Original Paper
Neuroendocrinology 2013;97:225–231
DOI: 10.1159/000342342

Received: May 15, 2012
Accepted after revision: August 1, 2012
Published online: September 20, 2012

Impact of Body Mass Index on Luteinizing
Hormone Secretion in Gonadotropin-Releasing
Hormone Stimulation Tests of Boys Experiencing
Precocious Puberty
Hae Sang Lee Hong Kyu Park Jung Hee Ko You Jin Kim Jin Soon Hwang
Department of Pediatrics, Ajou University Hospital, Ajou University School of Medicine, Suwon, Korea

Abstract
Objective: Excess adiposity may influence various aspects of
pubertal development, including the timing of pubertal initiation and hormonal parameters during puberty. The aim of
the study was to evaluate the impact of body mass index
(BMI) on luteinizing hormone (LH) secretion to gonadotropin-releasing hormone (GnRH) stimulation test in boys with
precocious puberty. Methods: Boys with precocious puberty, who were normal weight, overweight, and obese underwent GnRH stimulation tests between 2003 and 2010. Subjects were classified as normal weight (BMI 65th percentile
and BMI !85th percentile), overweight (BMI 685th percentile and BMI !95th percentile), and obese (BMI 695th percentile). Results: Of 56 children whose data were included in
the final analysis, mean age at diagnosis was 8.7 8 1.0 years.
The majority of boys were of normal weight (n = 28, 50%),
while 15 children (26%) were overweight, and 13 (23%) obese.
Peak LH levels after GnRH stimulation were 19.8 8 8.8, 9.0
8 3.5, and 8.1 8 4.0 mIU/ml among normal weight, overweight, and obese subjects, respectively (p ! 0.001 for all
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comparisons). By multivariate analysis, there was a significant negative association of BMI with peak-stimulated LH
level. Conclusions: The higher BMI is associated with lower
LH response to the GnRH stimulation test in boys experiencing precocious puberty. In boys with precocious puberty,
BMI should be considered when interpreting GnRH stimulation test.
Copyright © 2012 S. Karger AG, Basel

Introduction

Childhood obesity has become a major health concern in recent decades. The incidence of childhood obesity is rising across the globe in conjunction with obesity
related comorbidities [1, 2]. Excess adiposity may influence various aspects of pubertal development, including
the timing of pubertal initiation and hormonal parameters during puberty. Several recent studies suggest that
over the last century the onset of the pubertal development has begun to occur earlier, and there is strong evidence that an increase in childhood obesity in children
over the same time period is a major contributing factor
[3–5]. Although many studies show that obesity is associated with sexual maturation in adolescent girls and
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Methods
Subjects
A total of 104 boys formed the study cohort for our report. All
subjects were referred to Ajou University Hospital between 2003
and 2010 for signs of early puberty such as testicular enlargement,
pubic hair, and voice break. In some boys, testicular enlargement
seems to have started after 9 years of age, and such boys were subsequently reclassified as having normal puberty. Eight boys were
excluded because of insufficient blood samples, and 12 boys were
excluded based on GnRH stimulation tests. Subjects in the final
analysis included 56 boys with precocious puberty (fig. 1). All subjects underwent GnRH stimulation tests as part of their evaluation. Precocious puberty was diagnosed according to the following criteria: (1) objective testicular volume 1 4 ml (testicular volume 1 4 ml) before 9 years of age; (2) advanced bone age 11 year
above chronological age; (3) pubertal LH peak values (cut-off value 65 IU/l), and (4) elevated serum testosterone levels (testosterone 1 0.8 nmol/l) with the GnRH stimulation tests performed be-
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fore 9 years of age [17]. Precocious puberty with an identified etiology, such as brain tumor or cranial irradiation, was excluded.
Plasma 17-hydroxyprogesterone and testosterone concentrations
were measured to exclude abnormal androgen secretion. Plasma
thyroxine and thyroid-stimulating hormone concentrations were
measured to exclude hypothyroidism. The study protocols were
approved by the Institutional Review Board of the Ajou University Hospital.
Study Design
Subjects were not taking medications known to affect the reproductive axis, and none had used hormonal medications before
the study. No subject experienced chronic illnesses or hirsutism.
The hypothalamic-pituitary-gonadal axis was investigated by
measuring plasma LH and FSH peak concentrations under GnRH
(100 g Relefact; Sanofi-Aventis, Frankfurt am Main, Germany)
stimulation. Basal serum samples were obtained prior to GnRH
injection. Post-stimulation samples for measurement of LH, FSH,
and testosterone levels were acquired 30, 45, 60, and 90 min after
injection. Serum LH, FSH, and testosterone levels were measured
by immunoradiometric assay (BioSource SA, Nivelles, Belgium).
Patients’ height, weight, pubertal status, thyroid function, and
bone age were collected from clinical charts and electronic medical records. The volume of each testis was estimated by comparative palpation with the orchidometer of Prader [18]. Pubertal stage
was determined according to Marshall and Tanner [19]. Bone age
was determined by a single pediatric endocrinologist, using
Greulich and Pyle’s standards [20]. BMI was determined and the
BMI standard deviation score (SDS) according to chronological
age calculated using the 2007 Korean National Growth Charts
[21]. All precocious puberty patients had normal magnetic resonance imaging (MRI) studies of the hypothalamic-pituitary area.
Laboratory Measurements
Serum LH and FSH levels were measured by immunoradiometric assay with analytical sensitivity of 0.2 and 0.1 IU/l, intraassay coefficient of variation (CV) ranging from 1.4 to 3.9% and
1.1 to 2.0%, and inter-assay CV ranging from 3.4 to 8.0% and 2.4
to 4.4%, respectively (BioSource SA). Testosterone levels were determined on radioimmunoassay with analytical sensitivity of 0.3
nmol/l, intra-assay CV ranging from 4.0 to 7.0%, and inter-assay
CV ranging from 4.2 to 8.1% (RIA; Coat-A-Count, Diagnostic
Products, Los Angeles, Calif., USA).
Statistical Analysis
Statistical analysis was performed using SPSS version 12.0
(SAS Institute, Chicago, Ill., USA). For classification of clinical
parameters according to BMI, which was divided into normal
(BMI 65th percentile and BMI !85th percentile), overweight
(BMI 685th percentile and BMI !95th percentile), and obese
(BMI 695th percentile), ANOVA was performed with Tukey’s
test. The Pearson correlation between peak LH and BMI was additionally assessed. To determine significance of association with
peak LH, linear regression was performed for uni- and multivariate analyses with stepwise variable selection, including age at detection, BMI SDS, weight SDS, height SDS, bone age, testicular
volume, basal LH, basal FSH and basal testosterone levels. Statistical significance was defined as p ! 0.05. Results were presented
as mean 8 SD unless stated otherwise.
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young female adults [6–8], limited research has been
conducted in boys exploring the likelihood of a similar
association.
Precocious puberty is defined as the progressive onset, accompanied by advancement of skeletal age, of secondary sexual characteristics before the age of 8 years in
girls and 9 years in boys [9]. Puberty is initiated centrally, with gonadal function being driven by increased
secretion of gonadotropin-releasing hormone (GnRH)
and gonadotropin. Among the many factors influencing
the neural networks controlling GnRH secretion, information about the status of nutrition is one of the cornerstones in the control of pubertal onset and progression
[10–12]. Adipocytes secrete leptin in direct proportion
to adipose tissue mass as well as nutritional status.
Leptin and its regulation may be important in the initiation and or progression of puberty and may play a role
in the earlier onset of puberty in obese children compared to children of normal weight [11, 13]. However,
recent studies have demonstrated that the earliest hormonal change of puberty, increased levels of luteinizing
hormone (LH) at sleep onset, was blunted in prepubertal
healthy girls with excessive body mass index (BMI) [14,
15]. In one recent study by Birkebaek et al. [16], they
found a significant increase in LH and follicle-stimulating hormone (FSH) levels in obese boys during weight
reduction and an inverse relationship between LH and
BMI changes.
The aim of the present study was to investigate the influence of BMI on abnormal sexual maturation by analyzing gonadotropin response to GnRH stimulation tests
in boys with precocious puberty.

Assessed for eligibility (n = 104)

Insufficient data (n = 8)
1. Insufficient blood samples

Early normal variant
1. Pubertal onset between 9 and 10 (n = 18)
2. Pubertal onset before 9 years and peak
LH <5 IU/l (n = 12)

Peripheral precocious puberty
1. Congenital adrenal hyperplasia (n = 3)
2. Familial male precocious puberty (n = 1)

Hypothyroidism (n = 1)

Organic brain lesion (n = 5)

ferred to a single tertiary pediatric endocrine center for evaluation of early puberty.

Analyzed (n = 56)
Testicular volume >4 ml before 9 years
Peak LH ≥5 IU/l and testosterone >0.8 nmol/l

Results

Population Characteristics
Clinical characteristics are shown in table 1. Of the
56 children whose data were included in the final analysis, mean age at diagnosis was 8.7 8 1.0 years. The majority of children were of normal weight (n = 28, 50%),
while 15 (26%) children were overweight, and 13 (23%)
obese. The average BMI SDS was 1.1 8 1.0. Obese boys
were significantly younger at pubertal onset than normal-weight boys. Although mean bone age did not differ
in normal-weight and obese boys, differences between
bone age and chronological age (BA-CA) were significantly greater in obese boys. Baseline testicular volume
and pubic hair stage were similar in the three study
groups.

Influence of BMI on LH Response

BMI and Hormonal Parameters
Basal LH levels, as well as LH response to GnRH
stimulation tests, were segregated by BMI status (table 2). The basal LH and peak-stimulated LH levels were
lower in overweight subjects and lower still in obese subjects. Peak LH levels after GnRH stimulation were 19.8
8 8.8, 9.0 8 3.5, and 8.1 8 4.0 mIU/ml among normal weight, overweight, and obese subjects, respectively
(p ! 0.001 for all comparisons). The peak-stimulated LH
occurred at 30 min and progressively declined over the
remainder of the test (fig. 2). The basal testosterone and
peak-stimulated testosterone levels were also significantly lower in obese boys relative to those in normalweight boys.
Correlation analyses were performed in all subjects;
figure 3 details statistically significant correlations. We
found a negative association between BMI and peakNeuroendocrinology 2013;97:225–231
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Fig. 1. Diagram of 104 boys who were re-
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Table 1. Baseline characteristics of study subjects stratified by BMI

Variable

Total
(n = 56)

Normal
(n = 28)

Overweight
(n = 15)

Obese
(n = 13)

Age at detection, years
Height SDS
Weight SDS
BMI
BMI SDS
Testicular volume, ml
Bone age, years
Bone age SDS
BA-CA, years

8.781.0
1.381.1
1.480.9
21.984.4
1.181.0
6.382.3
12.281.1
3.981.3
2.881.1

8.881.1
1.280.9
0.780.5
18.581.3
0.380.5
6.882.2
12.481.2
3.881.4
2.781.1

8.780.9
0.980.9
1.480.5
22.681.0
1.480.2
5.981.7
12.381.1
3.480.7
2.480.6

8.681.1
1.981.1
2.480.4
26.483.0
2.280.5
6.181.3
12.281.1
4.481.3
3.281.1

p value
0.022
0.005
<0.001
<0.001
<0.001
0.658
0.884
0.101
0.039

Table 2. Hormonal values of study subjects stratified by BMI

Normal
(n = 28)

Overweight
(n = 15)

Obese
(n = 13)

LH at baseline, IU/l
Peak LH, IU/l
FSH at baseline, IU/l
Peak FSH, IU/l
Testosterone at baseline, nmol/l
Peak testosterone, nmol/l
Peak LH/FSH ratio

2.781.7
19.888.8
3.482.3
9.086.8
1.780.2
3.980.5
3.182.0

1.680.8
9.083.5
2.381.1
6.682.3
1.080.8
1.680.3
1.580.9

1.480.8
8.184.0
2.081.0
6.881.7
0.980.3
1.380.2
1.280.6
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p value
0.006
<0.001
0.017
0.157
<0.001
<0.001
<0.001

Downloaded by:
A-Jou University
210.107.201.18 - 5/23/2014 3:14:10 AM

Variable

stimulated LH levels (r = –0.539, p ! 0.001). Peak-stimulated testosterone levels were significantly, negatively correlated with BMI (r = –0.406, p ! 0.001).
r = –0.539
p < 0.001
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Fig. 3. Correlation between peak LH to GnRH stimulation tests
and BMI in boys with precocious puberty.

Table 3. Univariate analysis of peak-stimulated LH levels associated with various parameters in all subjects (n = 56)

Parameter

R

Age at detection
Height SDS
Weight SDS
BMI SDS
Bone age
Basal LH
Basal FSH
Basal testosterone

p value

0.308
–0.040
–0.499
–0.552
0.268
0.490
0.673
0.510

0.194
0.752
0.001
<0.001
0.115
<0.001
<0.001
<0.001

Table 4. Multivariate analysis of factors associated with peak LH

values (n = 56, r2 = 0.741, p < 0.001)
Variable
BMI SDS
Basal LH

Estimate
–2.632
2.060

SE
0.937
0.468

p value
<0.001
<0.001

Stepwise multivariate regression analysis containing the following independent variables entered in to the model: age at detection, BMI SDS, weight SDS, height SDS, bone age, Tanner
stage, basal LH, basal FSH and basal testosterone levels.

Influence of BMI on LH Response

Determinants of Peak LH Response to GnRH
Stimulation Tests
Univariate analysis of factors influencing peak LH is
summarized in table 3. Peak-stimulated LH levels were
positively correlated with basal LH levels, basal testosterone levels, and basal FSH levels. Furthermore, LH levels
exhibit a significant negative association with BMI SDS,
and weight SDS (table 3). Age at detection, height SDS,
and bone age were not significantly correlated with peakstimulated LH levels.
In a stepwise multivariate regression analysis including age at detection, BMI SDS, weight SDS, height SDS,
bone age, testicular volume, basal LH, basal FSH and basal testosterone levels as independent variables, and tested
in a model with peak LH as dependent variable, BMI SDS
and basal LH levels were identified as significant independent predictors for peak LH (table 4). BMI SDS was
inversely correlated with, and basal LH levels positively
correlated with, peak LH levels.

Discussion

Our study shows that increased BMI is a major negative determinant of LH levels evoked by GnRH stimulation in boys with precocious puberty. These data suggest
that excess adiposity may suppress the hypothalamicpituitary-gonadal axis in boys. Obese boys also enter
puberty at an earlier age than children of normal weight,
and exhibit more advanced bone age in the current study.
Only a few published studies have evaluated the association between excess weight and the timing of secondary sexual characteristic appearance in boys. In a population-based study, Wang [22] showed that early maturing boys were less likely to be obese. Biro et al. [8] found
that boys with greater fat mass, as measured by the sum
of skin folds, had less advanced sexual maturation by age
12 years and that boys who had a higher BMI and greater
adiposity reached all maturation stages at more advanced
ages. In contrast to these studies, Denzer et al. [7] reported pubertal maturation showed no evidence for a shift in
pubarche or testicular growth in obese boys. In another
study by Sandhu et al. [23], boys with a higher prepubertal BMI experienced earlier onset of puberty. Also, Sorensen et al. [24] reported that age-adjusted BMI was negatively associated with age at onset of testicular growth as
Neuroendocrinology 2013;97:225–231
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tant with promotion of GnRH and gonadotropin secretion during sleep [14, 36]. Denzer et al. [7] suggested a link
between BMI and low circulating androgens in adolescent boys despite normal testis volumes and accelerated
growth relative to normal-weight boys. In another study,
LH levels were significantly lower in obese boys compared to non-obese controls [37].
There were limitations to our study. We were unable
to assess other hormones associated with regulation of
puberty, such as estradiol, SHBG, and free testosterone.
Also, it will be desirable if more accurate assessment of
initiation of puberty by ultrasonography was available.
Evaluation of boys with normal puberty will be needed to
further validate and characterize the effect of BMI on LH.
Additionally, body fat mass was assessed with BMI, a surrogate measure of adiposity. In boys, the testosterone effects on muscle mass interfering with BMI are a measure
of adiposity. Further studies might consider a more rigorous body fat measurement, such as dual-energy X-ray absorptiometry.
In conclusion, our results demonstrated a decrease in
LH and testosterone levels dependent on degree of obesity in boys with precocious puberty. Our data highlighted the need to consider BMI when interpreting the results
of GnRH stimulation tests in boys. This is the first study
suggesting that a higher BMI during early puberty is associated with a reduction in LH evoked by GnRH stimulation in boys, despite paradoxical advances in pubertal
onset. Further studies are required to gain more insight
into the mechanism leading to lower testosterone and
GnRH-stimulated LH levels in boys with precocious puberty.
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