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Genetic and environmental influences on problem behaviors were studied in a sample of 
international adoptees. Parental ratings of childrens' problem behaviors were obtained 
with the Child Behavior Checklist (CBCL). The sample (mean age, 12.4 years) comprised 
a group of biological siblings (111 pairs), a group of nonbiological siblings (221 pairs), 
and a group of singletons (94). Nonshared environmental influences were most important 
for problem behaviors studied in this paper. Genetic influences were substantial for 
Externalizing behaviors but unimportant for Internalizing behaviors. For the CBCL total 
problem score, Attention Problems, and Externalizing behaviors, the results of the present 
study were in agreement with findings from twin studies. The lack of genetic influences 
on Internalizing behaviors contrasts with results from twin studies. For the total problem 
score, the Externalizing grouping, Delinquent Behavior, and Aggressive Behavior, var- 
iances for singletons were significantly smaller than for sibIings. Model fit indices in- 
dicated that these differences in variances are better attributed to smaller effects of factors 
associated with sibship size than to active influences of siblings on each other. Significant 
sex differences were found for 8 of the 10 scales. The larger variances for boys on the 
Externalizing grouping and Aggressive Behavior could be explained by genetic influ- 
ences. 

KEY WORDS: Child/adolescent behavior problems; Child Behavior Checklist; behavior genetics; 
sibling effects; sex differences. 

I N T R O D U C T I O N  

In both psychiatry and genetics there is an increas- 
ing interest in the study of genetic factors under- 
lying problem behaviors in children (Rutter et a l . ,  

1990a,b).  Behavioral/emotional  problems in chil- 
dren and adolescents generally involve quantitative 
variations of  behavior that most  children display to 
some degree, rather than discrete categories that are 
either present or absent. It is likely that for these 
continuous variations the effects of  many genes are 
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involved (McGuffin and Gottesman, 1985), and most 
genetic studies have therefore employed the meth- 
ods of  quantitative genetic theory. This approach 
has proven to be a powerful  tool for disentangling 
genetic and environmental influences, and its ap- 
plication in the area of  child psychopathology has 
led to a broader recognition for that children's  prob- 
lem behaviors genetic as well as environmental  fac- 
tors may  be involved. 

In the area of child psychopathology most of  
the findings are twin study inferences about genetic 
and environmental effects. There are, however,  a 
number of  possible limitations associated with the 
classical twin study. For example,  twin samples 
show higher rates of congenital anomalies (Rutter 
and Redshaw, 1991), and parental expectations that 
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MZ twins will develop along similar lines could 
spuriously inflate estimates of genetic influences. 
Thus, the generalization of findings to the general 
population may be limited, and estimates of genetic 
and environmental influences biased. The impli- 
cation of this is that different types of samples should 
be employed. Although all inferences about genetic 
and environmental influences may suffer from lim- 
itations, they are not necessarily the same for all 
samples (Rutter et a l . ,  1990a). 

A second possible limitation concerns the model 
used for data analysis. In the classical twin study, 
sibling resemblance is viewed as caused by the 
"pass ive"  sharing of genes and environments. A 
number of authors have suggested that this passive 
view may be too simplistic (Carey, 1986; Dunn, 
1983; Eaves, 1976; Patterson, 1982). For instance, 
by imitating each others behaviors, siblings may 
become more alike. The probable importance of 
these sibling interactions have been noted in the 
area of juvenile delinquency (Rowe, 1983; Shields, 
1977), and evidence for such influences in adult 
delinquency (Carey, 1992) and boys'  Externalizing 
behaviors has recently been found (Neale and Car- 
don, 1992). Furthermore, Rutter et al. (1970, pp. 
222-223) reported associations between sibship size 
and a variety of problem behaviors in children. These 
associations do not necessarily refer to active influ- 
ences from siblings on each other. It also seems 
reasonable to suppose that as the number of chil- 
dren in the family increases, there is a decrease in 
the amount of time parents spend with any child 
(Patterson, 1982, p. 22), or that children benefit 
from offering and receiving comfort from siblings 
(Dunn and McGuire, 1992). Sibship size could 
therefore simply be a harmful or beneficial factor 
by itself. In either case, in a genetic design it is 
important to examine whether siblings interact in 
an active way or if sibship size represents an aspect 
of a shared environment from which children are 
passive recipients. With an appropriate or too sim- 
plistic model, erroneous conclusions about the rel- 
ative importance of  genetic and environmental  
influences are obtained. 

The sample in the present study consisted of 
international adoptees and comprised groups of bio- 
logically related and unrelated sibling pairs. These 
groups enabled us to study genetic and environ- 
mental influences on problem behaviors. A group 
of adopted biological siblings is rather unique. In 
most sibling adoption designs, the difference in the 
resemblance of adopted children and biological 

children of adoptive parents versus the resemblance 
of the nonadopted biological siblings is used to study 
genetic influences. Thus, adopted children are usu- 
ally compared with controls who are raised by their 
biological parents, while in our study both groups 
are raised by adoptive parents. 

For a number of childhood behavior problems 
such as anxiety, depression, or aggressive behav- 
iors no adoption study has been reported yet. The 
adoption sample in the present study therefore pro- 
vided an opportunity for a comparison with twin 
study inferences about genetic and environmental 
effects on problem behaviors in children. If the same 
results are obtained, conclusions are more likely to 
be valid. 

In addition to the groups of sibling pairs, there 
was a group of adoptees who grew up as singletons. 
Such a group of singletons can be contrasted with 
groups of siblings to study the influence of multiple 
children within one family. 

M ETH O D  

Assessment Instrument 

Parental ratings of children's problem behav- 
iors were obtained with the Child Behavior Check- 
list (CBCL; Achenbach, 1991). The CBCL consists 
of 120 items, which describe a broad range of prob- 
lems of concern to parents and clinicians. Parents 
are requested to circle a 0 if the problem is not true 
of a child, a 1 if the item is somewhat or sometimes 
true, and a 2 if it is very true or often true. 

The CBCL is scored on eight syndromes, which 
were constructed by identifying similar syndromes 
present in the separate principal-components solu- 
tions obtained for different types of informants 
(parents, teachers, and adolescents themselves), girls 
and boys, and age groups 4-11 and 12-18 (Ach- 
enbach, 1991, pp. 6--7). These eight so-called cross- 
informant syndrome constructs offer a number of 
advantages in comparison to earlier reported syn- 
dromes. Not only is the coordination of data from 
different informants facilitated, but also sex and age 
differences are studied more easily because the same 
constructs apply to each informant, sex, and age 
group. 

A confirmatory factory analysis was used to 
study the applicability of the eight constructs in the 
sample of international adoptees (van den Oord, 
1993). Results supported the validity of the con- 
structs. However, in the sample of international 
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adoptees a number of items had very low variances, 
were not indicators of just one construct, or did not 
improve the refiability of the scale. Therefore, scales 
somewhat different from the ones reported by Ach- 
enbach (1991) were used in the present study for 
Withdrawn (items 17, 65, 69, 80, 102, 111), So- 
matic Complaints (items 4, 56b, 56c, 56f), Anx- 
ious/Depressed (items 12, 14, 31, 33, 35, 45, 50, 
103, 112), Social Problems (items 25, 38, 48), At- 
tention Problems (items 1, 8, 10, 13, 62), Delin- 
quent Behavior (items 16, 20, 21, 23, 26, 39, 43, 
67, 81, 82, 106), and Aggressive Behavior (items 
3, 7, 19, 37, 57, 68, 90, 94, 95). Thought Problems 
could not be studied because frequencies of prob- 
lems comprising this syndrome were too low in the 
present sample. 

In addition to the cross-informant syndrome 
constructs, the total problem score and the Inter- 
nalizing/Externalizing groupings of problem behav- 
ior were studied. The total problem score is the sum 
of all 118 close-ended items and can be viewed as 
an overall index of the number and severity of re- 
ported problems. It contains items not present in 
the scales for one of the cross-informant syndrome 
constructs. Groupings of problem behavior similar 
to the Internalizing/Externalizing groupings appear 
frequently in child clinical literature (Achenbach, 
1991, p. 63). Internalizing comprises the items from 
the Withdrawn, Somatic Complaints, and Anxious/ 
Depressed scales; Externalizing comprises the items 
from the Delinquent Behavior and Aggressive Be- 
havior scales. 

Sample 

The sample was part of a larger sample of 
2148 international adoptees living in the Nether- 
lands (for a full description of this sample see Ver- 
hulst et aL,  1990a,b). This subset of 758 adoptees 
consisted of two groups of siblings and one group 
of singletons. The mean age of these subjects at the 
time of the study was 12.4 years (SD = 1.2 years). 
The mean age at placement in Dutch adoptive homes 
was 26.9 months (SD = 23.0 months). Dutch 
adoption agency policies do not include selective 
placement, thus characteristics of the adoptees bio- 
logical home environment are unrelated to those of 
the adoptive homes. There was only one pair of 
adoptees per family. 

The first group of siblings consisted of 111 
pairs of biologically related adoptees. This group 
was further divided into 35 pairs of girls, 30 pairs 

of boys and 46 opposite-sex pairs. The second group 
of siblings consisted of 221 pairs of biologically 
unrelated adoptees. In this group there were 48 pairs 
of girls, 44 pairs of boys, and 129 opposite-sex 
pairs. The third group consisted of 94 adoptees who 
grew up as the only child. This group included 44 
girls and 50 boys. In all, there were 8 (21 x 3 + 2) 
groups. 

Background characteristics of the groups of 
biological siblings, nonbiological siblings, and sin- 
gletons are presented in Tables I and II [for a de- 
tailed discussion of the relation between these 
variables and problem behaviors, see Verhulst et 
al. .  (1990a,b, 1992)]. Table I displays the countries 
of origin. Biological siblings and 75% of the non- 
biological sibling pairs came from the same country 
of origin. To test the association between country 
of origin and group membership, this dependence 
in the data was removed by randomly selecting one 
child from each pair. The chi-square test on the 
country • group table indicated that there were 
significant differences among the three groups con- 
ceming the countries of origin (Xa8 = 67.5, p < .000). 
Table I shows that the group of biological siblings 
differed from the other two groups. Relatively more 
biological siblings came from Korea and Columbia 
versus other Asian countries and Europe. 

Table II displays age (AGE, measured in years), 
age at placement in the adoptive home (PLACE- 
MENT, measured in months), parental occupation 
[OCCUPATION; 1=lowes t  occupational level, 
6 = highest, when both parents were employed the 
highest level was used (Van Westerlaak et al . ,  
1975)], the number of changes in caretaking envi- 
ronment (CARETAKING) the child experienced 
before he/she was adopted, whether the child had 
been neglected or abused (NEGLECT and ABUSE, 

Table  I. Countries of Origin for Adoptees ~ 

Non- 
Biological biological 

sibs sibs Singletons 

Number of subjects 222 442 94 
Korea 47.3% 21.5% 20.2% 
Other Asian 18.0% 43.7% 37.2% 
Colombia 26.6% 13.3% 8.5% 
Other Non-European 5.4% 7.2% 7.4% 
Europe 2.7% 14.2% 26.6% 

a Biological siblings and 75% of nonbiologica! siblings come 
from the same country of origin. 
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Table II. Means and Standard Deviations on Background Variables and X 2 Test of Differences Between Groups a 

Biological Sibs Nonbiological s i b s  Singletons X 2 

Number of subjects 222 442 94 

AGE 12.5 (1.18) 12.4 (1.15) 12.5 (1.16) X24=2.20 (p < .699) 
PLACEMENT 43.5 (21.4) 20.7 (20.4) 17.2 (17.6) X24= 124. (p < .000) 
OCCUPATION 4.71 (1.39) 4.63 (1.42) 4.00 (1.49) • = 18.6 (p < .017) 
CARETAKING 1.76 (.63) 1.48 (.60) 1.41 (.53) X22= 15.2 (p < .001) 
NEGLECT 1.75 (.82) 1.54 (.75) 1.39 (.64) X 2, = 9.55 (p < .049) 
ABUSE 1.29 (.58) 1.13 (.43) 1.04 (.19) X22=16.3 (p < .000) 
HEALTH 1.40 (.49) 1.41 (.49) 1.42 (.50) X22=.263 (p < .877) 

Standard deviations in parentheses. Age measured in years, placement measured in months, and the level of parental occupation 
is the mean of a six-step scale. 

bo th  wi th  c a t e g o r i e s  1 = n o t ,  2 = s o m e w h a t ,  
3 = severe),  and the child 's  medical condition at the 
time of  placement (HEALTH:  1 = healthy, 2 = not 
healthy). For CARETAKING,  NEGLECT ,  and 
AB US E about 30% of  the adoptive parents were 
not sure about their answers; their information was 
not used. 

F o r  the  c o n t i n u o u s  v a r i a b l e s  A G E  and 
PLAC EMENT,  LISREL was used to test for equal 
distributions of the background variables in the three 
groups by constraining means and standard devia- 
tions to be equal. For the categorial variables OC- 
C U P A T I O N ,  C A R E T A K I N G ,  N E G L E C T ,  
ABUSE,  and H E A L T H ,  the background variable 
• group tables were analyzed to test for equal dis- 
tributions. To obtain expected cell frequencies ->5, 
C AR ETAKI NG was recoded in two categories (one 
change and more than one change in caretaking 
environment),  and categories 2 and 3 of  ABUSE 
and categories 1 and 2 of  OCCUPATION were 
joined. Except for AGE and H E A L T H  there were 
significant differences among the three groups. In- 
spection of  Table II suggested that for PLACE-  
MENT,  biological siblings were placed in their 
adoptive homes later than were the nonbiological 
siblings and singletons. For OCCUPATION,  CAR- 
ETAKING,  NEGLECT,  and ABUSE,  biological 
siblings had higher scores than nonbiological sib- 
lings, and nonbiological siblings had higher scores 
than singletons. 

A t test was used to examine differences in 
sibship size between biological siblings and non- 
biological siblings. The sibship size was 3.32 for 
biological siblings and 3.01 for nonbiological sib- 
lings, which is nonsignificant (t = 1.89, df = 330, 
p < .059) at a level of  .05. The mean age difference, 

which may be important with respect to sibling ef- 
fects, of  1.4 years for biological siblings and 1.6 
years for nonbiological siblings also did not differ 
significantly between the two groups (t -- - 1.62, 
df = 330, p < . 1 0 6 ) .  

Model 

The model used for genetic analyses is pre- 
sented in Eq. (1) for opposite-sex pairs (subscript 
g refers to girls, subscript b refers to boys).  

P1 = sP2 + hgA 1 + cgC 1 + egE: (1) 

P2  = sP1 + hbA2 + cuC2 + ebE2 

P1 and P 2  represents the scores of the first and 
second sibling, respectively. A refers to the additive 
genetic factor, C to the shared environmental fac- 
tor, and E to the nonshared environmental factor. 
Parameters h, c, and e are the loadings from P on 
A, C, and E,  respectively. Parameter s is the effect 
from one sibling's behavior on the behavior of  the 
other and does not depend on the sex of  the child. 

A path diagram of the model is depicted in 
Fig. 1. For the biological siblings, who were as- 
sumed to be full siblings, the genetic correlation r 
was fixed at .5. For the non-biological siblings r 
was fixed at 0. 

Sibship Size Effects 

Parameter s in Eq. (1) represents the direct 
effect of one sibling's behavior on the behavior of 
the other (see Carey, 1986; Eaves,  1976; Neale and 
Cardon, 1992). When s is positive, siblings coop- 
erate or imitate each others behaviors. Negative 
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Fig. 1. A model for sibling resemblance. P is obset~ced be- 
havior, A is the additive genetic factor, C is the shared envi- 
ronmental factor, and E is the nonshared environmental factor. 
Parameter h is the additive genetic effect, c is the shared en- 
vironmental effect, and e is the nonshared environmental ef- 
fect. Subscript g refers to girls; subscript b, to boys. Genetic 
correlation r equals .5 for biological siblings and .0 for non- 
biological siblings. 

values imply contrast or competition effects. For 
example, destructive behavior in one child may, in 
the case of cooperation/imitation effects, evoke 
similar behavior in the other. The model specifies 
that this imitated behavior in its turn reinforces the 
destructive behavior of the first sibling. These in- 
teractions continue until an equilibrium is reached. 
For an interaction process that equilibrates, s will 
be between - 1  and 1. More extreme values of s 
are not realistic because they imply infinite scale 
scores. Parameter s influences both variances and 
covariances between siblings. Equation (2) ex- 
presses the observed variance in case of sibling in- 
teraction Ithis equation is a simple elaboration of 
the equations presented by Neale and Cardon (1992, 
p. 208) and Carey (1986) to the case of sex differ- 
ences]. When A, C, and E are scaled to have var- 
iances equal to 1, then 

VAR(PI) 

= (h2~ +2rsh~hb +S2h2b) q- (C%+2SC~Cb+S2C2b) + (e2r 
(1 -s2) 2 

(2) 

Equation (2) illustrates that in the case of sibling 
interaction, variances for biological siblings will 
differ by a factor shgh b from variances for non- 
biological siblings, because genetic correlation r is 
.5 for the first group and 0 for the second. In ad- 
dition, the variances for singletons will be different 
from the variances for the siblings [s = 0 in Eq. 
(2)]: VAR(Psing]etons)=h2+c2+e2. Such differ- 

ences in observed variances among the groups of 
biological siblings, nonbiologicat siblings, and sin- 
gletons form part of the basis of estimating sibling 
effects. 

However, variances for siblings and singletons 
may be different for reasons other than active in- 
fluences from siblings on each other. For instance, 
as the number of children in the family increases, 
there could be a decrease in the amount of time 
parents spend with each child. In this case sibship 
size represents an aspect of the shared environment~ 
Children in the groups of siblings come from fam- 
ilies of different sizes, but for singletons sibship 
size is not a source of variation. Consequently, the 
variance for singletons will be smaller than for sib- 
lings. In terms of Eq. (1), these sibship size effects 
could be accounted for by estimating a separate 
shared environmental effect in the group of single- 
tons. The variance for siblings and singletons can 
then be expressed  as VAR(Psibii~g~) = 

2 2 h + c  ~bIing~ +e2 ,  and VAR(Psingtemns) --- 
h 2 2 -t- C singletons "Jr" e 2, with _2 > -a t. sibiings__t, singletons" 

The two models for sibship size effects lead 
to different predictions and are, therefore, testable 
alternatives. In contrast to a model with sibling ef- 
fects, the model which views sibship size as an 
aspect of the shared environment does not predict 
different variances for biological and nonbiological 
siblings. Furthermore, when shared environmental 
effects are not important, this model cannot account 
for a difference in variance between singletons and 
siblings, while a model with sibling interaction can~ 
Finally, the shared environment model does not af- 
fect covariances between siblings, while models with 
sibling interaction do (Neale and Cardon, 1992, p. 
208). 

Sex Differences 

To account for sex differences, models with 
general scalar sex limitation and specific scalar sex 
limitation were fitted (Heath et al., 1989; Neale 
and Martin, 1989). Both models assume that the 
same genes and environments are important for 
problem behavior in girls and boys but allow the 
magnitude of their effects to be different. In a model 
with general scalar sex limitation, the sex differ- 
ence in magnitude is assumed to be the same for 
all three parameters, h, c, and e. In a model with 
specific scalar sex limitation, the sex difference can 
be different for each separate parameter. The for- 
mer model is more parsimonious because it esti- 
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mates only one additional parameter compared to a 
model without sex differences, while the latter model 
estimates three additional parameters (h, c, and e 
are estimated for girls and boys separately). A model 
with general scalar sex limitation can account for 
differences in variances between girls and boys, but 
the relative importance of genetic (the heritability) 
and environmental influences is the same. In a model 
with specific scalar sex limitation, also the relative 
importance of genetic and environmental influences 
can be different for girls and boys. 

Model Selection and Simplification 

To select the best-fitting model, four varia- 
tions of Eq. (1) were fitted to the data. Models with 
either general scalar sex limitation or specific scalar 
sex limitation were elaborated with parameter s for 
sibling interaction or with separate shared environ- 
mental effects for singletons. The model with the 
largest probability (p value) was preferred. 

To obtain parsimonious models, chi-square 
difference tests were performed to examine whether 
parameters of the preferred model could be fixed 
at zero or constrained to be equal for both sexes. 
Nonshared environmental influences were not fixed 
at zero because they are confounded with errors of 
measurement, and perfectly reliable scales are not 
realistic. 

To perform accurate significance tests with 
maximum-likelihood estimation, the absolute stan- 
dardized skewnesses and kurtoses of the variables 
have to be smaller than 1 (MutMn and Kaplan, 
1985). However, for the 10 scales the mean abso- 
lute skewness and kurtosis were 2.06 and 5.18, 
respectively. Only the kurtosis of Attention Prob- 
lems. was smaller than 1. Log-transformations were 
performed to approximate normality. These trans- 
formations improved the mean skewness and kur- 
tosis to .758 and .455, respectively, and only the 
skewness of Somatic Problems and Social Problems 
still exceeded 1. 

Power 

A number of analyses [using LISREL (see J6- 
reskog and S6rbom, 1989, pp. 217-218)] showed 
that the power to detect genetic effects was lowest. 
For instance, for a model without sex differences, 
30% genetic variance, 10% shared environmental 
variance, and 60% nonshared environmental vari- 
ance, the power to detect genetic effects with p < .20 

is .52 (with p <.05 the power is only .26). With 
larger amounts of shared environmental influences 
the power to detect genetic effects improves a little, 
but it is unlikely that this represents a more realistic 
situation. The power to detect similar effects of 
other parameters was higher. For instance, in the 
above situation sibling interactions o f s  = .25 would 
result in a mean increase in variance of about 30% 
in the sibling groups. The power to detect these 
sibling cooperation/imitation effects with p < .20 is 
.63. The highest power was to detect shared envi- 
ronmental influences. For instance, with equal pro- 
portions of genetic and nonshared environmental 
variance, the power to detect only 10% shared en- 
vironmental variance is already .58 with p < .20. 

In summary, with the usual p < .05 the power 
was too low for almost all parameters. To obtain a 
reasonable power to detect at least moderate effects 
of each parameter, p < .20 was used for the signif- 
icance tests. 

LISREL Specification 

LISREL 7 was used to obtain parameter esti- 
mates through a simultaneous analysis of the eight 
groups in the sample. LISREL requires that every 
group has the same number of variables. However, 
for singletons there is only one observed variable, 
and a dummy var iable  D with pseudova lues  
V A R ( D ) =  1 and C O V ( P 1 , D ) = 0  was therefore 
specified in these groups [analogous to the way 
missing data can be handled in LISREL (J6reskog 
and S6rbom, 1989, p. 259)]. For the eight groups 
there were 20 (6 x 3 + 2) observed statistics and 4 
(2 x 2) statistics associated with the dummy varia- 
bles. The degrees of freedom were adjusted for these 
dummy variables by putting df = 4 on the OU line 
of the last group. 

The implementation of models with sibling in- 
teraction, general scalar sex limitation, and specific 
scalar sex limitation can be achieved by approaches 
illustrated by Heath et al. (1989), Neale and Cardon 
(1992), and Neale and Martin (1989). 

For models with general scalar sex limitation 
and smaller shared environmental effects for sin- 
gletons, shared environmental effects were esti- 
mated for singletons separately. For models with 
specific scalar sex limitation and smaller shared en- 
vironmental effects for singletons, the B matrix of 
LISREL was used [analogous to the way parameter 
estimates can be constrained to be nonnegative (see 
Neale and Martin, 1989)]. For singletons one ad- 
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ditional parameter b was estimated in the B matrix, 
while for siblings the corresponding parameter was 
fixed at 1. The shared environmental effects for 
girls and boys in the groups of singletons can be 
obtained by multiplying the shared environmental 
effect for girls cg and boys Cb in the sibling groups 
with b. This procedure is in agreement with a model 
of specific scalar sex limitation and results in the 
same scalar sex difference in shared environmental 
effects for singletons and siblings. 

RESULTS 

Table III reports variances for families of dif- 
ferent sibship sizes and correlations between sib- 
ship size and scale scores. Results in Table III are 
based on the whole sample of 2148 international 
adoptees. Sibship size was computed by summing 
all biological, adoption, and foster children in a 
given family. A six-group analysis in LISREL (with 
random selection of one child from each sibling 
pair) showed that for the total problem score, With- 
drawn, Social Problems, Externalizing, Delinquent 
Behavior, and Aggressive Behavior, there were sig- 
nificant differences in variances for the six groups 
of different sibship size. Most scales showed a sub- 
stantial increase in variance up to sibship sizes of 
four. 

Although correlations between sibship size and 
Withdrawn and Delinquent Behavior were signifi- 
cant (for the significance test one child was ran- 
domly selected from each sibling pair), they were 
very small. The absence of substantial positive or 
negative correlations implies that having siblings 
can, in general, be considered neither beneficial nor 

harmful. To examine possible nonlinear relation- 
ships, regression analyses were performed with a 
second-degree polynomial. Compared to the cor- 
relations in Table III the multiple correlations did 
not improve more than a factor of .05. Only for 
Withdrawn did the polynomial explain more than 
1% of the variance (the adjusted r a was .013). This 
indicated that there were no substantial nonlinear 
relations between sibship size and problera behav- 
ior either. 

Sibling correlations are given in Table IV. In- 
spection of Table IV suggests a number of trends. 
For the total problem score, sibling correlations were 
larger compared to those for other scales and some- 
what larger for biological siblings than for non- 
biological siblings. For Internalizing behaviors, 
sibling correlations were equal or even somewhat 
smaller for biological siblings than for nonbiolog- 
ical siblings. For Externalizing behaviors sibling 
correlations tended to be larger for biological sib- 
lings than for nonbiological siblings. 

Table V presents the results from testing for 
differences in variances and fitting various baseline 
models. Model 1 constrains for same-sex groups 
the variance of the first sibling to the variance of 
the second sibling. Especially for Social Prob- 
lems and Delinquent Behavior the fit of model 1 
was poor. This poor fit was probably caused by 
chance, because a random procedure was used to 
determine the first and second sibling. The im- 
plication of this is that, for these scales, one can- 
not expect a good fit of any of the other models 
and that a poor fit does not necessarily refer to 
an inappropriate model. 

Model 2 constrains variances to be equal for 

Table  III .  Variances for Log-Transformed CBCL Scales for Different Sib Sizes, ?(2 Test for Differences in Variances Between 
Groups, and Correlations (r) Between Sibship Size and Scales 

Sib size 1 2 3 4 5 >-6 • (prob.) r 

Number of subjects 94 960 554 351 104 81 2148 
Total score .62 .74 .79 .83 .72 .80 t6 .5  (.006) .00 
Internalizing .41 .39 .45 .43 .46 .35 7.6 (.180) .05 

Withdrawn .41 .44 .52 .51 .59 .39 17.1 (.004) .07* 
Somatic complaints 53 50 48 48 53 47 1.3 (.932) - . 0 1  
Anxious/depression .50 .49 .52 .57 .52 .44 9.7 (.084) .01 

Social Problems 86 87 94 109 116 80 30.5 (.000) .03 
Attention ProbIems .10 .12 .11 .12 .13 .10 10.6 (.061) - . 0 1  
Externalizing .45 .51 .60 .66 .63 .60 16.3 (.006) .00 

Delinquent Behavior .79 .86 1.0 1.1 1.2 .96 15.8 (.008) .06* 
Aggressive Behavior .23 .25 .28 .32 .31 .28 22.6 (.000) - . 0 3  

* p < . 0 1 .  
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Table IV. Observed Correlations for Biological and Nonbiological Siblings, for log-Transformed CBCL Scales 

Biological sibs Nonbiological sibs 

Girls Boys Girls/boys Girls Boys Girls/boys 

Numbers of pairs 35 30 46 48 44 129 
Total score .590 .519 .638 .566 .475 .339 
Internalizing .156 .152 .312 .414 .441 .280 

Withdrawn .139 .152 .064 .310 .130 .127 
Somatic complaints .260 .254 - . 0 0 6  .538 - . 1 1 8  .080 
Anxious/depression .080 .213 .328 .199 .327 .229 

Social Problems .280 .141 .294 .234 .347 .117 
Attention Problems .143 .169 .465 - . I 2 6  .089 .086 
Externalizing .425 .463 .516 .372 .190 .114 

Delinquency .148 .418 .452 .304 .266 .123 
Aggression .446 .404 .384 .211 .024 .046 

Table V. Chi-Squares Obtained from Fitting Baseline Models a 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

(df= 4) (dr = 12) (dr = 12) (df = 13) (df = 15) (df = 15) 

Total problem score 1.76 8.63 9.40 8.84 11.11 11.61 
(.780) (.735) (.742) (.785) (.745) (.708) 

Internalizing grouping 2.95 8.46 12.45 12.45 12.50 12.50 
(.566) (.748) (.491) (.491) (.641) (.641) 

Withdrawn 6.58 15.58 16.52 16.30 17.50 17.00 
(. 160) (.211) (.222) (.233) (.290) (3.19) 

Somatic complaints 4.38 13.39 18.44 17.11 28.26 28.26 
(.357) (.341) (.142) (.194) (.020) (.020) 

Anxious/depressed 3.42 9.11 9.75 9.62 10.22 10.20 
(.490) (.693) (.715) (.724) (.806) (.807) 

Social Problems 9.73 20.56 21.37 22.06 22.57 22.24 
(.045) (.027) (.066) (.054) (.094) (. 102) 

Attention Problems 1.03 9.75 13.97 13.68 14.13 13.81 
(.905) (.638) (.376) (.397) (.516) (.540) 

Externalizing grouping 3.96 19.73 20.41 16.19 23.45 21.35 
(.412) (.072) (.085) (.239) (.075) (.126) 

Delinquent Behavior 10.08 24.43 24.42 23.91 25.33 24.47 
(.039) (.018) (.027) (.032) (.046) (.057) 

Aggressive Behavior .80 14.08 13.94 10.52 16.97 15.85 
(.938) (.296) (.378) (.651) (.321) (.392) 

" Model 1 constrains the variances of the first and second sibling equal to each other, within same-sex sibling groups. Model 2 
constrains variances equal across groups, for girls and boys separately. Model 3 allows general scaler sex limitation and sibling 
interaction. Model 4 allows general scalar sex limitation and smaller shared environmental influences for singletons. Model 5 
allows specific scalar sex limitation and sibling interaction. Model 6 allows specific scalar sex limitation and smaller shared 
environmental influences for singletons. Boldface number denotes preferred model. Probabilities are in parentheses. 

b i o l o g i c a l  s ib l i ngs ,  n o n b i o l o g i c a l  s ib l i ngs ,  and  sin-  
g l e tons .  M o d e l  2 is ne s t ed  w i t h i n  m o d e l  1, and  the  
chi -square  d i f ference  test could  be  used to test m o d e l  
1 aga ins t  m o d e l  2 (p < .20) .  T h e  d e c r e a s e  in fit w a s  
s ign i f i can t  for  the  E x t e r n a l i z i n g  g r o u p i n g ,  D e l i n -  
quent  Behavior ,  and Aggre s s ive  Behavior .  Fo r  these 

scales ,  var iances  were  not  equal  across  groups  which  
c o u l d  re fe r  to an ef fec t  o f  s ibsh ip  s ize .  

M o d e l s  3 and  4 are  m o d e l s  wi th  spec i f i c  s ca l a r  
s ex  l imi t a t ion .  M o d e l  3 a lso  a l l ows  s ib l ing  in ter -  
ac t ion .  M o d e l  4 does  not  a l l o w  s ib l ing  in te rac t ion  
bu t  e s t ima te s  p a r a m e t e r  b to accoun t  for  p o s s i b l e  
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smaller shared environmental effects in the groups 
of singletons. Models 5 and 6 are models with gen- 
eral scalar sex limitation. Model 5 allows sibling 
interaction. Model 6 does not allow sibling inter- 
action but estimates shared environmental effects 
for singletons separately. 

For the Internalizing grouping, Withdrawn, 
Somatic Complaints, Anxious/Depressed, Social 
Problems, and Attention Problems significance tests 
showed that there were no significant sibling inter- 
actions or smaller shared environmental effects for 
singletons. This explains the small differences be- 
tween model 3 and model 4 and between model 5 
and model 6 for these scales. The choice of which 
model to prefer is therefore trivial, because when 
both models are simplified, the same results obtain. 
In principle, the choice for these scales is between 
models with specific and those with general scalar 
sex limitation, and in Table V either models 3 and 
4 or models 5 and 6 are boldfaced. For External- 
izing and Aggressive Behavior there were signifi- 
cant smaller  shared envi ronmenta l  ef fects  in 
singletons, but no significant sibling effects. More- 
over, for the preferred models with specific scalar 
sex limitation, the model with smaller shared en- 
vironmental effects for singletons fitted better. For 
the total problem score and Delinquent behavior the 
choice was more difficult. There were both signif- 
icant smaller shared environmental effects for sin- 
gletons and sibling effects. However, the former 
model fitted slightly better and was therefore pre- 
ferred. 

Estimates of the parameters of the preferred 
model and the model that resulted from simplifying 
the preferred model are shown in Table VI (the 
model with the highest p value was preferred). Re- 
sults confirmed trends shown in Table IV. For In- 
ternalizing scales genetic influences were small or 
absent, and nonshared environmental influences were 
largest. For Externalizing scales genetic influences 
were larger than either shared or nonshared envi- 
ronmental influences. 

Sex differences were significant for 8 of the 
10 scales. For scales with general scalar sex limi- 
tation Anxious/Depressed, Social Problems, Atten- 
tion Problems, and Delinquent Behavior, genetic 
and environmental effects were significantly larger 
for boys. For scales with specific scalar sex limita- 
tion, the total problem score, Somatic Complaints, 
the Externalizing grouping, and Aggressive Behavior 
genetic effects were larger but shared environmental 
effects were significantly smaller for boys. 

DISCUSSION 

Results from the present adoption study showed 
that genetic effects varied widely across specific 
CBCL scales. Genetic effects were important for 
Attention Problems and Externalizing scales but were 
almost zero for Internalizing scales. To what extent 
do these findings confirm twin study inferences about 
genetic and environmental effects on problem be- 
haviors in children and adolescents? 

Total Problem Score. Edelbrock et aL (1992) 
studied 99 pairs MZ and 82 pairs of same-sex DZ 
twins (mean age, 11.0 years). Ratings of twins' 
problem behaviors were obtained with the CBCL. 
Genetic, shared environmental, and nonshared en- 
vironmental influences accounted for 32, 48, and 
20% of the variance of the total problem score. 
These findings are in close agreement with those 
from the present study. When for sake of compar- 
ison sex differences are ignored and findings are 
pooled for boys and girls, the percentages in our 
study are 31, 41, and 27%, respectively. A twin 
study by Graham and Stevenson (1985) and three 
twin studies reported by Shields (1977) also found 
evidence of genetic influences on a general measure 
of psychiatric dysfunctioning in children. However, 
compared to the CBCL total problem score, mea- 
sures used in the latter studies showed somewhat 
smaller shared environmental influences. 

Internalizing Scales. Two twin studies showed 
substantial genetic influences for the CBCL Inter- 
nalizing grouping (Hewitt et al.,  1992; Edelbrock 
et al.,  1992). In other twin studies similar results 
were obtained for Internalizing problems such as 
anxiety and depression (Gottesman, 1963; 1965; 
Scarr, 1966; Stevenson et al.,  1992; Wierzbicki, 
1987). In the present study these findings could not 
be replicated. Genetic influences on the Internal- 
izing scales were small or absent and nonshared 
environmental influences were large. 

Attention Problems. For Attention Problems, 
genetic influences accounted for 47% of the vari- 
ance, whereas shared environmental influences were 
very small. This finding is in close agreement with 
the CBCL study by Edelbrock et al. (1992) and, 
also, agrees with the majority of twin studies using 
other measures of hyperactivity/activity (Goodman 
and Stevenson, 1989b; O'Connor et al. ,  1980; 
Matheny & Dolan, 1980; Plomin, 1986, p. 214; 
Torgersen, 1982; Willerman, 1973). 

Externalizing scales. For the Externalizing scale 
genetic influences accounted for 65% of the vari- 
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Table IV. Parameter Estimates from Fitting the Preferred Model (Table V) and the Best-Fitting Simplified Model" 

General scalar sex limitation 

df X 2 h c e Scalar 

Internalizing grouping 15 12.50 .000 .347/.336 .532 1.048 
18 13.38 - -  .354 .544 1.000 

Withdrawn 15 17.00 .000 .250/.096 .616 1.056 
18 18.75 - -  .253 .629 1.000 

Anxious/depressed 15 10.20 .134 .333/.313 .589 1.093 
17 10.25 - -  .335 .601 1.085 

Social Problems 15 22.24 3.60 3.87/2.55 7.31 1.138 
17 23.22 - -  4.08 7.99 1.136 

Attention Problems 15 13.81 .217 .079/.000 .217 1.104 
17 14.78 .242 - -  .205 1.105 

Delinquent Behavior 15 24.47 .527 .363/.042 .550 1.257 
16 24.47 .528 .362/--  .549 1.257 

Specific scalar sex limitation 

df • hg hb Cg Cb eg eb 

Total problem score 13 8.84 .385 .592 .639 .487 .423 .443 .671 
14 8.85 .378 .485 .640 .428 . 4 4 8  . 4 4 8  .670 

Somatic Complaints 13 17.11 - . 2 5 0  4.36 4.42 .524 5.61 5.03 1.37 
17 19.62 - -  3.60 4.63 - -  5.  6 2  5.  6 2  1. O0 

Externalizing grouping 13 16.19 .444 .742 .420 .173 .263 .197 .000 
15 16.22 .453 .725 .419 .176 . 2 5 0  . 2 5 0  - -  

Aggressive Behavior 13 10.52 .319 .499 .256 .040 .183 .242 .000 
16 10.88 .322 .526 .253 - -  . 1 8 0  . 1 8 0  - -  

Parameter h is additive genetic effect, c is shared environmental effect, and e is nonshared environmental effect. Subscript g 
refers to girls and subscript b refers to boys. Number in italics denotes estimates constrained to be equal for both sexes or fixed 
at that value; - -  denotes parameter fixed at zero. For models with scalar sex limitation: scalar for girls is fixed at 1, estimate of 
shared environmental effect before slash is appropriate to siblings, and estimate after slash is appropriate to singletons. For models 
with specific scalar sex limitation, parameter b is fixed at 1 for siblings and estimated for singletons. 

ance. The remainder consisted of almost equal parts 
of shared and nonshared environmental influences. 
MZ/DZ twin correlations of .79 (99 pairs)/.53 (82 
pairs) in the CBCL study by Edelbrock et al. (1992) 
and 72 (54 pairs)/.42 (33 pairs) in a twin study of 
the Bullying scale from the Conners Parent Symp- 
tom Rating questionnaire (O'Connor et  a l . ,  1980) 
yielded results roughly in line with those in the 
present study. However, a CBCL study by Hewitt 
et al. (1992) involving 414 MZ and 569 DZ twin 
pairs clearly suggested larger shared environmental 
influences (about 60%). 

In the present study, genetic influences ac- 
counted for 70% of the variance of Aggressive Be- 
havior. This finding is just in between results from 
CBCL studies by Ghodsian-Carpey and Baker (1987) 
and Edelbrock et al. (1992). Ghodsian-Carpey and 
Baker (1987) found, in a sample of 21 pairs of MZ 
and 17 pairs of DZ twins, that genetic influences 
accounted for more than 90% of the variance of an 

earlier version of the CBCL Aggressive Behavior 
scale. On the other hand, Edelbrock et al. (1992) 
found a heritability of 50% for the CBCL Aggres- 
sive Behavior Scale. In the present study a higher 
heritability was found for the Aggressive Behavior 
scale than for the Delinquent Behavior scale. Edel- 
brock et  al. (1992), who also studied both scales, 
reported similar results. 

The heritability of .39 found in the present 
study for Delinquent Behavior, is in agreement with 
findings from twin studies by Edelbrock et al. (1992), 
McGuffin and Gottesman (1985), and Rowe (1983). 
However, a twin study employing the MMPI Psy- 
chopathic Deviate Scale (Gottesman, 1963) sug- 
gested larger genetic influences. Furthermore, the 
twin studies by Edelbrock et aL (1992), McGuffin 
and Gottesman (1985), and Rowe (1983) tended to 
show somewhat larger shared environmental influ- 
ences in comparison to results from the present study. 

In summary, for the total problem score, At- 
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tention Problems, and Externalizing scales, the re- 
sults of the present study were in agreement with 
findings from twin studies, thereby strengthening 
twin study inferences about genetic influences on 
these syndromes. The lack of genetic influences on 
Internalizing behaviors was in contrast with results 
from twin studies. Analyses showed that the power 
to detect genetic effects was low in the present study, 
and it is therefore not unlikely that the absence of 
genetic effects on Internalizing behaviors was due 
to sampling variation. 

Some biases may have affected the results from 
the present study. It was assumed that the biological 
siblings were full siblings. However, within this 
group there could be a substantial proportion of 
half-siblings. To check the assumption that the bio- 
logical siblings were full siblings, analyses were 
repeated with the genetic correlation of .25 for half- 
siblings. For scales which showed no genetic influ- 
ences (e.g., Internalizing behaviors), parameter es- 
timates and fit indices were identical to findings 
obtained from fitting models which assumed a ge- 
netic correlation of .5. For scales which showed 
genetic influences, genetic effects were larger and 
nonshared environmental effects were smaller. Es- 
timates of the shared environmental effects were 
hardly affected. However, these models assuming 
a genetic correlation of .25 yielded unacceptable 
high heritabilities compared to the findings from 
twin studies such as reported above. Moreover, for 
some scales zero or very small nonshared environ- 
mental effects were estimated (e.g., total problem 
score, Attention Problems, Aggressive Behavior). 
Very small or zero nonshared environmental effects 
are not plausible, because nonshared environmental 
influences are confounded with errors of measure- 
ment. Finally, the fit for Aggressive Behavior was 
poorer for the model that assumed a genetic cor- 
relation of .25 than for the model that assumed a 
genetic correlation of .5. The difference found in 
the correlations of biological versus nonbiological 
siblings for Aggressive Behavior was too large to 
be consistent with a model that assumed that the 
biological siblings were half-siblings. In conclu- 
sion, the analyses with a genetic correlation of .25 
indicated that it was unlikely that a large proportion 
of the biological siblings was half-siblings. 

It was assumed that the common environments 
were similar for the two groups of siblings. How- 
ever, this may not be true for the time prior to 
adoption. The biological siblings may have expe- 
rienced more equal environments than the nonbiol- 

ogical siblings. For instance, for a number of 
background variables such as whether according to 
the adoptive parents the child had been neglected 
or abused, the biological siblings were more highly 
correlated. To the extent that these background fac- 
tors are associated with problem behavior, this could 
have increased similarity in the former group com- 
pared to the latter and resulted in overestimates of 
the heritabilities. However, the most striking find- 
ing in the present study concerns the absence of 
genetic effects on Internalizing scales. This sug- 
gested that the bias introduced by more similar early 
environments for biological siblings than for non- 
biological siblings is not likely to be substantial. 

Reports by Verhulst et  al. (1990a,b)showed 
some ethnic differences in problem behaviors. The 
biological siblings and, in most cases, also the non- 
biological siblings came from the same countries 
of origin, and ethnic differences could therefore have 
raised the sibling correlations and produced over- 
estimates of the shared environment and underes- 
timates of the nonshared environment. Compared 
to findings from twin studies, results from the pres- 
ent study did not suggest that shared environmental 
influences were overestimated. Moreover, for the 
Externalizing grouping and Delinquent Behavior, 
shared environmental influences tended to be smaller 
compared to shared environmental influences on 
similar scales in twin studies. It is therefore not 
likely that ethnic differences had a large impact on 
the results from the present study. 

Adopted children may show an increased ge- 
netic vulnerability (Verhulst et a l . ,  1990b; Rutter 
et  a l . ,  1990a) and often have experienced more 
negative environmental influences (discontinuous 
caretaking, deprivation/abuse, malnutrition, and 
medical conditions) which could put them at ele- 
vated risk for maladjustment (Verhulst et al . ,  1992). 
On the other hand, the selection of "sui table"  
adoptive homes seem to counteract some of the 
negative influences of the early environments (Ti- 
zard, 1977; Verhulst et al . ,  1992). Since heritabil- 
ity estimates are population dependent, these atypical 
factors could limit the generalizability to the gen- 
eral population and produce differences between 
heritabilities obtained from twin data. 

For the Externalizing grouping, Delinquent 
Behavior, and Aggressive Behavior, significant dif- 
ferences in variances between siblings and single- 
tons were found. There are a number of possible 
explanations for this finding. First, the distributions 
of a number of background variables differed sig- 
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nificantly between the groups in our study. How- 
ever, additional analyses showed that on average 
the squared adjusted multiple correlation between 
these background variables and the scales studied 
in this paper was .023. This indicated that associ- 
ations between these m e a s u r e d  background varia- 
bles and problem behaviors were too small to explain 
group differences in variances by differences in 
background variables. Furthermore, variances tended 
to increase with sibship size. This suggested a sys- 
tematic effect associated with the number of sib- 
l ings.  Model  fit indices indicated that these 
differences in variances are better attributed to smaller 
effects of factors associated with sibship size than 
to active influences of siblings on each other. The 
low correlations between sibship size and scale scores 
suggested that, in general, sibship size influences 
can be considered neither harmful nor beneficial. 
Relations between sibship size and problem behav- 
iors appeared to be more complex. For instance, it 
could be that the presence of multiple children may 
be beneficial in one situation, or family, but harm- 
ful in another. Indeed, this predicts smaller vari- 
ances for singletons, but not lower or higher levels 
of problem behaviors. 

Some caution is needed with respect to the 
choice between models with sibling interaction or 
smaller shared environmental influences for single- 
tons. Although the power to detect moderate sib- 
ship size effects of some sort was reasonable, at 
p < .20, the distinction between sibling cooperation/ 
imitation effects and sibship size as an aspect of 
the shared environment is much more difficult to 
make on the basis of the fit indices. A number of 
analyses showed that with respect to fit, the two 
models are interchangeable to a certain extent. In 
the case of sibling cooperation/imitation the in- 
creased sibling resemblance can also be accounted 
for by overestimating shared environmental influ- 
ences in the groups of siblings, and the smaller 
variances for singletons can be obtained by esti- 
mating smaller shared environmental effects in this 
group. 

For instance, for Delinquent Behavior there 
was only a small difference in fit between the two 
models and there were also significant sibling in- 
teractions. Moreover,  compared to other syn- 
dromes, a number of studies showed a somewhat 
larger shared environmental component for juvenile 
delinquency (Rutter et  a l . ,  1990b), In part, this larger 
shared environmental effect for delinquency may 
reflect the influence from one sibling on the other 

(Rowe, 1983). Indeed, evidence for such influences 
in adult delinquency (Carey, 1992) and boys' Ex- 
ternalizing behaviors has been found with twin data 
(Neale and Cardon, 1992). This illustrates that on 
the basis of both the results of the present study 
and some other findings in this area, caution is needed 
in interpreting the sibship size effect. 

Sex differences were found for most problem 
behaviors and were most obvious for the External- 
izing grouping and Aggressive Behavior. For boys, 
genetic influences were larger and shared environ- 
mental influences smaller. The larger genetic ef- 
fects explained the larger total variance for boys. 
Under the assumption that quantitative test scores 
are liabilities or " r i sks"  to behavior problems, dif- 
ferences in variances may have implications for 
prevalence rates. Externalizing problems are more 
prevalent in boys (Verhulst and Koot, 1992). The 
larger genetic effects for boys could contribute to 
this larger prevalence, because it implies that more 
boys are at high risk for Externalizing problems. 
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