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Early puberty is frequently observed in adopted children. This randomized trial treated 30 adopted
children with early puberty and short stature with either gonadotropin-releasing hormone agonist
(GnRHa) alone or in combination with growth hormone (GH) for 3 y. Before the start of treatment
(T1) in the trial and at discontinuation (T2) the children and their parents underwent a
psychological evaluation. At the start of treatment the children did not have increased levels of
behavioural or emotional problems as assessed by the Child Behaviour Checklist (CBCL). During
treatment the CBCL scores did not increase. Self-perception of the children appeared to be normal,
and after 3 y a signi� cantly higher score for acceptance by peers was observed. At T1, an
overestimation of future height was present in 80% of the children and 17% of the parents. Lower
family stress was observed at T1 and T2 compared with reference values. Intelligence quotient
levels decreased signi� cantly during treatment. The � ndings are discussed with reference to the
reported levels of behavioural and emotional problems in adopted children and the psychosocial
effects of precocious puberty.

Conclusion: This psychological evaluation did not reveal any consistent abnormalities in adopted
children with early puberty. Treatment with GnRHa with or without GH did not increase
emotional and behavioural problems in adopted children, nor was their self-perception decreased.
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Early puberty is frequently seen in foreign-born adopted
children (1–3). No clear explanation is available for the
occurrence of early puberty. It may be hypothesized that
improvements in nutritional status and socioeconomic
situation compared with those in the country of origin
result in an accelerated maturation of neuroendocrine
structures, especially during a speci� c critical period
after birth.

The effects of early puberty are well known:
psychosocial distress and emotional problems (4–6) in
addition to a decreased � nal height (7). In adopted
children psychosocial evaluation has revealed increased
parent-reported emotional and behavioural problems
compared with non-adopted peers (8, 9). It may be
assumed therefore that adopted children with early
puberty are particularly at risk for emotional and
behavioural problems. These problems could be attrib-
uted to early pubertal development, short stature and the
adoption status.

The pubertal development in central precocious
puberty or early puberty may be arrested effectively

by gonadotropin-releasing hormone agonist (GnRHa)
administration.

This study investigated the effect of puberty-delaying
treatment with GnRHa alone or in combination with
recombinant human growth hormone (GH) to promote
growth in adopted children with early puberty. The aim
was to evaluate the psychological effects of early
puberty and short stature, as well as the effects of the
treatment. This paper describes the results of psycho-
logical assessments before (T1) and after treatment
(T2). The evaluation of motivation for treatment and the
effects of treatment on growth and puberty will be
reported separately.

Patients and methods
The children in this study originated from India, Sri
Lanka, Colombia and Korea, and had been adopted by
Dutch parents. The children developed early puberty,
de� ned as pubertal development between 7 and 10 y of
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age in girls and between 8 and 11 y in boys. Puberty was
characterized in girls by breast development and/or
menarche, and in boys by testicular enlargement
(¶4 ml). In both sexes the physical signs were
accompanied by a pubertal rise in gonadotropins in a
GnRH stimulation test. An X-ray of the left hand was
taken to assess bone age (BA). The predicted adult
height (PAH) was calculated on the basis of height and
BA. For inclusion in the study PAH had to be below the
third percentile of Dutch children for sex (10). After the
assessment of motivation for treatment, 30 patients
(3M, 27F) were eligible candidates for the study and
entered in the treatment protocol: 12 from Sri Lanka, 9
from India, 7 from Colombia and 2 from South Korea.
Two girls had already had their menarche, one in each
treatment group.

The children in this study were treated for 3 y with
either the GnRHa triptorelin (Decapeptyl1) alone
(group A) or in combination with human recombinant
GH (Genotropin1) (group B). A physician or nurse
administered the GnRHa every 28 d by an intramuscular
(i.m.) injection; GH was administered every day by
subcutaneous (s.c.) injection at home by the patient or
one of the parents.

Change in design
In the original study design a third arm with untreated
children was scheduled as a control group. It was
decided to omit this control group from the study design
after it appeared that the parents of all patients who were
randomized in the untreated control group refused
further participation in the study as GnRHa treatment
could be obtained elsewhere. This article describes the
results of the patients entering into the treatment
protocol.

T1 data collection
Before randomization for group A or B, a psychological
assessment (T1) was performed including the following
instruments.

Child Behaviour Checklist (CBCL). The CBCL is a
standardized instrument to obtain parents’ reports of
competence and problem behaviour of their child (11).
It consists of 20 competence items and 120 problem
items. Competence ratings were scored on three
competence scales: activities, social and school, and
on a total competence score. The problem items that
describe the child are summarized in a score for
internalizing (e.g. withdrawn, anxious/depressed) and
externalizing (e.g. aggressive, delinquent) problems,
and a total problem score. The reliability and discrimi-
native validity of the Dutch translation have been
established (12). Reference values for adopted children
in the Dutch population were used for comparison (13).
For the Dutch references the normative values for ages
4–11 y were used and for the references of adopted

children the 10- and 11-y-old data were used. The
Teacher Report Form (TRF) is the CBCL version to be
completed by the child’s teacher. Reference values for
the Dutch population are available (14).

Self-perception pro� le for children (SPPC). Harter
developed this self-reported instrument for measuring
self-esteem or perceived competence in children (15).
Self-competence in different domains is measured
(scholastic and athletic competence, social acceptance,
physical appearance and behavioural conduct), as well
as an independent assessment of global self-worth. A
Dutch translation was validated by Van Dongen-Mel-
man et al. (16). The SPPC has been used in several
studies on short stature (17, 18). For this study data on
social acceptance and physical appearance were ana-
lysed, as children with early puberty may be less
socially accepted and do not feel comfortable with their
physical appearance.

Silhouette Apperception Technique (SAT). This test
describes the accuracy of estimation of current and
future height and was developed to study expectations
of treatment with recombinant GH (19).

Nijmeegse Vragenlijst voor de Opvoedings Situatie
(NVOS). This is a validated Dutch questionnaire
evaluating family stress. It is completed independently
by the father and the mother of a child. With the NVOS
many aspects of family functioning and family stress
are evaluated. Analysis was limited to four main items
that were regarded to be of speci� c importance: (i) to
what extend the family functioning is accepted or
should be changed; (ii) the presence of problems; and
(iii) whether the parents are able to deal with problems.
For these items a higher score indicates increased
family stress. (iv) A general assessment of family
functioning is expressed in the “satisfaction” item: the
higher the score, the more satis� ed the parent is. The
NVOS was used in earlier studies in children with
precocious puberty and validated for the Dutch popula-
tion (20).

Intelligence quotient (IQ). This was assessed with the
short form of the Wechsler Intelligence Scale for
children.

Standardized structured interview on signs of early
puberty and expected aspects of treatment. The struc-
tured interviews addressed issues on the duration of
pubertal signs and the impact on the child, as well as
expected dif� culties or problems with treatment, injec-
tions or endurance.

Data collection during and after treatment
The T2 data collection was performed at the end of the
3 y treatment period. Identical instruments to those used
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in the T1 assessment were used, except for the
structured interviews. During treatment there was an
evaluation of the treatment using a structured ques-
tionnaire for the parents and the child, asking about
endurance and burden of treatment and the perceived
meaningfulness of the treatment.

Statistics
The observed data were compared with known norma-
tive data using one-sample t-tests. Non-parametric
(Wilcoxon signed rank) tests with paired data were
used for the comparison between T1 and T2 values.
Because of the small numbers of patients no extensive
statistical methods were applied to the data.

The protocol was approved by the local medical
ethics committees and by the Dutch National Board on
Medical Research (KEMO). Written informed consent
was obtained from all participants in the study.

Results
Some baseline characteristics of the patients are shown
in Table 1. The results reported are for the girls, unless
otherwise stated. No signi� cant differences were pre-
sent between group A and group B at baseline.

During treatment, one girl dropped out from group A.
The data collection was incomplete for some parents
who refused to complete the questionnaires, mainly as
they believed that there were no problems with the child
or they judged their family situation to be without
problems.

The results of the height data are described separately
(Mul et al., submitted). In brief, a mean increase in
predicted adult height was observed in both groups,
with a signi� cantly higher increase in group B than in
group A (10.1 vs 5.7 cm).

Emotional and behavioural problems
The CBCL scores from the study group were compared
with the known age-matched norms for Dutch girls as
well as with the norms for adopted girls in The
Netherlands. Furthermore, scores on T1 and T2 were
compared. Results are shown in Table 2. Data are
presented as means § SD. There were no signi� cant
differences between the mean values at T1 and T2
compared with the norms of either adopted or non-
adopted children in The Netherlands. The decrease in
total problem score and internalizing and externalizing
scores did not reach statistical signi� cance.

Total problem score in group A (GnRHa alone) was
signi� cantly higher than in group B (GnRHa ‡ GH) at
T1 assessment: 25.31 § 19.98 and 11.42 § 11.08 in
groups A and B, respectively (p < 0.05). All other
measurements at T1 and T2, described in Table 2, did
not differ signi� cantly between groups A and B. In
group B the total problem score was signi� cantly lower
than for the Dutch girls (T1, 11.42 § 11.08;
T2, 13.08 § 8.30 vs 19.18 § 14.82, n = 12, both
p < 0.05), but not compared with the adopted girls.
No signi� cant correlations were present between
changes in the CBCL scores and the increase in
predicted adult height during the study period.

In 14 girls T1 and T2 scores of the TRF were
available. No signi� cant differences were observed
between T1 and T2. Total problem score, and inter-
nalizing and externalizing scores decreased according
to the age-speci� c pattern.

Self-perception
The mean scores in T1 and T2 for girls for general self-
worth were not signi� cantly different from those of the
Dutch references (16). Mean scores for physical
appearance decreased from T1 to T2, and social

Table 1. Patient characteristic s at the start of treatment.

Group A (13 girls) Group B (14 girls) Boys (n = 3)

Chronological age (y) 9.7 § 0.9 9.6 § 0.9 11.0 § 0.6
Age on arrival (mo)a 3.0 (1.0–84.0) 7 (1.0–51.0) 2.0 (1.5–14.0)
Height (cm) 133.6 § 8.4 135.1 § 5.7 132.0 § 2.8
Bone age (y) 10.8 § 1.1 11.6 § 0.8 10.5 § 1.4
Predicted adult height (cm) 149.3 § 5.7 146.8 § 4.8 166.1 § 6.9

Data are means § SD.
a Median (range).

Table 2. Results of the Child Behaviour Checklist (CBCL).

T1
(n = 25)

T2
(n = 23)

Adopted norm, girls 10 and 11 y
(n = 235)

Dutch norm, girls 4–11 y
(n = 593)

Total problem score 18.64 § 17.49 15.22 § 13.01 18.14 § 17.12 19.18 § 14.82
Internalizing score 5.68 § 5.36 4.22 § 4.98 4.98 § 5.49 5.16 § 5.02
Externalizing score 5.72 § 5.98 4.70 § 5.16 5.48 § 6.35 6.04 § 5.57

Data are means § SD.
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acceptance values increased. The score for social
acceptance at T2 was signi� cantly higher than the
reference population (p < 0.01). There was no signi� -
cant difference in the T1 or T2 scores for general self-
worth, physical appearance and social acceptance
between children with and without GH addition
(Table 3).

No signi� cant correlation was present between the
change in SPCC variables and the increase in predicted
adult height.

Expectations of treatment
The Silhouette Apperception test before the start of
treatment showed that the parents did not expect an
increase in height percentile from the estimated actual
height to adult stature. The children, however, expected
an increase from about the 30th percentile to about the
60th percentile by the time they reach adult stature
(p < 0.001). At the T2 assessment, the expectations for

future height were less optimistic in the children than at
start of treatment, but the p-value was still <0.01
compared with the estimation of present height. Data
for boys and girls are summarized in Table 4.

Assuming a score of ¶P50 to indicate overestimation
of height, the proportion of children overestimating
future height was 80% at T1 and 72% at T2; for parents
the respective percentages were 17% and 15%.

Family stress
The NVOS scores from the mothers were used and
studied for the whole group, as a considerable number
of fathers did not complete the questionnaire. A
summary of the main parameters is given in Table 5.
The � rst three mentioned items out of four listed in the
table show lower values in the study group than in
mothers from the general Dutch population. The higher
the score on “satisfaction” the more the mother is
satis� ed about the rearing situation in the family. No
signi� cant differences were found between children
with and without the addition of GH with respect to the
studied NVOS items.

Intelligence
The IQ levels for the whole group decreased signi� -
cantly, from 100.2 (12.7) at T1 to 93.1 (10.5) at T2
(p = 0.002), but this was not clinically relevant. A
comparable signi� cant decrease was present in both
groups. There were no signi� cant differences between
groups A and B at T1 or T2 (Table 6).

Structured interviews
Eighty percent of the children reported that their
classmates did not treat them differently from others,
while 13% (4 children) reported being bullied for any
reason. With regard to the treatment at T1, 20% (6/22)

Table 3. Scores on the Self-perception Pro� le for Children (SPPC).

T1 score (n = 23) T2 score (n = 23) Norm (girls)

General self-worth 3.34 § 0.72 3.25 § 0.69 3.19
Physical appearance 3.12 § 0.62 2.81 § 0.85 3.03
Social acceptance 3.22 § 0.71 3.43 § 0.49** 3.02

Data are means § SD.
** p < 0.01 compared with norm.

Table 4. Estimated actual and future height expressed in height
percentile s in the study group for children and parents.

T1 T2

Child
(n = 30)

Parent
(n = 29)

Child
(n = 29)

Parent
(n = 26)

Actual height
P3 12 14 5 11
P25 8 9 13 8
P50 4 6 8 4
P75 4 – 2 3
P97 2 – 1 –
Future height
P3 1 10 1 9
P25 5 14 7 13
P50 10 4 6 2
P75 10 1 15 2
P97 4 – – –

Table 5. Scores on the Nijmeegse Vragenlijs t voor de Opvoedings Situatie (NVOS; family stress).

T1 (n = 26) T2 (n = 22) Dutch norms

Acceptance 1.11 § 0.18*** 1.22 § 0.33* 1.40 § 0.49 (n = 234)
Able to deal with problems 1.38 § 0.33*** 1.52 § 0.31** 1.71 § 0.56 (n = 234)
Having problems 1.45 § 0.41*** 1.55 § 0.39*** 1.94 § 0.60 (n = 234)
Satisfaction 4.09 § 0.65 3.80 § 0.79 3.86 § 0.58 (n = 167)

Data are means § SD.
* p < 0.05, ** p < 0.01, *** p < 0.001, all compared with norm.
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of the children expected that it would be dif� cult to
continue the monthly injections during the whole
treatment period, while the parents expected only minor
or no problems.

When the children (n = 21) were asked to estimate
pain from injections (on a scale from much pain to no
pain) the majority expected “some pain” and only one
child expected “pain” or “much pain”. In parents
(n = 22) the distribution was shifted towards pain: 8
expected “some pain” and 11 “pain” or “much pain”.
The answers of parents to the question regarding the
additive effect of GH administration indicated that they
expected more gain from GH administration than the
children did.

Discussion
When discussing and interpreting the results of this
study one should acknowledge the limitations of the
study with regard to sample size and the lack of an
untreated control group. Furthermore, the several
factors involved, for example the adoption status, early
puberty and short stature, make interpretation even
more dif� cult.

In contrast to the initial hypothesis, adopted children
with early puberty and low predicted adult height did
not differ markedly from adopted or non-adopted
children with regard to emotional and behavioural
problems or self-perception. Their parents did not
exhibit higher scores on variables of family stress.

The results for the parents at T1 revealed that they are
competent and realistic people, able to cope with the
presence of early puberty in their adopted child. This is
in line with the literature on families with adopted
children or children born after reproductive techniques
in which the quality of upbringing was shown to be
better than in children born after normal conception
(21). This quality may be explained by the high
socioeconomic status of adoption parents and the fact
that they are selected on parenting capacities before
adoption.

From an analysis of the CBCL data, the children in
this study population did not show more behavioural or

emotional problems than their age- and sex-matched
adopted peers. The reason for this may be that most
children in the study group had only experienced their
secondary sexual maturation characteristics, e.g. breast
development, for a short period, which had not yet led to
embarrassment or bullying. The pubertal growth spurt
may result in the actual height being experienced
positively by the child, as it may bring the height closer
to that of the child’s peers. Another reason could be the
positive attitude of the parents to their children,
emphasizing that being different from peers can be
labelled positively. Many people believe the early
pubertal development to be normal for children adopted
from developing countries. In addition, the children are
strongly supported by their parents in coping with their
early pubertal development. Similar factors could be
used to explain the results from the SPPC social
acceptance subscale demonstrating that adopted chil-
dren feel themselves to be accepted by their peers, even
in the presence of signs of early puberty making them
more different from their peers. The difference in total
problem scores between groups A and B at T1 cannot be
explained by differences in auxological variables at
baseline.

In the longitudinal analysis CBCL scores showed a
tendency to decrease in the total problem score and
subscales for internalizing and externalizing problem
scores. The decrease was comparable with the lower
scores in older children in the reference population.
Apparently, the treatment did not contribute to increases
in problem behaviour or emotional problems, as one
may expect when accounting for the intensity of
treatment. This can be explained by the positive attitude
of parents and the fact that a lot of attention is paid to the
children in the research setting. Furthermore, the
relationship between the parents and the adopted child
was described by the parents as close (22). The major
intervention of suppressing pubertal development,
causing regression or arrest of pubertal development,
may decrease problematic behaviour (4) or at least
prevent a further increase in problems.

Early or precocious puberty leads to elevated CBCL
scores on the internalizing syndrome (withdrawal and
anxious/depressed) up to 2 y after the start of treatment
(4). The present results did not con� rm this observation;
perhaps because the age at the start of treatment was
relatively high compared with reports in children with
precocious puberty. No association was found between
idiopathic precocious puberty and long-term severe
psychopathology ; however, precocious puberty in girls
has been reported to be associated with a long-term risk
of minor psychopathology (5, 23). With respect to
psychosexual development, early pubertal development
was associated with earlier, but not extremely advanced
psychosexual development (5, 23). During treatment
with GnRHa problematic behaviour and functioning
decreased slightly, particularly in the girls showing
regression of breast development (4). In the present

Table 6. Results of intelligence quotient (IQ) subtests (25 paired
observations).

Verbal score
Performance

score Total IQ

Whole group T1 9.08 § 2.96 11.48 § 4.04 100.2 § 12.7
(3–19) (6–26) (77–138)

Whole group T2 8.04 § 1.92 9.28 § 3.08 93.1 § 10.5
(5–14) (5–15) (80–123)

Difference T1–T2 ns 0.001 0.002

Data are means § SD (range).
ns: not signi� cant.
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study population regression of the signs of puberty was
observed in all patients.

The most remarkable � nding in the longitudinal
assessment of SPPC was the relative increase in the
score for social acceptance. Several factors could play a
role: the regression of pubertal signs brings the child
back into line with the age-matched peers, children may
feel that treatment makes them more “normal” now and
in the future, and the decreasing trend in emotional or
behavioural problems may improve acceptance in the
peer group.

It is dif� cult to demonstrate quantitatively to what
extent children suffer from early puberty or short
stature, because of a lack of standardized instruments.
Therefore, the indication for growth-promoting treat-
ments such as performed in this trial is hard to sustain,
as was demonstrated in the case of children with short
stature (24). However, one can assess parents’ and
children’s expectations of treatment. Using the SAT the
perceived current height and the expected height after
treatment were evaluated. The scores from the SAT
showed that the expectations of the children with regard
to future height were still positive at the end of
treatment, while those in the parents did not change
during the treatment period. This indicates the limited
capacity of the children to predict and estimate � gures
in the future, while they are able to estimate their own
current height in comparison to their peers. Parents did
not have unrealistic expectations of the effect of
treatment, probably owing to the thorough information
procedure before the informed consent was given. In
contrast, the children expected to be considerably taller
at the end of treatment than they were at the moment of
starting treatment. In children with short stature about
60% of the girls had unrealistic expectations of their
future height (¶P50), compared with about one-third in
parents (25).

With regard to family stress, the presence of early
puberty and expected short stature did not increase
stress to levels above normal. On the contrary: family
stress was even signi� cantly lower on the studied
subitems. The treatment did not give rise to family
stress above the normal limits. It is likely that the study
dealt with stable families, which were already used to
handling dif� culties and able to manage these (26).
Thereby, in general, the socioeconomic and educational
level of parents of adopted children is relatively high.
One can conclude that, as in children from in vitro
fertilization (IVF) or KID procedures, the parents are
competent in dealing with the problems of their
children. However, 1 y postpartum, IVF parents re-
ported lower self-esteem and IVF mothers saw their
children as more vulnerable and “special” compared
with controls (27). They often mentioned that their
motivation was based on the idea of precluding future
regret for not having tried every possible treatment
option available. This could theoretically lead to over-
protection with possible adverse effects on the child. In

a quantitative analysis of motivation for treatment it was
concluded that the vast majority of parents was
adequately motivated (Mul et al., submitted). In the
present study population the delay between the start of
pubertal development and the start of treatment was not
as long as in the study by Xhrouet-Heinrichs et al. (4),
which was interpreted as a result of a cultural taboo
about sexuality and pubertal development. The present
authors’ experience does not indicate that such a taboo
was present in this population. It is likely that the early
occurrence of puberty in adopted children is regarded as
normal for this group of children.

The background variables for the adjustment of
adopted children were described in the early 1970s by
Bohman (28) as relatively independent of each other.
Verhulst et al., however, found that several background
parameters placed the child at increased risk for later
maladjustment, but even in the presence of such
variables the majority of adopted children functioned
quite well (29). The assessments performed in the
present study indicated normal functioning by the
children, and early puberty and/or short stature did not
seem to in� uence this negatively; however, they still
have to go through puberty and adolescence, which may
be a vulnerable period for some adopted children with
respect to identity and relations with parents (9). In
addition, when puberty progresses in peers, the feeling
of being small may be enforced by the magnitude of the
growth spurt in Dutch boys and girls.

The results on IQ measurements in children with
precocious puberty showed elevated scores, with higher
verbal than performance scores, and this was interpreted
as a possible effect of sex steroids, especially on the left
hemisphere (4, 30). The initial total IQ score in this
group was not different from normal—comparable with
the data of Xhrouet-Heinrichs et al. (4)—and a decrease
of about 7 points was observed during the treatment
period. Although signi� cant, doubts exist about the
clinical relevance of this decrease. One hypothesis for
the decrease in verbal IQ scores is that withdrawal of
exposure of the brain to sex steroids brings the child
back into a more age-appropriate IQ range. The lower
verbal scores in this group, which was in contrast to
results in girls with central precocious puberty, could be
explained by the adoption status of the children; as in
other children from foreign backgrounds, it is known
that verbal intelligence is lower than in children born in
their own country. In primary school, mathematics,
which is part of verbal IQ, was problematic in adopted
children, especially in boys. The authors concluded that
a de� cient development of visual–spatial organization
and, to a lesser extent, poorer concentration, may be due
to the lower achievements in mathematics rather than to
intelligence or � uency.

The observation that there were no consistent
differences between groups A and B suggests that in
early puberty the addition of GH does not contribute to
development in either a protective or negative direction
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and that pubertal arrest is the main intervention in
children with early puberty.

In conclusion, in adopted children with early puberty
and predicted short stature the levels of emotional and
behavioural problems, self-perception and family stress
did not differ signi� cantly from the population means.
The treatment with GnRHa, either alone or in combina-
tion with GH, did not increase emotional and beha-
vioural problems or family stress, nor did it decrease the
children’s self-perception.
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