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Abstract
Purpose Gonadotropin-releasing hormone (GnRH) stimulation test is the gold standard for diagnosing central precocious
puberty (CPP). However, intravenous GnRH is not always readily available. The aim of the present study was to evaluate the
diagnostic accuracy of triptorelin-stimulated luteinizing hormone (LH) concentrations in the diagnosis of CPP among girls
presenting with premature thelarche compared to the gold standard GnRH test.
Methods A prospective, case–control (CPP vs isolated premature thelarche), clinical study evaluating the diagnostic
accuracy of triptorelin-stimulated LH concentrations in 60 girls with premature thelarche was performed. All girls underwent
stimulation with subcutaneous triptorelin injection and intravenous GnRH in a randomized order. During the stimulation test
with triptorelin, LH and FSH were measured at time 0, 30, 60, 90, 120, and 180 min after the injection. Estradiol was
sampled 24 h after the injection. During the GnRH test, LH and FSH were measured at time 0, 30, 45, and 60 min. Girls with
peak GnRH-stimulated LH concentrations ≥5.0 IU/L were classified as having CPP. Area under the curve (AUC) for
triptorelin-stimulated LH concentrations was assessed using the receiver operating characteristic (ROC) analysis.
Results Triptorelin-stimulated LH concentrations were significantly higher in girls who had CPP according to the GnRH test
(53.3%). LH peaked at 180 min after the triptorelin injection. The highest diagnostic accuracy for CPP (AUC= 0.973,
sensitivity 96.9%, specificity 89.3%) at 180 min was at a LH concentration ≥3.4 IU/L. The 24 h estradiol concentration did
not improve the predictive model.
Conclusions Measuring LH concentrations 180 min after triptorelin injection with a cut-off value of ≥3.4 IU/L demonstrated
a high diagnostic accuracy compared to the GnRH test. Thus, stimulation with triptorelin can be used as a reliable alternative
for diagnosing CPP in girls with premature thelarche.
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Introduction

Early onset of breast development in girls younger than 8
years is increasingly common [1–3]. Many of these girls

have isolated premature thelarche (IPT) without actual
hypothalamic–pituitary–gonadal (HPG) activation, and do
not need any kind of therapeutic intervention [3, 4]. How-
ever, in 21–60% of cases, the underlying cause may be
central precocious puberty (CPP), in which case treatment
with gonadotropin-releasing hormone (GnRH) analogs
should be considered [3, 5–8].

The GnRH stimulation test continues to be the gold
standard in detecting activation of the HPG axis and con-
firmation of CPP [9–13]. Ultrasensitive chemiluminescence
assays are used in many centers to analyze LH, and a peak
GnRH-stimulated LH concentration ≥5.0 IU/L is commonly
used to define HPG activation in girls with premature the-
larche [3, 14, 15]. However, intravenous GnRH preparation
is not always readily available, in contrast to GnRH analogs
such as triptorelin [11, 12, 16–19]. Stimulation of the HPG
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axis with GnRH analogs has been proposed as an alternative
to the gold standard GnRH test [3, 11, 12, 20]. Triptorelin has
a longer half-life and stronger affinity for the GnRH receptor.
Thus it may provide a more comprehensive evaluation of the
HPG axis and at the same time be less invasive for patients
compared to the intravenous GnRH test [12, 21].

To the best of our knowledge, only two studies so far
have assessed the use of triptorelin-stimulated LH con-
centrations in diagnosing CPP [11, 12]. Stimulation with
triptorelin was performed using different sampling proto-
cols in these studies, and only one study used the GnRH test
as reference [11, 12].

The aim of the present study was to evaluate the diag-
nostic accuracy of triptorelin-stimulated LH concentrations
compared to the gold standard GnRH test in girls with CPP.
We also aimed to determine the most accurate LH cut-off in
girls with CPP after injection with triptorelin.

Patients and methods

A prospective, case–control study evaluating the diagnostic
accuracy of triptorelin-stimulated LH concentrations in girls
with premature thelarche was performed, following the
Standards for Reporting Diagnostic Accuracy (STARD)
recommendations [22]. Triptorelin-stimulated LH con-
centrations (index test) were compared to the reference
standard GnRH test results. The study was conducted at the
Department of Endocrinology at the Mother and Child
Health Care Institute of Serbia “Dr Vukan Cupic” during
the period of November 2017 to September 2020. All girls
referred to our endocrinology clinic for evaluation of pre-
mature thelarche during the study period were considered
for enrollment in the study. The study protocol was formally
approved by the Hospital Ethics Committee and in accor-
dance with the Declaration of Helsinki. Informed consents
were obtained from parents or guardians of all participants,
and all girls aged >7 years also personally assented to
participate. Other inclusion criteria were: (1) premature
thelarche defined by the onset of breast development prior
to the age of 8 years, and (2) age 5–9 years at the time of
testing. Clinical or laboratory findings suggestive of GnRH-
independent precocious puberty, other endocrine (including
thyroid function), systemic, or chronic illnesses, as well as
use of medications known to alter the HPG axis, such as
GnRH analogs, were considered as exclusion criteria.

Height and body mass index (BMI) percentiles and
standard deviation scores (SDS) were calculated according
to WHO AnthroPlus software [23, 24]. Pubertal develop-
ment was assessed according to Tanner stages [25]. The
Greulich & Pyle method was used for evaluation of bone
ages [26]. Abdominal and pelvic ultrasound examinations
were performed in all patients.

The sequence of the two tests was randomized with an
interval of 15–20 days between them, due to the possibility
of triptorelin inducing a long-lasting effect on the hormonal
concentrations in the group who had GnRH stimulation
after triptorelin. Randomization was performed using R
4.02 statistical software with randomizeR package, using an
allocation ratio 1 and complete randomization algorithm.
All tests were performed after an overnight fast between
0800 and 0900 hours in the morning.

Stimulation test with triptorelin (index test): an intrave-
nous cannula was inserted into the right forearm and blood
samples were drawn at time 0 min for LH, follicle-
stimulating hormone (FSH), and estradiol, immediately
before 100 μg/m2 (max. 100 μg) of GnRH analog (triptor-
elin; 0.1 mg/mL aqueous solution, Diphereline®; Ipsen
Pharma Biotech, France, Paris) was administered as sub-
cutaneous injection into the left deltoid region. Blood
samples for LH and FSH were then collected at 30, 60, 90,
120, and 180 min after the injection. The highest measured
LH concentration during the test was considered to be the
peak LH concentration. After 24 h, another blood sample
was drawn for LH, FSH and estradiol.

GnRH test (reference standard test): an intravenous can-
nula was inserted into the right forearm and blood samples
were drawn at time 0min for LH, FSH, and estradiol,
immediately before 100 μg/m2 (max. 100 μg) dose of GnRH
(gonadorelin; 0.1 mg/mL, Relefact LH-RH®; Sanofi-Aventis,
Germany, Frankfurt am Main) was administered as an
intravenous bolus. Blood samples for LH and FSH were then
collected at 30, 45 and 60min after the injection.

Girls with peak GnRH-stimulated LH concentrations
≥5.0 IU/L were classified as having central precocious
puberty (CPP group—cases) [3, 14, 15]. All girls were
followed-up for a minimum of 9 months. Girls with
advancement of pubertal signs, bone age, or growth velocity
during follow-up underwent a repeated GnRH test. All girls
with CPP were referred for brain MRI in order to exclude an
intracranial pathology.

Serum LH, FSH, and estradiol concentrations during
both tests were measured using ultrasensitive chemilumi-
nescence immunoassays (Abbott Architect plus i2000SR;
Abbott Diagnostics, Abbott Park, IL, USA) with the lower
limit of detection of 0.1 IU/L for LH and FSH and 37 pmol/
L for estradiol. The intra- and interassay coefficients of
variation were ≤1.3% and ≤2.5% for LH and ≤3.2% and
≤3.5% for FSH, respectively.

Statistical analyses

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 20 (IBM Corp., Armonk,
NY, USA) statistical package and R Statistical Software
version 4.0.2 (R Foundation for Statistical Computing,
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Vienna, Austria). Results were presented as numbers (%),
mean ± standard deviation (SD), or median (25th–75th
percentile), depending on data type and distribution. The
differences in the means of variables between groups were
tested using the parametric t-test or Mann–Whitney U test
accordingly. Categorical variables were tested using Pear-
son’s chi-square test and chi-square test for trend. Pearson
correlation was used to assess correlation between variables.
Binary logistic regression was performed in order to assess
the relationship between dependent variable (CPP vs IPT)
and independent variables (LH and estradiol concentrations
after stimulation with triptorelin). Receiver operating
characteristic (ROC) analysis was performed to determine
the area under the curve (AUC) in order to evaluate the
discriminative abilities of triptorelin-stimulated LH and
estradiol concentrations at different sampling times. ROC
analysis was performed for LH concentrations at all specific
sampling times (0, 30, 60, 90, 120, and 180 min) and for
estradiol concentrations at 24 h after stimulation with trip-
torelin. ROC analysis was also performed for all peak LH
concentrations irrespective of sampling times after stimu-
lation with triptorelin. AUC was calculated from ROC
analysis for all these variables in order to identify a

classifier with the highest discriminative power (CPP vs
IPT). After identifying sampling time with the highest
AUC, optimal cut-off value of triptorelin-stimulated LH
concentrations for discriminating CPP and IPT was estab-
lished by determining the highest diagnostic performance
based on best sensitivity and specificity ratio on the ROC
curve. Diagnostic accuracy was the percentage of true
findings (sum of girls with CPP and triptorelin-stimulated
LH concentrations above the cut-off point and girls with
IPT and LH concentrations below the cut-off, divided by
the number of total girls). All probability values less than
0.05 were considered significant.

Results

Sixty girls with premature thelarche were included in the
study. Median age at the onset of thelarche was 6.9 years,
with interquartile range (IQR) of 5.9–7.7 years. At the time
of testing, the majority of girls had breast development at
Tanner stage 2 (63%, n= 38), 28% (n= 17) were at Tanner
stage 3 and 9% (n= 5) were at stage Tanner stage 4. A
detailed overview of clinical characteristics of all

Table 1 Clinical characteristics of girls in CPP and IPT groups (classified by the initial GnRH test findings)

CPP
(n= 32)

IPT
(n= 28)

P value

Age (years) 8.5 (7.9–8.9) 7.4 (7.0–8.1) 0.001**

Age at onset of thelarche (years) 7.3 (6.7–7.9) 6.5 (5.0–7.0) 0.002**

Breast development stage 0.003**

Tanner stage 2 15 (46.9%) 23 (82.1%)

Tanner stage 3 12 (37.5%) 5 (17.9%)

Tanner stage 4 5 (15.6%) 0 (0%)

Pubic hair development stage 0.023*

Tanner stage 1 14 (43.8%) 20 (71.4%)

Tanner stage 2 9 (28.1%) 7 (25.0%)

Tanner stage 3 8 (25.0%) 0 (0%)

Tanner stage 4 1 (3.1%) 1 (3.6%)

Height (SDS) 1.46 (0.82–2.35) 1.11 (0.52–1.88) 0.529

MPH (SDS) 0.43 (−0.13–0.86) 0.46 (0.20–0.92) 0.387

Height (SDS)−MPH (SDS) 1.20 (0.58–1.65) 0.76 (0.31–1.29) 0.194

BMI (SDS) 0.51 (−0.28–1.25) 1.06 (0.36–1.67) 0.031*

Bone age (years) 10.5 (8.9–11.2) 8.3 (7.0–10.6) 0.010*

Bone age (years)−age (years) 1.88 (0.99–2.62) 0.87 (0.18–2.17) 0.123

Uterine length (mm) 39.3 ± 8.5 34.1 ± 5.4 0.010*

Max. ovarian volume (mL) 2.14 ± 0.89 1.98 ± 0.92 0.454

Follow-up length (months) 22.6 (18.9–29.7) 20.9 (11.7–30.1) 0.227

CPP central precocious puberty, IPT isolated premature thelarche, GnRH gonadotropin-releasing hormone, SDS standard deviation score, MPH
midparental height, BMI body mass index. Results are presented as absolute numbers (%), means ± standard deviation (SD), or median (25th–75th
percentile). Statistically significant differences are marked with * for p < 0.05 and ** for p < 0.01.
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participants is presented in Table 1. There were no statis-
tically significant differences in the laboratory findings,
including LH and estradiol concentrations, between the girls
randomized for the GnRH test (n= 30) and girls rando-
mized for the stimulation with triptorelin as the first test.

Peak GnRH-stimulated LH concentrations ≥5.0 IU/L
were detected in 53.3% (n= 32) girls, classifying them in
the CPP group (Table 2). During the first 6 months of fol-
low-up, six girls who were initially classified as IPT showed
signs of pubertal progression and had pubertal peak LH
concentrations on repeat GnRH testing. The median age of
these girls was 8.2 years (IQR 7.6–8.8 years). These girls
were allocated into the IPT group according to the initial
test results.

The GnRH test produced higher LH concentrations in the
CPP group (Table 2). Peak LH concentrations occurred
after 30 min in 61.7% (n= 37) of patients, after 45 min in
33.3% (n= 20), and after 60 min in 5.0% (n= 3) after sti-
mulation with GnRH. Stimulation with triptorelin produced
significantly higher LH concentrations in the CPP group
during all sampling times and peaked at 180 min in both
groups (Fig. 1). In girls with CPP stimulated with

triptorelin, LH peaked at 30 min in 12.5% (n= 4) girls, at
60 min in 21.9% (n= 7), at 90 min in 3.1% (n= 1), and at
180 min in 62.5% (n= 20). All girls with LH peak at 30,
60, and 90 min also had high LH concentrations at 180 min
(11.0–32.2 IU/L). As shown in Table 2, concentrations of
estradiol after stimulation with triptorelin were also higher
in the CPP group, with a median stimulated estradiol con-
centration of 735 pmol/L in the CPP group compared to
157 pmol/L in the IPT group.

Peak LH concentrations measured after stimulation with
triptorelin showed a significant correlation with peak
GnRH-stimulated LH concentrations using log-transformed
values, with Pearson correlation coefficient r= 0.825 (p <
0.001), as shown in Fig. 2.

ROC analysis showed that LH concentrations 180 min
after triptorelin injection had the highest diagnostic accu-
racy for diagnosing CPP, with AUC= 0.973. Using peak-
stimulated LH concentrations after triptorelin injection did
not improve diagnostic accuracy (AUC 0.968), and stimu-
lated estradiol concentrations at 24 h had significantly lower
AUC= 0.891.

LH concentrations 180 min after triptorelin injection
showed the optimal sensitivity (96.9%) and specificity
(89.3%) ratio for diagnosing CPP on the ROC curve,
equivalent to a LH cut-off concentration of ≥3.4 IU/L
(Fig. 3). This cut-off value correctly classified 25/28 IPT
and 31/32 CPP, with total diagnostic accuracy of 93.3%.
Positive predictive value (PPV) of stimulation with
triptorelin was 91.2% and negative predictive value
(NPV) 96.2%.

Binary logistic regression was performed using CPP as
outcome and concentrations of LH 180 min and estradiol
24 h after triptorelin injection as independent variables. In
the first step with 180 min LH as the only independent
variable, AUC of the model was 0.973. Including the 24 h
estradiol concentration in the model resulted in no change
at all to the AUC (AUC= 0.973), suggesting that 24 h
estradiol concentration does not improve the dis-
criminative power of LH concentration 180 min after sti-
mulation with triptorelin.

Besides from mild local pain at the time and site of
injection, no adverse events from subcutaneous triptorelin
and intravenous GnRH administration were noted in our
patients.

Discussion

The present study identified a high diagnostic accuracy of
LH concentrations after triptorelin injection when diagnos-
ing CPP in girls with premature thelarche compared to the
gold standard GnRH test. This suggests that triptorelin-
stimulated LH concentrations can be used as a reliable

Table 2 Laboratory characteristics of girls in CPP and IPT groups
(classified by the initial GnRH test findings)

CPP
(n= 32)

IPT
(n= 28)

P value

GnRH test

Basal FSH b (IU/L) 4.3 (2.8–5.1) 1.5 (0.6–1.8) <0.001**

Peak FSH (IU/L) 10.7 (8.6–11.2) 8.6 (5.7–11.7) 0.025*

Basal LH c (IU/L) 1.3 (0.7–2.3) 0.1 (0.1–0.1) <0.001**

Peak LH (IU/L) 10.3 (7.5–17.9) 2.5 (2.2–3.2)

Basal estradiol (pmol/L) 102 (37–152) 37 (37–37) <0.001**

Triptorelin test

Basal FSH (IU/L) 4.4 (3.0–5.7) 1.4 (0.5–1.9) <0.001**

Peak FSH (IU/L) 17.1 (14.0–19.9) 13.3 (8.8–17.4) 0.006**

Basal LH (IU/L) 1.7 (0.6–2.7) 0.1 (0.1–0.1) <0.001**

30 min LH (IU/L) 10.3 (4.9–19.8) 1.4 (0.8–2.2) <0.001**

60 min LH (IU/L) 12.4 (6.1–19.7) 1.7 (0.9–2.3) <0.001**

90 min LH (IU/L) 12.9 (6.7–18.4) 1.8 (1.0–2.6) <0.001**

120 min LH (IU/L) 12.7 (8.0–18.1) 2.0 (1.1–2.7) <0.001**

180 min LH (IU/L) 15.8 (11.0–24.6) 2.1 (1.2–2.7) <0.001**

24 h LH (IU/L) 8.8 (3.7–13.8) 0.8 (0.6–1.2) <0.001**

Peak LH (IU/L) 18.5 (12.9–24.6) 2.1 (1.3–3.0) <0.001**

Basal estradiol (pmol/L) 66 (37–163) 37 (37–37) <0.001**

24 h estradiol (pmol/L) 735 (396–1041) 157 (56–378) <0.001**

CPP central precocious puberty, IPT isolated premature thelarche,
GnRH gonadotropin-releasing hormone, FSH follicle-stimulating
hormone, LH luteinizing hormone. Results are presented as median
(25th–75th percentile); statistically significant differences are marked
with * for p < 0.05 and ** for p < 0.01.
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alternative for evaluation of the HPG axis when intravenous
GnRH is unavailable.

Premature onset of breast development in girls younger
than 8 years is increasingly common and frequently asso-
ciated with childhood obesity [1–3]. To confirm (or exclude)
CPP as the cause of premature thelarche, it is necessary to
evaluate the pubertal activation of the HPG axis [3].
Although consistent with precocious puberty, clinical para-
meters such as accelerated height velocity, significant bone
age advancement, uterine and ovarian enlargements should
not be considered reliable in distinguishing IPT from CPP
[3, 6, 7, 17]. Accelerated height velocity and advanced bone
age is also seen in girls who are overweight and particularly
with concomitant adrenarche [27, 28]. In addition, bone age
advancement and uterine/ovarian enlargements can be absent
in some girls with premature thelarche due to CPP, resulting
in missed or delayed diagnosis. Our study confirm this
overlap of clinical characteristics between girls with CPP and
IPT (Table 1), emphasizing the need for a laboratory exam-
ination of the HPG axis.

The LH concentration is the most reliable diagnostic
parameter, with random basal serum LH concentrations in
the pubertal range confirming CPP. However, mildly ele-
vated LH concentrations can be detected in prepubertal
children, and recent findings indicate that pre-injection LH
may even remain at pubertal concentrations during GnRH
therapy in spite of lack of pubertal progression [3, 29, 30].
More importantly, basal LH concentrations below the
pubertal range do not exclude CPP, emphasizing the need
for evaluation of stimulated LH concentrations
[3, 9, 29, 31, 32]. Thus, the GnRH stimulation test con-
tinues to be the gold standard for discriminating IPT vs CPP
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in girls with premature thelarche [9–13]. Due to frequent
unavailability of intravenous GnRH in many countries,
stimulation testing with a widely available GnRH analog
such as triptorelin, shown to induce comparable peaks of
LH secretion, has been proposed as an alternative test for
diagnosing CPP [3, 11, 12, 16–20]. In the present study, the
potency of triptorelin to stimulate LH secretion has been
confirmed by a significant strong correlation of peak LH
responses after triptorelin injection compared to peak
GnRH-stimulated LH concentrations (Fig. 2).

Two previous studies have assessed the use of triptorelin
in diagnosing CPP [11, 12]. In the first study, Poomthavorn
et al. measured LH concentrations at 0, 30, 60, 90, and
120min after subcutaneous triptorelin injection in girls with
CPP. The highest concentrations of LH were detected 60min
after injection of triptorelin. A sensitivity of 89.1% and a
specificity of 91.3% was obtained for diagnosing CPP,
equivalent to a triptorelin-stimulated peak LH cut-off con-
centration of ≥6 IU/L. However, this study was retrospective
and due to unavailability of intravenous GnRH, the diagnosis
of CPP was based on clinical criteria rather than on GnRH
testing [11]. The second study, by Freire et al. [12], was a
robustly designed prospective study of 46 girls with pre-
mature thelarche, using the GnRH test as reference standard.
By combining 3 h LH and 24 h estradiol cut-off concentra-
tions after stimulation with triptorelin, Freire et al. obtained a
high diagnostic accuracy of 96% (sensitivity 94%, specificity
100%). The protocol used different sampling times (before
the triptorelin injection, after 3 and 24 h), and LH was not
measured at 60min, which has previously been associated
with peak LH concentrations [11, 12]. In addition, the GnRH
gold standard test was performed without measuring LH at
45min, which has been shown to have the highest sensitivity
in diagnosing CPP [12, 33, 34]. The protocol also required
cumbersome blood sampling (estradiol) at 24 h after the
triptorelin injection, resulting in significantly increased length
of hospital stay and healthcare costs. Despite these variations,
both studies clearly demonstrated the potency of triptorelin to
cause an immediate rise in LH concentrations allowing
clinicians to use it when evaluating girls for CPP.

In the present study, AUC analysis showed that LH
concentrations 180 min after triptorelin injection had the
highest diagnostic accuracy for diagnosing CPP. ROC
curve analysis identified cut-off value for LH concentration
180 min after triptorelin injection of ≥3.4 IU/L as the opti-
mal cut-off value, with high sensitivity (96.9%), specificity
(89.3%), and diagnostic accuracy (93.3%) for diagnosing
CPP. Since sampling of 24 h estradiol did not improve the
predictive model, according to this model inconveniently
long hospital stays are unnecessary, benefitting patients and
healthcare costs. Thus, we propose a one-blood-sample
protocol for the assessment of triptorelin-stimulated LH

response, by sampling 180 min after the administration of
subcutaneous triptorelin injection. This strategy provides
high diagnostic accuracy, short hospital stays, and is less
invasive compared to the GnRH gold standard model and
previously proposed test protocols using triptorelin.

Our study was limited by the fact that all girls were
Caucasian and only included girls with premature thelarche
who were otherwise healthy. In contrary, this is the first
study to analyze all previously proposed blood-sampling
times compared to the GnRH test findings.

As physicians and researchers, we strive for the best
possible diagnostic and therapeutic modalities. However,
we must always have in mind that not everyone in the world
has access to the same level of medical care, including the
medications available for both diagnostic and therapeutic
purposes. That is exactly the case with the intravenous
GnRH preparation that is often unavailable in countries
such as India, Brazil, Thailand, or Serbia [11, 12, 16–19].
Also, with the widespread drug shortages seen during the
current COVID-19 crisis and the global disruption of supply
chains, the availability of the intravenous GnRH preparation
may become affected even in wealthier countries worldwide
[35, 36]. In such settings, it is especially important to pro-
vide reliable alternative diagnostic methods, such as trip-
torelin, in order to provide the highest possible level of
medical care for patients in regions where gold standard
tests are not available.

In conclusion, measurement of LH concentrations at
180 min after subcutaneous injection of 100 μg of triptorelin
(0.1 mg/mL aqueous solution), with a cut-off value of
≥3.4 IU/L demonstrated a high diagnostic accuracy of
93.3% in diagnosing CPP. Thus, it can be used as a reliable
alternative to the gold standard GnRH test when evaluating
girls with premature thelarche for CPP.

Data availability

Original anonymized data can be made available upon
request to the author.
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