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ABSTRACT
Objective: To ascertain the utility of gonadotrophin releasing hormone (GnRH) test in diagnosis of neurogenic
central precocious puberty (NCPP). Methods: We conducted a prospective observational study over a period of 4
years recruiting girls with early breast budding. Children underwent GnRH analogue stimulation test with injection
luperide 20mcg/kg in subcutaneous route followed by assessment of gonadotropins (LH and FSH) at 4 hours and
estradiol at 24 hours. MRI performed in everyone with CPP. Cases divided into those with neurogenic CPP (NCPP)
and idiopathic CPP (ICPP). Results: During the study period, 59 girls presented with early sexual maturation; we
included 19 subjects onto our study (12 girls with idiopathic central precocious puberty and 7 girls with neurogenic
precocious puberty). Stimulated LH was higher in subjects with NCPP compared to those with ICPP (9.8±3.0 versus
8.4±3.6 mIU/mL, p<0.05). Stimulated LH:FSH ratio was higher in those with NCPP versus ICPP (0.5±0.3 versus
0.34±0.3, respectively). On multivariate regression analysis, stimulated LH:FSH ratio is the most likely determining
factor for the occurrence of a neurogenic aetiology for central precocious puberty. ROC curve constructed to
determine the optimal cut off to distinguish neurogenic and idiopathic causes of central precocious puberty. LH:FSH
>0.55 is able to predict neurogenic precocious puberty with specificity of 82% and sensitivity of 66.7%. Conclusion:
Elevated LH levels and LH/FSH ratio in GnRHa stimulation test gives an important clue to a possible underlying
neurological pathology. A cut-off of 0.55 predicts neurogenic precocity with a specificity of 82%.
Keywords: Neurogenic, precocious puberty, gonadotrophin hormone, stimulation.
Precocious puberty is an important condition encountered
by paediatricians and paediatric endocrinologists, in clinical
practice 1. Precocious puberty can be due to activation of
hypothalamo pituitary gland signalling (central) or
autonomous sex hormone production from gonads
(peripheral) 2. A methodical stepwise assessment is the key
to arriving at the precise underlying aetiology 3. The
prevalence of central precocious puberty (CPP) is estimated
to be 1 in 5000 to 10000, with emerging evidence suggesting
a rise in the prevalence 4, 5. A diagnosis of CPP has
implications for a given child in terms of an underlying
neurological disorder, final height prognosis and
th

th

psychological well being of the given child. Children who
have an underlying neurological condition like craniopharyngioma or hydrocephalus needs to be managed in a
diametrically opposite way compared to children with central
precocious puberty and normal magnetic resonance imaging
(MRI) (Idiopathic). Thus, it is pivotal that children with
idiopathic central precocious puberty (ICPP) and neurogenic
central precocious puberty (NCPP) are distinguished
properly by pediatricians and endocrinologists. Children with
early menarche have difficulty in coping up with the physical
changes, resulting in compromised academic performance.
Clear cut guidelines have been established for the rational
st
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therapy of children with precocious puberty 6. Diagnosis of
CPP needs documentation of pubertal hypothalamo pituitary
gonadal (HPG) axis. The gonadotrophin analogue
stimulation test is a useful test to document the pubertal HPG
axis in children with precocious puberty 7. The utility of the
GnRH analogue stimulation test in distinguishing ICPP and
NCPP is inconclusive 8, 9. Hence, we decided to perform this
study to assess the utility of GnRH analogue (GnRHa)
testing distinguish NCPP and ICPP.
Methods
We conducted a prospective observational study over a
period of 4 years. All girls presenting to the endocrine clinic
with concerns of early breast budding were recruited onto the
study. They were assessed clinically as per standard
protocols and evaluated. We excluded subjects with
peripheral precocious puberty and features of heterosexual
precocious puberty. All girls underwent Tanner’s stage
assessment, anthropometric measurement as per standard
protocols. A meticulous history for neurological symptoms
and clinical neurological examination was performed in all
children. Bone age assessment was performed by the Tanner
Whitehouse-3 method and ultrasound pelvis was performed
by a single paediatric radiologist to look at size of pelvic
organs. A basal thyroid profile was performed in all subjects.
Basal leutinizing hormone (LH), follicle stimulating
hormone (FSH) and estradiol were assayed. Children
underwent GnRH analogue stimulation test with injection
luperide 20mcg/kg in subcutaneous route (procured from sun
pharma). This was followed by assessment of
gonadotrophins (LH and FSH) at 4 hours and estradiol at 24
hours. Girls with peak LH levels >5mIU/ml and stimulated
estradiol > 50 pg/mL were considered as central precocious
puberty (cases) and girls with peak LH levels <5mIU/ml,
stimulated estradiol < 50 pg/mL and/or no progression in
Tanner staging, anthropometry and pelvic organs as simple
thelarche. Subjects with simple thelarche were followed up
in the endocrine clinic for pubertal progression and growth.
Subjects diagnosed as CPP underwent an MRI brain. All
subjects underwent magnetic resonance imaging at a single
centre. 1.5 mm contiguous sagittal and coronal T1 and T2
weighted MR images using 1.5 tesla (Siemens Magnetom
Era) was used to perform imaging as per standard pituitary
protocol (10). All MRI images were reported by a single
radiologist, who was blinded to details of the study sample.
They were initiated on GnRH analogue therapy with
injection lupride (0.25 mg/kg) deep intramuscularly monthly
once, if they were found to be progressive.

Data was entered in microsoft excel sheet. Statistical
analysis was done with SPSS software version 22.0.
Anthropometric parameters SD score was calculated based
on WHO standards and IAP 2015 references 11, 12. Pelvic
organ dimensions converted into Z-scores 13. Chi-square test
and student t-test to compare clinical and biochemical and
radiological parameters in cases and controls, as appropriate,
p<0.05 was considered as significant. Receiver operating
curve (ROC) was utilized to compute the optimal
gonadotrophin level to distinguish NCPP and ICPP.
Results
During the study period, 59 girls presented with early
sexual maturation; after excluding subjects with heterosexual
precocious puberty (n=10), girls with simple thelarche
(n=23) and peripheral precocious puberty (n=7), we included
19 subjects onto our study (12 girls with idiopathic central
precocious puberty and 7 girls with neurogenic precocious
puberty). The underlying cause for NCPP was craniopharyngioma, pituitary adenoma, arachnoid cyst, tuberculoma and hypothalamic hamartoma in 2,2,1,1 and 1 case
each respectively. Seizures and developmental delay was
present in one case each.
Table 1: Comparison of clinical, demographic, anthropometric and
radiological parameters in subjects with ICPP and NCPP
Parameters
ICPP (n=12)
NCPP (n=7)
Chronological age (in years)
5.4±1.3
5.8±1.7
Height (in cm)
115.1±22.0
114.8±26.0
BMI (in kg/m2)
17.8±1.9
16.9±1.6
Height SD score
1.4±0.3
1.8±0.34
BMI SD score
0.7±0.2
0.6±0.2
Tanner stage
B2
4(33.33%)
1(14.2%)
B3
8(66.66%)
6(85.71%)
P2
4(33.33%)
1(14.2%)
P3
8(66.66%)
6(85.71%)
Bone age (in years)
7.6 ± 0.9
6.5 ± 1.0
Chronological age: bone age ratio 1.3 ± 0.3
1.1 ± 0.2
Uterine length (in cm)
4.5 ± 0.4
4.1 ± 0.3
Ovarian Volume (in cm3)
1.7 ± 0.8
1.9 ± 0.4
Uterine length Z-score
1.2 ± 0.3
1.3 ± 0.2
Ovarian volume Z-scores
2.2 ± 0.4
1.4 ±0.3

The baseline clinical, demographic, anthropometric and
radiological parameters are presented in table-1. The
chronological age, bone age, bone age: chronological age
ratio, anthropometric parameters (absolute value and Zscore), uterine length, ovarian volume and their
corresponding Z-scores are similar in subjects with NCPP
and ICPP.
The biochemical parameters of subjects with NCPP and
ICPP are compared in table - 2. It was observed that basal
gonadotrophins, stimulated FSH and estradiol are
comparable in the two study groups. However, it was
observed that stimulated LH was higher in subjects with
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NCPP compared to those with ICPP (9.8±3.0 versus 8.4±3.6
mIU/mL, p<0.05). It was also noted that stimulated LH:FSH
ratio was higher in those with NCPP versus ICPP (0.5±0.3
versus 0.34±0.3, respectively). These are depicted in figure 1 and 2.
Table 2: Comparison of biochemical parameters in subjects with
ICPP and NCPP
Parameters
ICPP (n=12)
NCPP (n=7)
Basal LH
0.6±1.1
0.8±1.2
Basal FSH
3.7±1.8
3.1±0.4
Stimulated LH*
8.4±3.6
9.8±3.0
Stimulated FSH
21.7±2.3
19.4±9.1
LH:FSH ratio*
0.34±0.3
0.5±0.3
E2
43.0±16
39.6±13.5

On univariate analysis, it was observed that stimulated
LH and stimulated LH: FSH ratio is determinants of
occurrence of neurogenic precocity. On multivariate
regression analysis, it was observed that stimulated LH:FSH
ratio is the most likely determining factor for the occurrence
of a neurogenic aetiology for central precocious puberty.

Legend: ICPP – Idiopathic Central Precocious Puberty, NCPP – Neurogenic
Central Precocious Puberty
Figure 2: Comparison of stimulated LH: FSH ratio in subjects with
ICPP and NCPP

and idiopathic causes of central precocious puberty. LH:FSH
>0.55 is able to predict neurogenic precocious puberty with
specificity of 82% and sensitivity of 66.7%
Table 3: Multivariate analysis of determinants of neurogenic precocious puberty
(figure 3). In our study 4 girls were in age
Unstandardized
Standardized
group 6-8 yrs with neurogenic CPP all had
Coefficients
Coefficients
stimulated LH:FSH >0.55. Subjects with
Parameters
B
Std. Error Beta
T
P value
NCPP were managed as per the underlying
Height Z-score
-0.176 0.058
-1.151
-3.008
0.095
aetiology. Out of the nineteen subjects 15
Bone age: Chronological age ratio
0.282 0.612
0.117
0.461
0.690
were initiated on long term GnRH analogue
Basal LH
-0.606 0.165
-1.559
-3.665
0.067
Basal FSH
0.335 0.143
1.492
2.332
0.145
therapy with Inj luperide 0.25 mg/kg as a
Stimulated LH
-0.442 0.102
-5.811
-4.340
0.059
monthly depot.
Stimulated FSH
0.061 0.024
0.922
2.549
0.126
Discussion
LH: FSH ratio
10.833 2.288
5.750
4.734
0.042
In our study, we have dogmatically
Chronological age
0.008 0.058
0.026
0.159
0.562
demonstrated
that
GnRH
analogue
A receiver operating curve (ROC) curve was constructed
stimulation test is indeed a useful tool in the hands of the
to determine the optimal cut off to distinguish neurogenic

Legend: ICPP – Idiopathic Central Precocious Puberty, NCPP – Neurogenic
Central Precocious Puberty
Figure 1: Comparison of Stimulated LH level in subjects with
ICPP and NCPP

Figure 3: ROC curve determine the optimal LH: FSH ratio cut off to
identify neurogenic central precocious puberty
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paediatrician to recognize subjects with an underlying
neurological aetiology. We observed that, in our subjects 7
out of 19 (36.9%) of subjects had an underlying neurological
cause of CPP. Out of these seven, three were <6years and
four were more than 6 years. This is in line with another
Indian study which has reported that 43.8% of girls with
neurogenic CPP had age of onset 6-8 years 14. Thus, it is
mandatory pediatricians treating CPP should perform an
MRI in girls with CPP aged 6-8 years in the slightest index
of suspicion.
We observed that, stimulated LH was higher in subjects
with NCPP compared to those with ICPP (9.8±3.0 versus
8.4±3.6 mIU/mL, p<0.05). This is contrary to the
observation of previous reports that early age of onset is the
only predictor of neurogenic precocity 8. A previous study on
67 girls have revealed that none of the parameters assessed
in the GnRH stimulation test are likely to determine a
neurogenic cause 15. We hypothesise that subtle differences
in neuroendocrine regulation in those with NCPP result in
more rapid pubertal maturation resulting in higher LH levels
than ICPP group 16.
We also noted that stimulated LH:FSH ratio was higher
in those with NCPP versus ICPP (0.5±0.3 versus 0.34±0.3,
respectively). Bajpai A et al 14 have reported that elevated
stimulated LH and LH/FSH ratio are strong pointers to a
neurogenic cause. We noted that LH:FSH >0.55 is able to
predict neurogenic precocious puberty with specificity of
82% and sensitivity of 66.7%.The mechanism of this failure
in the inactivation of GnRH is unknown. Data suggest that in
neurological lesions, an unknown factor, probably secreted
by the tumours, advances the tempo of GnRH maturation 17.
Therefore, the pubertal hormones are impacted by the
aetiology of organic central precocious puberty related to
location and type of lesion 17.
Conclusion
We conclude that elevated LH levels and LH/FSH ratio
in GnRHa stimulation test gives an important clue to a
possible underlying neurological pathology. A cut - off of
0.55 predicts neurogenic precocity with a specificity of 82%.
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