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puberty in obese girls
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Objective: The purpose of this study is to develop and assess a nomogram risk
prediction model for central precocious puberty (CPP) in obese girls.
Methods: We selected 154 cases of obese girls and 765 cases of non-obese
girls with precocious puberty (PP) who underwent the gonadotropin-
releasing hormone stimulation test at the Jiangxi Provincial Children’s
Hospital. Univariate analysis and multivariate analysis were conducted to
identify predictors of progression to CPP in girls with PP. A predictive model
was developed and its predictive ability was preliminarily evaluated. The
nomogram was used to represent the risk prediction model for CPP in girls
with obesity. The model was validated internally using the Bootstrap method,
and its efficacy was assessed using calibration curves and clinical decision
analysis curves.

Results: In obese girls with PP, basal luteinizing hormone (LH) and follicular
stimulating hormone (FSH) levels, as well as uterine volume, were identified as
independent risk factors for progression to CPP. In non-obese girls, the basal
LH level, bone age, and uterine volume were identified as independent risk
factors for progression to CPP. With an AUC of 0.896, the risk prediction
model for obese girls, was found to be superior to that for non-obese girls,
which had an AUC of 0.810. The model displayed strong predictive accuracy.
Additionally, a nomogram was used to illustrate the CPP risk prediction model
for obese girls. This model performs well in internal validation and is well
calibrated, providing a substantial net benefit for clinical use.

Conclusion: A medical nomogram model of CPP risk in obese girls comprised of
basal LH value, basal FSH value, and uterine volume, which can be used to
identify those at high risk for progression of CPP in obese girls and develop
individualized prevention programs.
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Abbreviations

BMI, body mass index; PP, precocious puberty; HPGA, hpothalamic-pituitary-gonadal axis; CPP, central
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estradiol; LH, luteinizing hormone; FSH, follicle stimulating hormone; BA, bone age; ROC, receiver
operating characteristic curve; AUC, area under the ROC; DCA, decesion curve analysis.
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1 Introduction

Central precocious puberty (CPP) is a common pediatric
endocrine disorder characterized by the early development of
secondary sexual characteristics in girls before the age of 8 and in
boys before the age of 9. The onset of CPP is caused by this early
activation of the hypothalamic-pituitary-gonadal axis (HPGA)
function. The incidence rate is between 1/5,000-1/10,000, and the
incidence rate for girls is 5-10 times higher than that for boys (1).
CPP accelerates skeletal maturation, which can result in premature
epiphyseal closure and influence adult final height. This can
negatively impact their physical and mental health and increase
their risk of obesity (2). Obesity is one of the most significant
health issues of the 21st century (3). In addition, the prevalence of
obesity and CPP has increased over the past few decades (4).
Changes in body mass index (BMI) may impact the evaluation of
clinical characteristics and laboratory results in children with CPP.
In clinical practice, nomogram prediction models that incorporate
individual disease characteristics are widely used to predict the
diagnosis and prognosis of various diseases. These models
contribute significantly to the promotion of personalized medicine
(5). In addition, these models have demonstrated greater efficacy
than other models in assessing a wide range of disease conditions (6).

2 Subjects and methods
2.1 Research population

From March 2020 to December 2022, 919 cases of girls with
precocious puberty (PP) who were treated at the Department of
Endocrinology and Genetic Metabolism of Jiangxi Provincial
Children’s Hospital were selected retrospectively. The gonadotropin-
releasing hormone (GnRH) stimulation test was performed on these
cases. Among them, there were 154 cases of obese girls and 765
cases of non-obese girls. The inclusion criteria were as follows:
(1) the presence of secondary sexual characteristics, with the Tanner
stage of breast development at stage B2 or above at the time of
consultation; (2) the age of breast development onset was between 4
and 8 years old; (3) based on the BMI cut-off point standard for
children aged 2-18 years old in China (7), obese girls had a
BMI > the 95th percentile for their age, whereas non-obese girls had
a BMI within the 5th and 95th percentile; (4) complete data were
accessible for the cases. In addition, we excluded children who had
experienced early onset of menstruation and early pubic hair
development. In addition, we excluded children with organic diseases
affecting the endocrine glands, peripheral precocious puberty (PP),
who had received medication that may have impacted the HPGA
prior to consultation, and those with incomplete case data.

2.2 Data collection

The medical records, laboratory studies, and imaging studies of
the children were examined and collected. General data were
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collected retrospectively, including age of consultation, disease
duration, breast Tanner stage, height (cm), weight (kg), and BMI
(kg/m®). Laboratory data: basal E,, basal luteinizing hormone
(LH), and follicular stimulating hormone (FSH) values were
obtained, basal LH value is 0.2 IU/L as the critical value, and the
LH baseline value is converted into a binary variable (8). And
the GnRH stimulation test was completed. The children were
administered gonadorelin intravenously at a dose of 2.5 ug/kg,
with a maximum dose of 100 ug. Blood samples were collected at
30 min and 60 min after the injection and sent to the laboratory.
LH and FSH values were measured twice, and the highest values
were recorded as the peak for LH and FSH. Imaging data
included bone age film, uterine volume, average right and left
ovarian volume, and follicle count. The volume size was
determined by multiplying the values of the three diameters by
the coefficient 0.5233.

2.3 Research methods

Based on the general data, laboratory data, and imaging data of
the children, obese and non-obese PP girls were further
differentiated into CPP and non-CPP groups, following the
guidelines outlined in the Consensus Statement for the Diagnosis
and Treatment of Central Precocious Puberty (2015) (1) CPP and
non-CPP were defined based on whether the HPGA axis
function was precociously activated. (1) Early appearance of
secondary sexual characteristics: Girls develop secondary sexual
characteristics before the age of 8. The first manifestation is the
appearance of breast nodules in girls. (2) Linear growth
acceleration: The annual growth rate is higher than that of
normal children. (3) Advanced bone age: Bone age exceeds the
actual age by 1 year or more. (4) Gonad enlargement: Pelvic
ultrasound shows an increase in the volume of the girl’s uterus
and ovaries, and multiple follicles with a diameter greater than
4 mm can be seen in the ovaries. (5) HPGA function is activated,
and serum gonadotropins and sex hormones reach adolescent
levels. Use the first and fifth items as the CPP inclusion criteria.
Among the obese girls, there were 81 children with CPP and 73
children without CPP. Among the non-obese girls, there were
535 children with CPP and 230 children without CPP. Based on
the analysis of previous risk factors associated with CPP, 3-6 risk
factors are independently associated with the of CPP (9). As a
result, the risk prediction model developed in this study included
no more than six predictors. Based on the standard requirement
for sample size in prediction modeling, there must be least 10
positive outcomes for each predictor variable (10). Therefore, to
meet the sample size requirement, it was estimated that 60
children with CPP were required for each group of prediction
models. The sample size of this study met the basic requirement.

2.4 Statistical methods

We used the SPSS 25.0 and R 4.2.1 software for data organization
and statistical analysis. Variables were screened stepwise using
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univariate analysis (P < 0.1) and multivariate logistic regression analysis
(P<0.05). The logistic regression model, P=1/(1+e(fy+ B:X;+
BoXo+...+ BmXm)), was used for the analysis. The variables obtained
through multivariate analysis were included in the construction of
the predictive model. The predictive efficacy of the model was
evaluated using the receiver operating characteristic curve (ROC) and
the area under the ROC curve (AUC). The nomogram model was
constructed using the regplot program package. The model was
validated internally using the Bootstrap method. The calibration of
the nomogram model was assessed using the Hosmer-Lemeshow
test. The clinical benefit of the predictive model was evaluated
through clinical decision curve analysis (DCA).

3 Results

In terms of BMI, disease duration, and breast staging, univariate
analysis revealed no significant differences (P > 0.1) between the CPP
and non-CPP groups among obese girls. However, as shown in
Table 1, there were significant differences (P<0.1) observed
between the two groups in terms of age, E,, basal LH value, basal
FSH value, bone age, uterine volume, mean ovarian volume, and
mature follicles. The difference in the comparison of BMI between
the CPP and non-CPP groups in non-obese girls was not significant
(P>0.1). However, as detailed in Table 2, the difference between
the two groups was significant (P <0.1) when comparing disease
duration, age, breast stage, E,, basal LH value, basal FSH value, age
of the bone, uterine volume, mean ovarian volume, and mature
follicles. The variables that passed the appeal screening were
analyzed using multivariate logistic regression. The progression to
CPP was the dependent variable, while the other variables were
defined as independent variables. The results revealed that the LH
basal value (OR=7.47, 95% CI 2.01-27.74), FSH basal value

TABLE 1 Comparison of clinical data between obese girls in the CPP and
non-CPP groups [M (P25, P75)/n(%)].

Research index CPP group

(n=81)

CPP group

BMI (kg/m?) 20.41 (19.76, 21.53) | 20.75 (19.55, 22.05) | —0.22 | 0.822
Disease duration 4.00 (2.00, 6.00) 3.00 (1.00, 10.00) | —1.58 | 0.115
(month)
Age (year) 7.83 (7.42, 8.08) 7.50 (6.79, 8.00) | —2.44 | 0.015
Breast staging (%)
Stage B2 36 (44.44) 36 (49.32) 037 | 0545
>Stage B2 45 (55.56) 37 (50.68)
E, (ng/dl) 16.16 (11.80, 26.57) | 11.80 (8.80, 13.08) | —3.99 | <0.001
LH basal value (%)
<0.2 TU/L 35 (43.20) 69 (94.52) 46.10 | <0.001
>0.2 IU/L 46 (56.80) 4 (5.48)
FSH basal value 3.59 (2.14, 4.86) 1.87 (1.16, 2.49) | —6.30 | <0.001
(IU/L)
Bone age (year) 10.00 (8.58, 11.00) | 9.00 (8.00, 10.00) | —3.16 | 0.002
Uterine volume (ml) | 3.04 (2.01, 4.79) 1.61 (1.33,2.07) | —6.47 | <0.001
Mean ovarian 1.86 (1.41, 2.49) 133 (0.98, 1.63) | —4.97 | <0.001
volume (ml)
Mature follicles (%)
No 49 (60.49) 55 (75.34) 3.86 | 0.049
Yes 32 (39.51) 18 (24.66)
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TABLE 2 Comparison of clinical data between non-obese girls in the CPP
and non-CPP groups [M (P25, P75)/n(%)].

Research index CPP group Non-CPP group

(n=230)

(n =535)

BMI (kg/m?) 16.12 (15.04, 17.15) | 16.15 (15.02, 17.37) | —=0.70 | 0.484
Disease duration 4.00 (2.00, 7.00) 2.00 (1.00, 6.00) —4.12 | <0.001
(month)
Age (year) 7.83 (7.25, 8.08) 7.29 (6.50, 7.92) —6.73 | <0.001
Breast staging (%)
Stage B2 343 (64.11) 166 (72.17) 470 | 0.03
>Stage B2 192 (35.89) 64 (27.83)
E, (ng/dl) 15.40 (11.80, 25.13) 11.80 (9.07, 19.12) | —4.20 | <0.001
LH basal value (%)
<0.2 IU/L 252 (47.10) 209 (90.87) 128.66 | <0.001
>0.2 IU/L 283 (52.90) 21 (9.13)
FSH basal value 2.92 (2.03, 4.14) 220 (1.57,2.82) | —7.40 | <0.001
(IU/L)
Bone age (year) 9.00 (8.00, 10.00) 8.00 (6.50, 9.00) -9.67 | <0.001
Uterine volume 2.54 (1.82, 3.70) 1.82 (1.28,2.40) | —8.99 | <0.001
(ml)
Mean ovarian 1.81 (1.32, 2.43) 1.54 (1.13, 2.01) —4.42 | <0.001
volume (ml)
Mature follicles (%)
No 262 (48.97) 135 (58.70) 6.09 0.014
Yes 273 (51.03) 95 (41.30)

(OR=1.74, 95% CI 1.15-2.63), and uterine volume (OR =3.15,
95% CI 1.84-5.38) were predictors of progression to CPP in obese
girls, as shown in Table 3. LH basal value (OR =6.92, 95% CI 4.20-
11.39), bone age (OR=1.40, 95% CI 1.24-1.58), and uterine
volume (OR =1.38, 95% CI 1.16-1.65) were identified as predictors
of CPP progression in non-obese girls, as shown in Table 4.

Logistic regression equations were developed using the final
screened independent variables, and the regression coefficients
and constant terms were obtained from the multivariate logistic
regression analysis. The regression equation of the CPP
risk prediction model for obese girls was P =1/1 + EXP (—4.38 +
2.01 xLH basal value+0.55x FSH basal value + 1.15 x uterine
volume); the regression equation of the CPP risk prediction
model for non-obese girls was P=1/1+EXP (-3.23 +1.93 x LH
basal value +0.34 x bone age + 0.33 x uterine volume). The CPP
risk prediction model for obese girls had an AUC of 0.896. The
prediction model had a sensitivity of 77.8% and a specificity of
90.40%, which were both higher than those of the CPP risk
prediction model for non-obese girls (Table 5).

As depicted in Figure 1, the variables entered in the logistic
regression model were used to construct a nomogram model for
predicting the risk of CPP in obese girls. For the included variables
LH basal value, FSH basal value, and uterine volume, the variance
inflation factors were 1.81, 1.84, and 1.28, respectively. These values
indicate that there was no multicollinearity among the predictors
within the model. During the application of the nomogram model,
the total score was calculated by adding the scores on the upper
score axis corresponding to each indicator. The predicted probability
of the risk of CPP in obese girls was then obtained using the
predicted probability on the lower score axis that corresponded to
the total score. Assuming that when an obese girl comes for
treatment due to breast development, her LH baseline value is less
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TABLE 3 Multivariate logistic regression analysis of risk factors for CPP in obese girls.

Research index OR 95%ClI
LH basal value 2.01 0.67 9.01 0.003 7.47 2,01 27.74
FSH basal value 0.55 0.21 6.80 0.009 1.74 115 2.63
Uterine volume 1.15 0.27 17.61 <0.001 3.15 1.84 5.38
Constant —4.38 0.83 28.12 <0.05 0.01

TABLE 4 Multivariate logistic regression analysis of risk factors for CPP in non-obese girls.

Research index OR 95%Cl

LH basal value 1.93 0.26 57.66 <0.001 6.92 4.20 11.39
Bone age 0.34 0.06 30.59 <0.001 1.40 1.24 1.58
Uterine volume 0.33 0.09 13.35 <0.001 1.38 1.16 1.65
Constant —3.23 0.50 42.68 <0.001 0.04

TABLE 5 Significance of different logistic regression models for CPP prediction.

95%Cl Youden's index Sensitivity (%) Specificity (%)
Obese group 0.896 0.844-0.947 0.68 77.80 90.40
Non-obese group 0.810 0.778-0.841 0.50 71.40 78.30
Nomogram
Points
0 10 20 30 40 50 60 70 80 90 100
Basal FSH
0 1 2 3 4 5 6 7 8 9
0
Basal LH(>0.211U/L) . .
1
Uterine volume
0 1 2 3 4 5 6 7 8 9 10
Total Points
0 20 40 60 80 100 120 140 160
CPP Risk
0.04 0.4 0.5 0.85 086 059  0.998
FIGURE 1
Nomogram of the risk prediction model for central precocious puberty in obese girls.
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FIGURE 2
Clinical decision analysis curves of the nomogram prediction model.
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than 0.2 IU/L, FSH baseline value is 2.73, and uterine volume is
1.70 ml, the total score of the patient is 32.9 points, and the risk of
progression to CPP is 28.4%, belonging to the low-risk population.

The Bootstrap method was used to validate the nomogram
model internally. The results revealed that the C-index of the
model was 0.895, indicating that the model performed well during
the internal validation process. The Hosmer-Lemeshow test results
revealed X?=5.04 (P=0.75), indicating that the predictive model
is well calibrated. When the threshold probability of the DCA
curve (Figure 2) falls between 14% and 96%, the application of the
nomogram risk prediction model established in the current study
can provide greater net clinical benefit.

4 Discussion

In this study, multivariate logistic regression analysis results
revealed that basal LH, basal FSH, and uterine volume were
predictors of the occurrence of CPP in obese PP girls. HPGA is
routinely measured in the evaluation of children with CPP as its
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activation correlates with an increase in both gonadotropins—FSH
and LH, which are elevated in children with CPP. Basal sex
hormone levels serve as important indicators to assist in the
diagnosis of CPP, and basal LH levels are significant predictors of
positive results in the GnRH stimulation test (11). Due to the
deficiency of the GnRH stimulation test, the LH basal value is
currently used as an important supplementary index to determine
CPP (12). The basal LH value can be used distinguish the stage of
pubertal development with reasonable accuracy (13). A study of
girls with varying BMIs determined that obese girls had lower LH
basal values than non-obese girls (14). However, it was also
determined that there was no significant difference in LH basal
values between obese and non-obese CPP girls. Moreover, it was
hypothesized that progress in bone age (BA) would eliminate the
impact of BMI on the determination of basal LH values (15). In
addition,

endocrine disruptors may be associated with the onset of puberty

other factors such as nutrition, epigenetics, and
and obesity, and they may affect the interpretation of laboratory
results (16). In terms of enhancing the sensitivity of the diagnosis,

the predictive efficacy of basal FSH values tends to be weaker and
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less useful. There are few studies on the association between
childhood obesity and FSH. A study conducted by Aydin et al.
revealed that an increase in BMI during pubertal development was
associated with an increase in prepubertal FSH, and that higher
FSH levels increased the risk of obesity and metabolic syndrome
(17). The kisspeptin signaling system acts as a crucial link
involved in the regulation of gonadotropin secretion during
puberty (18). Prepubescent obese girls have higher kisspeptin
levels than non-obese girls of the same age, which may be the
cause of the factor difference between obese and non-obese girls
in the CPP prediction model. As a noninvasive, radiation-free,
cost-effective, and reproducible examination that measures various
indicators of the uterus and ovaries, pelvic ultrasound has also
been widely used in the diagnosis of CPP (19). The results of a
study revealed that the pelvic ultrasound indicators of girls with
CPP were significantly different than those of normal girls (20).
Wang et al. and Yu et al. discovered that uterine volume is the
most specific and sensitive ultrasound parameter for diagnosing
CPP (21, 22). The uterine volume threshold used to predict CPP,
however, fluctuated widely. This variability is associated with the
susceptibility of pelvic ultrasound findings to factors such as the
skill level of the operator and instrument parameters (23, 24). In
addition, the difference in BMI may also be one of the factors
influencing the variation in the cut-off value. Combining it with
other diagnostic modalities can therefore enhance diagnostic
efficacy (25, 26).

The results of this study revealed that the risk prediction
model for CPP in obese girls reduced the predictive value
of bone age when compared to the non-obese group.
Advancement of bone age is one of the most important clinical
features in the diagnosis of CPP, and itis a valid predictor for
the diagnosis of CPP (27). In patients with CPP, however, bone
age and advanced bone age are significantly higher in girls with
high BMI and the degree of advanced bone age is positively
correlated with BMI (28). Several factors have been found to
influence bone maturation. Approximately 25% of children with
obesity have advanced bone age. In addition, there is a
correlation between advanced bone age and BMI standard
deviation scores in girls (29). In univariate analyses, disease
duration and breast staging outcomes differed between CPP and
non-CPP girls in both the obese and non-obese groups. In the
obese group, however, these differences were not statistically
significant. In prepubertal and pubertal children, obesity
obscures the distinction between bone age and breast stage.
This blurring affects the accurate assessment of the disease
course and can lead to disturbances when using bone age and
breast staging to assess the level of sexual development in obese
girls in clinical practice.

In conclusion, the nomogram model developed in this study
provides a visual representation of the multivariate results for
predicting the risk of CPP in obese girls. This model eliminates
the need for complex calculations and enables more intuitive and
rapid individual-level predictions. In addition, the predictors in
this model are easy to obtain and are all routine examinations
for PP girls, which has a high clinical utility and can minimize
multiple blood draws for GnRH stimulation tests.

Frontiers in Pediatrics

10.3389/fped.2024.1421775

5 Conclusion

LH baseline, FSH baseline, and uterine volume are independent
risk factors for predicting CPP in obese girls. The predictive
performance of the line chart model for predicting the risk of CPP
in obese girls constructed in this study is good, at a moderate level,
and can be used to identify high-risk populations for the progression
of CPP in obese girls and provide personalized prevention plans.

Nonetheless, there are limitations to this study. The relatively
small number of participants included in this study may
introduce bias into the results, and the retrospective nature of
this study in collecting clinical data such as children’s dietary
habits and lifestyle, may potentially influence the results. Hence,
these factors were excluded from the analysis. In addition, this
study was conducted at a single center; therefore, it is necessary
to validate the results at multiple centers to determine whether
they can be generalized to other provinces and regions.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the study was
approved by Ethics Committee of the Jiangxi Provincial Children’s
Hosptial. The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed
consent for participation in this study was provided by the
participants’ legal guardians/next of kin.

Author contributions

R-HH: Methodology, Validation,
Visualization, Writing - original draft, Writing — review & editing.

Resources, Supervision,

LY: Conceptualization, Funding acquisition, Investigation,
Methodology, Resources, Supervision, Writing - original draft,
Writing - review & editing. YY: Methodology, Supervision,
Validation, Visualization, Writing - review & editing. Q-BX:
Investigation, Methodology, Resources, Supervision, Visualization,
Writing - review & editing. L-LX: Investigation, Project
administration, Resources, Validation, Visualization, Writing -
review & Formal

editing. L-FC: Data curation, Analysis,

Methodology, Supervision, Visualization, Writing — review & editing.

Funding

The author(s) declare that financial support was received for
the research, authorship, and/or publication of this article. This

frontiersin.org


https://doi.org/10.3389/fped.2024.1421775
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Huang et al.

study was supported by the Traditional Chinese Medicine Research
program of Jiangxi province (No. 2019A048).

Acknowledgments

We are particularly grateful to all the people who have given us
help on our article.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

References

1. Liang Y, Du ML, Luo XP. Consensus on diagnosis and treatment of central
precocious puberty (2015). Chin J Pediatr. (2015) 53(06):412-8. doi: 10.3760/cma.j.
issn.0578-1310.2015.06.004

2.Shi L, Jiang Z, Zhang L. Childhood obesity and central precocious puberty.
Front Endocrinol (Lausanne). (2022) 13:1056871. doi: 10.3389/fendo.2022.
1056871

3. Cantas-Orsdemir S, Garb JL, Allen HF. Prevalence of cranial MRI findings in girls
with central precocious puberty: a systematic review and meta-analysis. J Pediatr
Endocrinol Metab. (2018) 31(7):701-10. doi: 10.1515/jpem-2018-0052

4. Perry JR, Day F, Elks CE, Sulem P, Thompson DJ, Ferreira T, et al. Parent-of-
origin-specific allelic associations among 106 genomic loci for age at menarche.
Nature. (2014) 514(7520):92-7. doi: 10.1038/naturel3545

5. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology:
more than meets the eye. Lancet Oncol. (2015) 16(4):173-80. doi: 10.1016/S1470-
2045(14)71116-7

6. Shariat SF, Capitanio U, Jeldres C, Karakiewicz PI. Can nomograms be superior to
other prediction tools? BJU Int. (2009) 103(4):492-7. doi: 10.1111/j.1464-410X.2008.
08073.x

7. Li H, Ji CY, Zong XN, Zhang YQ. Growth curve of body mass index of Chinese
children and adolescents aged 0-18 years. Chin ] Pediatr. (2009) 47(07):493-8.

8. Bangalore KK, Fuqua JS, Rogol AD, Klein KO, Popovic J, Houk CP, et al. Use of
gonadotropin-releasing hormone analogs in children: update by an international
consortium. Horm Res Paediatr. (2019) 91(6):357-72. doi: 10.1159/000501336

9. Xie SY. Establishment of Diagnostic Model for Central Precocious Puberty in Girls.
Dalian: Dalian Medical University (2019).

10. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis (TRIPOD): the
TRIPOD statement. Br Med J. (2015) 350:g7594. doi: 10.1136/bmj.g7594

11. Lee HS, Park HK, Ko JH, Kim YJ, Hwang JS. Utility of basal luteinizing hormone
levels for detecting central precocious puberty in girls. Horm Metab Res. (2012) 44
(11):851-4. doi: 10.1055/s-0032-1321905

12. Wankanit S, Mahachoklertwattana P, Pattanaprateep O, Poomthavorn P. Basal
serum luteinising hormone cut-off, and its utility and cost-effectiveness for aiding
the diagnosis of the onset of puberty in girls with early stages of breast
development. Clin Endocrinol (Oxf). (2020) 92(1):46-54. doi: 10.1111/cen.14124

13. Nijjar JK, Weiss JJ, Misra M, Stanley TL. Utility and duration of leuprolide
stimulation testing in children. J Pediatr Endocrinol Metab. (2020). doi: 10.1515/
jpem-2019-0414

14. Zhang J, Chen RM, Yuan X, Ai ZZ, Zhang Y, Yang XH, et al. Diagnostic value of
the basal luteinizing hormone level in female central precocious puberty in children
with different body mass indices. Chin ] Appl Clin Pediatr. (2020) 35(20):1566-70.

15. Heo S, Lee YS, Yu J. Basal serum luteinizing hormone value as the screening
biomarker in female central precocious puberty. Ann Pediatr Endocrinol Metab.
(2019) 24(3):164-71. doi: 10.6065/apem.2019.24.3.164

Frontiers in Pediatrics

07

10.3389/fped.2024.1421775

relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
those of the publisher, the
Any product that may be

affiliated organizations,
and the
evaluated in this article, or claim that may be made by

or
editors reviewers.

manufacturer, is not

the publisher.

its guaranteed or endorsed by

16. Huang A, Reinehr T, Roth CL. Connections between obesity and puberty:
invited by Manuel Tena-Sempere. Cordoba. Curr Opin Endocr Metab Res. (2020)
14:160-8. doi: 10.1016/j.coemr.2020.08.004

17. Aydin BK, Stenlid R, Ciba I, Cerenius SY, Dahlbom M, Bergsten P, et al. High
levels of FSH before puberty are associated with increased risk of metabolic syndrome
during pubertal transition. Pediatr Obes. (2022) 17(8):¢12906. doi: 10.1111/ijpo.12906

18. Navarro VM. Metabolic regulation of kisspeptin—the link between energy
balance and reproduction. Nat Rev Endocrinol. (2020) 16(8):407-20. doi: 10.1038/
541574-020-0363-7

19. Nguyen NN, Huynh LBP, Do MD, Yang TY, Tsai MC, Chen YC. Diagnostic
accuracy of female pelvic ultrasonography in differentiating precocious puberty
from premature thelarche: a systematic review and meta-analysis. Front Endocrinol
(Lausanne). (2021) 12:735875. doi: 10.3389/fendo.2021.735875

20. Eksioglu AS, Yilmaz S, Cetinkaya S, Cinar G, Yildiz YT, Aycan Z. Value of pelvic
sonography in the diagnosis of various forms of precocious puberty in girls. J Clin
Ultrasound. (2013) 41(2):84-93. doi: 10.1002/jcu.22004

21. Wang RM, Tang YX, Huang R, Fu SE, Zhu SY. The value of pelvic
ultrasonography in the diagnosis and treatment of central precocious puberty in girls.
Imaging Res Med Appl. (2022) 6(22):41-3. doi: 10.3969/j.issn.2096-3807.2022.22.013

22. Yu HK, Liu X, Chen JK, Wang S, Quan XY. Pelvic ultrasonography in
diagnosing and evaluating the efficacy of gonadotropin-releasing hormone agonist
therapy in girls with idiopathic central precocious puberty. Front Pharmacol. (2019)
10:104. doi: 10.3389/fphar.2019.00104

23. Yuan XH, He LH, Liu Y, Xiang XY, Zha XX. The value of pelvic ultrasonography
in the diagnosis of central precocious puberty in girls. J Clin Ultrasound Med. (2021)
23(10):769-72. doi: 10.3969/].issn.1008-6978.2021.10.014

24. Lee SH, Joo EY, Lee JE, Jun YH, Kim MY. The diagnostic value of pelvic
ultrasound in girls with central precocious puberty. Chonnam Med ]. (2016) 52
(1):70-4. doi: 10.4068/cmj.2016.52.1.70

25. Talarico V, Rodio MB, Viscomi A, Galea E, Galati MC, Raiola G. The role of
pelvic ultrasound for the diagnosis and management of central precocious puberty:
an update. Acta Biomedica. (2021) 92(5):€2021480. doi: 10.23750/abm.v92i5.12295

26. He Z, Yuan B. Diagnostic value of combined detection of pelvic ultrasound and
serum LH, FSH, and E2 levels in children with idiopathic central precocious puberty.
Evid Based Complement Altern Med. (2022) 2022:7928344. doi: 10.1155/2022/7928344

27.Xu YQ, Li GM, Li Y. Advanced bone age as an indicator facilitates the diagnosis
of precocious puberty. J Pediatr (Rio de Janeiro). (2018) 94(1):69-75. doi: 10.1016/j.
jped.2017.03.010

28. Hur JH, Park S, Jung MK, Kang SJ, Kwon A, Chae HW, et al. Insulin resistance
and bone age advancement in girls with central precocious puberty. Ann Pediatr
Endocrinol Metab. (2017) 22(3):176-82. doi: 10.6065/apem.2017.22.3.176

29. Su H, Su Z, Pan L, Wang L, Xu Z, Peng G, et al. Factors affecting bone
maturation in Chinese girls aged 4-8 years with isolated premature thelarche. BMC
Pediatr. (2020) 20(1):356. doi: 10.1186/s12887-020-02256-w

frontiersin.org


https://doi.org/10.3760/cma.j.issn.0578-1310.2015.06.004
https://doi.org/10.3760/cma.j.issn.0578-1310.2015.06.004
https://doi.org/10.3389/fendo.2022.1056871
https://doi.org/10.3389/fendo.2022.1056871
https://doi.org/10.1515/jpem-2018-0052
https://doi.org/10.1038/nature13545
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1111/j.1464-410X.2008.08073.x
https://doi.org/10.1111/j.1464-410X.2008.08073.x
https://doi.org/10.1159/000501336
https://doi.org/10.1136/bmj.g7594
https://doi.org/10.1055/s-0032-1321905
https://doi.org/10.1111/cen.14124
https://doi.org/10.1515/jpem-2019-0414
https://doi.org/10.1515/jpem-2019-0414
https://doi.org/10.6065/apem.2019.24.3.164
https://doi.org/10.1016/j.coemr.2020.08.004
https://doi.org/10.1111/ijpo.12906
https://doi.org/10.1038/s41574-020-0363-7
https://doi.org/10.1038/s41574-020-0363-7
https://doi.org/10.3389/fendo.2021.735875
https://doi.org/10.1002/jcu.22004
https://doi.org/10.3969/j.issn.2096-3807.2022.22.013
https://doi.org/10.3389/fphar.2019.00104
https://doi.org/10.3969/j.issn.1008-6978.2021.10.014
https://doi.org/10.4068/cmj.2016.52.1.70
https://doi.org/10.23750/abm.v92i5.12295
https://doi.org/10.1155/2022/7928344
https://doi.org/10.1016/j.jped.2017.03.010
https://doi.org/10.1016/j.jped.2017.03.010
https://doi.org/10.6065/apem.2017.22.3.176
https://doi.org/10.1186/s12887-020-02256-w
https://doi.org/10.3389/fped.2024.1421775
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Development and application of a nomogram model for predicting the risk of central precocious puberty in obese girls
	Introduction
	Subjects and methods
	Research population
	Data collection
	Research methods
	Statistical methods

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


