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Urine Gonadotropin Measurement in Laboratory for
Evaluating the Function of HPGA in Girls
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SUMMARY
Background: The evaluation of hypothalamic-pituitary-gonadal axis function is essential for girls with pubertal
disorders. The laboratory gold standard for evaluating the axis is blood gonadotropin level during gonadotropinreleasing hormone stimulation test. However, these tests need venipuncture and repeated blood collection, which
affect the compliance of children and parents.
Methods: Studies were conducted on the basis of a computer-assisted search of the literature published in English
using the National Library of Medicine, PubMed, Google Scholar, and Google databases, and published in Chinese core journals.
Results: According to this review, urine collection is non-invasive and convenient. Urine gonadotropin can reflect
the average level of blood, which can reflect the HPGA function of girls with pubertal disorders. However, because of the limited sensitivity of LH detection, urine Gn during the GnRH stimulation test cannot replace that of
the blood.
Conclusions: It is worth improving the sensitivity of LH detection kits. In the future, perhaps most exciting is replacing blood for evaluating HPGA function in girls with the urine Gn determination in the lab during the GnRH
stimulation test.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2021.210938)
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LIST OF ABBREVIATIONS
HPGA - Hypothalamus-Pituitary-Gonadal Axis
CPP - Central Precocious Puberty
GnRH - Gonadotropin-Releasing Hormone
Gn - Gonadotropin
RIA - Radioimmunoassay
IRMA - Immunoradiometric Assay
IFMA - Immunofluorometric Assay
ICMA - Immunochemiluminometric Assay
GnRHa - Gonadotropin-Releasing Hormone Analogs
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INTRODUCTION

of urine Gn detection has been improved, it is radioactive. It has also not been widely used in clinics [5].
The third generation of urine Gn detection techniques,
immunofluorometric assay (IFMA) and immunochemiluminometric assay (ICMA), originated in the 1980s
[6]. It can detect low prepubertal urine Gn and morning
urine Gn to evaluate the efficacy of gonadotropin releasing hormone analogs (GnRHa) in children [7].
IFMA could detect the peak level of urine LH, while
IRMA could not [8]. The detection limits of LH and
FSH in the urine by ICMA are both 0.1 IU/L. The detection limits of LH and FSH in the urine by IFMA are
0.6 IU/L and 1.0 IU/L, respectively [9]. Compared with
IFMA, ICMA may be more sensitive and accurate in
detecting the reference range of children’s urine Gn,
which has less overlap between early puberty and prepuberty, and uses few reagents [9,10]. Our team’s research shows that ICMA can be used to detect urine Gn
in the range of normal pH (4.6 - 8.0). Urine LH is more
sensitive to long-term preservation and multiple freezing and thawing than urine FSH [11], which further
confirms the reliability of ICMA detection of urine Gn
in children.

In recent years, girls with puberty developmental disorders (such as precocious puberty, etc.) are increasing. In
these diseases, it is essential to evaluate the function of
the hypothalamus-pituitary-gonadal axis (HPGA). At
present, the laboratory gold standard for diagnosing
central precocious puberty (CPP) is the gonadotropin
releasing hormone (GnRH) stimulation test. It often requires tedious processes, repeated punctures and multiple blood collections, which affect the compliance of
children and parents. Urine collection is non-invasive
and convenient, and the urine gonadotropin (Gn) can
reflect the average blood Gn level. With the development of Gn detection technology, the potential clinical
application value of urine Gn in girls with endocrine-related diseases is gradually increasing.

MATERIALS AND METHODS
Articles were collected on the basis of a computer-assisted search of the literature published in English using
the National Library of Medicine, PubMed, Google
Scholar, and Google databases, and published in Chinese core journals. The following terms were used to
search independently and in combination: urine gonadotropin measurement, lab, function, hypothalamic-pituitary-gonadal axis, and girl.

The urine Gn determination in the evaluation of
HPGA function in girls
At present, the laboratory gold standard for evaluating
children's HPGA function is still the GnRH stimulation
test, which often requires tedious processes such as repeated punctures and repeated blood collection, which
affects the compliance of children and their parents. In
recent years, many clinicians or researchers have tried
to simplify the procedures of these tests or look for alternative methods such as urine Gn detection to evaluate
the function of HPGA in girls.

The development of urine Gn detection assays
A sensitive, reliable, and convenient detection assay is
an indispensable tool for urine Gn detection. Until now,
the detection assays of urine Gn have gone through
three generations.
The first generation of urine Gn detection technique, biological assay, originated in the 1940s. Urine Gn was
detected in girls over four years and four months old, a
milestone in history. However, this biological assay often requires tedious and time-consuming steps, such as
urine extraction and acidification. Limited detection
sensitivity and high labor intensity make it challenging
to apply in clinical practice [1].
The second-generation assays include radioimmunoassay (RIA) and immunoradiometric assay (IRMA). Both
techniques originated in the 1970s when double-antibody RIA was used to detect urine Gn [2]. The urine luteinizing hormone (LH) and follicle-stimulating hormone (FSH) detection limits are 2.6 IU/L and 1.3 IU/L,
respectively [3]. These methods suggest insufficient
sensitivity to detect the elevated urine LH level in prepuberty or early puberty. Besides, the urine components
still need to be extracted and concentrated for RIA. The
urine sample needs to be incubated for around a week
for double-antibody RIA and also needs to be incubated
for 3 hours at 37°C or 20 hours at 20°C for simplified
solid-phase RIA. They both depend on the treatment of
radioactive substances [4]. Subsequently, IRMA is used
in urine Gn detection research. Although the sensitivity

Detection of the spontaneous blood Gn level in the
evaluation of HPGA function in girls
The spontaneous blood Gn (IFMA) level can be useful
in screening the HPGA activation in children. Several
studies suggested the level of LH in spontaneous blood
can reflect the process of HPGA initiation better than
that of FSH. The LH level and its pulse amplitude increase from early prepuberty to pubertal onset were
more than FSH [12]. Mean prepubertal LH was 0.04 +/0.04 IU/L, rising 100-fold during puberty. Spontaneous
FSH levels were much higher than LH values, and rose
at puberty [13]. However, because the secretion of
blood LH (ICMA) has a pulsatile or circadian pattern, it
has limited value for a single spontaneous blood LH
level in the daytime to evaluate the function of HPGA
[14]. For example, in girls with early stages of puberty,
the spontaneous blood LH (ICMA) before 10:00 in the
morning is more sensitive than that after 10:00 or in the
afternoon [15]. Among girls with very low spontaneous
blood LH (ICMA) levels, more than 36% were diagnosed with CPP [16]. The elevated spontaneous blood
LH (IFMA) level was highly predictive of the HPGA
initiation, while a low LH level did not exclude HPGA
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initiation [17]. In our team’s previous study, there was
no significant difference (p > 0.05) in diurnal spontaneous blood LH and FSH levels between CPP and nonCPP girls. There was no correlation between diurnal
spontaneous blood LH and peak LH during the GnRHa
stimulation test in CPP girls (p > 0.05). The diurnal
spontaneous blood LH ≥ 0.3 IU/L was present in 78.8%
of CPP. When diurnal spontaneous blood LH was
≥ 0.3 IU/L, 80.8% of girls suffered from CPP, compared with 42.9% of non-CPP. When diurnal spontaneous blood LH was ≥ 0.7 IU/L and nocturnal spontaneous blood LH ≥ 1.1 IU/L, 100% of girls suffered from
CPP. The CPP girls with peak LH between 5 - 8 IU/L
did not have both diurnal spontaneous blood LH ≥ 0.7
IU/L and nocturnal spontaneous blood LH ≥ 1.1 IU/L. It
indicates that the spontaneous blood LH measured by
ICMA cannot be used as a screening tool for CPP. So,
the detection of spontaneous blood LH levels could not
replace blood Gn after the GnRH stimulation test.

p < 0.001). It suggested that spontaneous nocturnal
urine Gn correlated well with spontaneous and stimulated blood Gn. The correlation between the spontaneous nocturnal urine and peak blood LH level is not lower than it is between the spontaneous diurnal and peak
blood LH. In addition, we used the receiver operating
characteristics (ROC) analysis to evaluate the diagnostic
value of CPP. When spontaneous nocturnal urine LH
> 0.113 IU, the sensitivity and specificity of diagnosing
CPP were 71.4% and 90.5%, respectively, and the area
under the ROC curve (AUC) was 0.825; when nocturnal
spontaneous blood LH > 1.39 IU/L, the sensitivity and
specificity for diagnosing CPP were 54.8% and 85.7%,
respectively, and the AUC was 0.654; when diurnal
spontaneous blood LH > 0.97 IU/L, the sensitivity and
specificity of diagnosing CPP were 42.5% and 90.5%,
respectively, and the AUC was 0.680. Thus, spontaneous nocturnal urine LH level has the value for CPP
screening, which may be superior to that of spontaneous
blood LH.
The urine Gn level (RIA) in the morning can reflect
children's 24h Gn secretion in early puberty [24]. The
urine Gn (ICMA) level in normal girls aged 0 - 6 years
old decreased with the increase of age, urine LH/creatinine (Cr) slowly reduced from 2 years old, and urine
FSH/Cr slowly reduced from 5 years old [25]. When the
detection limit of both urine LH and FSH by ICMA was
0.20 U/L, the detection rate of urine LH in normal preschool girls (11.54%) was further lower than that of
FSH (99.04%). The detection rate of urine LH in obese
preschool girls (15.57%) was also lower than that of
FSH (98.39%), mainly due to the low level of urine LH
in preschool girls. In a large proportion of prepubertal
girls, the sensitivity of the available ICMA assay was
not yet able to detect urine LH. Urine FSH levels were
higher in girls aged 3 and 4 years than in those of 5 and
6 - 7 years old. Our previous study indicated that preschool girls still have mini-puberty at 3 to 4 years of
age. During the development of puberty, the level of
spontaneous urine LH (IFMA) was higher than that in
the blood. The urine LH level in girls increased from
prepubertal 0.07 IU/L to 11-year-old 2.0 IU/L, 12-yearold 5.0 IU/L, 14-year-old 6.3 IU/ L, and blood LH level
increased from early puberty 0.04 IU/L to late puberty
3.7 IU/L. The urine LH level in girls began to increase
at about 9 years old, about 2 years earlier than that of
blood. In girls under 8 years old, the urine LH level was
lower than 0.5 IU/L [26].
In our team study, the application of ICMA to detect
nocturnal 12 hours urine gonadotropin may be helpful
in evaluating the initiation of HPGA in children. When
spontaneous urine LH/Cr > 68.806 IU/mol, the sensitivity and specificity for diagnosing CPP were 71.8% and
79.3%, respectively, and AUC was 0.790; when spontaneous urine LH/FSH > 0.1253, the sensitivity and specificity of CPP were 51.3% and 89.7%, respectively, and
AUC was 0.713; when spontaneous blood LH >
1.08 IU/L, the sensitivity and specificity for diagnosing
CPP were 53.8% and 96.6%, respectively, and AUC

Detection of the blood Gn level during GnRH or
GnRHa stimulation test
The blood Gn level (ICMA) during the GnRH test is the
gold standard for HPGA initiation [18]. In girls with the
later puberty phase (Tanner stages IV - V), spontaneous
blood LH levels (ICMA) usually elevate, while spontaneous blood LH levels in girls in the early puberty
phase (Tanner stages II - III) often overlap with those of
prepubertal girls (Tanner stage I) [19]. A monthly
GnRH stimulation test is required when CPP is suspected, but spontaneous blood LH levels (ICMA) are within
the prepuberty range [20]. An ICMA GnRH-stimulated
LH level greater than 5 IU/L suggests maturing gonadotropin secretion [13]. Traditional GnRH stimulation test
(ICMA) requires repeated blood collection at different
time points, and the duration is usually 90 to 120 minutes, affecting the compliance of children and parents
[21]. Many clinicians and researchers have tried to simplify these tests, hoping that the Gn level in a single
blood sample can evaluate children's HPGA function.
Studies have shown that Gn (ICMA/IRMA) in a single
blood sample at 30 or 45 minutes after stimulation is as
effective an index in diagnosing CPP as the traditional
GnRH stimulation test [22].
Detection of the spontaneous urine Gn level
The spontaneous urine Gn level is more valuable in
screening the initiation of HPGA in children than spontaneous blood LH. The urine Gn level can reflect the
average blood Gn level within a period.
The spontaneous urine LH (ICMA) level strongly correlated with the blood LH peak after the GnRH stimulation test [23]. In our team study of girls with CPP, the
spontaneous nocturnal urine and spontaneous blood LH
level detected by ICMA were highly correlated (r =
0.546, p < 0.001). The spontaneous nocturnal urine and
peak blood LH detected by ICMA were highly correlated (r = 0.597, p < 0.001). The spontaneous diurnal
and peak blood LH had a similar correlation (r = 0.514,
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was 0.762; when spontaneous blood LH/FSH > 0.1634,
the sensitivity and specificity of diagnosing CPP were
71.8% and 58.6%, respectively, and AUC was 0.634.
Nocturnal urine LH/Cr and LH/FSH values are not
lower than that of blood LH and LH/FSH [27]. We
combined diurnal urine Gn (ICMA) and nocturnal urine
Gn to evaluate the function of HPGA in 52 children.
The specificity and sensitivity of HPGA initiation were
100% and 88.5%, respectively, when the diurnal urine
LH content was ≥ 0.036 IU and the nocturnal urine LH
content was ≥ 0.068 IU. The specificity and sensitivity
of HPGA initiation were 96.2% and 84.6%, respectively, when the diurnal urine LH/Cr ≥ 20.7230 IU/mol and
the nocturnal urine LH/Cr ≥ 34.1691 IU/mol. In evaluating the initiation of HPGA, the value of combined detection of diurnal urine Gn may be better than its single
index [28].
The urine LH (ICMA) level can distinguish between
rapidly and slowly progressive precocious puberty in
girls. The morning LH level of girls with rapidly progressive precocious puberty was higher than that with
slowly progressive precocious puberty and prepubertal
girls [29]. The AUC of LH (IFMA) and LH/FSH in the
morning could predict puberty of girls with Tanner
stage, which was better than those of the GnRH stimulation test. The specificities of urine LH level and LH/
FSH were 96% and 79% in the morning, respectively,
while the specificity of the GnRH stimulation test was
66%. It is suggested that the detection of morning urine
Gn may be better than the detection of blood Gn after
the GnRH stimulation test in the evaluation of HPGA
initiation in girls [30].
A strong correlation has been confirmed between the
spontaneous urine LH level (IFMA) and the blood LH
level after GnRH stimulation in girls with GnRHa treatment [31]. In 25 girls with CPP, the morning urine LH
(IRMA) levels were suppressed to a range matched with
age after a 12-week GnRHa treatment [32]. In a study
of 56 girls with CPP treated with GnRHa 3 - 4 times,
spontaneous morning urine Gn (ICMA) was confirmed
to be in accordance with the inhibition of HPGA. The
results showed that the sensitivity of morning urine LH
level to monitor the efficacy of GnRHa was almost the
same as that of the GnRH (or GnRHa) stimulation test;
when morning urine LH was 1.01 IU/L, the sensitivity
of evaluating HPGA inhibition was 92.3%, and the
specificity was 100% [31]. It can be seen that morning
urine Gn can be useful in monitoring the efficacy of
GnRHa and evaluating the inhibition of HPGA.
Therefore, the morning urine LH level can be used as a
screening tool for HPGA initiation or inhibition. However, the spontaneous urine Gn (ICMA) level detection,
as the spontaneous blood Gn level detection, still cannot
replace the blood Gn level detection during the GnRH
stimulation test [33].

Detection of the urine Gn level during GnRH or
GnRHa stimulation test
Our team’s study showed that the urine Gn (ICMA) detection rate during the triptorelin stimulation test was
significantly higher than the spontaneous urine and
blood Gn. The urine Gn level within 24 hours after the
triptorelin stimulation test is useful for evaluating girls'
HPGA function. Our study revealed that the correlations
between blood peak LH and stimulated urine LH/Cr
(from the first 12-hour and the second 12-hour urine)
were higher than those between blood peak LH and the
third overnight or the fourth overnight or spontaneous
urine LH/Cr [34].
We collected the urine of 50 children with pubertal disorders in five consecutive segments at 1.5 hours, 2.5
hours, 3.5 hours, 4.5 hours, and 5.5 hours during the
triptorelin stimulation test. The AUC for urine LH, LH/
Cr, and LH/FSH evaluating HPGA initiation at the 4.5
hours period were 0.958, 0.955, and 0.908. The first two
areas reached the highest values of all periods of urine,
and the latter was very close to the highest value of
0.910. It suggested that the 4.5 hours time urine Gn reflected the function of HPGA, and its value was not
lower than that of 5.5 hours. When stimulated 4.5 hours
urine LH ≥ 0.2893 IU/L, the sensitivity and specificity
were 92.6% and 91.3%, respectively. When spontaneous blood LH ≥ 0.7950 IU/L, the sensitivity and specificity were 66.7% and 87%, respectively. So, the stimulated urine LH was superior to spontaneous blood LH in
evaluating HPGA initiation. Therefore, 4.5 hours urine
Gn level can reflect the function of HPGA in the
GnRHa stimulation test [35]. The ratio of urine Gn level
of 3.5 hours during triptorelin stimulation test or
GnRHa stimulation test and the diurnal spontaneous
urine Gn detected by ICMA may be useful in evaluating
the efficacy of GnRHa in children. The value of urine
FSH level and its ratio to diurnal spontaneous urine
FSH level may be more useful. When the 3.5 hours
urine LH ≤ 0.083 IU and FSH ≤ 1.089 IU, and when the
blood peak LH ≤ 2.30 IU/L and peak FSH ≤ 2.39 IU/L,
the specificities were all 100%. The sensitivities of 3.5
hours urine LH and FSH were 90.91% and 100%, and
the sensitivities of blood peak LH and FSH were
95.45% and 100%, respectively. It can be seen that from
the perspective of the sensitivity and specificity of
judging the efficacy of GnRHa, it is suggested that the
non-invasive urine Gn detection during the GnRHa simulated test can also reflect the blood Gn peak during
GnRHa treatment, and the urine FSH value may be
higher than the urine LH [36]. Therefore, during the
GnRHa stimulation test, urine Gn can better reflect the
HPGA function than spontaneous urine Gn in girls.

CONCLUSION
Urine collection is non-invasive and convenient. Urine
gonadotropin can reflect the average level of blood,
which can reflect the HPGA function of girls with pu-
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bertal disorders. However, because of the limited sensitivity of LH detection, urine Gn during the GnRH stimulation test cannot replace that of the blood. Better yet,
urine collection is non-invasive and convenient. It is
worthwhile to improve the sensitivity of LH detection
kits. In the future, perhaps the most exciting development is urine Gn determination in the lab during the
GnRH stimulation test which can replace that of blood
for evaluating the HPGA function in girls.
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