
Van der Valk et al., 1998). These studies reported her-
itability estimates around 60%. In a meta-analysis of
aggressive behavior, Miles and Carey (1997) reported
an overall genetic effect that accounts for 50% of the
variance on aggressive behavior. Regarding the role of
shared environment on aggressive behavior the find-
ings in the literature are mixed and seem to depend on
the kind of aggressive behavior. The CBCL distin-
guishes between aggressive behavior and rule-breaking
behavior. In a study of 1022 twin pairs ages 7 to
9 years, Eley et al. (1999) reported that genetic factors
accounted for about 60% of the variance of aggres-
sive behavior, whereas shared environmental effects
accounted for 10% of the variance. For rule-breaking
behavior, genetic and environmental factors both
accounted for 40% of the variance. Our DCB aggres-
sive behavior scale includes items that belong to both
dimensions, aggressive behavior and rule-breaking
behavior. Our scale includes typical aggressive behav-
ior items such as “hits and bites other children,” but
also typical rule-breaking behavior items such as
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“intentionally tells lies.” The inclusion of items asso-
ciated with the domain of rule-breaking behavior may
have elevated the role of shared environment for the
DCB aggressive behavior scale.

Many studies reported a high heritability for at-
tention problems and for hyperactive behavior. A her-
itability estimate around 75% is a consistent finding
across different ages (Rietveld et al., 2003). A heri-
tability of about 80% in 5-year-olds corresponds very
well with the general results in literature. Another con-
sistent finding is that MZ correlations are more than
twice the DZ correlations, which may point to possi-
ble sibling interaction effects (Eaves et al., 2000;
Nadder et al., 1998; Rietveld et al., 2003; Simonoff
et al., 1998). We have to note that we have also found
lower DZ correlations for the physical coordination
scale. The following discussion of the contrast effect
accounts for this scale as well. Competition or contrast
effects are characterized by the behavior of one twin
having an inhibitory effect on the behavior of the other
twin. Sibling interaction will produce differences in the
pattern of MZ and DZ twin correlations that are diffi-
cult to distinguish from effects due to genetic domi-
nance (Neale and Cardon, 1992; Simonoff et al., 1998).
If a contrast effect is present, it decreases both MZ and
DZ correlations, but DZ correlations to a greater extent.
In addition, contrast effects predict a smaller variance
in MZ as compared to DZ twins (Carey, 1986; Eaves,
1976; Neale and Cardon, 1992). The lower variances
in the MZ twins (see Table IV) and the low DZ corre-
lations are suggestive for a contrast effect instead of
genetic dominance.

A contrast effect may also be due to bias in parental
reports when parents rate the behavior of the child in
comparison to the childs’ sibling. Whether the contrast
effect is due to rater or due to real sibling interaction
cannot be tested with the current data. Results from
studies that included both teacher and parent ratings
suggested that contrast effects are due to rater bias
instead of real sibling interactions (Eaves et al., 2000;
Simonoff et al., 1998). Therefore the most likely con-
clusion is that the found contrast effect is due to rater
bias. The finding of a less marked contrast effect in the
opposite-sex twin pairs favored this explanation. Be-
cause boys and girls behave themselves differently,
parents may be better able to evaluate the behavior
independently of the behavior of the co-twin and their
rating is less affected by rater bias (Eaves et al., 2000).

A limitation of the present study is that the heri-
tability estimates are based on parent ratings only. It is
a well-known fact now that different informants, such
as parents, teachers, and the children themselves tend
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to disagree in their ratings of children’s problem be-
havior (Achenbach et al., 1987; Simonoff ef al., 1995).
Such rater differences may influence the estimate of
heritabilities. In a recent twin study by Martin et al.
(2002), the heritability of attention deficit hyperactiv-
ity disorder was investigated as assessed by parents and
teachers. The heritability estimates were high both for
teacher- and parent-rated data, but bivariate analyses
suggested that a substantial part of the variance of
teacher and parent-rated data was influenced by spe-
cific genetic factors. These results clearly stress the
need for the use of multiple informants in genetic stud-
ies of problem behavior.

The use of the DCB questionnaire makes the com-
parison of the heritability estimates across studies more
complicated. Differences with other studies may reflect
not only real age differences but also differences that
are due to the use of different assessment instruments.
However, the DCB scales showed reasonable correla-
tions with the CBCL, which suggests that the DCB
problem scales measure partly similar underlying con-
structs as the CBCL at ages 3 and 7. It should be
mentioned that comparisons of different assessment
instruments across different ages may yield “fuzzy”
conclusions. A correlation between two assessment
instruments may reflect not only the similarity of the
underlying construct but also developmental changes.

SUMMARY

The findings of this study suggest that problem be-
havior at age 5 is affected by both genetic factors and
environmental factors. The extent of these influences
differs across problem scales. Genetic factors accounted
more than 70% of the variance in the parental report of
attention problems and emotional lability, while for
aggressive behavior, anxiety problems, and dependency
shared environmental factors were important too.
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