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Summary

Objective To assess normative data and the usefulness of sponta-
neous and LHRH analogue-stimulated serum LH and FSH levels
measured by immunoradiometric assays (IRMA) in the evaluation
of normal puberty.

Design Prospective. Healthy girls in Tanner I and Tanner II
from the local invited
(n =47).

Methods A leuprolide acetate test (500 mcg/m?% sc) was per-
formed. LH and FSH levels were determined using IRMA. Tan-
ner II girls were assessed every 6 months until Tanner V. Girls

community were to participate

who progressed from Tanner II to Tanner III in the next
6 months were called Tanner II-2; otherwise, they were called
Tanner II-1.

Results The prepubertal upper limit (CI 95%) was 0-49 IU/1 for
basal LH and 5-1 IU/I for stimulated LH. Taking into account these
LH cut-off limits, 72:2% and 66-7% of Tanner II-1 and 41:6% and
41-7% of Tanner II-2 subjects presented overlapping values for
basal and stimulated LH, respectively, as compared with the Tanner
I group. The cut-offs for basal and stimulated LH to predict pro-
gression from Tanner II to Tanner III in the next 6 months were a
basal LH level >0-49 IU/I (Sensitivity = 0-58; 1-Specificity = 0-33)
and a poststimulated LH level >4-75 U/l (Sensitivity = 0-67;
1-Specificity = 0-44).

Conclusion According to an IRMA, the basal and leuprolide ace-
tate gonadotrophin response patterns during the beginning stages
of puberty overlapped between Tanner I and Tanner II, and the
cut-offs of basal and stimulated LH levels to predict progress from
Tanner II to Tanner III had low sensitivities for the following
6 months.
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Introduction

The classical GnRH stimulation test has been considered the
gold standard for the diagnosis of pubertal disorders. However,
the lack of commercially available synthetic GnRH has made
this test difficult to perform.! A single basal LH measurement
could be adequate to document pubertal hypothalamic—pitui-
tary—ovarian (HPO) axis activation in most, but not all, girls
who have reached puberty when a chemiluminescent third-gen-
eration immunoassay is used.” In girls, a marked overlap was
observed for basal LH measured by immunochemiluminometric
assay (ICMA) between the Tanner I and Tanner II stages
(53-8%), and LH levels were even higher for values obtained
by immunofluorometric assay (IFMA) (84-6%).°

Therefore, in most cases, to define hypothalamic—pituitary ovar-
ian activation, the patient needs to undergo a GnRH stimulation
test. Leuprolide acetate is a synthetic analogue of naturally occur-
ring GnRH that possesses greater theoretical potency than the nat-
ural hormone. The leuprolide acetate test has been considered to be
an alternative and a better discriminator than a GnRH stimulation
test for the diagnosis of precocious or delayed puberty.*

The aim of this study was to characterize pituitary (measured by
immunoradiometric assays, IRMA) gonadal secretory responses to
leuprolide acetate sc (subcutaneous) in prepubertal and pubertal
normal girls recruited from the local community.

Subjects and methods

A prospective study was designed. All girls were evaluated at the
Institute of Maternal and Child Research from 2003 to 2008.

Subjects

Girls from different schools in Santiago de Chile aged 3—12 years
were invited to participate in this study. These girls, born at an
appropriate gestational age and at term, were not taking any
chronic medications and did not have histories of premature sexual
development. Two groups of girls were studied. The prepubertal
group (Tanner I) was transversally evaluated. The pubertal group
was followed up for 3 years from the Tanner II stage of breast
development. Girls who developed from Tanner II to Tanner III
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over the next 6 months were classified as Tanner II-2. All other
patients were classified as Tanner II-1 (see Fig. 1).

Study protocol

A complete physical exam was performed by one of two paediatric
endocrinologists (I.H. and A.M.). Height and weight were
measured by one nurse (A.A.). Height was measured using a
wall-mounted Harpenden stadiometer (Holtain, UK). Weight was
measured using a manual scale with a 10-g gradation (Seca; Quick-
Medical, Snoqualmie, WA, USA). Pubertal development was
assessed according to the method of Marshall and Tanner.” Bone
age was determined by the Greulich and Pyle method.®

Basal blood samples were obtained in the morning at 8:00 in the
supine position and after an overnight fast. Leuprolide acetate
(500 pg) was then administered sc, and blood samples were drawn
from an indwelling catheter positioned in an antecubital vein at
3 h for gonadotrophins and at 24 h after stimulation for oestradiol.
The leuprolide acetate dose was previously validated by Ibanez
et al.” and used in our previous report.® The timing of blood sam-
pling was based on previously published data showing that the
gonadotrophin peak occurs 1-6 h after stimulation and that the
steroid peak occurs 2024 h later.’ Blood samples were separated
immediately after collection, and the serum was stored at =70 °C
until analysis.

Hormone assays

Serum LH and FSH levels were measured by IRMA assays from
Diagnostic System Laboratories. Intra-assay coefficients of varia-
tion (CVs) were 6:5% for LH and 3:6% for FSH. Inter-assay CVs
were 7:6% for LH and 6:2% for FSH. Serum oestradiol was deter-
mined by competitive specific binding RIA (Diagnostic System
Laboratories, Webster, TX, USA). The intra- and inter-assay CVs
were 4:1% and 6:7%, respectively. The lower limits of detection
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Fig. 1 Prepubertal and Pubertal groups, follow-up over 3 years.

were 0-05 and 0-06IU/1 for LH and FSH, respectively; and 18 pmol/
1 for oestradiol.

Ethics

The protocol was approved by the Ethical Committee of the Hospi-
tal San Borja Arriaran and the Faculty of Medicine, University of
Chile (August 8 2002), in accordance with the Helsinki Declara-
tion. All parents signed informed consent forms, and girls (volun-
teers) gave their consent before entering the study.

Statistical analysis

Results are expressed as medians (CI 95%). Statistical analyses were
performed using SPSS 15.0 for Windows (SPSS Inc, Chicago; Illi-
nois, EEUU). Differences between groups were assessed by nonpara-
metric tests (Mann—Whitney U-tests) for variables that were not
normally distributed. P-values <0-05 were considered statistically
significant. The area under the curve was calculated to determine
which basal and stimulated LH cut-off point could predict the
progress from Tanner II to Tanner III over the following 6 months.

Results

Anthropometrics and general characteristics

Seventeen girls without secondary sexual characteristics and bone
ages within the normal limits for chronological age were catego-
rized in the Tanner I group. The remaining 30 girls with Tanner II
breast development were followed using the same study protocol.
During the next 6 months, 18 girls showed no progression of their
secondary sexual characteristics and were defined as the Tanner II-
1 group. Twelve girls progressed to Tanner III breast development
and were defined as Tanner II-2. From the initial 30 girls with Tan-
ner II breast development, 22 girls returned periodically for medi-
cal examination at least once a year, and were evaluated during the
Tanner III and Tanner IV stages. After a 3-year follow up, 15 girls
have reached Tanner V (Fig. 1).

Girls in Tanner I were younger than girls in the Tanner II-1 and
Tanner II-2 groups. Tanner II-1 and II-2 did not differ with regard
to chronological, height standard deviation score (height-SDS) or
BMI percentile. However, girls in Tanner II-2 had an older bone
age than girls in Tanner II-1. Baseline clinical characteristics of
these patients are reported in Table 1.

Baseline and leuprolide acetate-stimulated
gonadotrophin levels

Basal LH and FSH levels rose progressively with advancing pubertal
stage as shown in Table 2 and Fig. 2. There were no statistical dif-
ferences in basal LH between girls in Tanner II-1, Tanner II-2 or
Tanner III as compared with girls in Tanner I. The median basal
LH level was statistically different for Tanner IV as compared with
Tanner I (3-4 vs. 0-45 IU/I; P < 0-01).

In Tanner I, the upper limit of the CI 95% for the basal level of
LH was 0-49 IU/l, and that for FSH was 2-:37 IU/l. Taking into
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Table 1. Clinical features in 47 girls at enrolment, grouped according to Tanner I, Tanner II-1 and Tanner II-2 stages of breast development

n CA (years) BA (years) Ht (SDS) BMI (percentile)
Tanner I 17 60 (52-69)*,t 68 (5:4-7-8)*,t —0'3 (=02 to 0:9)* 73 (58-88)
Tanner II-1 18 9:3 (8:6-9-8) 8:8 (8:6-9-8)% -0'7 (=12 to —=0-7) 63 (49-76)
Tanner I1-2 12 9-8 (9-4-10-4) 100 (9:5-106) 0-4 (—0'5 to 0'6) 63 (48-77)

Results are expressed as the median (CI 95%).
Tukey test.

*Tanner I vs. Tanner II-1; P < 0-05

ftTanner I vs. Tanner II-2; P < 0-05

fTanner II-1 vs. Tanner II-2; P < 0:05

CA, Chronological age; BA, Bone age; Ht-SDS, Height standard deviation score; BMI, Body Mass Index.

Table 2. Basal and 3-h postleuprolide acetate-stimulated gonadotrophin levels and oestradiol in girls grouped according to Tanner stages of breast

development
LH (IU/1) FSH (IU/1) Oestradiol (pmol/l)
Stimulated

n  Basal Post Basal Post Basal Post LH/FSH ratio
Tanner I 17 0455 (0-43-0-49) 3-8 (3:5-51) 19 (1-76-2:37) 231 (20-8-27-8) 23-1(19-5-389)* 1079 (92:1-185:8)*  0-19 (0-15-0-23)*
Tanner II-1 18 042 (0-36-0-55) 39 (2:1-12'9) 22 (1-80-272) 22-5(18:35-24'93) 679 (54:3-80-4)F 2280 (170-3-351-8)1 024 (0-11-0-65)
Tanner[I-2 12 058 (0443-093) 68 (56-17-0) 3-8 (2:87-4-39) 190 (157-227) 756 (543-127-4)F 3432 (196-5216)  0-42 (0-27-1-61)
Tanner III 22 098 (0:73-1-44)  15'5(13:1-29:7) 54 (4:39-6'16) 229 (19-25-25-48) 2350 (1957-271) 6131 (594.7-978:0) 078 (0'56—1'78)§
Tanner IV 22 340 (2:56-391) 661 (50-8—1181) 66 (523-7-12) 27:6 (22:0-30-75)  211-1 (1949-346'5) 8315 (739-0-997-8)  2:76 (2:4-56)
Tanner V 15 260 (2:48-8:06) 1096 (97-5-294'5) 59 (4:52-6:91) 266 (22:7-4473) 2926 (244:1-450-8) 6645 (664:5-1197-1) 373 (3:2-97)
P-value <0-:001 <0-:001 <0-:001 0-168 <0-001 <0-001 <0-001

Results are expressed in median (CI 95%).

To convert oestradiol from the SI unit (pmol/l) to the conventional unit (pg/ml), divide by 3-:671 (conversion factor).

Dunn’s multiple comparison test.
*Tanner I vs. Tanner I1I; P < 0-05.
tTanner II-1 vs. Tanner II; P < 0-05.
+Tanner II-2 vs. Tanner III; P < 0-05.
§Tanner I1I vs. Tanner IV; P < 0:05.

account this basal LH cut-off limit, 72-2% (13 of 18) of Tanner
1I-1, 41-6% (five of 12) of Tanner 1I-2 and 14:2%- (three of 21) of
Tanner III subjects presented values that overlapped with those of
girls in Tanner I. For basal FSH, 61:1% (11 of 18) of Tanner II-1,
8:3% (three of 12) of Tanner II-2 and 4:7% (one of 21) of Tanner
III subjects presented values that overlapped with those of girls in
Tanner L.

Leuprolide acetate-stimulated gonadotrophin levels are shown
in Table 2. The stimulated LH level increased dramatically during
puberty (P < 0-001). However, the median leuprolide acetate-stim-
ulated LH levels in girls in Tanner II-1, Tanner II-2 and Tanner III
were not statistically different as compared with Tanner I. The
median leuprolide acetate-stimulated LH level was only statistically
different in Tanner IV girls as compared with Tanner I girls (66 IU/1
vs. 3-8 TU/I; P < 0:05).

In Tanner I, the upper limit (CI 95%) after leuprolide acetate
stimulation was 5-1 TU/l for LH and 27-4 TU/I for FSH. Considering
this LH cut-off limit, 66:7% (12 of 18) of Tanner II-1, 41:7% (five
of 12) of Tanner II-2 and 9-5% (two of 21) of Tanner III subjects
presented values that overlapped with those of the Tanner I group.
No overlap was observed between either Tanner IV or Tanner V

© 2010 Blackwell Publishing Ltd, Clinical Endocrinology, 72, 489-495

and Tanner I poststimulated LH values. For stimulated FSH levels,
there were no differences among groups (aNnova; P = 0-168). In
addition, there was an important overlap of Tanner I stimulated
FSH values as compared with values from all of the Tanner stages,
83-3% (15 of 18) of Tanner II-1, 91-7% (11 of 12) of Tanner II-2,
80:9% (17 of 21) of Tanner III, 54:5% (12 of 22) of Tanner IV and
60% (nine of 15) of Tanner V subjects.

Leuprolide acetate-stimulated LH/FSH ratio

The leuprolide acetate-stimulated LH/FSH ratio rose progressively
with advancing pubertal stage as shown in Table 2. However, the
median leuprolide acetate-stimulated LH/FSH ratio in girls in Tan-
ner II-1 and Tanner II-2 was not significantly different from the
values observed for Tanner I subjects. However, the measure did
differ in Tanner III girls as compared with Tanner I girls (0-78 vs.
0-17; P < 0-05).

In Tanner I, the upper limit of the CI 95% for LH/FSH ratio after
leuprolide acetate stimulation was 0-23. Taking into account this
LH/FSH ratio cut-off limit, there was an important overlap of
Tanner I values with those from Tanner II to III stages: 50% (nine
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of 18) of Tanner II-1, 41-7% (five of 12) of Tanner II-2, 4-8% (one
of 21) of Tanner III.

Baseline and leuprolide acetate-stimulated oestradiol
levels

The median basal plasma oestradiol levels were lower in girls
in Tanner I as compared with those in Tanner III (227 wvs.
253 pmol/l; P < 0-001). Basal median oestradiol did not differ
significantly between girls in Tanner I and II-1. Taking into
account the upper limit (CI 95%) for the basal plasma oestra-
diol in girls in Tanner I (38-9 pmol/l), the overlapping values
with Tanner II-1 represented 22:2% (four of 18) and 162%
(two of 12) of Tanner II-2 subjects. There was no overlap
between Tanner III, Tanner IV, Tanner V and Tanner I plasma
oestradiol.

The median 24-h-stimulated oestradiol level varied between
Tanner I and Tanner III girls (108 vs. 613 pmol/l; P < 0-001), but
did not differ between girls from the Tanner II-1 and Tanner II-2
groups (P > 0:05). Taking into account the upper limit (CI 95%)
of 24-h-stimulated oestradiol obtained from girls in Tanner I
(185-8 pmol/l), 44% (eight of 18) of girls in Tanner II-1 and 41-6%

(five of 12) of Tanner II-2 subjects presented overlapping values
with girls in Tanner I. No overlap for 24-h-stimulated oestradiol
was observed when comparing Tanner I and Tanner III, Tanner IV
or Tanner V subjects.

Area under the curve (ROC) to predict progress from
Tanner Il to Tanner Il over the next 6 months

For basal LH in Tanner II, the area under the curve was 0-745, SE of
the area was 0-094, and the confidence limits for the area were
between 0-562 and 0-929 (P-value of a hypothesis test = 0-025). For
stimulated LH in Tanner II, the area under the curve was 0-713, SE
of the area was 0-:095, and the confidence limits for the area were
between 0-526 and 0-900 (P-value of a hypothesis test = 0-051). For
stimulated LH/FSH ratio in Tanner II, the area under the curve was
0-741, the standard error of the area was 0-094, and the confidence
limits for the area were between 0-557 and 0:924 (P-value of a
hypothesis test = 0-028) (Fig. 3).

In Table 3, the x-axis and y-axis co-ordinates of the ROC Curve
for basal LH and stimulated LH and LH/FSH ratio are displayed.
These values were used to predict Tanner II progress to Tanner III
over the next 6 months.

© 2010 Blackwell Publishing Ltd, Clinical Endocrinology, 72, 489—-495
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Table 3. Co-ordinates for each cut-off of basal and stimulated LH to
predict progression from Tanner II to Tanner III over the next 6 months

Positiveif > Sensitivity ~ 1-Specificity
Basal LH (IU/]) 0-455 0750 0-389

0-490 0-583 0333

0-530 0-583 0-278
Poststimulated LH (IU/1) 3:52 0917 0-500

473 0-667 0-444

561 0-583 0-389
Poststimulated LH/FSH (IU/1)  0-161 0917 0389

0-220 0750 0-278

0272 0667 0278

Sensitivity (probability of correctly identifying a positive) and 1-specificity
(where specificity is the probability of correctly identifying a negative).

Discussion

To our knowledge, this is the first time that a longitudinal study
during female puberty was performed utilising GnRHa leuprolide
acetate. The contribution of this study is normative data in the con-
text of the difficulty of evaluating disorders of pubertal develop-
ment. The main result is that there is considerable overlap in the
biological results observed at various clinical stages of puberty. If
measured by IRMA, basal and stimulated LH and FSH levels as
determined by leuprolide test are not sensitive enough to differenti-
ate between prepubertal and pubertal levels.

A single basal LH measurement could be adequate to document
pubertal hypothalamic—pituitary—ovarian (HPO) activation when
chemiluminescent third-generation immunoassays are used.”
However, when this assay is not available, there is a need for stimu-
lated gonadotrophin values to assess whether hypothalamic—pitui-
tary gonadal activation has occurred. Because of the lack of
commercial availability of native GnRH, LHRH agonists, which
have a longer half-life in the circulation, have been used as a means
Using an IRMA, peak LH
responses after acute leuprolide acetate stimulation clearly discrim-

of gonadotrophin stimulation.'

inated between Tanner III and Tanner II, but were not able to dis-
tinguish between the responses of girls in Tanner I or Tanner II
stages of puberty. In addition, the cut-off for basal and stimulated
LH to predict progress from Tanner II to Tanner III over the next
6 months had low sensitivity. Moreover, there was a significant

© 2010 Blackwell Publishing Ltd, Clinical Endocrinology, 72, 489-495

overlap of basal LH levels in the various stages of puberty. Thus,
despite improved sensitivity, IRMA as used for LH determination
does not distinguish clearly between basal prepubertal and pubertal
levels of this hormone. Mitamura et al.'' used a more sensitive
assay (DELFIA). The authors determined that LH and FSH exhibit
night-day rhythms; these rhythms are already found to exist in 5-
to 6-years-old girls.

Garibaldi et al.'? reported a sensitivity of 67% in diagnosing
Central Precocious Puberty (CPP) when using a random LH level
in excess of 0-5 IU/l IRMA. Compared with our results, this value
has a sensitivity of 58% with a specificity of 67% for puberty
progression. However, when more sensitive methods are used, such
as ICMA, the range of random LH values in normal girls 11- to
13-years old is very broad, but 100% of spontaneous LH values are
above 0-3 TU/1 by late puberty.'

In our group, the median levels of basal LH were significantly
higher in girls in Tanner IIT or during more advanced stages of pub-
erty (0-98 IU/l vs. 0-58 IU/l in Tanner II-2). However, although the
stimulated LH levels overlapped significantly between Tanner I and
Tanner II-1 (66:7%) and between Tanner [ and Tanner I1-2 (41-7%),
displaying peak LH below 5-1 TU/L. Girls in Tanner IIT had a consis-
tently stimulated LH exceeding the cut-off limit of 5-1 TU/I (upper
CI95% for Tanner I) or 129 TU/I (upper CI 95% for Tanner II-1).

Using AUTODELFIA, Brito et alt reported a substantial over-
lap in basal and GnRH-stimulated gonadotrophin levels in normal
individuals of both sexes with pubertal Tanner stages 1 and 2. The
sensitivities of basal and peak LH for the diagnosis of central pub-
erty were 62:7% and 92-2% in girls. The negative predicted values
for basal and peak LH in girls were 40-6% and 76:5%, respectively.
Thus, these authors concluded that when using AUTODELFIA,
basal LH levels were sufficient to establish the diagnosis of gonado-
trophin-dependent precocious puberty in 62:7% of girls. In the
remaining patients, a GnRH stimulation test was still necessary to
confirm this diagnosis.

As has been demonstrated previously, serum FSH values mea-
sured by RIA, IRMA, ICMA and IFMA under basal and stimulated
conditions overlapped substantially in prepubertal and pubertal
subjects. Therefore, these indexes do not allow effective discrimina-
tion between these two populations.'®'?

Simulated FSH levels in all stages of puberty do not differ from
those obtained in girls in Tanner I. Also, stimulated FSH levels
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overlapped significantly in normal prepubertal and pubertal sub-
jects, and for this reason, it was not possible to determine a cut-off
limit that would allow effective discrimination between Tanner I
and Tanner II-2.

The importance of FSH measurement is more closely related to
differences in the hormone profile between prepubertal and puber-
tal children, in which a reduction in FSH and an increase in LH occur
simultaneously.'" In addition, high FSH levels can occur in girls with
isolated thelarche who do not necessarily progress to puberty.'®

In our study, basal and poststimulated oestradiol were also eval-
uated in an attempt to establish cut-off limits to distinguish
between the prepubertal and pubertal states. Using a sensitive
method, basal and poststimulated oestradiol cut-off values were
389 and 1858 pmol/l, respectively. These values showed an over-
lap of 22-2% and 44%, respectively, between patients in Tanner I
and Tanner II-1 and an overlap of 162% and 41-6%, respectively,
with patients in Tanner II-1 and Tanner II-2. No overlap for basal
or stimulated oestradiol was observed when comparing Tanner I
with Tanner III, Tanner IV or Tanner V. These results preclude
using serum oestradiol as a sensitive and specific measure to define
pubertal staging.

Basal and stimulated oestradiol levels appear to increase before
basal and stimulated LH level in Tanner II-I girls. It is well known
that during late prepuberty girls begin to experience increasing
diurnal production of gonadotrophins, with FSH predominance
and a diurnal rise in oestradiol that peaks at midmorning.'® Those
girls in Tanner II-I were in this late prepubertal stage characterized
by the transition from FSH-predominant to LH-predominant
gonadotrophin secretion, which is characteristic of progressive
puberty.*'>!”

As this result is not new, these confirmatory results are important
and will provide a reference for clinicians using IRMA who do not
have such normative data locally available. However, it should be
noted that these results derived from a small sample and must be
used with caution in the evaluation of female puberty. A new study
to evaluate the validity of such suggested cut-offs must be designed.

In conclusion, using an IRMA, the basal as well as stimulated
leuprolide acetate gonadotrophin response patterns during the
beginning stages of puberty overlapped significantly with values
obtained from girls in Tanner I and Tanner II. Moreover, the use of
cut-off basal and stimulated LH values to predict progress from
Tanner II to Tanner III over the subsequent 6 months had low sen-
sitivity. It is important to have these method limitations in mind
when evaluating the hypothalamic—pituitary gonadal axis.

Acknowledgements

We are indebted to our patients and their families.

Grants

This work was supported by FONDECYT Grant 1030610.

Competing interests/financial disclosure

The authors have nothing to disclose.

References

1

10

11

12

13

14

Bhatia, S., Neely, EK. & Wilson, D.M. (2002) Serum luteinizing
hormone rises within minutes after depot leuprolide injection:
implications for monitoring therapy. Pediatrics, 109, E30. http://
www.pediatrics.org/cgi/content/full/109/2/e30.

Houk, C.P., Kunselman, A.R. & Lee, P.A. (2009) Adequacy of a sin-
gle unstimulated luteinizing hormone level to diagnose central pre-
cocious puberty in girls. Pediatrics, 123, €1059—e1063.

Resende, E.A., Lara, B.H., Reis, J.D. et al. (2007) Assessment of
basal and gonadotropin-releasing hormone-stimulated gonadotro-
pins by immunochemiluminometric and immunofluorometric
assays in normal children. Journal of Clinical Endocrinology and
Metabolism, 92, 1424—1429.

Ibanez, L., Potau, N., Zampolli, M. et al. (1994) Use of leuprolide
acetate response patterns in the early diagnosis of pubertal disor-
ders: comparison with the gonadotropin-releasing hormone test.
Journal of Clinical Endocrinology and Metabolism, 78, 30-35.
Marshall, W.A. & Tanner, J.M. (1969) Variations in pattern of
pubertal changes in girls. Archives of Disease in Childhood, 44,
291-303.

Greulich, W.W. & Pyle, S.I. (1959) Radiographic Atlas of Skeletal
Development of the Hand and Wrist, 2nd edn. Stanford University
Press, Stanford, California.

Ibanez, L., Potau, N., Zampolli, M. et al. (1997) Girls diagnosed
with premature pubarche show an exaggerated ovarian androgen
synthesis from the early stages of puberty: evidence from gonado-
tropin-releasing hormone agonist testing. Fertility and Sterility, 67,
849-855.

Hernandez, M.1., Martinez, A., Capurro, T. et al. (2006) Compari-
son of clinical, ultrasonographic, and biochemical differences at the
beginning of puberty in healthy girls born either small for
gestational age or appropriate for gestational age: preliminary
results. Journal of Clinical Endocrinology and Metabolism, 91, 3377—
3381.

Ibanez, L., Potau, N., Virdis, R. et al. (1993) Postpubertal outcome
in girls diagnosed of premature pubarche during childhood:
increased frequency of functional ovarian hyperandrogenism. Jour-
nal of Clinical Endocrinology and Metabolism, 76, 1599-1603.
Ehrmann, D.A., Rosenfield, R.L., Cuttler, L. et al. (1989) A new test
of combined pituitary-testicular function using the gonadotropin-
releasing hormone agonist nafarelin in the differentiation of gona-
dotropin deficiency from delayed puberty: pilot studies. Journal of
Clinical Endocrinology and Metabolism, 69, 963-967.

Mitamura, R., Yano, K., Suzuki, N. et al. (2000) Diurnal rhythms
of luteinizing hormone, follicle-stimulating hormone, testosterone,
and estradiol secretion before the onset of female puberty in short
children. Journal of Clinical Endocrinology and Metabolism, 85,
1074-1080.

Garibaldi, L.R., Picco, P., Magier, S. et al. (1991) Serum luteinizing
hormone concentrations, as measured by a sensitive immunoradio-
metric assay, in children with normal, precocious or delayed puber-
tal development. Journal of Clinical Endocrinology and Metabolism,
72, 888-898.

Neely, E.K., Hintz, R.L., Wilson, D.M. et al. (1995) Normal ranges
for immunochemiluminometric gonadotropin assays. Journal of
Pediatrics, 127, 40—46.

Brito, V.N., Batista, M.C., Borges, M.F. et al. (1999) Diagnostic
value of fluorometric assays in the evaluation of precocious
puberty. Journal of Clinical Endocrinology and Metabolism, 84,
3539-3544.

© 2010 Blackwell Publishing Ltd, Clinical Endocrinology, 72, 489—-495



15 Dickerman, Z., Prager-Lewin, R. & Laron, Z. (1976) Response
of Plasma LH and FSH to synthetic LH-RH in children at
various pubertal stages. Archives of Disease in Childhood, 130, 634—
638.

16 Pescovitz, O.H., Hench, K.D., Barnes, K.M. et al. (1988) Premature
thelarche and central precocious puberty: the relationship between

© 2010 Blackwell Publishing Ltd, Clinical Endocrinology, 72, 489-495

17

Leuprolide stimulation test in female puberty 495

clinical presentation and the gonadotropin response to luteinizing
hormone-releasing hormone. Journal of Clinical Endocrinology and
Metabolism, 67, 474—479.

Goodpasture, J.C., Ghai, K., Cara, J.F. et al. (1993) Potential of gon-
adotropin-releasing hormone agonists in the diagnosis of pubertal
disorders in girls. Clinical Obstetrics and Gynecology, 36, 773—785.



