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Role of Gonadotropin-releasing Hormone Stimulation Test
in Diagnosing Gonadotropin Deficiency in Both Males and
Females with Delayed Puberty
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Background: Delayed puberty can result either from constitutional delay of growth and puberty (CDP) or idiopathic hypogonadotropic
hypogonadism (IHH). Gonadotropin-releasing hormone (GnRH) stimulation test has been generally accepted as a current method for
diagnosing delayed puberty. The objective of this research was to assess the cut-off values and the efficacy of GnRH stimulation test in
the diagnosis of delayed puberty in both males and females.

Methods: A study of 91 IHH, 27 CDP patients, 6 prepubertal children, and 20 pubertal adults was undertaken. Blood samples were obtained
at 0, 30, 60, and 120 min after GnRH administration and the levels of luteinizing hormone (LH) and follicle-stimulating hormone (FSH)
were measured. For each parameter, the sensitivities and specificities were estimated, and the receiver operating characteristic (ROC)
curves were constructed.

Results: The ROC curves indicated that a serum basal LH <0.6 IU/L or peak LH <9.74 IU/L resulted in moderate sensitivity (73.8% or
80.0%) and specificity (90.9% or 86.4%) in the diagnosis of HH in males. Serum basal LH <0.85 IU/L or basal FSH <2.43 TU/L resulted
in moderate sensitivity (80.0% or 100.0%) and specificity (75.0% or 50.0%) in the diagnosis of HH in females.

Conclusions: Our data suggest that isolated use of the gonadorelin stimulation test is almost sufficient to discriminate between HH and
CDP in males, but unnecessary in females. The most useful predictor is serum basal or peak LH to differentiate these two disorders in
males, but serum basal LH or FSH in females.
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hypothalamus.®! Discrimination between IHH and CDP is
of great importance in terms of treatment; however, in most
cases, differentiation is very difficult. The GnRH stimulation
test appears to be the most widely used test in the differential
diagnosis of IHH and CDP. This test can evaluate the

INTRODUCTION

Delayed puberty is one of the most common issues
presenting to pediatric endocrinologists. The prevalence is
approximately 5% at age 14 in boys, with 0.1% remaining

prepubertal by age 18.I'! The most common cause of
delayed puberty was a constitutional delay of growth
and puberty (CDP), which affected 53% of the patients
(63% of males and 30% of females).”! CDP is a benign
condition that recovers spontaneously. In contrast, idiopathic
hypogonadotropic hypogonadism (IHH) is a rare genetic
condition (prevalence 0.025%), which is caused by defective
gonadotropin secretion from the anterior pituitary because of
defective gonadotropin-releasing hormone (GnRH) from the
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the pituitary gland to secrete luteinizing hormone (LH) and
follicle-stimulating hormone (FSH). Although, there have
been various research studies abroad during the past decades,
currently no cut-off values for this test have been generally
accepted in China. Additionally, there is no comprehensive
statistical analysis or evaluation on the cut-off values of the
GnRH stimulation test for discrimination between these
two disorders in females. In this study, we investigated the
cut-off values of the GnRH (gonadorelin) stimulation test to
discriminate between IHH and CDP by estimating the values
of LH and FSH at various time points after GnRH stimulation,
and evaluating the sensitivity and specificity of the test.

MeTtHoDS

Patients

This retrospective study was done by reviewing the medical
records of 91 IHH (including 62 normosmic IHH and 29
Kallmann syndrome) and 27 CDP patients, who presented
at Chinese PLA General Hospital between 1994 and 2011,
as well as 6 normal prepubertal children, and 20 normal
pubertal volunteers. Evaluation included documentation of
the history of onset and the progression of pubertal changes
including Tanner breast (girls), testicular volumes (boys),
and pubic hair stages, height and weight, growth velocity,
bone age, olfactory sense, basal LH, FSH, testosterone,
estradiol, prolactin, and progesterone levels, and GnRH
stimulation testing.

Study protocol

Blood samples were obtained in the supine position and
after an overnight fast, starting between 8:30 and 9:00 am.
Gonadorelin acetate (100 ng; Fengyuan Pharmaceutical,
Anhui, China) was then administered subcutaneously, and
blood samples were drawn from an indwelling catheter
positioned in an antecubital vein at 0, 30, 60, and 120 min
after stimulation. The blood samples were immediately
centrifuged, and serum was kept at —20°C until assayed.
The protocol was approved by the ethics committee at the
Chinese PLA General Hospital.

Hormone assays
Serum LH and FSH concentrations were determined
by a fully automated immunometric chemiluminescent

assay (ADVIA Centaur XP Immunoassay System, Siemens
Healthcare Diagnostics, Inc., USA). The calibration range
and analytical sensitivity for LH were 0.07-200 IU/L,
and that of FSH was 0.3-200 IU/L. The mean intra- and
inter-assay coefficients of variation were 3.3% and 4.0%
for LH, and 2.9% and 2.7% for FSH.

Statistical analysis

The analysis was performed using SPSS version 19.0
software (IBM, Chicago, IL, USA). All data are expressed
as mean + standard error of the mean. All data from the two
groups were compared using the two independent samples
t-test. Statistical significance was accepted at P < 0.05. The
receiver operating characteristic (ROC) curve was used to
depict and determine the cut-off values. The area under the
ROC (AUC) was computed to assess the predictive diagnostic
value of the GnRH stimulation test and select the best
predictors. A test with an AUC >0.9 is considered to have high
accuracy, while 0.7-0.9 indicates moderate accuracy, 0.5-0.7
indicates low accuracy and 0.5 indicates a chance result.™)

ResuLts

The basal information of all patients and volunteers is
depicted in Table 1. Testosterone levels in male THH
(t=-87.4,P<0.001) and CDP (=-44.8, P<0.001) patients
and the estradiol levels in female IHH (z=-15.8, P <0.001)
and CDP (=-9.5, P <0.001) patients are much lower than
those in male and female pubertal adults.

Baseline hormonal levels, responses to peak LH and FSH levels
to GnRH, and the time to peak hormonal levels after GnRH
stimulation are depicted in Table 2 and Figure 1. Pubertal adults
showed the highest peak LH and FSH responses after GnRH
stimulation, whereas the CDP patients showed intermediate
responses between those found in IHH patients and in pubertal
children. Peak serum LH levels occurred mainly within 30 min
after stimulation in CDP, prepubertal and pubertal groups, and
within 60 min after stimulation in IHH groups. However, this
difference does not exist in time to peak serum FSH levels.

The ROC curves and the AUCs of basic LH and FSH levels,
peak LH and FSH levels, as well as the differences between
baseline and peak hormonal levels (A values) in both males

Table 1: Clinical characteristics of study patients and control subjects

Indices Patients Control subjects
IHH CDP Prepubertal Pubertal
Male Female Male Female Male Male Female

(n=81) (n=10) (n=23) (n=4) (n = 6) (n=10) (n =10)
Chronologic age (year) 18.83 £0.59 2320+2.78 15.09+0.28 16.75+0.49 11.17+£0.70 24.90 £0.35 24.40 +0.34
Height (cm) 16825+133  162.00+2.48 152,61 £2.68  16225+2.63  149.50+£5.70  173.60+1.60  164.10+ 1.46
Weight (kg) 66.00 £ 1.97 49.93 +3.09 50.95 £4.22 4550 +2.18 53.42 £ 6.29 70.50 + 4.88 58.60 +2.07
BMI (kg/m?) 23.03 £0.52 18.79 + 0.78 21.52+1.34 16.80 = 1.00 2332+1.36 23.29+1.30 21.76 £ 0.74
Testosterone (nmol/L) 1.48 £0.20 - 1.62 +£0.42 - 1.08 +£0.20 19.50 + 1.84 -
Estradiol (pmol/L) - 35.14£3.39 - 44.71 £8.01 - 408.76 + 74.5

Data are mean + SEM. BMI: Body mass index; IHH: Idiopathic hypogonadotropic hypogonadism; CDP: Constitutional delay of puberty; SEM: Standard

error of mean.
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Table 2: Serum LH and FSH levels before and after gonadorelin stimulation and time to peak serum LH and FSH
levels in study patients and control subjects

Indices Patients Control subjects
IHH CDP Prepubertal Pubertal
Male Female Male Female Male Male Female
(n = 81) (n =10) (n = 23) (n=4) (n = 6) (n =10) (n =10)

LH (IU/L)

Baseline 0.63 + 1.09 0.57+0.21 2.11+0.45 1.54+0.63 0.43+0.14 4.04+0.59 11.03 +3.94

Peak 6.77 + 0.86 8.66 + 3.80 1529 +1.43 23.25+7.66 7.86 +2.70 35.92+£2.26 60.94 + 18.41
Time of peak (%)

30 min 44.4 20 56.5 100 66.7 90 50

60 min 50.6 60 34.8 0 333 10 30

120 min 49 20 8.7 0 0 0 20
FSH (IU/L)

Baseline 1.30+0.16 1.24+0.26 3.61+0.59 279+ 1.02 1.94+0.43 4.21+0.60 7.55+3.21

Peak 5.03+0.58 6.42 +0.84 10.02 £ 1.32 8.20+3.27 7.27+1.10 9.27+1.01 12.74 £2.97
Time of peak (%)

30 min 13.6 0 8.7 50 0 30 10

60 min 37.0 10 34.8 25 66.7 70 30

120 min 48.1 90 522 25 333 0 60

Data are mean = SEM. LH: Luteinizing hormone; FSH: Follicle-stimulating hormone; IHH: Idiopathic hypogonadotropic hypogonadism;
CDP: Constitutional delay of puberty; SEM: Standard error of mean.
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Figure 1: Mean serum luteinizing hormone and follicle-stimulating hormone levels before or after gonadotropin-releasing hormone stimulation in
all groups. a: male basic LH level; b: male peak LH level; ¢: female basic LH level; d: female basic FSH level.

and females were analyzed. The AUCs were 0.847 (basic
LH levels), 0.845 (peak LH levels), 0.825 (ALH levels),
0.823 (basic FSH levels), 0.809 (peak FSH levels), and
0.726 (AFSH levels) in males. Given that basic and peak
serum LH levels had the greatest AUCs, these are the
most effective predictors for diagnosing IHH and CDP
patients in males. The AUCs were 0.750 (basic FSH levels),

0.738 (basic LH levels), 0.675 (peak LH levels), 0.675 (ALH
levels), 0.525 (peak FSH levels), and 0.450 (AFSH levels)
in females. Basic serum LH and FSH levels had the greatest
AUCs and were the most effective predictors for diagnosing
IHH and CDP patients in females, meaning that the GnRH
stimulation test is unnecessary in differentiating between
IHH and CDP in female patients.
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Discussion

Normal puberty occurs as a consequence of resurgence of
the episodic GnRH stimulation from the hypothalamus,
resulting in an increase in the frequency and magnitude of
the episodic release of pituitary gonadotropins, especially
LH. Delayed puberty is defined clinically by the absence or
incomplete development of secondary sexual characteristics
bounded by an age of 14 for boys (i.c., testicular size >4 ml
being the first sign) and 13.4 for girls (breast development
being the first sign).’! CDP is the most common cause of
delayed puberty, which results from a delay in reactivation
ofthe GnRH pulse generator. IHH is a rare genetic condition
caused by a defective gonadotropin secretion from the
anterior pituitary because of defective GnRH from the
hypothalamus. Discrimination between IHH and CDP is very
difficult. Clinical characteristics, if present, may be useful for
diagnosis, such as a positive family history, slow prepubertal
growth with skeletal delay, or the presence of chronic
diseases. However, these characteristics are not sufficient. In
practice, a decision is often made to treat patients with sex
steroids to optimize their growth and pubertal progress and
reassess later in terms of diagnosis. However, a definitive
diagnosis would be important from the viewpoint of
long-term prognosis for fertility and to alleviate anxiety in
adolescents with CDP. HPG axis function should be clearly
defined before starting sex steroid replacement therapy,
which has the potential to inhibit a normal HPG axis. Thus,
the various tests have been used to differentiate children
with delayed puberty such as the GnRH stimulation test,
human chorionic gonadotropin stimulation test, thyrotropin
releasing hormone-stimulated test, overnight frequent LH
sampling, urinary LH evaluation, and repetitive intravenous
GnRH testing.[*1 Of these, the GnRH stimulation test
appears to be the most widely used, is simple, effective, and
relatively inexpensive, and well-tolerated considering that
other options are time-consuming, expensive, and difficult
to perform on an ambulatory basis. However, the predictive
value of the GnRH stimulation test has been in controversy,
and there is no comprehensive statistical analysis or
evaluation in China.['1?! Moreover, no data have been
published on the predictive value of the GnRH stimulation
test to discriminate between IHH and CDP in females.

Analogs of GnRH have been synthesized since the 1970s,
and buserelin, nafarelin, leuprolide, and triptorelin are
some common analogs of GnRH.!"3! Our data show that
males with CDP show an increase in LH levels after GnRH
stimulation, which distinguishes them from patients with
gonadotropin deficiency. The predictive value of this test
is almost sufficient to discriminate between IHH and CDP
in males, though there is also overlap between the two
groups, as shown in previous studies. The best predictor
is peak LH levels after GnRH stimulation. ROC analysis
revealed that the cut-off point for peak LH levels was
9.74 TU/L (sensitivity 80.0%, specificity 86.4%). These
results are close to those from a study conducted at the
Chinese Academy of Medical Science and the Peking Union

Medical College (8 IU/L).l'" However, this cut-off value
is a little higher than other GnRH analog stimulation tests,
such as buserelin, nafarelin, leuprolide, and triptorelin.!%1%13]
It is possible that in the in vivo setting, GnRH has a more
enhanced pituitary gonadotrophic stimulatory effect than
GnRH analogs. However, there are no sufficient available
pharmacokinetic data on the effect of GnRH on gonadotropin
release and serum levels. In future, pharmacokinetic studies
on the effect of GnRH on plasma LH and FSH levels may be
useful to optimize the GnRH protocol. Our data show that
the basic LH value, which was previously reported useless to
discriminate between [HH and CDP, is not lower than peak
LH levels. This difference may rely on a more accurate LH
assay than past decades, providing clearer discrimination
in differentiating patients with IHH from those with a
normal HPG axis, including CDP.'”! These results confirm
the validity and specificity of GnRH stimulation in the
differential diagnosis between IHH and CDP in males, but
also suggest that the unstimulated LH levels may also be an
important screening tool in differential diagnosis.

Unlike males, peak LH levels are not a good predictor to
discriminate between IHH and CDP in females, and the
best predictors are basic LH and FSH levels. ROC analysis
revealed that the cut-off point for basic LH levels was
0.85 IU/L (sensitivity 80.0%, specificity 75.0%) and for basic
FSH levels was 2.43 TU/L (sensitivity 100.0%, specificity
50.0%). These results indicate that the basic hormonal levels
are also very important in differentiating patients with IHH
from those with CDP, especially in females. Although the
prevalence of IHH and CDP in females is very low, these
patients should not be ignored. Our data show that the best
predictors in females are basic rather than peak LH or FSH
levels, demonstrating that the GnRH stimulation test may
not be helpful in diagnosing females whereas basic hormone
levels may be very useful. Given that the basic hormone
levels are not sufficient for diagnosis, clinical characteristics,
if present, are also very useful for diagnosis, such as a
positive family history, slow prepubertal growth with skeletal
delay, or the presence of chronic diseases. A limitation of
this study is the number of females; therefore, further studies
are needed to find more effective methods for diagnosis in
females. Moreover, peak serum LH levels occurred mainly
within 30 min after stimulation in the CDP group (56.5% in
males and 100% in females), while within or after 60 min
after stimulation in the IHH group (55.5% in males and 80%
in females). Although the overlap is significant, it may also
be helpful in differential diagnosis.

In conclusion, this study is the first comprehensive statistical
analysis and evaluation of the cut-off values and diagnostic
value of the GnRH stimulation test to discriminate between
IHH and CDP in both males and females in China. The results
suggest that the GnRH stimulation test is almost sufficient
to discriminate between IHH and CDP in males, but useless
for diagnosis in females. However, our study was conducted
at a single site, and the number of females in the sample was
limited. Thus, multicenter and large sample studies in China
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are needed to establish standards for GnRH stimulation
testing in the future.
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