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Objective: To explore the nomogram prediction model of long-acting gonadotropin-releasing hormone analogue (GnRHa) based on
the clinical characteristics, bone metabolism and ovarian function of girls with idiopathic central precocious puberty (ICPP) and its
clinical application value.

Methods: A total of 134 girls with ICPP who received long-term GnRHa treatment at our hospital from May 2021 to February 2024
were selected and randomly divided into a training set (n=94) and a validation set (n=40) in a 7:3 ratio. In the training set, univariate
analysis and multivariate logistic regression analyses were used to identify factors influencing treatment efficacy, based on which
a nomogram prediction model was constructed. The model’s predictive performance was evaluated using the receiver operating
characteristic (ROC) curve and calibration curve, while its clinical application value was assessed by decision curve analysis (DCA).
Results: In the training set, 18 out of 94 children (19.15%) had a poor treatment response, compared to 7 out of 40 children (17.50%)
in the validation set. Multivariate regression analysis showed that the higher degree of breast development, more pubic hair growth,
higher level of N-MID, higher level of ALP, larger ovarian volume, more follicles, and higher levels of LH, FSH and E2 were the
independent risk factors for poor curative effect of GnRHa (all P<0.05). The constructed nomogram demonstrated good predictive
performance in both sets: the area under the ROC curve (AUC) was 0.870 (95% CI: 0.814-0.927) in the training set and 0.810 (95%
CI: 0.711-0.909) in the validation set. Calibration curves showed good agreement between predicted and observed outcomes. DCA
indicated that the model provided net clinical benefit across a wide threshold probability range (approximately 0.1-0.8).
Conclusion: Based on the clinical characteristics, bone metabolism and ovarian function of girls with idiopathic central precocious
puberty, the nomogram prediction model of long-acting gonadotropin-releasing hormone analogues is helpful to predict the curative
effect of GnRHa at an early stage, guide clinical decision-making and optimize the treatment plan.
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Introduction

Idiopathic central precocious puberty (ICPP), as a common disease in the field of pediatric endocrinology, has a far-
reaching impact on girls’ physical and mental health. Usually, if girls show signs of premature development of secondary
sexual characteristics before the age of 8, such as abnormal breast bulge or premature growth of pubic hair, it is highly
suggested that they may have ICPP.! The root of this disease can be traced back to the premature and abnormal activation
of hypothalamus-pituitary-gonad axis (HPGA) function, which broke the normal growth and development rhythm.
Failure to effectively intervene in ICPP in time will lead to a series of serious consequences.” From the perspective of
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height, the height of children in adulthood may be significantly damaged, and the normal genetic height potential cannot
be achieved. In the field of psychological behavior, children may feel inferior and anxious because of their different
physical development from their peers, which will affect their social skills and academic performance.> More seriously,
from the long-term health point of view, the risk of children suffering from chronic diseases such as metabolic syndrome
and cardiovascular disease will also increase greatly in adulthood. At present, GnRHa was recommended as the first-line
therapy for ICPP in the Clinical Practice Guidelines of the Pediatric Endocrine Society and played a dominant role in
ICPP treatment, as it can effectively inhibit HPGA activation to delay sexual development and preserve adult height
potential.* Its main mechanism is to inhibit the functional activities of HPGA, so as to delay the sexual development
process and create favorable conditions for improving the adult height of children.’ However, in practical clinical
application, after receiving GnRHa treatment, the curative effect of ICPP girls shows significant differences among
different individuals, and some children fail to achieve ideal therapeutic effect. In view of this, it is particularly critical to
accurately predict the therapeutic effect of GnRHa as soon as possible. This treatment method not only provides a basis
for doctors, so that they can accurately adjust the treatment plan according to the individual situation of children and
select more appropriate drug dosage and course of treatment, but also can effectively reduce unnecessary side effects of
drugs and minimize the treatment cost while improving the treatment effect, so as to finally realize individualized and
accurate treatment of ICPP girls and ensure their healthy growth. Previous prediction models for GnRHa outcome in
ICPP have primarily relied on clinical and basic hormonal parameters. While valuable, these models often overlook the
significant role of bone metabolism in the disease progression and treatment response. Our novel nomogram incorporates
key bone metabolism markers alongside comprehensive clinical characteristics and ovarian function indices, providing
a more holistic predictive tool. This integration is the key novel aspect of our model, potentially offering improved

accuracy for identifying patients at risk of poor treatment outcomes.

Materials and Methods

Study Population

34 ICPP girls who received long-term treatment with GnRHa in our hospital from May 2021 to February 2024 were
selected as the research objects. Inclusion criteria: (1) Meet the diagnostic criteria of ICPP;® (2) The first treatment with
GnRHa; (3) The clinical data were complete before and during the treatment. Exclusion criteria: (1) Combined with other
endocrine diseases, such as hyperthyroidism; (2) Suffering from serious systemic diseases, such as hepatic and renal
insufficiency and malignant tumor; (3) recent use of drugs that affect sexual development or bone metabolism; (4) unable
to cooperate to complete the treatment and follow-up; (5) incomplete medical records or missing data The flow of patient
selection and group allocation was summarized in Supplementary Figure 1. This study was approved by the Ethics
Committee of the Fujian Children’s Hospital (approval number: 2024ETKLRK09007), and all parents of the affected

children signed informed consent forms.

Clinical Data Collection

The clinical characteristics, bone metabolism and ovarian function indexes of the children were collected, including basic
information such as age, height, weight, BMI and onset age. Evaluate the degree of breast development (according to
Tanner stage) and pubic hair growth (according to Tanner stage); Bone metabolism indexes were detected, including
N-MID, alkaline phosphatase (ALP) and so on. X-ray bone age of left wrist was measured regularly before and during
treatment, and bone age was evaluated by G-P atlas. The ovarian volume, the size and number of follicles were measured
by ultrasound. The levels of sex hormones such as luteinizing hormone (LH), follicle stimulating hormone (FSH) and
estradiol (E2) were detected. Hormone levels (LH, FSH, E2) were measured using chemiluminescence immunoassay on
a Cobas ¢801 analyzer (Roche Diagnostics, Germany). Bone metabolism markers N-MID and ALP were assessed by
electrochemiluminescence immunoassay on the same platform. Ovarian volume and follicle count were measured by
transabdominal ultrasound using a Voluson E8 system (GE Healthcare, USA) with a 4-8 MHz convex transducer,

following a standardized protocol where the volume was calculated using the prolate ellipsoid formula (length x height x
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width x 0.523). Bone age was assessed independently by two experienced pediatric endocrinologists using the Greulich-
Pyle atlas; discrepancies were resolved by consensus.

Evaluation of Curative Effect

All the children who participated in the study received GnRHa long-acting drug therapy, and the dose was adjusted according to
the weight of the children, and was injected once every 4 weeks. The curative effect is good: after 6 months of treatment, the
growth rate of children’s height reached or exceeded the 25th percentile of normal children of the same age and gender, and the
growth rate of bone age slowed down obviously, which was close to that of normal children (the growth rate of bone age was less
than 0.5 years after 6 months). According to Tanner staging standard, the development of children’s breasts showed signs of
decline, while the growth of pubic hair showed an improvement trend, and LH and FSH promoted glands. On the contrary, it is
poor curative effect.

Statistical Analysis

SPSS 26.0 and R 3.6.3 software were used for data analysis. For the comparative analysis of counting data, chi-square (x°)
test method is adopted; For the measurement data, if it conforms to the normal distribution, it is expressed in the form of
mean standard deviation (S), and the differences between the two groups are compared by independent sample #-test. Only
patients with complete data on all predictor variables and outcomes were included; therefore, there were no missing data in
the final analytical cohort. In order to screen out the unfavorable factors affecting the curative effect, univariate analysis and
multivariate Logistic regression analysis were carried out, and their odds ratios (OR) and 95% confidence intervals (CI) were
calculated. The nomogram model was constructed by using the “rms” package of R software. The receiver operating
characteristic (ROC) curve was plotted, and the area under the curve (AUC) value was calculated. The consistency index
(C-index) of the model was calculated, and calibration curve was plotted and evaluated using the Hosmer-Lemeshow
goodness-of-fit test. To mitigate risk of model overfitting, we employed bootstrap internal validation with 1000 resamples.
The optimism-corrected performance metrics were reported alongside the apparent performance. Decision curve analysis
(DCA) was used to evaluate the clinical application value of the nomogram by calculating the net benefit at different
threshold probabilities. A P value < 0.05 was considered statistically significant.

Results

Comparison of Clinical Data Between Training Set and Validation Set

A total of 134 girls with ICPP who received long-term GnRHa treatment were selected, and randomly divided into
a training set (n=94) and a validation set (n=40). There was no significant difference in clinical data between the training
group and the validation group (P>0.05) (Table 1).

Table I Comparison of Clinical Data Between Training Set and Validation Set

Indicators Training Validation th? P
Set (n=94) Set (n=40)

Age (years) 7.23+£0.82 7.15£0.83 0.514 | 0.607
Height (cm) 125.21+6.39 124.89+6.33 0.266 | 0.790
Weight (kg) 26.15+5.36 26.08+6.02 0.066 | 0.947
BMI (kg/m?) 17.34+2.37 17.38+2.41 0.089 | 0.929
Age of onset (years) 6.57+1.03 6.48%1.13 0.449 | 0.653
Bone age (years) 9.56+1.54 9.48+1.61 0.271 | 0.786
Degree of breast development

Grade | 15(15.96) 6(15.00) 1.150 | 0.562

Grade Il 48(51.06) 17(42.50)

Class Il 31(32.98) 17(42.50)

(Continued)
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Table | (Continued).

Indicators Training Validation th? P
Set (n=94) Set (n=40)

Pubic hair growth

Grade | 42(44.68) 16(40.00) 0412 | 0813

Grade || 30(31.91) 15(37.50)

Class llI 22(23.40) 9(22.50)
N-MID (ng/mL) 17.36£3.21 16.88+3.45 0.774 | 0.440
ALP (U/L) 212.32+60.41 | 208.18+58.39 | 0.366 | 0.714
Ovarian volume (mL) 3.54x1.15 3.60+1.22 0.271 | 0.786
Follicle size (mm) 4.03x1.31 4.13%1.54 0.383 | 0.702
Number of follicles (number) 4.89x1.86 4.93+2.03 0.110 | 0911
LH (mIU/mL) 17.35+2.84 16.98+3.01 0.677 | 0.499
FSH (mIU/mL) 16.34+3.64 16.02+3.55 0.469 | 0.639
E2 (pg/mL) 33.24+6.32 32.71+5.87 0.453 | 0.650

Notes: Continuous variables were presented as meantstandard deviation, and t test was used.
Categorical variables were presented as counts (%), and x* test was used. P< 0.05 was considered

statistically significant.

Analysis of Risk Factors of Poor Curative Effect of Training Set

18 cases (19.15%) of 94 children in the training set had poor curative effect, and 7 cases (17.50%) of 40 children
in the validation set had poor curative effect. Univariate analysis showed that there were significant differences in
breast development, pubic hair growth, N-MID, ALP, ovarian volume, number of follicles, LH, FSH and E2 levels
among different therapeutic groups (all P<0.05) (Table 2). Taking the curative effect as the dependent variable (0=

Table 2 Univariate Analysis of Poor Curative Effect in Training Group

Indicators Poor Curative Good Curative tl)(Z P
Effect (n=18) Effect (n=76)

Age (years) 7.35+0.81 7.22+091 0.555 0.579
Height (cm) 126.41+8.43 125.84+9.12 0.241 0.809
Weight (kg) 28.16+5.23 29.04+5.80 0.589 0.557
BMI (kg/m?) 18.13+£2.34 18.04+3.07 0.116 0.907
Age of onset (years) 6.64x1.37 6.96x1.33 0912 0.363
Bone age (years) 10.24x1.35 9.87+1.85 0.798 0.426
Degree of breast development

Grade | 2(11.1T) 38(50.00) 9.595 0.008

Grade Il 9(50.00) 25(32.89)

Class IlI 7(38.89) 13(17.11)
Pubic hair growth

Grade | 3(16.67) 37(48.68) 7.372 0.025

Grade Il 7(38.89) 24(31.58)

Class Il 8(44.44) 15(19.74)
N-MID (ng/mL) 15.23+£3.56 13.11£3.05 2.567 0.011
ALP (U/L) 210.36+68.45 162.01+£59.47 3.012 0.003
Ovarian volume (mL) 4.03%1.58 3.22+1.02 2.700 0.008
Follicle size (mm) 5.32+1.78 4.88x1.56 1.047 0.297
Number of follicles (number) 5.03%1.84 4.11%1.23 2.574 0.011
LH (mIU/mL) 15.87+£2.03 1421+1.83 3.389 0.001
FSH (mIU/mL) 16.25+2.84 14.66+1.85 2931 0.004
E2 (pg/mL) 32.47£10.31 26.44+8.21 2.663 0.009

Notes: Continuous variables were presented as meantstandard deviation, and t test was used. Categorical
variables were presented as counts (%), and %2 test was used. P< 0.05 was considered statistically significant.
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Table 3 Variable Assignment Method

Variable | Meaning Evaluation

Xl Degree of breast development | | =0, Il =I, Il =2
X2 Pubic hair growth =0, Il =1, Il =2
X3 N-MID Continuous variable
X4 ALP Continuous variable
X5 Ovarian volume Continuous variable
X6 Follicle number Continuous variable
X7 LH Continuous variable
X8 FSH Continuous variable
X9 E2 Continuous variable
Y Therapeutic effect Good curative effect =0, Poor curative effect =1

good curative effect, 1 = poor curative effect), and taking the factors in the univariate analysis as the covariate
(Table 3), the multivariate Logistic regression analysis was further carried out. Greater breast development, more
pubic hair growth, higher N-MID level, higher ALP level, larger ovarian volume, more follicles, and higher LH,
FSH and E2 levels were independent risk factors for poor curative effect of GnRHa (all P<0.05) (Table 4). In the
regression model, the tolerance of each variable, the VIF and the conditional index are all < 0.1.

Development of GnRHa Curative Effect Nomogram Prediction Model

According to the independent risk factors determined by multivariate Logistic regression analysis, a nomogram predic-
tion model for the therapeutic effect of GnRHa is constructed, and each independent risk factor involved in the model is
quantitatively assigned, and the total score for predicting the poor curative effect is calculated and reflected by the
probability of predicting the poor curative effect. The higher the total score, the higher the accuracy of predicting the
poor curative effect of GnRHa (Figure 1).

Evaluation and Validation of GnRHa Curative Effect Nomogram Prediction Model

In the training set and validation set, the apparent C-index of the nomogram model was 0.979 and 0.747, respectively.
Bootstrap internal validation yielded bias-corrected C-index values of 0.872 for the training set and 0.812 for the validation
set. The calibration curve showed a mean absolute error between predicted and actual values of 0.045 and 0.189, respectively.
The Hosmer-Lemeshow test indicated good calibration in the training set (x°=5.065, df=8, p=0.751) but suggested some
miscalibration in the validation set (x2=10.375, df=8, p =0.126) (Figure 2). The ROC curve analysis showed that the AUC for
predicting poor GnRHa response was 0.870 (95% CI: 0.814-0.927) in the training set and 0.810 (95% CI: 0.711-0.909) in

Table 4 Multivariate Logistic Regression Analysis of Poor Efficacy in Training Set

Indicators B Standard Wald P OR 95% Confidence
Error Interval
Degree of breast development 1.041 0.366 8.100 0.004 2.833 1.383~5.803
Pubic hair growth 0.904 0.349 6.723 0.010 2.470 1.247~4.891
N-MID 0.213 0.088 5.840 0.016 1.237 1.041~1.470
ALP 0.013 0.005 7.552 0.006 1.013 1.004~1.022
Ovarian volume 0.555 0.223 6.184 0.013 1.742 1.125~2.699
Follicle number 0.484 0.203 5.677 0.017 1.623 1.090~2.417
LH 0.452 0.151 8.991 0.003 1.571 1.169~2.111
FSH 0.356 0.132 7.334 0.007 1.428 1.103~1.848
E2 0.082 0.033 6.210 0.013 1.086 1.018~1.158
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Figure | GnRHa curative effect nomogram prediction model.
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Figure 2 Calibration curves (A) training set, (B) validation set.

the validation set (Figure 3). At the optimal cutoff, sensitivity was 1.000 (95% CI: 0.82—1.00) and specificity was 0.889 (95%
CI: 0.76-0.96) in the training set. In the validation set, sensitivity was 0.667 (95% CI: 0.30-0.93) and specificity was 0.773
(95% CI: 0.61-0.89). Internal validation using bootstrap resampling provided more realistic performance estimates, with
bias-corrected C-index values of 0.872 and 0.812 for the training and validation sets, respectively.
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Decision Curve Analysis of GhnRHa Curative Effect Nomogram Prediction Model

The decision curve shows that when the threshold probability is about 0.1-0.8, the decision to predict the curative effect
of GnRHa by using the nomogram model constructed in this study has more clinical benefits than the decision to think
that all of them are effective or none of them are effective before operation (Figure 4).
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Figure 4 Decision curves (A) training set, (B) validation set.
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Discussion
In this study, the results showed that the model has high prediction performance in both training data sets and validation
data sets, and provides a powerful tool for early prediction of the curative effect of GnRHa, guiding clinical decision-

making and optimizing treatment plans.

Correlation of Predictors with GnRHa Efficacy

As an important manifestation of the clinical characteristics of girls with precocious puberty, the degree of breast development
and pubic hair growth have been proved to be independent risk factors for poor curative effect of GnRHa in this study. The
development of breast and pubic hair is serious, which reflects the strong role of sex hormones in children, and the shafting
activation from hypothalamus to pituitary gland to gonad shows a high level. This may make GnRHa face greater challenges
in inhibiting the function of this axis, because it needs to fight against the already active endocrine environment.” For example,
in a girl whose breast development reaches Tannerlll stage, the estrogen content in her body is maintained at a high level,
which continuously stimulates the breast tissue. Even if GnRHa is used for treatment, the regression of breast development
may be slow, thus affecting the overall treatment effect.® The higher levels of N-MID and ALP are closely related to the poor
curative effect of GnRHa. N-MID is a metabolite of osteocalcin, which is mainly synthesized by osteoblasts. The increase of
concentration often means the improvement of osteoblast activity and the acceleration of bone turnover rate.” ALP is also
a key index to evaluate osteoblast function and bone metabolism activity. In the group of female children with precocious
puberty, abnormal bone metabolism activity accelerates the process of bone maturation, which not only leads to the early
development of bone age, but also makes it more difficult for GnRHa to control the progress of bone age.' For example, high
ALP level may mean too fast bone renewal. Even if GnRHa inhibits some effects of sex hormones on bones, the overactivity
of osteoblasts may still promote the growth of bone age and affect the final height improvement.'' The related indexes of
ovarian function, such as larger ovarian volume, more follicles and higher levels of LH, FSH and E2, are all risk factors for
poor curative effect. Ovary is an important organ for producing sex hormones, and its premature activation plays a key role in
ICPP. The larger ovarian volume and more follicles indicate that the ovary is in a relatively active state and continuously
secretes more sex hormones.'? The increase of LH and FSH directly stimulates the ovary to secrete sex hormones such as E2,
and the high level of E2 further promotes the development of secondary sexual characteristics and bone maturation. For
example, a higher E2 level will accelerate epiphyseal closure, shorten the time window of height growth, and make it difficult
to effectively control the development of sexual characteristics under GnRHa treatment, thus affecting the treatment effect.'?

Performance of the Model

Based on the above factors, this study is committed to building a nomogram prediction model for the therapeutic effect of
GnRHa. ROC curve analysis showed that the AUC of the nomogram model for predicting poor GnRHa efficacy was
0.870 (95% CI: 0.814—-0.927) in the training set and 0.810 (95% CI: 0.711-0.909) in the validation set. Internal validation
using bootstrap resampling provided more realistic performance estimates, with bias-corrected C-index values of 0.872
and 0.812 for the training and validation sets, respectively. The model demonstrated excellent calibration in the training
set (Hosmer-Lemeshow p=0.751), though some miscalibration was observed in the validation set (p=0.126), which may
reflect the limited sample size and should be addressed in future external validation studies. DCA showed that when the
high-risk threshold was approximately 0.1-0.8, the decision to predict the curative effect of GnRHa using the nomogram
model constructed in this study provided more clinical benefit than the strategies of treating all patients or none. Given
the limited number of events, the precision of coefficient estimates should be interpreted with caution. Bootstrap
resampling (n=1000) indicated generally stable distributions for the included variables, supporting the model’s internal
validity despite the low EPV. This discovery emphasizes the key role of nomogram prediction model in clinical decision-
making, which provides valuable reference information for doctors, so that doctors can predict the therapeutic effect of
GnRHa in the early stage of the disease, and then optimize the treatment strategy and improve the overall curative effect.
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Clinical Application of the Model

In practical clinical application, doctors can make personalized treatment plans for ICPP girls according to the output of
nomogram prediction model. For those girls whose predicted curative effect is ideal, the existing GnRHa treatment
scheme can be maintained unchanged, and the changes of the condition can be closely monitored; For girls with poor
predicted curative effect, it is necessary to consider adjusting the treatment plan, such as increasing drug dosage,
prolonging treatment time or adopting other treatment methods, in order to achieve better therapeutic effect.'* Many
previous studies have also paid attention to the influencing factors of the therapeutic effect of GnRHa in ICPP girls,
which is consistent with the results of this study. Some studies have also found that breast development, bone metabolism
and ovarian function are related to the curative effect. For example, it has been reported that the height growth of girls
with higher stages of breast development may be limited after GnRHa treatment, which is consistent with the conclusion
that the degree of breast development is a risk factor for poor curative effect in this study. In the aspect of bone
metabolism, other studies have also confirmed that the abnormal bone turnover index is closely related to the bone
development and therapeutic effect of children with precocious puberty, and the results of N-MID and ALP in this study
further support this view.'> As for ovarian function, previous studies have also shown that premature ovarian activation
and abnormal sex hormone levels have adverse effects on the treatment outcome, which is consistent with the findings of
ovarian volume, follicle number and sex hormone level in this study. However, compared with previous studies, the
nomogram model constructed in this study may be different in specific variable selection and model performance. Factors
such as case characteristics, sample size, detection methods and model construction methods included in different studies.
Can lead to different results. For example, some studies may include more clinical indicators or adopt different statistical
analysis methods, thus constructing slightly different prediction models.

Clinical Management Implications

The proposed nomogram has the potential to influence clinical management by enabling early identification of ICPP girls
at high risk for a poor response to GnRHa. For such patients, clinicians might consider more intensive monitoring, dose
adjustment of GnRHa within the approved range, or earlier initiation of combination therapy (eg, with growth hormone)
if indicated, to optimize growth outcomes. Conversely, for patients predicted to have a good response, the model could
reinforce confidence in the standard treatment protocol, potentially reducing unnecessary interventions or anxieties.

In addition, the model can also be used to evaluate the curative effect regularly during the treatment, and adjust the
treatment strategy in time according to the actual situation to achieve the best treatment effect. From the point of view of
clinical research, this model provides new ideas and methods for further study on the pathogenesis and treatment strategy
of ICPP. By identifying the risk factors of poor curative effect, we can carry out basic and clinical research and explore
new therapeutic targets and drugs. In the aspect of medical resource allocation, the model is helpful to allocate medical
resources reasonably. For children with good curative effect prediction, standardized treatment and follow-up can be
carried out in primary medical institutions, while for children with high risk of complex or poor curative effect, they can
be referred to higher medical institutions in time for further evaluation and treatment, so as to improve the utilization
efficiency of medical resources.'®

Strengths and Limitations

The advantage of this study lies in the comprehensive consideration of clinical characteristics, bone metabolism and
ovarian function, and the constructed model shows good predictive ability in both the training set and the validation set,
especially the high C-index index and good calibration of the training set, which provides a reliable basis for clinical
application. The nomogram prediction model constructed in this study provides a powerful tool for individualized
treatment of ICPP girls. Clinicians can calculate the probability of poor curative effect of GnRHa through the model
according to various indicators of children before treatment, such as breast development, bone metabolism and ovarian
function. For children with high risk of poor prognosis, doctors can monitor their growth and development more closely
and adjust the treatment plan in time.'” For example, it may be considered to combine other drugs to enhance the
therapeutic effect, or to adjust the dose and treatment cycle of GnRHa. On the contrary, for children with better predicted
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curative effect, they can be treated according to the conventional scheme, reducing unnecessary medical intervention and
expenses, and improving the treatment compliance of children and parents.'® Early and accurate prediction of the
curative effect of GnRHa is helpful for early intervention of ICPP girls. By identifying those children who may benefit
from early intensive treatment, more active measures can be taken at the early stage of disease progression to improve the
prognosis of children to the greatest extent. For example, for children with abnormal bone metabolism and obvious
premature activation of ovarian function, early intervention may help to slow down the progress of bone age, prolong the
time of height growth, reduce the risk of height damage at the end of the year, and may also alleviate the adverse effects
of precocious puberty on children’s psychological and social adaptability.'®

This study has several limitations. First, the sample size of this study is relatively small and it is a single-center study.
Although strict statistical processing was carried out in the data analysis, the small sample size may not fully cover all the
clinical characteristics and variations of girls with ICPP, resulting in a certain selection bias in the research results. Single-
center research may also be influenced by local medical level, patient group characteristics and other factors, which limits the
universal applicability and representativeness of the research results to some extent. Second, the statistical power was
constrained by the relatively small sample size from a single center and the low number of outcome events (poor response).
This resulted in a low EPV ratio, increasing the risk of model overfitting, as suggested by the performance drop from the
training to the validation set. Although internal bootstrap validation was employed to provide optimism-corrected estimates,
the model requires external validation in larger, multi-center cohorts before it can be considered for routine clinical
application.”*' Third, the follow-up period was limited to 6 months for evaluating treatment response. The long-term
efficacy and the impact of potential combination therapies (eg, with rhGH) remain unclear and warrant further investigation.
Fourth, despite including a range of clinical, bone metabolism, and ovarian function indicators, other potentially influential
factors, such as genetic predispositions or lifestyle elements, were not considered and could be integrated into future models.
Finally, despite standardized protocols, measurement variations (eg, in bone age assessment or biochemical assays) could have
introduced some error, highlighting the need for strict quality control in subsequent studies.?

Conclusion

In this study, a GnRHa therapeutic effect nomogram model of ICPP girls was constructed. It was found that the risk
factors of poor therapeutic effect were the heavier breast development, more pubic hair growth, higher N-MID level,
higher ALP level, larger ovarian volume, more follicles, and higher LH, FSH and E2 levels. The model has good
prediction efficiency in training set and validation set, and has clinical decision-making value, which can help doctors
make individualized plans. The model performance should be interpreted with caution due to potential overfitting, and
external validation is needed before clinical application.
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