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Abstract
Nineteen girls adopted from developing
countries were referred for signs of idio-
pathic precocious puberty. After adop-
tion, the catch up in linear and weight
growth, together with improved nutri-
tional and psychological conditions, may
trigger the onset of puberty. Precocious
puberty is a frequent and unnatural event
in these girls. Treatment with gonado-
trophin releasing analogues is indicated in
patients diagnosed early, and when height
prediction is poor.
(Arch Dis Child 1998;78:152–154)
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Children adopted from developing countries
may arrive at their new homes in a chronically
undernourished state, with deficiency of both
weight and height. They show rapid catch up
growth and within a few months have reached
their genetic target range of body size.1

Adopted Indian girls in Sweden are reported
to have a significantly lower menarcheal age
than either the indigenous population or their
upper class Indian peers growing up in India.2

We also have observed increased referrals of
such children for precocious puberty; these
have all been females, and were mostly adopted
from India into Italian families.

Methods
Nineteen adopted girls were referred because
of signs of precocious pubertal development.
All came from developing countries, 15 from
India. They arrived in Italy at a mean (SD) age
of 4.0 (2.2) years (range 0.33 to 8 years) with
evidence of chronic undernutrition. At the first
visit, adoptive parents provided data about the
country of origin, past medical history, and the
habits and conditions of life before and after
adoption. Consequently the first signs of
puberty were accurately dated.
Height (Harpenden stadiometer), weight,

skeletal maturation,3 pubertal development
(Tanner stages), and height prediction4 5 were
assessed at the first visit and on subsequent
visits.
To compare growth data independently of

age, we expressed height as height standard
deviation score for age, and weight as the per-
centage of ideal weight for height (Tanner
standards).
All the girls underwent hormonal investiga-

tions (gonadotrophin releasing hormone test,
basal oestradiol, and androgens) and radiologi-

cal imaging (cerebral computed tomography or
magnetic resonance imaging and pelvic ultra-
sonography). Mean (SD) serum luteinising
hormone after stimulation was 30.2 (20.2) IU/l
(in our laboratory, a value > 5 IU/l suggests the
onset of puberty). No neurological abnormal-
ity was found on radiological imaging. Sixteen
subjects were diagnosed as having idiopathic
precocious puberty, and three as having early
puberty.
The girls were divided into two groups.

Group 1 consisted of 10 girls adopted before
they were 4 years old and group 2 of nine girls
adopted after they were 5. Group 2 started
puberty within a fewmonths of arrival (table 1).
Twelve of the 19 girls were treated with a

gonadotrophin releasing hormone analogue
(leuprorelin 3.75 or 7.5 mg intramuscularly as
a depot preparation every 28 days; seven in
group 1 started treatment at a mean age of 8.2
(0.9) years and five in group 2 started at 7.5
(1.1) years).
Six months after beginning treatment a

gonadotrophin releasing hormone test was car-
ried out in all these patients to show adequate
gonadotrophin suppression. This was con-
firmed: after stimulation, follicle stimulating
hormone was 2.01 (1.32) IU/l, and luteinising
hormone, 2.01 (1.89) IU/l. Bone age was also
evaluated at regular intervals (every six to 12
months).
Seven patients were not treated because of

late referral or a good initial predicted height.

STATISTICS

Values are reported as mean (SD). Student’s t
test and one way analysis of variance were used
to determine statistical significance; p < 0.05
was considered significant.

Results
At adoption, mean height SD score of all the
girls was −0.8 (0.91) and weight deficit was
−10.9(9.6)%. Breast development began at 6.9
(1.0) years. At the first visit, chronological age
was 7.6 (1.1) years, and normal height and
weight had been attained: height SD score: 0.8
(1.2); weight +1.5(10.5)%. Auxological data of
the two groups are presented in table 1.
At adoption, height SD score was similar in

the two groups: −0.9 (0.4) in group 1 and −0.7
(1.3) in group 2.The weight defect was greater,
and the body mass index (BMI) significantly
smaller, in the girls who were adopted later
(group 2): −7.7(9.8)% v −13.6(9.1)%, and
15.9 (1.7) v 13.8 (1.5), respectively, in group 1
and 2 (p < 0.05). Age at onset of puberty was
similar in the two groups (6.5 (0.8) v 7.2 (1.1)
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years), the second group starting breast devel-
opment only 0.36 years after adoption.
At presentation, height was significantly

greater in group 1 (130 (6.8) cm v 125.5 (8.7)
cm, p < 0.05; height SD score: 1.4 (1.2) v 0.1
(0.8), p < 0.05), and weight had normalised in
both groups. BMI of both groups was similar,
having increased significantly in group 2 from
the value at adoption. Bone age was signifi-
cantly more advanced in group 1 (10.8 (1.0) v
7.8 (1.5) years, p < 0.05); in these children
height prediction tended to be less (149.8 (7.7)
v 155.7 (6.6) cm).
In the treated girls in group 1 (n = 7, initial

height prediction 146.6 (5.8) cm), skeletal
maturation slowed down during the first and/or
second year of treatment, with an improvement
in predicted height (150.4 (6.4) cm). The five
treated girls in group 2 presented at diagnosis
with normal bone age (bone age minus
chronological age: +1.0 (0.9) years) and
normal predicted height (154.8 (9.1) cm), but
during the first years of treatment skeletal
maturation advanced rapidly (bone age minus
chronological age: +2.2 (0.6) years), reducing
predicted height slightly (153.7 (6.2) cm).
During the third year of treatment, bone age
maturation slowed (bone age minus chrono-
logical age: +1.3 (1.0) years), with a conse-
quent improvement in predicted height (156.6
(6.7) cm).
Six of the treated girls from both groups

stopped treatment at a mean age of 11.2 (0.8)
years, attaining a final height which was on
average −0.8 (2.6) cm below initial predicted
height (final height 152.0 (7.0) cm v predicted
height 152.8 (7.6) cm). In five girls from both
groups in whom treatment was not undertaken
because of a good initial predicted height,
accelerated skeletal maturation after diagnosis
decreased their height growth potential, and
their final height was on average 4.1 (3.2) cm
below their initial predicted height (final height
154.3 (4.3) cm v predicted height 158.5 (2.6)
cm).

Discussion
In the industrial world precocious puberty is
not unusual in girls adopted from developing
countries, and in Belgium these girls account
for one third of all cases of precocious puberty.6

This phenomenon has also been described in
Swedish reports,2 and is increasing in Italy. In
recent years, 30 adopted girls have been
referred to our clinic. Analysis of the 19 girls
described here, in all of whom we had full fol-
low up data, shows that those adopted at a later

age (> 5 years) had a greater weight deficit and
a greater delay in bone age than the children
who were adopted earlier (< 4 years of age),
while height at adoption was less aVected. Bone
maturation in these girls shows very rapid pro-
gression and puberty is completed faster, com-
promising final height and aggravating the psy-
chological problems associated with adoption.
This is also true, but to a lesser extent, in girls
adopted at a younger age (< 4 years).
Several hypotheses have been put forward to

explain this early onset of puberty. In normal
female puberty, an increment in adipose tissue
(+120%) and in lean mass (+45%) occurs.
Studies on fat cells in vitro show that there is
conversion of adrenal androgens to
oestrogens.7 Therefore, the rapid increase in
body weight observed in our patients is
probably associated with an increase in circu-
lating levels of free active steroids which could
prime the hypothalamic centres and cause pre-
cocious stimulation of the hypothalamic-
pituitary-gonadal axis.
The original diets of our patients could also

be important. Before adoption these girls were
mostly on a low protein, low energy, vegetarian
diet, which changed to a balanced enriched
diet after adoption. DiVerent pathophysiologi-
cal mechanisms could be involved. Improved
nutritional conditions increase insulin-like
growth factor 1, which would stimulate both
the maturation of ovarian follicles and their
oestrogen production, and also the hypotha-
lamic secretion of gonadotrophin releasing
hormone, favouring sexual maturation.8 Fur-
thermore, in animals food restriction results in
increased gene expression of neuropeptide Y.
In the hypothalamus this peptide inhibits the
release of gonadotrophin releasing hormone.
Refeeding increases insulin production, which
in turn inhibits neuropeptide Y secretion,
reducing the inhibitory action on the secretion
of gonadotrophin releasing hormone,9 and
favouring the onset of puberty.
Ethnic factors must also be taken into

account, especially in the Indian girls. In India,
age at menarche in upper class girls is quite
low, ranging from 11.2 to 12.8 years, and in
particular the mean height and weight are
lower at the onset of puberty than in children
from developed countries (137 v 142 cm, and
27 v 33 kg).10 11 Therefore the mean weight of
our patients, in particular of the children in
group 1 (25.5 kg), was very close to the critical
weight reported for Indian girls at onset of
puberty.

Table 1 Growth data at adoption and at presentation

Time of measurement
Age
(years) Height (cm)

Height
SD score

Bone age
(years)

Height SD
score for
bone age

Weight
(kg)

W.eight deficit
(%) BMI

B2 onset
(years)

Predicted
height (cm)

1st group <4 years at
adoption (n = 10) 2.4 (1.2) 85.2 (7.0) −0.9 (0.4) 10.9 (1.5) −7.7 (9.8)* 15.9 (1.7)†

1st group at 1st visit (n = 10) 7.5 (1.0) 130.0 (6.8)† 1.4 (1.2)† 10.8 (1.0)† −1.9 (0.9) 27.6 (6.5) 1.8 (12.7) 16.3 (2.4) 6.5 (0.8) 149.8 (7.7)
2nd group >5 years at
adoption (n = 9) 6.6 (0.9) 113.7 (7.0) −0.7 (1.3) 14.4 (4.0) −13.6 ( 9.1)* 13.8 (1.5)*

2nd group at 1st visit (n = 9) 7.7 (1.2) 125.5 (8.7) 0.1 (0.8) 7.8 (1.5) −0.6 (1.0) 17.8 (2.4) 1.1 (8.2) 16.1 (1.5) 7.2 (1.1) 155.7 (6.6)

Values are means (SD). B2 = breast development.
*p<0.05, weight defect and BMI at adoption v weight defect and BMI at 1st visit; †p<0.05: height, height SD score, bone age at 1st visit of group 1 v group 2;
BMI at adoption of group 1 v group 2.
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Psychological factors could also be involved
with the triggering of puberty. One of our
patients was neglected and abused by her first
adoptive family. Puberty began shortly after
she was readopted at the age of 6, and in this
new family she found personal equilibrium and
serenity.

CONCLUSIONS

Careful surveillance of girls adopted from
developing countries is necessary, especially if
they are adopted at the critical age of 4–9 years.
Gonadotrophin inhibitory treatment, which
reduces and hopefully blocks bone maturation,
is indicated when the initial height prediction is
low or when it worsens rapidly and progres-
sively during the initial follow up. The subopti-
mal final heights reached by some of our
patients can be ascribed either to the late start
of treatment in patients who were already well
into their pubertal growth spurt, or to early
interruption of treatment. Compliance with
treatment and suppression of luteinising hor-
mone were good in all patients and cannot
account for the results observed. Treatment
should be continued during the early adoles-
cent years because the initial catch up growth
and the precocious pubertal growth spurt make
it improbable that there will be consistent
residual growth after treatment is stopped.
Finally, it is important to point out that some

of these girls were referred when they had
already attained, or were very close to, their
final height. This occurred because of the erro-
neous belief (unfortunately shared by adoptive
agencies, missionaries, and some general physi-

cians) that precocious puberty is a normal
event in children coming from developing
countries. In some of these girls, the inad-
equate final height worsens the existing psy-
chological problems caused by adoption, the
change in culture, diVerent racial and physical
features, and other problems in children who
often are not very well integrated into their new
environment.
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