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Purpose: To understand the status of vitamin D deficiency in girls with growth
and developmental variations, as well as the impact of COVID-19 on their
vitamin D levels, and to provide reference for the prevention and treatment of
vitamin D deficiency in children.

Methods: A retrospective analysis was conducted on 1,345 instances of girls with
growth and developmental variations who visited our pediatric endocrinology
department and completed vitamin D detection. A total of 279 girls with
complete data were included in this study. Among them, 246 girls were
classified into four groups based on different growth and developmental
variations: early puberty group, menarche group, obesity group, short stature
group, and 33 healthy girls served as the control group. Besides, the girls were
divided into pre-epidemic and post-epidemic groups by the occurrence of the
COVID-19 epidemic. Vitamin D were measured in all girls. The 25(OH)D
<20 ng/ml was used as the standard for vitamin D deficiency.

Results: The levels of vitamin D in the early puberty group, menarche group,
obesity group, short stature group, and control group were as follows:
20.23+5.90 ng/ml, 17.85+ 5.69 ng/ml, 21.31+8.99 ng/ml, 27.90 + 12.27 ng/ml,
and 29.42 + 12.65 ng/ml, respectively. The levels of vitamin D in the early puberty
group, menarche group, and obesity group were significantly lower than those in
the control group (P<0.05). The individual vitamin D deficiency rates in the
aforementioned groups were 52.07%, 73.91%, 59.46%, 30.95%, and 30.30%,
respectively. The vitamin D levels in the pre-epidemic and post-epidemic groups
were 20.48 + 6.22 ng/ml and 22.50 + 9.74 ng/ml\, respectively (P> 0.05).
Conclusion: Girls with early puberty, menarche, and obesity have a certain
deficiency of vitamin D levels, and appropriate vitamin D treatment should be
provided clinically. Girls with short stature and healthy girls also have certain levels
of vitamin D deficiency, and awareness of prevention should be strengthened.
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1 Introduction

Vitamin D, a fat-soluble vitamin derived from steroids, is essential for maintaining the
life of higher animals and plays a vital role in individual development (1). Especially in the
growth and development of children, vitamin D deficiency can lead to various diseases
such as rickets and osteoporosis (2). Therefore, timely prevention and supplementation
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of vitamin D are particularly important for children with growth and
developmental variations. In addition, vitamin D is also associated
with various pubertal development disorders in children. It was
shown that Vitamin D levels decreased in children with precocious
puberty, obesity, and polycystic ovary syndrome (3-5). However,
the specific mechanisms of its effects remain to be further studied.
The aim of this study is to analyze the deficiency of vitamin
D in girls with different growth and developmental variations.
Moreover, it may provide some clinical reference data for
preventive and timely vitamin D supplementation in girls.

2 Subjects and methods
2.1 Study subjects

A retrospective analysis was performed on 1,345 instances of girls
who visited the pediatric Eendocrinology department of affiliated
hospital of Jiangnan University and completed vitamin D detection
between March 16, 2,018, and October 17, 2023. To eliminate factors
such as previous treatment or medical history, only girls with growth
and development abnormalities at their first visit were screened for
the study. Ultimately, 279 girls with an average age of 9.2 years were
enrolled, including 121 cases of early puberty, 46 cases of menarche,
37 cases of obesity, 42 cases of short stature, and 33 healthy girls.
This study was approved by the Ethics Committee in our hospital.

2.2 Detection methods

Vitamin D was measured using the electrochemiluminescence
immunoassay analyzer (Cobas 8000e602). Luteinizing hormone (LH),
follicle-stimulating hormone (FSH), and estrogen (E2) were detected
by ACCESS Automatic Microparticle Immunochemiluminescence
Analyzer (DxI800, BECKMAN, USA). Parathyroid hormone (PTH)
was performed on an automated assay (LIASON® N-TACT®,
DiaSorin). Alkaline phosphatase (ALP) was detected by Alkaline
phosphatase test reagent kit (Method of NPP-AMP).

2.3 Growth and development assessment

The growth and development growth parameters were included.
Height and weight were measured by standardized methods (6).
According to Tanner stage (7), pubertal development in girls is
divided into 5 stages related to changes that are observed in the
development of breasts and pubic hair. x-ray examination of the
left wrist joint was performed, and bone age (BA) was calculated
by TW2R method. Clinical indicators such as bone age and
Tanner stage were assessed by two endocrinology experts.

2.4 Diagnosis criteria

Girls with precocious puberty and early puberty were all
included in the early puberty group. The diagnosis criteria for
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precocious puberty and early puberty in girls refer to the expert
consensus on diagnosis and treatment of central precocious
puberty (8). Precocious puberty is defined as the development of
secondary sexual characteristics in girls before 8 years of age or
the onset of menarche before 10 years of age. Pelvic ultrasound
indicates enlargement of the uterus and ovaries. Serum
gonadotropins (Gn) and sex hormones reach the level of puberty.
Bone age advances by more than 1 year. Linear growth is
accelerated. Early puberty refers to the appearance of secondary
sexual characteristics in girls after 8 years of age and before the
average age of normal puberty (9).

The inclusion criteria for the menarche group required participants
to be girls experiencing their first menstrual period, who consequently
sought consultation in the pediatric endocrinology department for
assessment of their developmental status.

For the obesity group, the diagnosis criteria are based on the
recommendations of the Working Group on Obesity in China.
Obesity is defined as a body mass index (BMI) exceeding the
95th percentile for the same gender and age, excluding other
endocrine disorders causing obesity (10).

The diagnosis criteria for the short stature group are based on the
guidelines for the diagnosis and treatment of idiopathic short stature
(ISS) in children (11). ISS refers to a clinically heterogeneous group of
growth disorders characterized by unexplained short stature. It is
defined as a height that is more than 2 standard deviations (SD)
below the mean or below the 3rd percentile (P3, —1.88 SD) for
individuals of the same age, sex, and ethnic background.
Individuals with ISS typically exhibit normal birth length, birth
weight, and body proportions, with no detectable evidence of
systemic disease, endocrine dysfunction, nutritional deficiency,
chromosomal abnormalities, or genetic mutations (12).

The grouping criteria before and after the epidemic are defined
based on the outbreak of the epidemic. All 279 girls in this study
were Girls divided by who visited the hospital before December
19, 2019, are defined as the pre-epidemic group (n=39), while
those after December 19, 2019, are defined as the post-epidemic
group (n = 240).

According to the diagnostic criteria for vitamin D deficiency (5),
vitamin D level <10 ng/ml (25 nmol/L) is defined as vitamin D
severe deficiency, <20 ng/ml (50 nmol/L) as vitamin D deficiency,
between 20 and 30ng/ml as vitamin D insufficiency, and
>30 ng/ml as vitamin D sufficiency (13).

The exclusion criteria encompassed girls diagnosed with
liver diseases, kidney diseases, thyroid disorders, parathyroid
dysfunction, adrenal disorders, bone metabolism abnormalities, or
other conditions affecting calcium homeostasis or hypothalamic-
pituitary axis function. Girls undergoing corticosteroid treatment,
as well as those with chromosomal abnormalities, internal organ
malformations, malabsorption disorders, or congenital metabolic
diseases, were also excluded from the study.

2.5 Statistical analysis

Data analysis was performed using SPSS 25.0 statistical software.
Graphs were plotted using Graphpad Prism 9.5.0 software.
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Measurement data were presented as mean * standard deviation
(X£SD). Non-parametric tests were used for comparisons
between the early puberty group, menarche group, obesity group,
and short stature group with the control group, as well as for
comparisons between pre-epidemic and post-epidemic groups. The
calculation of Standardized Mean Differences (SMD) for basic
clinical indicators and the creation of forest plots were performed
using R (version 4.3.1). Correlation heatmaps were also generated
using R. The linear regression analysis for the comparison of
indicators and vitamin D levels across different groups was
conducted using SPSS. Spearman correlation analysis was used to
assess the correlation between two independent variables. P < 0.05
was considered the difference to be statistically significant.

3 Results
3.1 Basic characteristics of girls

A total of 279 pubertal girls were assigned to this study, including
246 girls with growth and developmental variations and 33 girls with
normal development. Based on the different diagnoses of growth and
development abnormalities, the 246 girls were divided into 4 groups:
the early puberty group, menarche group, obesity group, and short
stature group. 33 girls with normal development were enrolled in the
control group. The basic clinical characteristic of the 279 girls is
shown in Table 1. The estrogen levels in the menarche group were
significantly higher than those in the control group (P <0.001). The
BMI of the obesity group and menarche group was significantly
higher than that of the control group (P <0.001). The LH levels in
the menarche groups was significantly elevated compared to the
control group (P<0.05). We also measured alkaline phosphatase
levels among the groups, and the results showed a strong correlation
between the groups with elevated alkaline phosphatase levels and
those groups with decreased vitamin D levels. Moreover, the
difference was significant. To provide a more intuitive understanding
of the comparison of physiological indicators between girls in the
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four abnormal development groups and the control group, we also
generated forest plots for the Standardized Mean Differences (SMD)
(Figures 1A-D). These plots illustrate the SMD for various
physiological markers across the four development variations groups
in comparison to the control group.

3.2 Differences of vitamin D levels in girls
with growth and development variations

The average vitamin D levels in the early puberty group, menarche
group, obesity group, short stature group, and control group
were 20.23+5.90 ng/ml, 17.85+5.69 ng/ml, 21.31+ 8.99 ng/ml,
27.90 +12.27 ng/ml, and 29.42 +12.65 ng/ml, respectively. The
comparison of vitamin D levels among different groups revealed
that the vitamin D levels in the early puberty, menarche, and obesity
groups were significantly lower than the control group, with
statistical significance (Figures 2A-C). The difference in vitamin
D levels between the short stature group and the control group was
not statistically significant (P>0.05) (Figure 2D). The ALP levels
exhibited a high degree of consistency with vitamin D levels across
the groups (Supplementary Figure 1A).

3.3 Linear regression analysis of vitamin
D levels and various physiological indicators

Based on the results 2, it can be observed that the vitamin D levels in
girls from the early puberty, menarche, and obesity groups are
significantly lower than those in the control group. However, there are
differences in age between these groups, which could influence the
results. To account for this, we conducted a linear regression analysis
of vitamin D levels and various physiological indicators within each
group to control for the influence of other factors on vitamin D.

The results indicate that, in the early puberty group, the regression
coefficient for age is —0.66, with a 95% confidence interval of (—1.40,
0.07) and a p-value of 0.07. This suggests a potential negative

TABLE 1 Basic clinical characteristic of girls with growth and development variations.

Early puberty group

Menarche group

(n=121) (n = 46)
Age (y) 9.21 + 1.44° 10.91 + 1.14*
Height (cm) 136.66 + 8.94° 148.38 + 7.85
Weight (kg) 31.53 +7.80° 43.69 +9.26*
BMI 16.70 +2.41 19.62 +3.12°
Bone age (y) 10.21 +1.4% 12.02 £0.78°
Tanner stage 2.51 £0.94° 3.89+£0.98"
LH (IU/L) 2.03+4.93 5.96 +6.13
FSH (IU/L) 4.65+4.19 6.18 +2.21
E2 (pg/ml) 32.90 +37.70% 47.15 +27.47%
PTH (ng/L) 33.77 +22.23 25.42+10.42
Ca (mmol/L) 2.47+0.10 2.48 +0.08
P (mmol/L) 1.68+0.17 170 +0.17
ALP (U/L) 298.17 £92.51° 275.16 + 66.14°

Obesity group Short stature Control group
(n=37) group (n = 42) (n=33)
9.25 +2.04* 8.32+£2.82 8.08 £2.86

138.38 +13.13° 119.68 £ 15.34 126.46 £ 17.49
43.24 +14.80% 22.14+6.90 25.90 +9.46
21.86 +3.33% 15.18 +2.80 15.75+2.42
9.70 + 1.68% 7.75+£2.20 7.96 £ 1.55
2.61 +£1.23% 1.53+0.76 1.77 £ 1.18
1.25+2.15 0.26 £0.41 2.13+4.37
359+191 2.71+1.75 4414332
21.02+£9.59 18.61 £8.10 19.27 £9.31

19.65 + 3.89* 30.39+11.91 46.11 £ 15.29
2.53+0.09 2.50+0.10 249 £0.10
1.70 £0.14 1.62 +£0.15° 1.79£0.27

286.45 +79.26* 243.33 +44.24 218.18 + 68.09

BMI, body mass index, Bone age, years; LH, luteinizing hormone (IU/L); FSH, follicle-stimulating hormone (IU/L); E2, estradiol (pg/ml); PTH, parathyroid hormone (ng/L); Ca, calcium

(mmol/L); P, phosphorus (mmol/L); ALP, alkaline phosphatase (U/L).
“Significant difference compared to the control group.
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A Early Puberty Group B Menarche Group
SMD 95% CI P value SMD 95% CI P value
Age 0620 (0.229, 1.011) o —- Age 1.390  (0.893,1.887) —a—
Hight ~ 0.903  (0.505, 1.300) —a— Hight ~1.716  (1.195,2.237) ——
BW 0689 (0.296, 1.082) —.— BW  1.904  (1.367,2.441) —a—
BMI  0.391  (0.003, 0.778) * - BMI  1.355  (0.860, 1.849) —a
25(0H)D -1.176 (-1.582, -0.769) —a— 25(0H)D -1.252 (-1.740, -0.764) ——
LH  -0.018 (-0.403,0.367) 0.949 —-— LH 0700  (0.240, 1.160) * —-
FSH 0062 (-0.323,0.447) 0.831 - FSH 0663  (0.204,1.122) * —a
E2 0.404  (0.016,0.791) 0.199 —-— E2 1276 (0.787,1.766) ——
PTH -0.589 (-0.979,-0.198) 0.306 —— PTH -1.632 (-2.146, -1.117) * —
Ca -0230 (-0.616,0.156) 0.406 —-— Ca -0.188 (-0.637,0.260) 0.518 —.—
P -0.556 (-0.946, -0.166) * —-— P -0429 (-0.881,0.023) 0.129 —.—
AKP 0910 (0512, 1.308) * —- AKP 0851  (0.385,1.317) * —-
T T T T T T T T T T T T 1 ) T T T T T T T T T T T 1
-3-25-2-15-1-050 05 1 15 2 25 3 -3-256-2-15-1-050 05 1 15 2 25 3
Standard Mean Difference (SMD) Standard Mean Difference (SMD)
Obese Group Short Statue Group
C SMD 95% CI P value D SMD 95% ClI P value
Age 0474 (-0.002,0.949) 0.052 . Age 0085 (-0.371,0.541) 0.716 I
Hight 0790  (0.303, 1.278) - —a— Hight -0.416 (-0.877,0.044) 0.080 —a—
BW 1379  (0.857,1.901) —a— BW  -0.464 (-0.926,-0.002) 0.052 —e
BMI 2074  (1.493, 2.656) — BMI  -0.217 (-0.674,0.240) 0.357 —.—
25(OH)D -0.746 (-1.231, -0.261) - — 25(0H)D -0.123 (-0.579, 0.334) 0.600 —a—
LH -0259 (-0.730,0.212) 0.375 — LH  -0642 (-1.109, -0.175) * .
FSH -0.310 (-0.782,0.162) 0.302 —a— FSH  -0.675 (~1.144, -0.207) * I
E2 0185 (-0.285,0655) 0.582 — E2  -0141 (-0.597,0.316) 0.663 —a—
PTH -2435 (-3.054,-1.817) 0.085 —=— PTH -1.165 (-1657,-0672) 0.050 .
Ca 0359 (-0.114,0.832) 0.236 —a— Ca 0070 (-0.386,0.527) 0.809 —a—
P -0405 (-0.879,0.069) 0.146 —a— P -0.806 (~1.279, -0.332) n I
AKP0.920  (0.426, 1.413) . — AKP 0449 (-0.012,0.911) 0.164 ——
L L R B L DL L B L T T T T T T T T T T T
-3-25-2-15-1-050 05 1 15 2 25 3 3-25-2-15-1-050 05 1 15 2 25 3
Standard Mean Difference (SMD) Standard Mean Difference (SMD)
FIGURE 1

***P<0.001.

Forest plots comparing the clinical physiological indicators between developmental variations groups and the control group. (A) Early puberty group.
(B) Menarche group. (C) Obesity group. (D) Short stature group. Significant differences between groups are indicated by *P<0.05, **P<0.01, or

association between age and vitamin D levels; however, this relationship
is not statistically significant at the conventional 0.05 level. Similarly, in
the menarche group, the p-value for age is also greater than 0.05,
indicating that age does not significantly impact vitamin D levels in
these two groups. While there is a trend suggesting lower vitamin
D levels with increasing age, the effect is not strong enough to be
deemed significant in this analysis. A significant negative effect on
vitamin D levels is observed with a regression coefficient of —2.21
(P=0.01), suggesting that higher BMI is associated with lower
vitamin D levels in early puberty group (Table 2).

3.4 Comparison of vitamin D deficiency
rates among groups

To explore the proportions of vitamin D deficiency among

different groups and the severity of deficiency within each group,
we further analyzed the vitamin D deficiency rates among the
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groups. The individual vitamin D deficiency rates in the early
puberty group, menarche group, obesity group, short stature
group, and control group were 52.07%, 73.91%, 59.46%, 30.95%,
and 30.30%, respectively. The individual vitamin D insufficiency
rates were 93.04%, 95.65%, 83.78%, 61.90%, and 57.58%,
respectively. Among the groups of girls with growth and
developmental variations, the menarche group had the highest
individual deficiency rate, while the short stature group had the
lowest. It is noteworthy that the combined rate of deficiency in
the control group has even reached 30.30% (Table 3).

3.5 Correlation analysis between vitamin
D and basic clinical characteristics

To investigate the relationship between vitamin D levels and other

physiological indicators, we conducted a correlation analysis on 279
girls included in this study. The results revealed a significant
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FIGURE 2

groups are indicated by *P < 0.05, **P<0.01, or ***P<0.001

Comparison of vitamin D levels between developmental variations groups and the control group. (A) Early Puberty Group. (B) Menarche Group.
(C) Obesity Group. (D) Short Stature Group. Statistical comparisons were conducted using non-parametric test. Significant differences between
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positive correlation between vitamin D levels and blood calcium
(R=0.18) (P<0.05). In contrast, vitamin D levels were negatively
correlated with body weight, height, age, BMI, and Tanner stage
(R=-043, R=-042, R=-0.36, R=-0.26, R=-0.26) (P<0.01).
Additionally,
between vitamin D levels and the hormonal indicators of E2, LH,
and FSH (R=-0.22, R=-0.28, R=-0.24) (P<0.01) (Figure 3A).
Correlation analysis within each group showed a negative

significant negative correlations were observed

correlation between vitamin D levels and Tanner stage, Bone age,
LH in the early puberty group (R =-0.333, R=—0.191, R=—0.236)
(P<0.05) (Figure 3B). In the menarche group, a negative
correlation was found between vitamin D levels and BMI in
(R=-0.326) (P<0.05). Additionally, a
correlation between vitamin D levels and BMI was observed in the

significant negative

Frontiers in Pediatrics

obesity group (R=—-0.467, P<0.001). Besides, there was a negative
correlation between vitamin D levels and bone age and a positive
correlation between vitamin D levels and blood calcium in the short
group (R=-0387, R=0.500) (P<0.05 P<0.01).
Interestingly, we found that in the control group, there was a

stature

significant positive correlation between vitamin D levels and Ca
levels (R =0.506, P < 0.05).

3.6 Investigation of vitamin D differences
before and after the epidemic

To investigate the impact of the COVID-19 pandemic on
vitamin D levels in children, we divided the 279 female
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“BMI, body mass index; Bone age, years; LH, luteinizing hormone (IU/L); FSH, follicle-stimulating hormone (IU/L); E2, estradiol (pg/ml); PTH, parathyroid hormone (ng/L); Ca, calcium (mmol/L); P, phosphorus (mmol/L); ALP, alkaline phosphatase (U/L).

“Significant difference compared to the control group.
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participants into pre-pandemic and post-pandemic groups. The
vitamin D levels were 20.48 +6.22 ng/ml in the pre-epidemic
group and 22.50 £9.74 ng/ml in the post-epidemic group, with
no significant difference between these two groups. Therefore,
the epidemic may not have a direct significant effect on the
vitamin D levels of girls (Supplementary Figure 1B).

3.7 The follow-up for the status of vitamin
D supplementation

In order to explore the status of vitamin D supplementation, we
performed a follow-up study on 279 girls. Among them, 151 cases
continued follow-up and received vitamin D supplementation, and
128 cases loss of follow-up. The 151 cases were classified into
three groups based on their baseline vitamin D status: sufficient,
insufficient, and deficient (Table 4). We compared their vitamin
D levels at the initial visit with those at the first follow-up. It was
found that the average vitamin D level of these 151 girls increased
from 20.88 +6.92 ng/ml to 25.21 +7.85 ng/ml after first follow-up
(P<0.001). Interestingly, we further investigated the subsequent 10
follow-up records of these 151 girls and found that the mean
vitamin D level reached a sufficient level by the fourth follow-up,
while the median level exceeded the sufficient threshold by the
fifth follow-up (Figure 4). We also analyzed the follow-up data for
each subgroup and observed a significant increase in vitamin
D levels from baseline to the first follow-up in the early puberty
and menarche groups (P <0.001). However, while no significant
changes in vitamin D levels were observed in the obesity, short
stature, and control groups before and after follow-up (P=0.48,
0.11, and 0.17, respectively), a trend of increased vitamin D levels
was clearly observed following supplementation during the follow-
up period (Supplementary Figure 1C).

4 Discussion

Central precocious puberty is caused by premature activation
of the hypothalamic-pituitary-gonadal axis, characterized by the
appearance of secondary sexual characteristics in girls before age
8 years (14). Precocious puberty is associated with dietary habits,
environmental factors, genetics, and other factors (15-19). In this
study, there was a significant difference in vitamin D levels
between the early puberty group and the control group, with the
deficiency rate reaching 52.07%. This suggests a certain
correlation between the occurrence of precocious puberty and the
decrease in vitamin D levels. One study have observed that
vitamin D levels in children with precocious puberty are
significantly reduced, which is consistent with the results of our
study (20-23). However, other studies have found no correlation
between precocious puberty and vitamin D levels. These
difference results from ours could be attributed to regional and
population differences (24, 25). A meta-analysis involved 3,016
children with precocious puberty and 8,296 healthy children
as the control group, it was shown that children with vitamin D
deficiency were more likely to develop precocious puberty (26).
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TABLE 3 Comparison of vitamin D deficiency rates in girls with growth and development variations.

Vitamin D Early Puberty | Menarche group
Deficiency Rate group (n 1) (n=46)
Severe Count 3* 3*
deficiency Percentage 37.5% 37.5%
Deficiency Count 60" 31°
Percentage 44.8% 23.1%
Insufficiency | Count 52% 10°
Percentage 55.9% 10.8%
Sufficiency Count 6" 2P
Percentage 13.6% 4.5%

All deficiency | Percentage 52.07% 73.91%

Short Stature | Control group Total
group (n =42) (n=33) (n =279)

1* 1? 0* 8
12.5% 12.5% 0.0% 100.0%
21> 12¢ 10° 134
15.7% 9.0% 7.5% 100.0%

9° 13~ ° 9 b 93
9.7% 14.0% 9.7% 100.0%

6° 16° 14° 44
13.6% 36.4% 31.8% 100.0%

59.46% 30.95% 30.30% 50.90%

Each subscript letter (a—c) represents a subset of categories within the diagnostic group. At the P=0.05 level, these letters indicate statistically significant differences between the subsets.

The mechanism linking vitamin D deficiency to earlier Gn release
remains not fully understood. Studies have shown vitamin
D receptors (VDRs) are expressed in the pituitary gland (27).
While the presence of VDRs in the pituitary gland suggests a
potential role, it does not directly explain the interaction between
vitamin D and gonadotropin-releasing hormone (GnRH) pulse
generation. Recent studies have shown a negative correlation
between VDR gene expression and Gn (28). This suggests that
higher VDR activity might be associated with lower Gn release.
However, since Gn is generated by GnRH pulses, VDR activity
may potentially inhibit GnRH pulse generation through some
mechanism. However, current research has not yet confirmed the
relationship between VDR gene expression and vitamin D levels.
All of the above are potentially pointing to a regulatory role for
vitamin D in the hypothalamic-pituitary-gonadal (HPG) axis.

Menarche is a normal physiological phenomenon during
female adolescence. With the development of society and the
improvement of living standards, the age of menarche in girls is
becoming younger (29). The age of menarche has been reported
to have associations with some factors such as obesity and
genetics (30, 31). The analysis results of this study show a
statistical difference in vitamin D levels between the control
group and the menarche group. Previous studies have conducted
correlation analyses between the age of menarche and vitamin
D levels using a research method involving a 30-month follow-
up of 242 girls (32). However, in our study, the vitamin D levels
in the menarche group were measured when the girls were
during the menarche stage, which could directly reflect the
physiological status of menarche. Since the onset of menarche
marks the full initiation of puberty, and the initiation of puberty
requires a certain level of body mass index (BMI), the BMI of
individuals who have experienced menarche is significantly
higher compared to the control group, and the rate of vitamin
deficiency is also extremely high, reaching 73.91%.

Obesity is highly prevalent during the developmental period of
children. Obesity can have adverse psychological effects such as
low self-esteem, poor academic performance, and depression (33).
children’s
physiological health, making them more susceptible to diseases

Furthermore, obesity can have implications for

such as diabetes, lipid disorders, cancer, autoimmune diseases, and
early-onset polycystic ovary syndrome compared to healthy
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children (34). The correlation between obesity and vitamin D has
also been increasingly validated by research. Studies by Fiamenghi,
V.I et al. and Kasvis, P. et al. have shown that the risk of vitamin
D deficiency is higher in children and adolescents with obesity
(35-37). Their findings are consistent with the conclusions of this
study. while there is a trend toward lower vitamin D levels with
increasing age and other physiological indicators, most of these
affect is not strong enough to be conclusively determined as
significant in this analysis. Further studies with larger sample sizes
may be needed to clarify this relationship.

Vitamin D deficiency impairs calcium absorption and disrupts
bone mineralization. In response, the body may increase ALP
activity in an attempt to promote bone mineralization (38).
Consequently, elevated ALP levels are often observed as a
compensatory marker of impaired bone health in the context of
vitamin D deficiency. In this study, vitamin D deficiency was
notably prevalent in the precocious puberty, menarche, and
obesity groups, showing a strong correlation with the groups
exhibiting elevated ALP levels.

Research on vitamin D in children primarily focuses
on investigating the association between vitamin D levels
health
relationship between precocious puberty (21). However, the

and various conditions, including its potential
interrelationships between various hormones and vitamin D in
different diseases remain to be further explored. In order to
investigate the potential correlation between vitamin D and
Gn, we conducted a correlation analysis of various indicators
in 279 girls. The results showed a significant negative
correlation between vitamin D levels and Gn, which was also
confirmed in the early puberty group. Within this group,
vitamin D was found to be negatively correlated with BMI,
Tanner stage, LH and bone age, while showing a significantly
positively correlated with blood calcium. This may be attributed to
the early activation of the hypothalamic-pituitary-gonadal axis,
which accelerates development and growth in girls, leading to the
rapid depletion of vitamin D. In the obesity group, vitamin D is
significantly negatively correlated with BMI. This phenomenon
may be attributed to the fat-soluble nature of vitamin D, which
can be stored in adipose tissue and hinder the utilization of free
vitamin D, thereby causing vitamin D deficiency in obese

children (39).
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In this study, all groups exhibited a relatively high deficiency
rate of vitamin D. There were significant differences in the
deficiency rates of vitamin D between the precocious puberty,
menarche, and obesity groups compared to the healthy control
group. However, there was no significant difference in the
deficiency rate of vitamin D between the short stature group and
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the control group. This observation may be explained by a
hypothesized lower demand for vitamin D due to reduced
growth velocity in individuals with short stature. In the study by
Lee, H.S. et al, the vitamin D levels in the early puberty group
and the control group were 17.1 +4.5 ng/ml and 21.2 + 5.0 ng/ml
(P <0.05), indicating vitamin D deficiency in both groups, which
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TABLE 4 The first follow-up of vitamin D supplementation.

Baseline vitamin D L, mean + SD) = First follow-up vitamin D | p-value Adherence rate (%)
(ng/ml, mean + SD)
Sufficient 12 37.07 +6.13 36.9+ 3.4 0.96 81.58
Insufficient 60 24.12+2.85 25.36+2.71 0.2 41.2
Deficient 79 15.96 +2.78 2332291 <0.001 36.04
Total 151 20.88 £ 6.92 2521+7.85 <0.001 41.11

Baseline vitamin D refers to the vitamin D level of the girls at the time of their inclusion in the study upon their initial visit.

A _ E= 0:20.88 ng/ml
80
3 1:25.21 ng/ml
. - 3 2:27.18 ng/ml
I 60 3 3:29.06 ng/ml
Ea ° . . Bl 4:30.25 ng/ml
= i ° e Bl 5:31.20 ng/ml
2 s w o : : 1 6:33.84 ng/ml
= 40 H ] % : Bl 7:30.73 ng/ml
(] o ¥
= - = 3 8:32.39 ng/ml
E B 9:31.36 ng/ml
S 20+ 3 10: 31.10 ng/ml
>
b Mean vitamin D levels

T T
01 2 3 4 5 6 7 8 9 10

Follow up time points

B

80 B 0: 19.60 ng/ml
i 3 1:25.31 ng/ml
=E“ 3 2:27.10 ng/ml
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£ i Bl 4:29.51 ng/ml
4 Bl 5:31.27 ng/ml
2 40- 3 6:34.90 ng/ml
2 B 7:29.71 ng/ml
= 1 8:33.37 ng/ml
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S 1 10: 31.62 ng/ml
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FIGURE 4
Follow-up frequency and changes in vitamin D levels among girls receiving vitamin D supplementation. (A) Scatter plot depicting the mean vitamin
D levels at each follow-up point. (B) Violin plot illustrating the distribution and median vitamin D levels at each follow-up point.

is consistent with this study (21). Interestingly, even in the control  groups in this study. However, Research by Martineau, A.R. et al.
group, insufficient vitamin D provided a certain indication for  indicated an increase in BMI and deficiency rates of vitamin D
supplementing vitamin D in adolescents. in children after novel coronavirus epidemic due to reasons such

Statistical analysis revealed no significant difference in vitamin  as containment measures (40). It may be related to children’s
D levels in girls between the pre-pandemic and post-pandemic  reduced outdoor activities and decreased vitamin D synthesis
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during the lockdown. However, there is no significant difference in
vitamin D levels between the post-pandemic and pre-pandemic
periods in girls. This may be attributed to the fact that the girls
included in this study were all school-aged children, with a
predominance of indoor learning and limited outdoor activities.

Our results suggest that continuous vitamin D supplementation
effectively elevated the average serum vitamin D concentration
above 30 ng/ml by the fourth follow-up. This outcome underscores
the critical importance of timely vitamin D supplementation for
girls with developmental variations.

There are several limitations in our study. The sample size
needs to be expanded, more vitamin D-related indicators should
be included, and further investigation into the underlying
mechanisms is required. We plan to address these limitations in
future studies on the mechanisms linking vitamin D deficiency
and abnormal growth in girls, with the aim of improving and
refining our research.

5 Conclusion

Our study systematically reviewed the prevalence of vitamin D
deficiency among girls with pubertal development variations. The
results indicated a common presence of vitamin D deficiency
among girls experiencing early puberty, early menarche, and
obesity, underscoring the critical importance of timely vitamin D
supplementation in this population. Furthermore, this study
conducted a preliminary investigation into the association between
vitamin D levels and hormonal profiles in these girls, providing a
potential foundation for future research on the underlying
interaction mechanisms in girls with abnormal pubertal development.
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a non-parametric t-test. Significance levels are indicated as follows:
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frontiersin.org


https://www.frontiersin.org/articles/10.3389/fped.2025.1518548/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2025.1518548/full#supplementary-material
https://doi.org/10.3389/fped.2025.1518548
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Huang et al.

References

1. Holick MF. Vitamin D: a millenium perspective. J Cell Biochem. (2003)
88(2):296-307. doi: 10.1002/jcb.10338

2. Munns CF, Shaw N, Kiely M, Specker BL, Thacher TD, Ozono K, et al. Global
consensus recommendations on prevention and management of nutritional rickets.
J Clin Endocrinol Metab. (2016) 101(2):394-415. doi: 10.1210/jc.2015-2175

3. Chen Y, Chen J, Tang Y, Zhang Q, Wang Y, Li Q, et al. Difference of precocious
puberty between before and during the COVID-19 pandemic: a cross-sectional study
among Shanghai school-aged girls. Front Endocrinol (Lausanne). (2022) 13:839895.
doi: 10.3389/fendo.2022.839895

4. Morgante G, Darino I, Spano A, Luisi S, Luddi A, Piomboni P, et al. PCOS
physiopathology and vitamin D deficiency: biological insights and perspectives for
treatment. J Clin Med. (2022) 11(15):4509-15. doi: 10.3390/jcm11154509

5. Adikaram SGS, Samaranayake D, Atapattu N, Kendaragama K, Senevirathne JTN,
Wickramasinghe VP. Prevalence of vitamin D deficiency and its association with
metabolic derangements among children with obesity. BMC Pediatr. (2019)
19(1):186. doi: 10.1186/s12887-019-1558-8

6. Ranke MB. Towards a consensus on the definition of idiopathic short stature.
Horm Res. (1996) 45(Suppl 2):64-6. doi: 10.1159/000184851

7. Duzgun I, Kanbur N O, Baltaci G, Aydin T. Effect of tanner stage on
proprioception accuracy. J Foot Ankle Surg. (2011) 50(1):11-5. doi: 10.1053/j.jfas.
2010.09.002

8. Subspecialty Group of Endocrinologic H M D, the Society of Pediatrics Chinese
Medical Association Editorial Board. Expert consensus on the diagnosis and treatment
of central precocious puberty(2022). Chinese Journal of Pediatrics. (2023) 61(1):16-22.
doi: 10.3760/cma.j.cn112140-20220802-00693

9. Miranda-Lora AL, Torres-Tamayo M, Zurita-Cruz JN, Aguilar-Herrera BE,
Calzada-Leon R, Rivera-Hernandez A]J, et al. Diagnosis of precocious puberty:
clinical guideline for the diagnosis and treatment of precocious puberty. Bol Med
Hosp Infant Mex. (2020) 77(Supl 1):7-14. doi: 10.24875/BMHIM.20000075

10. Li D K, Chen H, Ferber J, Odouli R. Infection and antibiotic use in infancy and
risk of childhood obesity: a longitudinal birth cohort study. Lancet Diabetes
Endocrinol. (2017) 5(1):18-25. doi: 10.1016/S2213-8587(16)30281-9

11. Patel R, Bajpai A. Evaluation of short stature in children and adolescents. Indian
J Pediatr. (2021) 88(12):1196-202. doi: 10.1007/s12098-021-03880-9

12. Subspecialty Group of Endocrinologic H M, Diseases Society of Pediatrics,
Chinese Medical Association. Guidelines for diagnosis and treatment of children
with short stature. Chinese Journal of Pediatrics. (2008) 46(6):428-30.

13. Dos Santos AMM, Correa VP, de Avelar NCP, de Oliveira C, Schneider IJC.
Association between vitamin D insufficiency and depressive symptoms,
and functional disability in community-dwelling Brazilian older adults: results
from ELSI-Brazil study. Sci Rep. (2024) 14(1):13909. doi: 10.1038/
541598-024-62418-2

14. Latronico AC, Brito VN, Carel JC. Causes, diagnosis, and treatment of central
precocious puberty. Lancet Diabetes Endocrinol. (2016) 4(3):265-74. doi: 10.1016/
$2213-8587(15)00380-0

15. Liu G, Guo J, Zhang X, Lu Y, Miao J, Xue H. Obesity is a risk factor for central
precocious puberty: a case-control study. BMC Pediatr. (2021) 21(1):509. doi: 10.1186/
512887-021-02936-1

16. Shi L, Jiang Z, Zhang L. Childhood obesity and central precocious puberty. Front
Endocrinol (Lausanne. (2022) 13:1056871. doi: 10.3389/fend0.2022.1056871

17. Valsamakis G, Arapaki A, Balafoutas D, Charmandari E, Vlahos NF. Diet-
induced hypothalamic inflammation, phoenixin, and subsequent precocious
puberty. Nutrients. (2021) 13(10):3460-5. doi: 10.3390/nu13103460

18. Bigambo FM, Wang D, Niu Q, Zhang M, Mzava SM, Wang Y, et al. The effect of
environmental factors on precocious puberty in children: a case-control study. BMC
Pediatr. (2023) 23(1):207. doi: 10.1186/512887-023-04013-1

19. Roberts SA, Kaiser UB. Genetics in endocrinology: genetic etiologies of central

precocious puberty and the role of imprinted genes. Eur ] Endocrinol. (2020) 183(4):
R107-17. doi: 10.1530/EJE-20-0103

20. Fu D, Li T, Zhang Y, Wang H, Wu X, Chen Y, et al. Analysis of the incidence
and risk factors of precocious puberty in girls during the COVID-19 pandemic. Int
] Endocrinol. (2022) 2022:9229153. doi: 10.1155/2022/9229153

Frontiers in Pediatrics

1

10.3389/fped.2025.1518548

21. Lee HS, Kim YJ, Shim YS, Jeong HR, Kwon E, Hwang JS. Associations between
serum vitamin D levels and precocious puberty in girls. Ann Pediatr Endocrinol
Metab. (2014) 19(2):91-5. doi: 10.6065/apem.2014.19.2.91

22.Zhang ], Gao R, Jiang Y, Zhang Y, Liu C, Yu F, et al. Novel serological biomarker
models composed of bone turnover markers, vitamin D, and estradiol and their
auxiliary diagnostic value in girls with idiopathic central precocious puberty. Bone.
(2022) 154:116221. doi: 10.1016/j.bone.2021.116221

23. Zhao Y, Long W, Du C, Yang H, Wu S, Ning Q, et al. Prevalence of vitamin
D deficiency in girls with idiopathic central precocious puberty. Front Med. (2018)
12(2):174-81. doi: 10.1007/s11684-017-0544-5

24. Duhil de Benaze G, Brauner R, Souberbielle JC. There is no association between
vitamin D status and characteristics of central precocious puberty in girls. Eur
] Pediatr. (2017) 176(12):1677-80. doi: 10.1007/500431-017-3022-9

25. Dura-Trave T, Gallinas-Victoriano F. Vitamin D status and parathyroid
hormone assessment in girls with central precocious puberty. J Endocrinol Invest.
(2022) 45(11):2069-75. doi: 10.1007/s40618-022-01838-y

26. Liu S, Zhu X, Wang Y, Yan S, Li D, Cui W. The association between vitamin
D levels and precocious puberty: a meta-analysis. | Pediatr Endocrinol Metab.
(2020) 33(3):427-9. doi: 10.1515/jpem-2019-0388

27. Wang Y, Zhu ], DeLuca H F. Where is the vitamin D receptor? Arch Biochem
Biophys. (2012) 523(1):123-33. doi: 10.1016/j.abb.2012.04.001

28. Li Y, Zhang H, Li Q, Huang X, Kong X. Association of the KISS1, LIN28B,
VDR and ERalpha gene polymorphisms with early and fast puberty in Chinese
girls. Gynecol Endocrinol. (2023) 39(1):2181653. doi: 10.1080/09513590.2023.
2181653

29. Chew A, Harris SS. Does vitamin D affect timing of menarche? Nutr Rev. (2013)
71(3):189-93. doi: 10.1111/nure.12015

30. Karapanou O, Papadimitriou A. Determinants of menarche. Reprod Biol
Endocrinol. (2010) 8:115. doi: 10.1186/1477-7827-8-115

31. Barros BS, Kuschnir M, Bloch KV, Silva T. ERICA: age at menarche and its
association with nutritional status. J Pediatr (Rio ]). (2019) 95(1):106-11. doi: 10.
1016/}.jped.2017.12.004

32. Villamor E, Marin C, Mora-Plazas M, Baylin A. Vitamin D deficiency and age at
menarche: a prospective study. Am J Clin Nutr. (2011) 94(4):1020-5. doi: 10.3945/
ajcn.111.018168

33. Liu X, Xian Y, Min M, Dai Q, Jiang Y, Fang D. Association of
25-hydroxyvitamin D status with obesity as well as blood glucose and lipid
concentrations in children and adolescents in China. Clin Chim Acta. (2016)
455:64-7. doi: 10.1016/j.cca.2016.01.023

34. Akter R, Afrose A, Sharmin S, Rezwan R, Rahman MR, Neelotpol S. A
comprehensive look into the association of vitamin D levels and vitamin D receptor
gene polymorphism with obesity in children. Biomed Pharmacother. (2022)
153:113285. doi: 10.1016/j.biopha.2022.113285

35. Fiamenghi VI, Mello ED. Vitamin D deficiency in children and adolescents with
obesity: a meta-analysis. ] Pediatr (Rio J). (2021) 97(3):273-9. doi: 10.1016/j.jped.2020.
08.006

36. Kasvis P, Cohen TR, Loiselle SE, Hazell TJ, Vanstone CA, Weiler HA.
Associations between body composition and vitamin D Status in children with
overweight and obesity participating in a I-year lifestyle intervention. Nutrients.
(2022) 14(15):3153-8. doi: 10.3390/nul4153153

37. Virgolici B, Mohora M, Virgolici HM, Posea M, Martin RE. Hematological
indices related to vitamin D deficiency in obese children. Acta Endocrinol (Buchar).
(2022) 18(4):488-93. doi: 10.4183/aeb.2022.488

38. Cannalire G, Pilloni S, Esposito S, Biasucci G, Di Franco A, Street ME. Alkaline
phosphatase in clinical practice in childhood: focus on rickets. Front Endocrinol
(Lausanne). (2023) 14:1111445. doi: 10.3389/fend0.2023.1111445

39. Antonucci R, Locci C, Clemente MG, Chicconi E, Antonucci L. Vitamin
D deficiency in childhood: old lessons and current challenges. ] Pediatr Endocrinol
Metab. (2018) 31(3):247-60. doi: 10.1515/jpem-2017-0391

40. Kang HM, Jeong DC, Suh BK, Ahn MB. The impact of the coronavirus disease-
2019 pandemic on childhood obesity and vitamin D Status. ] Korean Med Sci. (2021)
36(3):e21. doi: 10.3346/jkms.2021.36.€21

frontiersin.org


https://doi.org/10.1002/jcb.10338
https://doi.org/10.1210/jc.2015-�2175
https://doi.org/10.3389/fendo.2022.839895
https://doi.org/10.3390/jcm11154509
https://doi.org/10.1186/s12887-�019-�1558-�8
https://doi.org/10.1159/000184851
https://doi.org/10.1053/j.jfas.2010.09.002
https://doi.org/10.1053/j.jfas.2010.09.002
https://doi.org/10.3760/cma.j.cn112140-�20220802-�00693
https://doi.org/10.24875/BMHIM.20000075
https://doi.org/10.1016/S2213-�8587�(16)�30281-�9
https://doi.org/10.1007/s12098-�021-�03880-�9
https://doi.org/10.1038/s41598-�024-�62418-�z
https://doi.org/10.1038/s41598-�024-�62418-�z
https://doi.org/10.1016/S2213-�8587�(15)�00380-�0
https://doi.org/10.1016/S2213-�8587�(15)�00380-�0
https://doi.org/10.1186/s12887-�021-�02936-�1
https://doi.org/10.1186/s12887-�021-�02936-�1
https://doi.org/10.3389/fendo.2022.1056871
https://doi.org/10.3390/nu13103460
https://doi.org/10.1186/s12887-�023-�04013-�1
https://doi.org/10.1530/EJE-20-�0103
https://doi.org/10.1155/2022/9229153
https://doi.org/10.6065/apem.2014.19.2.91
https://doi.org/10.1016/j.bone.2021.116221
https://doi.org/10.1007/s11684-�017-�0544-�5
https://doi.org/10.1007/s00431-�017-�3022-�9
https://doi.org/10.1007/s40618-�022-�01838-�y
https://doi.org/10.1515/jpem-2019-�0388
https://doi.org/10.1016/j.abb.2012.04.001
https://doi.org/10.1080/09513590.2023.2181653
https://doi.org/10.1080/09513590.2023.2181653
https://doi.org/10.1111/nure.12015
https://doi.org/10.1186/1477-�7827-�8-�115
https://doi.org/10.1016/j.jped.2017.12.004
https://doi.org/10.1016/j.jped.2017.12.004
https://doi.org/10.3945/ajcn.111.018168
https://doi.org/10.3945/ajcn.111.018168
https://doi.org/10.1016/j.cca.2016.01.023
https://doi.org/10.1016/j.biopha.2022.113285
https://doi.org/10.1016/j.jped.2020.08.006
https://doi.org/10.1016/j.jped.2020.08.006
https://doi.org/10.3390/nu14153153
https://doi.org/10.4183/aeb.2022.488
https://doi.org/10.3389/fendo.2023.1111445
https://doi.org/10.1515/jpem-2017-�0391
https://doi.org/10.3346/jkms.2021.36.e21
https://doi.org/10.3389/fped.2025.1518548
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Investigation of vitamin D deficiency in girls with growth and development variations—a single center study
	Introduction
	Subjects and methods
	Study subjects
	Detection methods
	Growth and development assessment
	Diagnosis criteria
	Statistical analysis

	Results
	Basic characteristics of girls
	Differences of vitamin D levels in girls with growth and development variations
	Linear regression analysis of vitamin D levels and various physiological indicators
	Comparison of vitamin D deficiency rates among groups
	Correlation analysis between vitamin D and basic clinical characteristics
	Investigation of vitamin D differences before and after the epidemic
	The follow-up for the status of vitamin D supplementation

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


