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Abstract

Aim: In this study, it was aimed to evaluate the clinical, antropometric and laboratory findings of female patients diagnosed with central precocious
puberty and to determine the laboratory value with the best diagnostic accuracy in the diagnosis of central precocious puberty.

Material and Methods: Female patients whose breast development began before the age of 8 years were included in the study. The data of the patients were
obtained by retrospectively examining file records. The chronogical age, age at the time of onset of the complaint, antropometric variables, bone age and
hormonal tests were recorded. The patients whose bone age/chronological age ratio was >1 and in whom pubertal response was obtained to gonodotropin
releasing hormone stimulation test were considered central precocious puberty and the patients who did not meet these criteria were considered premature
thelarche. Receiver operating charecteristic curve (ROC) analysis was performed to determine the diagnostic accuracy of the laboratory variables.

Results: Fifty one patients with idiopathic central precocious puberty and 36 patients with premature thelarche were included in the study. In the patients
with central precocious puberty, the height standard deviation score, bone age and bone age/chronological age ratio were found to be significantly higher
compared to the patients with premature thelarche. The basal luteinizing hormone, basal follicle stimulating hormone, basal luteinizing hormone/follicle
stimulating hormone, peak luteinizing hormone, peak follicle stimulating hormone and peak luteinizing hormone/follicle stimulating hormone values were
found to be significantly higher in the patients with central precocious puberty. When the cut-off value for the peak luteinizing hormone/follicle stimulating
hormone ratio was taken as >0.24, the sensitivity was found to be 100% and specificity was found to be 84%. When the cut-off value for the basal follicle
stimulating hormone was taken as >1.9 IU/L, the sensitivity was found to be 71% and specificity was found to be 68%. When the cut-off value for the basal
luteinizing hormone was taken as >0.1 IU/L, the sensitivity was found to be 71% and specificity was found to be 64%.

Conclusions: In female children, a peak luteinizing hormone/follicle stimulating hormone ratio of >0.24 can be used in the diagnosis of central pre-
cocious puberty. However, the findings should be assessed in association with the clinical and antropometric variables.

(Tiirk Ped Ars 2015; 50: 20-6)
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Introduction Premature thelarche (PT) is defined as isolated breast de-
velopment in the absence of the other clinical findings
of puberty freqently in the first three years of life. Pre-

mature thelarche is considered as a variant of normal de-

Puberty is the period when pulsatile release of the
gonodotropin releasing hormone (GnRH) starts as a

result of activation of hypothalamo-pituitary-gonadal
axis (HPG) and the secondary sex characteristics de-
velop (1, 2). Central precocious puberty (CPP) is de-
fined as development of secondary sex characteristics
in relation with activation of the HPG axis before the
age of 8 years in girls and before the age of 9 years in
boys (1-3). Although the incidence of central preco-
cious puberty is not known exactly, it ranges between
1/5 000 and 1/10 000 (3).

velopment and not evaluated to be pathological (2, 3). In
individuals with premature thelarche, the growth rate is
normal in contrast to CPP, the bone age is not advanced
and the basal gonadotropin and estradiol values are at
prepubertal levels (4). The cause of premature thelarche is
not known exactly and its prevalence is 4.7%. Thirteen %
of the cases of premature thelarche may progress to CPP
(2, 4). The clinical findings, bone age and basal and stim-
ulated gonodotropin levels should be evaluated carefully.
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The basal and stimulated luteinizing hormone (LH)
values are assistive tests which show activation of the
HPG axis and enable differentiation of CPP cases from
cases of PT. Currently, the GnRH stimulation test is
considered gold standard in differentiation of CPP
from PT. However, the most important disadvantages
of this test include high cost and its time-consuming
property (5). Therefore, cut-off values giving the best
sensitivity and specificity in differentiation of CPP
cases from PT cases have been tried to be determined
in many studies by evaluating basal and stimulated LH
levels using different measurement methods (6-12).

In this study, (i) it was aimed to compared the clinical,
antropometric and laboratory findings of the patients
who presented to the pediatric endocrinology outpa-
tient clinic with premature breast development and
diagnosed with CPP and PT and (ii) to determine the
laboratory test which has the best sensitivity and spec-
ificity value in the diagnosis of CPP.

Material and Methods

This study includes retrospective examination of file
records of the patients who presented to the Pediatric
Endocrinology Outpatient Clinic between 2005 and
2014 because of early (<8 years) breast development.
The peak FSH and LH values of the patients whose
age at presentation (PA), age at the time of onset of
the complaint, puberty stage at presentation (Tanner’s
stage), body weight (kg), height (cm), body mass in-
dex (BMI), body mass index-standard deviation score
(BMI-SDS), bone age (BA), baseline and GnRH stimu-
lated follicle stimulating hormone (FSH) and LH mea-
surements were recorded.

It was learned from the file records that the follicle
stimulating hormone and LH values were measured
by immunchemiluminescence (ICMA) method, bone
age was evaluated by Greulich and Pyle atlas (13) and
pubertal staging was made according to Marshall and
Tanner (14). Gonodotropin relasing hormone test was
performed by taking blood samples at the 30%, 60%,
90" and 120 minutes following intravenous adminis-
tration of 100 pg/m? (maximum 100 pg) LHRH (LHRH
Ferring ampul, Ferring Ilag San. ve Tic. Ltd.). Height
was measured using Harpenden stadiometer with a
measurement sensitivity of 0,1 cm (Holtain Limited,
Crymych, Dyfed, UK) and the body weight was mea-
sured using SECA (name of the device) (GMBH & CO
KG Hamburg, Germany) with a measurement sensi-
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tivity of 0.1 kg. The body mass index was calculated by
dividing the body weight to the square of the height
in meters. The body weight SDS, height SDS and BMI
SDS values were obtained using the CDC data. The
subjects with a body mass percentile between the 85th
and 95th and >the 95th according to 2000 CDC were
considered as overweight and obese respectively (15).

The subjects who had a BA/CA ration of >1, a peak LH
value of >5 IU/L on the GnRH test (16) or a basal LH
value of >1.1 IU/L (7) combined with isolated and/or
axillary hair accompanied by breast development were
considered CPP. The subjects who had isolated breast
development, BA<CA, a peak LH value of <5 IU/L on
the GnRH test and who had no progression in the pu-
bertal findings and bone age at the end of at least a
one-year follow-up period were considered PT. The
subjects were divided into three groups according to
the age at presentation as <3 years, 3-7 years and 7-8
years.

The subjects who were found to have lacking data in
the file records, cases of peripheral precocious puber-
ty and the patients who were found to have organic
pathology on brain magnetic resonance imaging were
excluded from the study.

Statistical analysis

Statistical analysis was performed using SPPS 21.0
(SPSS Inc., Chicago, IL, USA) program. All data were
expressed as meansstandard deviation (SD). The ho-
mogeneous distribution of the data was evaluated
using the Kolmogorov-Smirnov test. The student’s
t-test and Mann-Whitney U test were used in com-
parison of the groups. The chi-square test was used
in comparison of the group percentages. A p value of
<0.05 was considered statistically significant. In cases
of idiopathic CPP, the receiver operating characteris-
tic curve (ROC) analysis was used in calculation of the
cut-off value for the laboratory test which had the best
sensitivity and specificity.

Results

The file data of 87 female subjects (51 idiopathic CPP,
36 PT) who met the study inclusion criteria were re-
corded. The age at presentation and the age of onset
of the complaints were older in the patients with cen-
tral precocious puberty compared to the patients with
PT, but the difference was not significant (7.12+1.18
years and 6.59+1.47 years, p=0.068; 6.46+1.17 years
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and 6.21+1.65 years, p=0.402, respectively). Fourteen
(27.5%) of the patients who were diagnosed with cen-
tral precocious puberty were in the 3-7 year age group
and 37 (72.5%) were in the 7-8 year age group. Two
(5.6%) of the patients who were diagnosed with isolat-
ed PT were in the <3 year age group, 15 (41.7%) were in
the 3-7 year age group and 19 (52.8%) were in the 7-8
year age group. No difference was found between the
groups in terms of age distribution (p=0.067). When
the patients included in the study were evaluated in
terms of being overweight and obese at presentation,
it was found that 12 subjects (21%) in the CPP group
and 3 subjects (5.8%) in the PT group were overweight
and 4 subjects (11.1%) in the CPP group were obese,
whereas no subject in the PT group was obese.

Bilateral breast development was present in 60.7%
of the subjects (n=31) with central precocious puber-
ty and in 44.4% of the subjects (n=16) with PT. The
difference was not statistically significant (p=0.191). At
presentation, 48.6% (n=34) of the subjects who were
diagnosed with CPP were considered Tanner stage II,
29.4% (n=15) were considered Tanner stage III and
3.9% (n=2) were considered Tanner stage IV, whereas
all PT patients were considered Tanner stage II. When
the groups were compared in terms of antropometric
data and BMI SDS, values were found to be high in CPP
patients, but the difference was not statistically signif-
icant (0.41+1.12 and 0.22+0.85, respectively, p=0.403).
In contrast, the height SDS, BA, BA/CA ratio were
found to be statistically significantly higher in the CPP
group compared to the PT group (p<0.05). When the
groups were compared in terms of the laboratory data,
the basal LH, FSH, and FSH/LH ratio, peak LH, FSH
and LH/FSH ratio were found to be signififcantly high
in CPP group (p<0.05) (Table 1). When ROC analysis
was performed to determine the best sensitivity and
specificity value in the diagnosis of central precocious
puberty, it was found that the variables which gave the
best sensitivity and specificity were the peak LH/FSH
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ratio (AUC=0.962, p=<0.001), basal FSH (AUC=0.763,
p<0.001) and basal LH (AUC=0.705, p=0.007) (Table 2
and Figure 1).

The best sensitivity (100%) and specificity (84%) val-
ue for the peak LH/FSH ratio was found to be 0.24,
the best sensitivity (71%) and specificity (64%) value
for basal LH was found to be 0.1 IU/L, the best sensi-
tivity (71%) and specificity (68%) value for basal FSH
was found to be 1,9 and the best sensitivity (80%) and
specificity (40%) value for peak FSH was found to be
>9.1 IU/L. The basal LH value was found to be >0.1
IU/L in 80.4% of the central precocious puberty group
and in 27.8% of the PT group. When the cut-off value

Table 1. Clinical, antropometric and laboratory properties

of the subjects with CPP and PT

CPP (n=51) PT (n=36) p

Age at presentation (years) 7.12+£1.18  6.59+1.47  0.068
Age of onset of 6.46+1.17  6.21+1.65  0.402°
complaints (years)

Bilateral breast development (%) 31 (60%) 16 (44%)  0.191*
Basal LH 0.94+1.10 0.18+0.43  <0.001°
Basal FSH 3.33+1.78 1.56+0.81 <0.001*
Basal LH/FSH ratio 0.28+0.31 0.16+0.43  0.001°
Peak LH 13.54+12.26  2.07+1.15 <0.001*
Peak FSH 14.46+5.15 11.51+5.71 0.041*
Peak LH/FSH ratio 1.11+1.01 0.19+0.09 <0.001°
BMI SDS 0.41+1.12 0.22+0.85  0.403®
Height SDS 1.03+1.07 0.50+0.82  0.008
Bone age 8.81£1.97  7.11x1.63 <0.001*
Bone age/chronological 1.24+0.25  1.05+0.19 <0.001:
age (years)

Target height SDS -0.45£0.90  -0.62+0.69 0.374°

:Student T test; "Mann-Whitney U test

FSH: follicle stimulatin hormone; LH: luteinizing hormone; PT: premature telarche;
CPP: central precocious puberty; SDS: Standard deviation score; BMI: body mass index

Table 2. ROC analysis results of the laboratory variables in the diagnosis of CPP

95% confidence interval

Variables Area Standard error p Lower limit ~ Upper limit
Basal LH (IU/L) 0.705 0.070 0.007 0.567 0.842
Basal FSH (IU/L) 0.763 0.061 0.001 0.644 0.882
Peak FSH (IU/L) 0.674 0.073 0.023 0.531 0.816
Basal LH/FSH 0.605 0.078 0.170 0.451 0.758
Peak LH/FSH 0.962 0.022 <0.001 0.920 1.000

FSH: follicle stimulatin hormone; LH: luteinizing hormone; ROC: receiver opertating characteristic; CPP: central precocious puberty
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Table 3. Limit values which give the best sensitivity and
specificity in the diagnosis of CPP

Sensitivity (%) Specificity (%)
Basal LH
>0.1 TU/L 71 64
>0.3 TU/L 42 83
Basal FSH
>1.9 TU/L 71 63
Peak FSH
>9.1 TU/L 80 40
Basal LH/FSH
>0.075 60 60
Peak LH/FSH ratio
>0.24 100 84
>0.33 80 88

Figure 1. Inventory of ROC analysis of the laboratory variables
used in the diagnosis of CPP

for basal LH was considered >0.3 IU/L, the sensitivity
was found to be 42% and specificity was found to be
88% for the diagnosis of CPP. The variables giving the
best sensitivity and specificity value according to the
ROC curve are summarized in Table 3.

When the correlation of the basal LH with the peak
LH stimulated by GnRH was evaluated, a significant
positive correlation was found (r=0.382, p=0.020).

Discussion

CPP patients presenting with early breast develop-
ment should be differentiated from PT patients in
order to plan treatment timely and provide sufficient
height gain. With this objective, many laboratory tests,
growth follow-up, bone age and imaging methods
have been utilized until the present time. However,
no diagnositic method which would definitely differ-
entiate these two conditions from each other has been
found yet.

Antropometric variables are important variables in
differentiating CPP and PT cases. In CPP cases, ad-
vanced bone age, increased growth rate and body
weight are significant findings which are expected
because of the effects of the sex hormones. Studies
have found that 25-27% of the CPP patients are obese
at the time of diagnosis (17, 18) and 42,8% become
obese in the last one year (18). Kili¢ et al. (19) found
the bone age, height SDS, weight SDS, BMI and BMI-

FSH: follicle stimulating hormone; LH: luteinizing hormone; CPP: central preco-
cious puberty

SDS values to be significantly higher in CPP patients
compared to the PT group. In this study, we found the
BMI-SDS value to be 2-fold higher in the CPP group
compared to the PT group which was compatible with
the literature, but the difference was not significant.
In addition, the rates of overweight and obesity were
found to be higher in the CPP group (21%, 5.8%, re-
spectively) compared to the PT group (11.1% and 0%,
respectively). These findings suggest that antropomet-
ric variables are significant clinical findings to support
and differentiate the diagnosis when evaluating the
CPP and PT cases.

In girls, CPP is frequently idiopathic and the mean age
at the time of diagnosis is higher in cases of idiopathic
CPP compared to the cases with organic cause (20).
In a large-scale study in which girls with a diagno-
sis of CPP were evaluated (493 female patients), the
mean age at the time of onset of the complaints was
found to be 6.68+1.35 years and the age at the time
of diagnosis was found to be 7.55+1.44 years (18). In
our study, the age at the time of diagnosis (7.12+1.18
years) and the age at the time of onset of the com-
plaints (6.46+1.17 years) were found to be close to the
literature data in idiopathic CPP cases. Cicternino et
al. (20) reorted that 59.6% of the CPP patients were
diagnosed between the ages of 7 and 8 years, whereas
organic CPP patients were diagnosed earlier (<4 years)
(20). When Giabicani et al. (18) classified idiopathic
CPP cases by age groups, it was found that the age at
the time of diagnosis was <3 year in 2.2%, 2-6 years in
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15.4%, 6-7 years in 22.5% and 7-8 years in 59.8%. Prete
et al. (17) found that the age at the time of diagnosis was
<3 years in 2%, 3-7 years in 38% and 7-8 years in 67% in
the patients diagnosed with idiopathic CPP. In this study,
we found no significant difference when we compared
the ages at presentation and at the time of diagnosis be-
tween the CPP and PT groups. In addition, we found that
72.5% of the patients with idiopathic CPP and 52.8% of
the patients with PT were diagnosed between the ages
of 7 and 8 years when we evaluated the patients in terms
of age distribution. We thought that exclusion of organic
CPP cases was a cause of the fact that the rate of CPP was
higher in the 7-8 year age group.

Many tests with screening and diagnostic objective
are being used in assessment of early activation of
the HPG axis in cases of central precocious puberty.
Although it is emphasized that the basal LH value
measured randomly is a sensitive screening test in
demonstrating the pubertal status, its diagnostic rate
is low. Lee et al. (6) emphasized that the basal LH value
was not a reliable test in the diagnosis of CPP by dem-
ostrating that pubertal response was obtained against
the GnRH test in 55.6% of the patients who presented
with findings of precocious puberty and whose bas-
al LH values were <0.1 IU/L. However, many studies
have proposed that the basal LH value can be used
in the differential diagnosis of CPP and PT (6, 7, 10).
When the basal LH was taken as >0.1 IU/L (ICMA), the
sensitivity for CPP was found to be 56.4-94.7% and
the specificity was found to be 64-88.4% (8, 10, 21).
Suh et al. (22) found the sensitivity to be 87.8% and
the specificty to be 20.9%, when they took the basal
LH value as >0.22 IU/L (immunoenzymatic). In anoth-
er study, the sensitivity for CPP was found to be 69,2%
and the specificity was found to be 50,5%, when the
basal LH value was taken as >1,1 IU/L (immunoradio-
metric) (7). In the study of Neeley et al. (8) in which 49
patients who were diagnosed with CPP were evaluat-
ed, it was found that the diagnostic value of the FSH
level stimulated by GnRH was low, but the basal LH
level measured by a third generation measurement
method (ICMA) was more reliable. In the same study,
a strongly positive correlation was shown between LH
stimulated with GnRH and the basal LH (r=0.79) (8). In
our study, the basal LH value was found to be signifi-
cantly higher in the CPP group compared to the PT
group and one of the variables which were found to be
significant by the ROC curve was the basal LH value.
In our study which was compatible with the literature,
the sensitivity was found to be 71% and the specificity
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was found to be 64% when the basal LH value was
taken as >0.1 IU/L. In addition, a significantly positive
correlation was found between the peak LH value and
the basal LH value also in our study and the basal LH
value was found to be >0.1 IU/L in 80.4% of the pa-
tients diagnosed with CPP, whereas it was found to be
<0.1 IU/L in 72.2% of the PT patients. These findings
support the information that the basal LH value can be
used as a screening test in the diagnosis of CPP. These
results show that taking the basal LH value measured
randomly (third generation measurement method) as
>0.1 IU/L can be used a reliable screening test in ac-
cordance with some other studies in the literature.

In the literature, controversial results and different cut-
off values have been reported in relation with basal LH/
FSH and peak LH/FSH ratios in the differential diag-
nosis of CPP and PT. Lee et al. (6) recommended that
the basal LH and basal LH/FSH ratio should be evalu-
ated primarily in screening and differential diagnosis
of CPP and the GnRH test should be performed in case
of clinical suspicion. In the same study, the sensitivity
was found to be 54.4% and the specificity was found
to be 93.7% in the diagnosis of CPP, when the basal
LH/FSH ratio was taken as >0.04. In another study, the
sensitivity was found to be 75% and the specificity was
found to be 82% in the diagnosis of CPP, when the bas-
al LH/FSH was taken as >0.2 (11). In our study, the bas-
al LH/FSH ratio was found to be significantly higher
in the CPP group compared to the PT group, but the
ROC analysis revealed that the basal LH/FSH ratio was
not distinctive. The peak LH/FSH ratio stimulated by
GnRH has been reported to be one of the most reliable
variables in the diagnosis of central precocious puber-
ty (8). In one study, a peak LH/FSH ratio stimulated by
GnRH of >0.66 (radioimmunoassay) in girls with CPP
had a sensitivity of 96% and a specificity of 100% (23).
In two different studies, a cut-off value of >1.0 for the
peak LH/FSH value (radioimmunoassay) was proposed
in differentiating the CPP and PT groups (9, 24). In
more sensitive hormone analysis methods (IFMA), it
was emphesized that taking the peak LH/FSH ratio as
>0.3 was a significant parameter for CPP (12, 21). In our
study, the peak LH/FSH ratio was found to be the vari-
able which yielded the best sensitivity and specificty
in the diagnosis of CPP. When the peak LH/FSH ratio
was taken as >0.24, the sensitivity for CPP was found to
be 100% and the specificity was found to be 84% and
when the peak LH/FSH ratio was taken as >0.33, the
sensitivity for CPP was found to be 80% and the speci-
ficity was found to be 88%.
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In the literature, it has been reported that the basal
FSH value and the FSH value stimulated by GnRH
were not reliable and distinctive in the diagnosis of
CPP. Pasternak et al. (10) reported a sensitivity of 76%
and a specificity of 73% for the basal FSH value (>2.25
IU/L) in the diagnosis of CPP. In our study, the sen-
sitivity was found to be 71% and the specificity was
found to be 68% when the basal FSH value was tak-
en as >1.9 IU/L. When the peak FSH value was taken
as >9.1 IU/L, the sensitivity was found to be 80% and
the specificity was found to be 40%. Although the bas-
al and peak FSH values were found to be significant
variables in the ROC analysis in our study, their low
specificities suggest that they can not be reliably used
in practice in the diagnosis of CPP.

Conclusively, the variable which yielded the best sen-
sitivity (100%) and specificity (84%) in the diagnosis of
CPP as a result of the ROC analysis was found to be
the peak LH/FSH ratio in our study (cut-off value for
the peak LH/FSH ratio: >0.24). In girls presenting with
early breast development, the cut-off value of >0.24 for
the peak LH/FSH ratio can be used in the diagnosis of
CPP. However, it should be kept in mind that laboratory
findings are variebles which support clinical findings
and should be evaluated together with clinical findings.
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