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Background: This study aims to investigate the pituitary MRl morphological
parameters and alterations in 25-hydroxyvitamin D3 [25-(OH) D3], free thyroxine
(FT4), and sex hormone levels in female children with central precocious puberty (CPP)
and assess their clinical relevance. Materials and Methods: From February 2022 to
February 2023, 46 female children with CPP and 46 healthy controls were included.
Pituitary MRI morphological parameters, 25-(OH) D3, FT4, and sex hormone levels
were compared. Diagnostic values of each parameter were assessed. Results: Patients
with CPP exhibited higher pituitary height and altered morphology compared to
controls, with a higher proportion in grades 4 and 5 (P < 0.05). Coronal and sagittal
dimensions were increased, while coronal width was decreased in the study group (P <
0.05). Levels of E2, LH, FSH, and FT4 were elevated, while 25-(OH) D3 was reduced in
CPP patients (P < 0.05). Pituitary height, coronal height, and hormone levels showed
Keywords: Central precocious puberty, ~ high diagnostic value for CPP, with AUC values ranging from 0.811 to 0.886. Combined
pituitary MRI, 25-Hydroxyvitamin D3,  diagnosis using these indicators improved AUC to 0.909. Conclusion: In female
Free phyroxine, sex hormones,  children with CPP, significant differences exist in pituitary MRI morphological
dagnostic imaging. parameters, sex hormones, 25-(OH) D3 and FT4 levels, providing valuable diagnostic
insights for CPP.
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essential for the regulation of mineral absorption and
bone formation, implicating potential skeletal

INTRODUCTION

Sexual maturation typically denotes the onset of
secondary sexual characteristics, a natural part of
development. Central precocious puberty (CPP)
represents an advanced form of this process, where
these characteristics manifest significantly earlier
than usual. This condition is not merely a variance in
developmental timing but can profoundly impact the
growth and health of children, potentially leading to
metabolic syndrome, cardiovascular diseases, and an
increased risk of cancers related to the reproductive
system (1.2). Traditionally, serum sex hormone levels
are utilized to diagnose CPP. However, the reliance on
these hormones can result in frequent misdiagnoses
or underdiagnoses, particularly in cases where
children display isolated breast development without
other puberty markers ().

Beyond sex hormones, thyroid hormones,
particularly free thyroxine (FT4), play a crucial role
in metabolic processes and development. Despite its
significance, research on the utilization of FT4 levels
to diagnose CPP, especially in girls, remains sparse (4.
Similarly, 25-hydroxyvitamin D3 [25-(OH) D3] is

development anomalies in CPP cases (). Furthermore,
emerging studies indicate potential abnormalities in
the hypothalamic-pituitary-gonadal axis in children
with CPP, which could manifest as notable changes in
pituitary morphology, detectable through imaging
techniques (6.7).

Magnetic Resonance Imaging (MRI) offers a non-
invasive technique with high soft tissue resolution,
ideal for observing subtle changes within the
hypothalamus and pituitary gland. The clarity and
detail provided by MRI make it an invaluable tool in
the CPP diagnostic process (8 9).

This research aims to delve deeper into the
application of pituitary MRI for assessing
morphological changes alongside variations in
25-(0OH) D3, FT4, and sex hormone levels in female
children diagnosed with CPP. The study's novelty lies
in its integrative approach, combining detailed MRI
scans with comprehensive hormonal profiling to
enhance diagnostic accuracy and provide new
insights into the underlying mechanisms of CPP. By
doing so, it seeks to offer a robust framework for
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understanding the complex interplay of hormones
and brain structure alterations in precocious puberty,
thereby enriching clinical practice with more precise
diagnostic tools. The novelty of this study lies in its
integrated approach of using both pituitary MRI
morphological parameters and hormonal analysis to
diagnose central precocious puberty, offering a more
comprehensive diagnostic tool.

MATERIALS AND METHODS

General information

This study was conducted from February 2022 to
February 2023. Forty-six female children with CPP
were selected as the study group, and 46 healthy
children undergoing physical examinations in our
hospital were selected as the control group in a 1:1
ratio. There were no significant differences in the
general characteristics between the two groups (P >
0.05, table 1). This study was approved by the
Institutional Review Board. Inclusion criteria: 1.
Patients in the study group were clinically evaluated
and diagnosed with CPP according to the "Diagnosis
and Treatment Consensus for CPP" by the Chinese
Society of Pediatrics. 2. Age ranged from 6 to 9 years
old. 3. Normal intellectual development without
cognitive impairment. 4. Informed consent obtained
from both the child and their family members.
Control group consisted of healthy children
undergoing health check-ups in our hospital.
Exclusion criteria: 1. Presence of neurological
disorders. 2. Presence of other diseases unsuitable
for MRI examination. 3. Presence of mental health
disorders. 4. Presence of congenital thyroid
dysfunction disorders. 5. Peripheral precocious
puberty. The study group consisted of 46 female
children diagnosed with CPP, with a mean age of 7.45
* 1.02 years. The control group comprised 46 healthy
children, with a mean age of 7.56 + 1.26 years. This
study was approved by the ethics committee of
Hainan Women & Children's Medical Center
(Approval no. HWC-MC-1302). Signed written
informed consents were obtained from the patients
and/or guardians.

Table 1. General data comparison.

rou Age |stature| Body |Bone age| Bone age
group (year)| (cm) [mass (kg)| (age) |error (age)
Control 7.56% (125.69%| 26.98% 9.55+
lgroup (n=46)| 1.26 | 8.11 | 6.56 | 123 |199%087
Study group | 7.45+ (126.26| 26.56% 9.45+
(n=46) 1.02 | 7.98 5.89 106 |200%0.78
t 0.460 | -0.340 0.323 0.418 -0.180
P 0.646 | 0.735 0.747 0.677 0.858

Note: Bone age error: bone age-actual age.

Biochemical detection

Three milliliters of fasting venous blood were
collected from all subjects, and serum was collected
after centrifugation. Serum levels of follicle-

stimulating hormone (FSH), luteinizing hormone
(LH), and 17B-estradiol (E2) were measured using
chemiluminescence immunoassay. Serum levels of 25
-(OH) D3 and FT4 were measured using the Siemens
Immulite 2000 fully automated immunoassay
analyzer.

MRI examinations

MRI examinations were performed using the
Siemens Spectra MRI 3.0T scanner. Parameters: slice
thickness 2 mm, slice gap 0.2 mm, gradient field
strength 10mT.mlsl, matrix 173x192, field of view
140 mm x 140 mm. Pituitary height was measured on
the mid-sagittal T1 weighted image, and the upper
margin morphology, anterior lobe height, posterior
lobe position, and pituitary stalk morphology were
observed. Coronal measurements included pituitary
coronal width, coronal height, sagittal anterior-
posterior diameter, and sagittal height, with averages
taken. All MRI scans were performed using a Siemens
Spectra MRI 3.0T (Siemens AG, Germany). Hormone
levels were measured using a Siemens Immulite 2000
immunoassay analyzer (Siemens Healthineers,
Germany).

Observational indicators

MRI examinations were performed on both
groups, and pituitary conditions and MRI
morphological parameters were recorded: coronal
height, width, sagittal height, anterior-posterior
diameter; serum hormone levels were also measured,
including E2, FSH, and LH, and differences in 25-(0H)
D3 and FT4 levels between the groups were
recorded, exploring the diagnostic value of each
indicator for CPP. Pituitary morphology evaluation
followed Elster's method (19, where a clearly concave
upper margin was considered grade 1, slightly
concave as grade 2, no concavity as grade 3, slight
protrusion as grade 4, and obvious protrusion as
grade 5.

Statistical analysis

Data analysis was performed using Statistic
Package for Social Science (SPSS) 24.0 software (IBM,
Armonk, NY, USA). Student's t-test was used for
continuous variables such as age, height, body weight,
bone age, and hormone levels, with P < 0.05
considered statistically significant.

RESULTS

Comparison of pituitary conditions between the
control and study groups

The pituitary height of patients in the study group
was higher than that of the control group, and there
was a statistically significant difference in pituitary
morphology between the two groups. The proportion
of grades 4 and 5 in the study group was higher than
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that in the control group (P < 0.05, table 2).
Additionally, the prevalence of Elster's grades 4 and 5
pituitary morphologies, which indicate more
pronounced protrusion, was substantially higher in
the CPP group compared to the controls, highlighting
the severe morphological changes in patients with
CPP. Typical MRI images were shown in figure 1.

Table 2. Comparison of pituitary conditions in the control and
study groups.

rou Pituitary The pituitary shape
group height (mm)|Level 1|Level 2|Level 3|Level 4|Level 5
Control 12 11 8 7 8
lgroup (n=46)| >-33¥0-5 | 56.0) [(23.91)|(17.39)|(15.22){(17.39)
Study group 6 15 17
(n=a6) | /12071 |4B8.7) |13 0443 7) |35 61)|36.96)
X/t -13.426 12.953
P <0.001 0.012

treatment, 1: MRI scanning T1WI sagittal position showing
pituitary morphology, 2: T1+C delayed phase coronal position
showing uniform pituitary enhancement, with left and right
meridian size of 10.61mm, 3: T1+C delayed phase sagittal
position showing uniform pituitary enhancement, with
anterior and posterior radial sizes of 6.42mm and upper and
lower high meridian sizes of 4.86mm. (4-6) After treatment of
the patient, 4: MRI scanning T1WI sagittal position showing
pituitary morphology, 5: T1+C delayed phase coronal position
showing uniform pituitary enhancement with left and right
meridian sizes of 14.34mm, 6: T1+C delayed phase sagittal
position showing uniform pituitary enhancement with anterior
and posterior radial sizes of 7.00mm and upper and lower high
meridian sizes of 6.32mm.

Comparison of pituitary morphology parameters
between the control and study groups

Further detailed analysis revealed that the
coronal height and the sagittal anterior-posterior
diameter were both significantly increased in the
study group compared to the control group (P < 0.05,
table 3), indicating a specific pattern of pituitary
enlargement in children with CPP. Conversely, the
coronal width was found to be narrower in the study
group, reinforcing the notion of abnormal pituitary
growth patterns in affected individuals. No significant
differences were observed in the vector height
between the two groups (P > 0.05), suggesting that
this parameter may not be affected by the condition.

Table 3. Comparison of pituitary morphology parameters
between the control and study groups.

Coronation|Coronation| Sagittal |Vector front
rou height wide high and rear
group diameter | diameter |diameter| diameter
(mm) (mm) (mm) (mm)
Control |/ o6+0.56 [11.18+1.02 |4.9820.56| 7.02¢0.74
group (n=46)
St“(‘:“ﬁ;‘)’“p 7.15+0.61 |10.55+0.985.18+0.67| 7.77+0.68
t -20.394 3.021 -1.553 -5.062
P <0.001 0.003 0.124 <0.001

Comparison of serum sex hormone levels between
the control and study groups

The levels of estrogen (E2), luteinizing hormone
(LH), and follicle-stimulating hormone (FSH) were
significantly elevated in the study group as compared
to the control group (P < 0.05, table 4). These findings
are consistent with the hormonal profile typically
seen in CPP, where increased gonadotropin and
estrogen levels are indicative of premature activation
of the hypothalamic-pituitary-gonadal axis.

Table 4. Comparison of serum sex hormone levels between
the control and study groups.
Group E2(IU/L) | LH(IU/L) | FSH(IU/L)
Control group (n=46) |4.66+0.56| 6.45+0.79 | 46.22+5.16
Study group (n=46) |7.98+0.98|10.22+1.12]120.12+16.66
t -19.950 | -18.656 -28.738
P <0.001 <0.001 <0.001

Comparison of FT4 and 25-(0H) D3 Levels between
the control and study groups

Significant hormonal disparities were also noted
in the levels of free thyroxine (FT4) and 25-
hydroxyvitamin D3 (25-(OH) D3). The FT4 levels
were elevated, whereas the levels of 25-(OH) D3
were significantly reduced in the CPP group com-
pared to controls (P < 0.05, table 5). These results
suggest an interplay between thyroid function and
vitamin D metabolism in the pathophysiology of CPP.

Table 5. Comparison of FT4, 25- (OH) D3 levels in the control
and study groups.

Group FT4(pmol/L) | 25-(OH)D3(ng/ml)
Control group (n=46) 17.45+1.23 28.55+3.16
Study group (n=46) 35.11+2.44 14.46+1.98
t -43.834 25.626
P <0.001 <0.001

Diagnostic value of pituitary morphology, serum
sex hormones, FT4, and 25-(0H) D3 levels for CPP
Receiver Operating Characteristic (ROC) curve
analysis was conducted to evaluate the diagnostic
performance of each biomarker. The analysis
revealed high Area Under the Curve (AUC) values for
pituitary height (0.875), coronal height (0.845),
estrogen (E2, 0.854), LH (0.811), FSH (0.885), FT4
(0.843) and 25-(OH) D3 (0.886), indicating strong
diagnostic potential for each parameter in isolation.
Remarkably, when these indicators were combined,
the diagnostic accuracy improved, with a composite
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AUC of 0.909 (table 6). This demonstrates the
enhanced diagnostic utility of a multi-parametric

approach in identifying CPP.

Table 6. Diagnostic value of pituitary morphology, serum sex hormones and FT4, 25- (OH) D3 levels for central precocious puberty.

. The best 95%Cl . o

index AUC cut-off value | lower limit | upper limit sensitivity | specificity P
Vertical height 0.875 5.945 0.804 0.947 0.874 0.761 <0.001
Coronation height diameter 0.845 5.915 0.756 0.933 0.870 0.826 <0.001
Coronation wide diameter 0.628 10.300 0.514 0.742 0.478 0.804 0.054
Vector front and rear diameter 0.604 7.020 0.488 0.720 0.761 0.435 0.086
E2 0.854 6.065 0.771 0.937 0.872 0.823 <0.001
LH 0.811 7.980 0.715 0.907 0.848 0.825 <0.001
FSH 0.885 53.190 0.814 0.957 0.913 0.783 <0.001
FT4 0.843 25.690 0.758 0.929 0.873 0.829 <0.001
25-(OH)D3 0.886 20.720 0.815 0.956 0.871 0.821 <0.001
Joint prediction 0.909 —_— 0.848 0.970 0.842 0.848 <0.001

DISCUSSION children's height, body mass, bone age index, and

CPP is primarily caused by central lesions and
involves various complex factors. The pathogenesis
includes genetic factors, changes in pituitary
morphology, abnormal sex hormone levels, thyroid
dysfunction, among others, and single-marker
detection lacks specificity and sensitivity. This study
aimed to comprehensively diagnose CPP from
multiple aspects to improve clinical diagnostic
efficacy. Thus, this study aimed to analyze the
pituitary MRI morphological parameters and the
changes in 25-(0OH) D3, FT4, and sex hormone levels
in female patients with CPP.

The findings from this study underscore the
pivotal role of advanced imaging techniques in
diagnosing CPP. MRI, with its high soft tissue
resolution, has proved invaluable in delineating
pituitary abnormalities that are indicative of CPP.
The alterations in pituitary height and morphology,
as observed through MRI, corroborate with hormonal
changes, specifically elevated levels of E2, LH, and
FSH, which are hallmarks of CPP due to their role in
stimulating puberty-related changes.

It is reported that children with CPP have
abnormalities in the hypothalamic-pituitary-gonadal
axis (11, Sex hormone levels increase before puberty
in these children. The results of this study show that
the levels of E2, LH, and FSH in the study group were
significantly higher than those in the control group.
Abnormal pituitary function contributes to the
occurrence of this disease. The activation of the
hypothalamic-pituitary-gonadal axis can promote the
action of gonadotropin-releasing hormone (GnRH).
Secretion of GnRH is suppressed before puberty, but
this inhibition is lifted during puberty, leading to the
synthesis of FSH, LH, and E2, thus inducing girls to
enter puberty (12.13), The results of this study indicate
that the levels of E2, LH, and FSH are elevated
in children with CPP, consistent with the
aforementioned mechanism.

Abnormalities in pituitary function can be
reflected not only by abnormal sex hormone levels
but also by the imaging features of the pituitary.
Pituitary height is considered to be related to

corresponding hormones, and analyzing pituitary
morphology and height can serve as an auxiliary
diagnostic method for CPP (14). Research has shown
that children with precocious puberty have external
pituitary morphology differences from normal
individuals, with significantly higher pituitary height
in the former (15). Early secretion of GnRH in children
with CPP leads to increased levels of gonadotropins,
resulting in hypertrophy and proliferation of
pituitary gland cells, increased pituitary height, and
subsequent release of estrogen. It has been reported
that the pituitary edge is mostly flat during childhood
and raised during puberty (16). Female children with
CPP exhibit pituitary hyperplasia on MR, reflecting
the early activation of the hypothalamic-pituitary-
gonadal axis. Elster grading of the pituitary is closely
related to physical development. The results of this
study show that the proportion of grades 4 and 5 in
the study group was higher than that in the control
group, and the coronal height and sagittal
anterior-posterior diameter were higher in the study
group, while the coronal width was lower than that in
the control group. The pituitary diameter can serve as
an indicator of whether children have entered
puberty, with increased pituitary height and raised
edges, which is consistent with pituitary changes
during puberty (7). MRI can reflect changes in the
structure and function mentioned above; therefore,
these parameters can serve as potential indicators for
diagnosing CPP.

Some studies have indicated an association
between vitamin D deficiency and precocious puberty
because insufficient vitamin D inhibits the absorption
and metabolism of calcium and phosphorus in the
body, affecting thyroid function and bone
development (18), Abnormal development in children
with CPP may lead to excessive growth in height
before adulthood, but rapid fusion of epiphyseal
plates can result in short stature in adulthood (9. The
results of this study show that the FT4 level was
higher and the 25-(OH) D3 level was significantly
lower in the study group than in the control group. An
increase in FT4 level suggests thyroid dysfunction,
indirectly promoting estrogen stimulation of the
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body, providing conditions for the occurrence of CPP.
It has been suggested that 25-(OH) D3 acts on
vitamin D receptors to regulate the immune system
and the hypothalamic-pituitary-gonadal axis (20),
Deficiency in 25-(OH) D3 affects these functions,
leading to the occurrence of CPP.

Building upon previous research, this study
jointly analyzed differences in sex hormone levels,
pituitary MRI-related parameters and morphology,
thyroid function-related parameters, and 25-(0H) D3
between female children with CPP and normal
children. The results of this study show that the AUC
values for the combined diagnosis of CPP using
pituitary height, coronal height, E2, LH, FSH, FT4 and
25-(OH) D3 were higher than when each indicator
was used separately, indicating a higher diagnostic
value of the combined indicators. However, this study
also has limitations, such as a small sample size and
being a single-center study, which require further
expansion of the sample size for in-depth analysis in
the future.

In interpreting these findings, it is essential to
consider the limitations noted in this study, such as
the small sample size and the study being confined to
a single center. These factors may affect the
generalizability of the results, and thus, further
studies with a larger cohort and multiple centers are
warranted to substantiate these findings.

Ultimately, this research enhances our
understanding of CPP and wunderscores the
importance of a comprehensive diagnostic approach
that utilizes both advanced imaging and detailed
hormonal profiling. Such approaches are likely to
improve diagnostic precision and lead to better-
targeted interventions, which are vital for managing
the potential complications associated with CPP.

In conclusion, there are significant differences in
pituitary MRI morphology parameters, sex
hormones, 25-(OH) D3, and FT4 levels in female
children with CPP, which are of great significance in
the diagnosis of central precocious puberty.
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