
Review article

The gonadotropin-releasing hormone (GnRH) stimulation test is a valuable tool 
in diagnosing and differentiating causes of early pubertal occurrences. Utility of 
the test can be limited in some instances, however, including the early phases of 
pubertal hypothalamic-pituitary-gonadal axis activation, in girls showing commonly 
overlapping pictures, and in obese children due to excess circulating estrogen that 
suppresses luteinizing hormone (LH). A lack of consistent baseline and stimulated 
gonadotropin cutoffs observed in different studies also contributes to limitations 
in testing. Nevertheless, early detection of true pathological causes for pubertal 
disorders is needed to allow prompt treatment and better prognosis. While basal LH 
can be beneficial as a good screening tool for detecting pubertal disorder, it does 
not preclude the need for GnRH testing. The aim of this review was to highlight the 
role of GnRH stimulation tests and varying testing cutoffs in diagnosis of precocious 
puberty and its classification.
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Introduction

Gonadotropin-releasing hormone (GnRH) stimulation tests assess activation of the 
hypothalamic-pituitary-gonadal axis (HPG axis). Administering GnRH analogues (GnRHa), 
together with determination of serum basal and poststimulated gonadotropin levels, predicts 
pubertal responses at pubertal ages.1,2) One concern is the lack of agreement on gonadotropin 
cutoffs used to diagnose central precocious puberty (CPP).3-5) The current review focuses on 
the clinical importance of GnRH testing in precocious puberty and different gonadotropin 
cutoffs utilized, along with limitations in testing.

Diagnosis of precocious puberty

In precocious puberty, differentiation of causes into 3 main categories is crucial. These 
categories are gonadotropin-dependent precocious puberty, gonadotropin-independent 
precocious puberty, and pubertal variants in patients with isolated signs of puberty without 
underlying pathology.6)

Gonadotropin-dependent precocious puberty

Challenges arise in distinguishing between true pathological causes of CPP, isolated 
premature thelarche in girls (nonprogressive variants), and early phases of normal puberty.3,6)

Luteinizing hormone (LH) increments of ≥4–5 IU/L at 30–60 minutes after GnRH 
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administration are well-known criteria to diagnose CPP.1,7) 
Values >5 IU/L at both 40 and 45 minutes post-GnRH 
stimulation have shown 98% sensitivity and 100% specificity.8,9) 
A peak value >5 IU/L has been found in 88% of CPP patients 
at 1 hour post administration and in 100% of CPP patients at 
3 hours.10) To further support diagnosis, a peak LH to follicle 
stimulating hormone (LH/FSH) ratio>0.66 has been added 
to the criteria, while a ratio >0.45 (sensitivity, 82%; specificity, 
97%) has also been recognized.1,11) Sensitivity and specificity 
for diagnosis, however, have been shown to be higher (100%, 
respectively) with a ratio >1.0 at 1 hour and 3 hours in boys.10) 
In contrast, in girls, the sensitivity of peak LH/FSH ratio >1 was 
only 50%.10)

Despite concerns over stimulated gonadotropin cutoff levels, 
basal LH has an equally crucial role. Levels >1.0 IU/L have 
demonstrated a positive predictive value of 96.4%—adequate 
to diagnose CPP—precluding the need to test stimulated 
gonadotropin levels.8) Due to lower sensitivity (69.1%) and 
specificity (50.5%), however, basal LH levels >1.1 IU/L are not 
recommended as a substitute to GnRH stimulation but rather 
as a means of screening in girls.12) Caution must be exercised 
because as many as 35.7% of suspected cases have presented 
in girls with very low initial basal LH level who have later 
been diagnosed with CPP.13) Some of these patients had basal 
LH levels lower than the analyzer detection limit.2) Because 
LH levels <0.2 IU/L have 100% specificity and sensitivity 
in distinguishing between prepubertal and pubertal boys, 
a cutoff of 0.1 IU/L has been used.14) Commonly, basal LH 
values >0.3 IU/L and a stimulated level greater than >5 IU/
L are distinctive in boys, but not in girls, especially at Tanner 
stages 2 and 3.7,11) Even for girls with low LH secretion (in 
early puberty), production of estradiol is sufficient to prompt 
pubertal changes.10) Therefore, to avoid misdiagnosing CPP 
and overdiagnosing a true pubertal girl with CPP, further 
follow-up is required. Repeated GnRH tests can be performed 
in conjunction with other modalities, such as pelvic and 
abdominal ultrasound (to assess fundal/cervical ratio, uterus 
length, and ovarian volume), bone age assessment, and genetic 
studies.4,13) Meanwhile, to minimize variation due to diurnal LH 
preferences in early phases of puberty, early-morning samples 
(before 10 AM) are desirable.15) In addition, caution is needed 
in obese children as the peak response tends to be lower due to 
excess androgen and estrogen that suppress LH in obesity.16,17) 
At Tanner stage 2, LH peaks have been shown to be significantly 
lower in obese and in overweight girls in comparison to normal-
weight girls (9.1±6.1, 10.4±6.4, and 11.9±7.5 IU/L, respectively). 
These differences have not been observed among stratified body 
mass index groups at Tanner stage 4.18-20) A lower peak LH/FSH 
ratio of 0.6 has been seen in obese girls in comparison to 0.8 in 
normal-weight girls.18)

Efforts to differentiate CPP from early puberty using FSH 
level, especially in girls aged 7 to 8 years, have failed because 
basal and stimulated FSH level often is nonconclusive in these 
2 categories at any point in various sampling periods.10,21) 
Significantly higher basal FSH levels >2.4 IU/L have been 
found in CPP, but the increments shown by stimulated FSH 

level were indistinguishable from those in isolated premature 
thelarche. This ambiguity contributes to limitations in the use of 
the LH/FSH ratio in diagnosis of CPP in girls.4,5,12) Prepubertal 
basal level of serum estradiol can reach down to 1 pg/mL and 
that of serum testosterone to <10 ng/dL, measurable with a 
highly sensitive method (i.e., tandem mass spectrometry).14) 
Basal serum testosterone >25 ng/dL to >75 ng/dL in boys and 
estrogen level >10 pg/mL, >12 pg/mL, or >20 pg/mL in girls 
have been used as cutoff values for puberty.1,3,22,23) With the 
GnRH test, peak values for both hormones are usually seen after 
16 to 24 hours post-stimulation.1,3) In girls, both LH response 
and peak LH/FSH ratio post-GnRH stimulation can sometimes 
be low up until midpuberty, indicating the usefulness of 
correlation with an estradiol peak up to 50 pg/mL 20–24 hours 
after stimulation with leuprolide (a GnRHa) in identifying 
CPP.23)

Gonadotropin-independent precocious puberty

High estradiol or testosterone level associated with blunted 
LH and FSH responses toward GnRH show a possibility of 
gonadotropin-independent precocious puberty.6) Estradiol 
levels greater than 10 pg/mL are pubertal, but levels higher than 
100 pg/mL suggest a gonadotropin-independent source, such as 
tumors or cysts.3,24) In early puberty, testosterone level is higher 
in early-morning samples due to nighttime production of LH. 
Even in advanced stages of puberty, testosterone level may vary 
by the Tanner stage. Accordingly, diagnosis cannot be concluded 
with a single measurement.6)

Pubertal variants

In isolated premature thelarche, the results of post-GnRH 
stimulation tests can range from vivid prepubertal responses to 
increments of LH level mimicking pubertal responses. The LH/
FSH ratio in such variants, however, is often less than that in 
gonadotropin-dependent precocious puberty.14) Distinguishing 
premature thelarche from CPP is crucial because, in the form 
of nonprogressive variants, premature thelarche does not 
require GnRHa therapy.6,14) Pelvic ultrasound will show greater 
uterine and ovarian volumes in CPP, although findings can be 
indistinguishable from those of normal variants due to estrogen 
effects.4,14) Ovarian volumes ≥1.3 mL and uterine lengths ≥30 
mm, with a fundal cervical ratio ≥0.98, are reliable predictors 
of CPP due to high sensitivity and specificity, especially when 
GnRH stimulation is not conclusive.4,10)

Though isolated premature menarche is extremely rare, 
cyclical bleeding in a prepubertal-aged girl should prompt 
performance of GnRH stimulation test only after exclusion of 
other more common causes such as trauma, infection, tumor, 
and sexual abuse.6)

Investigation of  premature adrenarche without breast 
development in girls or of testicular enlargement in boys 
should aim at the exclusion of  excess androgen sources 
rather than activation of the HPG axis. As adrenal pathology, 
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such as congenital adrenal hyperplasia (CAH), should be 
first considered, baseline dehydroepiandrosterone sulfate, 
17α-hydroxyprogesterone, androstenedione, testosterone, 
and synacthen stimulation tests would be more relevant 
than the GnRH test.6) If GnRH tests are performed, however, 
gonadotropin values are expected to be prepubertal. In 
confirmed cases of CAH, when there is a high suspicion of 
precocious puberty, the presence of gonadotropin response with 
pubertal changes suggests development of CPP in CAH.3,6,23)

Limitations of the GnRH stimulation test

GnRH stimulation tests come with a number of limitations. 
In addition to a lack of standardized gonadotropin cutoffs, 
the timing of blood sampling and pharmacologic agents used 
also tend to vary.1) Traditionally, GnRH has been administered 
via intravenous bolus at doses of 100 μg/m2 or 2.5 μg/kg with 
5 to 8 subsequent blood samplings at 20 to 30 minutes.3) 
Modifications to the protocol were later made to improve prac
ticality, including use of dosage infusion over 120 minutes or 
repetitive doses over a period of up to 36 hours, with fewer 
blood samples collected.25) Today, GnRHa medications such as 
nafarelin, triptorelin, buserelin, and leuprolide are used instead. 
Studies reveal varying efficacy.3) Accordingly, no single ideal 
analogue has been found to be superior to another.25)

Analytical issues in measurement assays are also a matter of 
concern in GnRH testing. Because, clinically speaking, LH level 
is clinically more implicated than that of FSH and reference 
intervals are age- and sex-specific, a detection limit of at least 
0.1 IU/L is required for an assay.14) Assays that are not sensitive 
enough at lower concentrations of hormones are prohibited 
for use in younger children.7) Generally, radioimmunoassays 
have quite a high detection limit (0.5 to 2 IU/L), followed 
closely by immunoradiometric assays (0.1 to 0.5 IU/L). Both 
immunofluorometric assays and immunochemiluminescence 
assays are sensitive at 0.1 IU/L.25) Although most current assays 
have overcome this limitation, worldwide standardization for 
measurement of gonadotropin is lacking, and assays are vulner
able to interferences such as heterophilic antibodies and cross-
reactive molecules, which reduce assay specificity.1,25,26)

Conclusion

GnRH stimulation tests have a diagnostic role in precocious 
puberty. To date, however, there are no consistent cutoffs 
for either pre- or poststimulated gonadotropin level. This is 
particularly challenging in girls due to marked variation in 
LH level, in obese children due to lower gonadotropin levels, 
and in most early presentation wherein diurnal variations in 
gonadotropin might affect results. Considering the limitations 
in GnRH testing, interpretation should be made in conjunction 
with clinical suspicions and supported by modalities, such as 
radiological imaging and growth velocity.
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