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ABSTRACT
Introduction: Changes in body mass index (BMI) among 
girls with idiopathic central precocious puberty (ICPP) un-
der treatment have been controversial in other populations.
Objective: To assess changes in BMI Z score and the rate of 
overweight and obesity in Mexican girls with ICPP during 
their first year of treatment.
Methodology: A retrospective study was conducted among 
girls with ICPP under treatment with leuprolide, with a so-
matometry performed every six months, over a 1-year period. 
An analysis of variance (ANOVA) was done to establish diffe-
rences in BMI Z score and a multivariate analysis was used to 
assess the relationship among the different factors.
Results: Among 121 girls, BMI Z score increased from 0.87 to 
1.32, and the rate of overweight and obesity increased from 
40.5% to 70.3%, a statistically significant difference.
Conclusions: Changes in BMI Z score and the rate of overweight 
and obesity among Mexican girls with ICPP increased signi-
ficantly.
Key words: central precocious puberty, body mass index, obesity, 
leuprolide.
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INTRODUCTION
Central precocious puberty (CPP) is defined 

as attainment of secondary sexual characteristics 
before the age of 9 years in boys and 8 years 
in girls mediated by the early activation of the 
hypothalamic-pituitary-gonadal axis.1

The first-line treatment for CPP consists in 
long-acting gonadotropin-releasing hormone 
(GnRH) analogs that act by suppressing puberty 
during the first three months of treatment in 
most cases.2,3 Adverse events are uncommon and 
include a disproportionate increase in body mass 
index (BMI)4-8 at the expense of fat tissue, and the 
resulting cardiovascular risk. The mechanism by 
which these patients are prone to overweight or 
obesity is unknown, and findings from different 
series have been inconsistent.9,10

In Mexico, overweight among schoolchildren 
and adolescents is a public health problem and 
reflects the eating and physical activity habits 
in a population with a greater genetic risk. The 
objective of this study was to assess change 
in BMI Z score (ΔBMIZs) and the presence of 
overweight and obesity in Mexican girls with 
idiopathic central precocious puberty (ICPP) 
during their first year of treatment.

PATIENTS, MATERIAL AND METHODS
A retrospective cohort including Mexican 

girls diagnosed with ICPP who were under 
continuous treatment with leuprolide at a dose 
of 3.75 mg once a month during 12 months was 
established. Patients with an associated disease 
or receiving drugs that may have potentially had 
some effect on weight gain or appetite increase 
(genetic syndromes, steroid use, fluoxetine, 
insulin sensitizers, anorexiants or inhibitors of 
intestinal lipid absorption) were excluded.

The following clinical data were collected from 
medical records: age, weight, height, pubertal 
stage, bone age, and serum levels of luteinizing 
hormone (LH), follicle-stimulating hormone 
(FSH) and estradiol, at the time of diagnosis and 
at 6 and 12 months. Overweight was defined as a 
BMI in the 85th-94th percentile (P), and obesity, as 
a BMI in or above the 95th percentile.

The protocol was approved by the local 
ethics and health research committee of the 
corresponding hospital.

A one-way ANOVA was used to assess the 
difference in body mass index Z score (BMIZs) 
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at the time of diagnosis and at 6 and 12 months. 
Change (ΔBMIZs) was estimated by subtracting 
from the BMIZs at 12 months that at the time 
of diagnosis of ICPP. These data were analyzed 
together with baseline nutritional status, having 
one or both parents who were obese, and the 
extent of biochemical suppression of ICPP (SPSS, 
version 17.0).

RESULTS
Out of had some effect147 patients with 

ICPP seen between 2005 and 2012, 17 were 
excluded due to a diagnosis of congenital adrenal 
hyperplasia, 6 due to a central nervous system 
tumor (4 astrocytoma tumors and 2 hamartomas), 

and 3 because they had not received continuous 
treatment for 12 months. One hundred and 
twenty-one patients were included; their average 
age at the time of diagnosis was 6.8 ± 1.2 years 
old. Of them, 86.7% (n= 105) were Tanner stage 
II, while 13.2% (n= 16), Tanner stage III. Puberty 
remained clinically and biochemically suppressed 
in 95% of patients (Table 1).

In relation to patients’ nutritional status at 
the time of diagnosis, the average BMIZs was 
0.86 ± 1.06, 60 patients (49.5%) had a normal 
nutritional status, 35 (29%) were overweight, and 
26 (21.5%) were obese. By grouping the latter two, 
61 patients (50.4%) were overweight or obese. 
ΔBMIZs was 0.46 ± 0.66 kg/m2 (p= 0.001), which 
resulted in an increase in overweight and obesity 
percentage to 33% and 37%, respectively (Table 2, 
Figure 1).

A significant increase in BMIZs was mainly 
observed in the group with normal weight 
or overweight. The proportion of girls whose 
nutritional status changed to overweight and 
obesity after 12 months of treatment was 46.6% 
in the group with an initial BMIZs <P85, and 25% 
of patients in the overweight group changed to 
being obese (Figure 2).

Six patients did not achieve an adequate 
biochemical suppression of puberty, mainly due 
to an inconsistent administration of the GnRH 
analog. In this subgroup, increase in BMIZs was 
similar to that in the adequately suppressed 
group (ΔBMIZs: 0.74 ± 0.65), although it was not 
possible to demonstrate a statistical significance 
with the baseline status, probably due to the 
number of cases. A multivariate analysis did not 
show a difference in ΔBMIZs based on LH levels 
or a history of one or both parents with obesity.

Table 2. Nutritional status during follow-up of the 121 patients with idiopathic central precocious puberty

			   Average (SD)		

		  Baseline	 6 months	 12 months

	 BMIZs*		  0.86 (1.06)	 1.1 (0.97)	 1.3 (0.88)

Nutritional status**	 Normal	 49.5	 37	 29.7

	 Overweight	 29	 33	 33.1

	 Obesity	 21.5	 30	 37.2

*ANOVABMIZs: baseline versus at 6 months, p = 0.096; at 6 months versus at 12 months, p = 0.395; baseline versus at 12 months, 
p= 0.001.
** Percentage.
SD: standard deviation; BMIZs: body mass index Z score.

Table 1. General characteristics of the 121 patients 
with idiopathic central precocious puberty at the time of 
diagnosis 

Characteristic	 	 Average (SD)
Age (years)	 	 6.8 (1.29)
Weight (kg)		  32.5 (10.5)
Height (cm)		  129.5 (12.77)
BMIZs		  0.86 (1.06)
Bone age (years)		  10.3 (2.2)

Pubertal stage % (Tanner*)	 2	 86.8
	 3	 13.2

Parental obesity*	 None	 6.61
	 One	 82.64
	 Both	 10.74

Chemistry	 LH (IU/L)	 4.2 (5.4)
at the time of	 FSH (IU/L	 6.5 (8.5)
diagnosis	 Estradiol (pg/mL)	 38.6 (3.2) 

SD: standard deviation; LH: luteinizing hormone;  
FSH: follicle-stimulating hormone; 
BMIZs: body mass index Z score.
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of diagnosis) reported by Palmert et al.5 in 96 
Caucasians girls.

In addition, in a cohort of 115 Israelite girls8 
treated with leuprolide during 2-3 years, a 
high frequency of overweight or obesity was 
also reported, but no changes in BMIZs were 
observed. Moreover, a study conducted among 
101 Italian girls showed that the BMIZs was 
significantly reduced during treatment.9

None of the studies referenced here clearly 
stated whether any preventive intervention had 
been implemented. Such increase in BMIZs may 
be the result of the specific characteristics of this 
ethnic group, like the genetic predisposition to 
cardiometabolic alterations and environmental 
factors.

The frequency of overweight and obesity in 
the studied cases by chronological age (6.8 ± 1.29 
years) and by biological age (10.6 ± 1.8 years) 
was compared to their frequency as reported 
in Mexican girls by the 2012 National Health 
Survey.11 It is evident that, like in many other 
populations, the frequency of overweight and 
obesity among girls with idiopathic central 
precocious puberty is much higher than that 
reported for the general population, both by 
chronological and biological age (40.5% versus 
24.7% and 38.2% versus 40.5%, respectively). 
The increase in BMIZs was even higher than that 
reported by the normal adiposity rebound that 
occurs between 5 and 7 years of chronological 
age,12 which is characterized by an approximate 
increase of 16% of total body fat or 0.2 BMIZs 
points.

Figure 1.Progression of body mass index Z score in girls 
with idiopathic central precocious puberty

One-way ANOVA, with Bonferroni post hoc analysis. 
BMIZs: body mass index Z score.

Figure 2.Changes innutritional status over a 12-month 
follow-up. N = 121
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DISCUSSION
Cardiovascular conditions and obesity-

associated diseases are the main cause of 
morbidity and mortality in many countries, 
including Mexico. An increase in body fat 
proportion during childhood has been related to 
an early biological maturation, and even to the 
presence of precocious puberty.

This may reflect the natural history of 
these girls given that the factors that condition 
overweight or obesity in these patients remain 
present (genetic burden, overeating, sedentary 
lifestyle). In addition, the suppression of puberty 
may contribute to an imbalanced calorie intake-
expenditure ratio because, in theory, it reduces 
the expenditure attributed to longitudinal 
growth and development of secondary sexual 
characteristics.10

In this retrospective study, in which a specific 
control of diet or physical activity were not 
included, it was observed that most overweight 
or obese girls continued to be overweight or 
obese, and that 40% of girls with a previous 
normal weight developed overweight or obesity. 
These data indicate a 70% rate of overweight or 
obesity at 12 months of treatment versus 50.4% 
at treatment initiation. The size of the increase 
in BMIZs (from 0.86 to 1.3, ΔBMIZs: 0.46 ± 0.66) 
is higher than that reported by Boot4 (from 0.96 
to 1.38, ΔBMIZs: 0.42) in 34 Caucasian girls after 
two years of treatment and by Aguiar7 in 176 
Brazilian girls treated with goserelin, although the 
proportion of cases with overweight or obesity 
is higher than the 30% (versus 19% at the time 
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Such disproportionate increase in overweight 
and obesity, especially among girls with a normal 
BMI at the time of diagnosis, suggests that, in 
addition to inheritance, a sedentary lifestyle and 
overeating, there may be some other mechanism 
that contributes to a greater change towards 
overweight or obesity, at least in the studied 
population.

Given the retrospective natureof this study, 
there are no data on other cardiovascular risk 
factors available (lipid profile, hyperinsulinemia, 
adipocytokines), which have been reported to 
increase in girls with central precocious puberty 
under treatment whose nutritional status 
changes.13,14

In short, a year after treatment initiation, this 
group of Mexican girls with ICPP had a higher 
rate of overweight or obesity than what has 
been reported in other populations. The rate of 
progression to obesity was also higher, especially 
in the group with a normal weight at the time of 
diagnosis, and this suggests that factors that may 
be attributed to pubertal suppression may have a 
role in weight gain. It is important to implement, 
for girls with precocious puberty and a high 
risk of obesity, like our population, prevention 
measures especially targeted at identifying and 
managing risk factors, as part of the comprehensive 
management of this condition. n
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