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Medical Center, School of Medicine, Shanghai Jiao Tong University, Shanghai, China, 3School
of Public Health, School of Medicine, Shanghai Jiao Tong University, Shanghai, China,
4Department of Allergy Immunology and Rheumatology, Guangzhou Women and Children’s
Medical Center, Guangzhou Medical University, Guangzhou, China, 5Department of Clinical
Laboratory , Qufu People’s Hospital, Qufu, China, 6Department of Ultrasound, Qufu People’s
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Objective: We sought to investigate the prevalence of precocious puberty in

children aged 6–10 years in Qufu City, Shandong Province, China.

Methods: A total of 5,169 primary school students from grades 1–3 were

recruited by population-based multi-stage stratified cluster random

sampling. Professional pediatricians conducted physical examinations in

October 2020. Precocious puberty is defined as the onset of secondary

sexual characteristics in boys aged < 9 years or girls < 8 years or

menstruation in girls < 10 years old. Tanner staging was used to record

the development of breast and pubic hair in girls and testicular volume and

pubic hair in boys. According to the standards of the International Obesity

Task Force, we diagnosed overweight, obesity, or severe obesity. In obese

girls, a combination of palpation and ultrasound was used to evaluate breast

development. The difference was tested by chi-squared test, and all data

were statistically analyzed using IBM SPSS version 25.0.

Results: The unadjusted and adjusted prevalence rates of precocious

puberty were 5.01% (11.53% for girls and 1.41% for boys) and 6.29%

(14.23% for girls and 1.54% for boys), respectively. The prevalence of

precocious puberty in urban (5.34%) dwellers was much higher than that

in suburban residents (2.36%, P < 0.05). The prevalence of precocious

puberty in the overweight (21.43% for girls and 1.97% for boys), obesity

(35.48% for girls and 4.6% for boys), and severe obesity (32.35% for girls and

3.38% for boys) groups were higher than that in the normal weight group

(4% for girls and 0.54% for boys, P < 0.05).
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2022.910119/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.910119/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.910119/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.910119/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2022.910119&domain=pdf&date_stamp=2022-07-25
mailto:liushijian@scmc.com.cn
mailto:huijun1975@163.com
https://doi.org/10.3389/fendo.2022.910119
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2022.910119
https://www.frontiersin.org/journals/endocrinology


Zhang et al. 10.3389/fendo.2022.910119

Frontiers in Endocrinology
Conclusion: The prevalence of precocious puberty is high, and overweight and

obesity are related to precocious puberty in Qufu, Shandong Province, China.
KEYWORDS
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Background

The prevalence of precocious puberty has increased in

recent decades. In Denmark, a study based on a national

registration system showed that from 1998–2017 the

incidence of precocious puberty in girls increased from 2.6/

10000 to 14.6/10000, while the incidence in boys increased

from 0.1/10000 to 2.1/10000 (1). A survey in South Korea

found that the incidence of central precocious puberty (CPP)

in girls increased from 0.33/10000 to 5.04/10000, while that in

boys increased from 0.03/10000 to 0.12/10000, from 2004–

2010 (2), the overall incidence and prevalence of central

precocious puberty from 2008 to 2014 was 12.28/10000

persons (girls, 26.28; boys, 0.7) and 19.32/10000 persons

(girls, 41.06; boys, 1.09), respectively (3). An epidemiological

survey of precocious puberty in Taiwan showed that the crude

prevalence of boys and girls increased from 0.99/10000 to 7.01/

10000 and 13.56/10000 to 110.95/10000, respectively, from

2000–2013 (3). A nationwide study in France determined

that the incidence rate of idiopathic central precocious

puberty from 2011–2013 was 2.68/10000 in girls < 9 years

old and 0.24/10000 in boys < 10 years old (4). Finally, a school-

based population study showed that the prevalence of

precocious puberty was 11.47% for girls and 3.26% for boys

in Zhongshan City, Guangdong Province, China, in 2021 (5).

Studies have shown that many factors can affect the

occurrence of precocious puberty, including both genetic and

environmental factors. Height (6), mother’s age at menarche (7),

and diet (8, 9) all have an impact on the occurrence of precocious

puberty. Environmental endocrine disruptors can lead to earlier

menarche and earlier breast and pubic hair development in

adolescent girls (10). Precocious puberty is more likely to occur

in obese girls (11). Overweight, obesity, and severe obesity also

advance puberty (12, 13), but the effects of overweight, obesity,

and severe obesity on puberty in boys and girls are not

consistent. In girls, a higher pre-adolescent body mass index

(BMI) is positively correlated with precocious puberty (14),

while, in boys, this effect is not observed. Studies have shown

that puberty onset in obese boys occurs earlier than that in

normal-weight boys (15). Another study showed that there was

no significant relationship between BMI and the average age of

genital development (16).
02
Most existing studies on precocious puberty employed the

registration data of research centers or clinical units, which often

underestimate the actual prevalence. At present worldwide, there

are few cross-sectional surveys of precocious puberty from

school-based children. In the present study, the prevalence of

precocious puberty was investigated in China’s northern city of

Qufu via physical examination of school children aged 6–10

years conducted by pediatricians. Based on the collected data,

the relationship between obesity and precocious puberty was

also investigated.
Methods

Study objects and population sampling

We investigated children in grades 1–3 (6–10 years old) of

primary school in October 2020. According to the preliminary

survey results, we estimated a sample size of 6,201 participants.

The sampling survey process is shown in Figure 1. Using

stratified cluster random sampling, we first selected 3 of 4

urban areas and 2 of 8 suburban areas in Qufu City, Shandong

Province, northern China, and then randomly selected 6,474

children from 12 of 41 primary schools in the selected area,

including 8 schools from 3 urban areas and 4 schools from 2

suburban areas. A total of 5,169 (79.84%) guardians agreed to

the children’s participation in the study, and 4,712 participated

in physical examination. The inclusion criteria were as follows:

(1) the case group met the diagnostic criteria of girls’ precocious

puberty, i.e., girls presented with secondary sexual signs at < 8

years old (Tanner stage ≥ II) or menarche at < 10 years old, or

boys presented with secondary sexual signs at < 9 years old (17);

and (2) girls or boys in the control group met the screening

criteria of normal weight or obesity of girls or boys without

precocious puberty aged 6–10 years. According to the Group of

China Obesity Task Force BMI cutoff-point standard for obesity

screening of girls aged 2–18 years old, the BMI of obese girls

aged 7, 8, 9 years old is 18.8, 19.5, 20.4 kg/m2, the BMI of obese

boys aged 7, 8, 9, 10 years old is 19.2, 20.1, 21.1, and 22.2 kg/m2,

respectively (18). According to the questionnaire filled by the

guardians, the following individuals were excluded: (1) patients

with obesity caused by various pathological factors, including
frontiersin.org
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obesity in girls caused by hormone use; (2) patients with

secondary precocious puberty caused by a pituitary tumor or

adrenal tumor; and (3) patients with congenital adrenocortical

hyperplasia, androgen-secreting adrenocortical tumors or

ovarian tumors, or precocious puberty caused by exogenous

androgen intake.

To facilitate obtaining informed consent, we included the

informed consent form in an electronic survey, and the head

teacher forwarded the two-dimensional code of the electronic

questionnaire to the class WeChat group (social media) for

guardians to access. The informed consent form had an

independent option, which could be filled in only after consent

was given. If guardians chose not to agree, the questionnaire

automatically jumped to the end, and there was no need to fill in

and participate in the subsequent physical examination. Finally,

5,169 of 6,474 (79.84%) parents agreed to participate and then

completed the questions regarding the child’s health and family

environment. The main contents of the questionnaire included

the child’s and parents’ basic information and physical

examination findings, including height, weight, waist

circumference, and secondary sexual characteristics. This study

was approved by the ethics committee of Shanghai Children’s

Medical Center and Qufu People’s Hospital.
Physical measurement and
determination of overweight and obesity

All children were examined by professional pediatricians.

The items of interest included height, weight, and waist

circumference, which were measured with unified calibrated
Frontiers in Endocrinology 03
instruments. During height measurement, children were asked

to take off their shoes and stand upright, and their height was

recorded accurately to 0.1 cm. During weight measurement, each

child was asked to wear close-fitting clothes and bare feet, and

the data was recorded accurately to 0.1 kg. When measuring

waist circumference, the child was asked to adopt a standing

position and their waist was measured horizontally at the

midpoint of the connecting line between the lower edge of the

ribs and the upper edge of the iliac bone and recorded accurately

to 0.1 cm. The calculation of BMI (kg/m2) used the square of the

weight (kg) divided by the height (m). According to the BMI

cutoffs of sex and age of 2–18 years old according to the IOTF

standard, we divided the subjects into the following groups:

thinness, normal weight, overweight, obesity, and severe

obesity (19)
Evaluation of secondary sexual
characteristics and precocious puberty

Precocious puberty is defined by the onset of secondary

sexual signs (Tanner stage ≥ II) of girls before 8 years old and

boys before 9 years old. Precocious puberty in girls involves

breast tissue development before 8 years old or menstruation

before 10 years old, Breast Stage 2 means appearance of breast

bud and elevation of breast and papilla as a small mound,

enlargement of areola diameter. Meanwhile, the testicular

enlargement of boys with precocious puberty is ≥ 4 mL before

9 years old (20). In this study, professional pediatricians

conducted physical examinations of boys and girls. In order to

protect their privacy, boys and girls were examined by doctors of
FIGURE 1

Flowchart of survey.
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the same sex in separate rooms. During the physical

examination, each child entered separately, and their

development was recorded according to Tanner’s stages. In the

case of doubt or uncertainty, two doctors discussed the findings.

When the two doctors’ opinions remained inconsistent, a third

doctor participated in the evaluation (21, 22). Female doctors

inspected the development of girls’ breasts and pubic hair

through visual inspection, and overweight and obese girls also

underwent portable breast ultrasound imaging (model M9CV;

Shenzhen Mindray Biomedical Electronics Co., Ltd., Shenzhen,

China) to distinguish breast and adipose tissues (23). Male

doctors measured the testicular volume by palpation and a

Prader testicular meter and examined the development of

pubic hair.
Sample collection and sex hormone
testing

Obese girls, girls with precocious puberty, and girls with

normal weights underwent extraction of 2–3 mL of venous

blood. The levels of sex hormones (luteinizing hormone [LH]/

follicle-stimulating hormone [FSH]) were detected by

chemiluminescence (Cobase 411; Roche Diagnostics GmbH,

Mannheim, Germany). An LH cutoff value of 0.3 IU/L or

above was used to suggest the occurrence of precocious

puberty (24).
Statistical methods

All data were recorded and proofread by two researchers.

We used stratified cluster sampling method, adjusted prevalence

by two-step inverse probability weighting (see Supplements 1

and 2 for the correction process), and used SPSS version 25.0

(IBM Corporation, Armonk, NY, USA) for statistical analysis.

The prevalence rates between the two groups were compared by

chi-squared test. A two-sided test was performed, and P < 0.05

indicated the statistical difference.
Results

Basic characteristics and investigation
process

Figure 1 shows the flowchart of the survey. A total of 5,169

parents or guardians filled in the questionnaire, and 4,712

children completed the physical examination. Excluding 67

questionnaires with missing values, 53 questionnaires with

invalid values, and 14 respondents with notable medical

histories, 4,565 children were included in the final analysis.

The basic characteristics of the study population are shown in
Frontiers in Endocrinology 04
Table 1. We enrolled a total of 4,565 children, including 2,433

boys (53.30%) and 2,132 girls (46.70%). Mean age was 7.25 ±

0.89 years and mostly living in urban areas (88.67%). Most

participants had a normal weight (60.83%); 17.11% were

overweight, 8.61% were obese, and 4.53% were severely obese.
Prevalence of precocious puberty
according to sex

The prevalence of precocious puberty according to sex is

shown in Table 2. A total of 176 children with precocious puberty

were diagnosed. The unadjusted and adjusted prevalence of

Tanner stage ≥ II was 5.01% (11.53% for girls and 1.41% for

boys) and 6.29% (14.23% for girls and 1.54% for boys),

respectively. The unadjusted and adjusted prevalence of

precocious puberty in girls calculated by Tanner staging

combined with ultrasound was 8.33% and 11.18%, respectively.
Prevalence of precocious puberty in
urban and suburban areas

The prevalence rates of precocious puberty in urban and

suburban areas are shown in Table 3. The prevalence of

precocious puberty for girls in urban and suburban areas

according to Tanner Stage was 12.21% and 5.93%,

respectively. The prevalence of precocious puberty for boys

in urban and suburban areas according to Tanner Stage was

1.54% and 0.40%, respectively. After adjustment, the total

prevalence of precocious puberty in urban and suburban

areas was 1.65% and 1.36%, respectively; that is, the

prevalence of precocious puberty in suburban areas was

lower than that in urban areas (P < 0.05).
Relationship between BMI and
precocious puberty in urban and
suburban areas

Table 4 shows the distribution of BMI and the prevalence

of precocious puberty in urban and suburban areas. In urban

areas, the prevalence of precocious puberty in children

diagnosed with overweight, obesity, or severe obesity was

10.81%, 13.26%, and 13.55%, respectively, all of which were

significantly higher than that of 2.69% in the normal-weight

group (P < 0.05). The prevalence of precocious puberty was

3.51%, 4.55%, and 11.11% in suburban children diagnosed

with overweight, obesity, or severe obesity, respectively,

which were significantly higher than that of 1.21% in

normal-weight children (P < 0.05). These findings suggest

that BMI is positively correlated with the prevalence of

precocious puberty (Figure 2).
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Relationship between precocious
puberty and BMI

Table 5 shows the effect of BMI on precocious puberty in

boys and girls. According to BMI, the prevalence of precocious

puberty in children diagnosed with overweight (29.76%), obesity

(43.55%), and severe obesity (55.88%) was higher than that in

normal-weight children (5.53%, P < 0.05), and the distribution
Frontiers in Endocrinology 05
trend was similar in boys. The percentage of girls with

precocious puberty (LH ≥ 0.3 IU/L) is higher than that of girls

with normal puberty (10.87% vs 5.80%, P =0.298); similarly, the

percentage of boys with precocious puberty (LH ≥ 0.3 IU/L) is

higher than that of boys with normal puberty (18.75% vs 11.75%,

P=0.652, Table S1); the percentage of obese girls with precocious

puberty (LH ≥ 0.3 IU/L) is higher than that of girls with normal

puberty (13.89% vs 7.84%, P =0.388, Table S2).
TABLE 1 Basic characteristics of the subjects.

Characters Girls Boys Total
2132 (%) 2433 (%) 4565 (%)

Age(years)

6≤age<7 487 (22.84) 589 (24.21) 1076 (23.57)

7≤age<8 762 (35.74) 804 (33.05) 1566 (34.30)

8≤age<9 755 (35.41) 869 (35.72) 1624 (35.58)

9≤age<10 128 (6.00) 171 (7.03) 299 (6.55)

Mean age 7.25 ± 0.89 7.26 ± 0.90 7.25 ± 0.89

Districts

Urban 1894 (88.84) 2154 (88.53) 4048 (88.67)

Suburban 238 (11.16) 279 (11.47) 517 (11.33)

General obesity category

Thinness 229 (10.74) 178 (7.32) 407 (8.92)

Normal weight 1406 (65.95) 1371 (56.35) 2777 (60.83)

Overweight 320 (15.01) 461 (18.95) 781 (17.11)

Obesity 127 (5.96) 266 (10.93) 393 (8.61)

Severe obesity 50 (2.35) 157 (6.45) 207 (4.53)
fro
TABLE 2 Prevalence of precocious puberty of children in Qufu, Shandong, China.

Sex Age
(years)

Casesby
TS§ (n)

Cases by
TS§+US&(n)

Sample
(N)

Prevalence
by TS§(%)

Adjusted
prevalence£by

TS§(%)

Prevalence by
TS§+US& (%)

Adjusted prevalence£

by TS§+US&(%)

Girls

6≤age<7 40 26 487 8.21 9.06 5.34 5.96

7≤age<8 104 78 762 13.65 19.40 10.24 16.40

8≤age<9 5* 5* 755 0.66 – 0.66 –

9≤age<10 3* 3* 128 2.34 – 2.34 –

Subtotal 144 104 1249 11.53 14.23 8.33 11.18

Boys

6≤age<7 2 /$ 589 0.34 0.21 /$ /$

7≤age<8 5 /$ 804 0.62 1.84 /$ /$

8≤age<9 25 /$ 869 2.88 2.58 /$ /$

Subtotal 32 /$ 2262 1.41 1.54 /$ /$

Total
#

176 136 3511 5.01 6.29 3.87 5.15
§ TS: Tanner stage.
& US: Ultrasound stage of breast.
£ Adjusted prevalence of precocious puberty by TS, the detailed process of adjusting prevalence was shown in Supplementary 1.
* Menarche before age 10 in girls.
# Girls before age 8 and in boys before age 9.
$ Boys didn’t perform ultrasound examination, data is not available.
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Discussion

In this study, we investigated children aged 6–10 years in 12

primary schools in Qufu City, and we found that the adjusted

prevalence of precocious puberty in Qufu was 6.29% (1.54% for

boys and 14.23% for girls), or 5.56% in urban and 7.66% in

suburban areas, respectively. The prevalence of precocious

puberty in normal-weight children was 2.52%, that in

overweight children was 10.09%, that in obese children was

12.62%, and that in severely obese children was 13.19%. The

prevalence of precocious puberty was positively correlated with

BMI, especially in girls.
Frontiers in Endocrinology 06
The prevalence of precocious puberty in this study,

performed in China, was higher than that in previous studies

conducted in other countries. Because the physical

examinations of children in our study was performed by

pediatricians, and school-based populations were examined,

including children with central or peripheral precocious

puberty, the detection rate of precocious puberty may be

higher compared with other studies. Moore et al. in France

(4) used data from the national insurance database, which

could not exclude the difference in medical level and

geographical factors, and thus potentially excluded cases with

precocious puberty without consultation or diagnosis at the
ABLE 3 Prevalence of precocious puberty in urban and suburban areas according to gender.

ex District Casesby
TS§ (n)

Cases by
TS§+US&(n)

Sample
(N)

Prevalence
by TS§(%)

Adjusted
prevalence£by

TS§(%)

Prevalence by
TS§+US& (%)

Adjusted prevalence£

by TS§+US&(%)

irls

Urban 136 97 1114 12.21 12.10 8.71 8.63

Suburban 8 7 135 5.93 18.17 5.19 15.90

Subtotal 144 104 1249 11.53 14.23 8.33 11.18

oys

Urban 31 /$ 2015 1.54 1.65 /$ /$

Suburban 1 /$ 247 0.40 1.36 /$ /$

Subtotal 32 /$ 2262 1.41 1.54 /$ /$

otal 176 136 3511 5.01 6.29 3.87 5.15
TS: Tanner stage.
US: Ultrasound stage of breast.
Adjusted prevalence of precocious puberty according to Tanner stage and ultrasound stage, the detailed process of adjusting prevalence was shown in Supplementary 2.
Boys didn’t perform ultrasound examination, data is not available.
TABLE 4 Prevalence of precocious puberty in urban and suburban districts according to general BMI category.

District General BMI cate-
gory

Cases
byTS§(n)

Cases byTS§+US&

(n)
Sample
(N)

Prevalence
byTS§(%)

Prevalence byTS§+US&

(%)

Urban

Thinness 2 2 282 0.71 0.71

Normal weight 51 38 1900 2.69 2.00

Overweight 56 43 518 10.81 8.30

Obesity 37 32 279 13.26 11.47

Severe obesity 21 13 155 13.55 8.39

Subtotal 167 128 3129 5.34 4.09

Suburban

Thinness 0 0 28 0.00 0.00

Normal weight 3 3 248 1.21 1.21

Overweight 2 1 57 3.51 1.75

Obesity 1 1 23 4.55 4.55

Severe obesity 3 3 27 11.11 11.11

Subtotal 9 8 382 2.36 2.09

Total 176 136 3511 5.01 3.87
§ TS: Tanner stage.
& US: Ultrasound stage of breast.
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hospital and therefore may have underestimated the prevalence

of precocious puberty. In Denmark, a study (1) used statistics

from 1998–2017 that were classified according to the

immigration group. The International Classification of

Diseases (ICD), 10th revision, diagnostic code used therein

was not verified for the medical records, and this may have

affected the number of cases involved, thus underestimating

the true prevalence. In Taiwan (3), a study on the prevalence of

children with precocious puberty did not include patients who

were not diagnosed at medical institutes, so the prevalence of

precocious puberty was likely underestimated. The difference

in the prevalence of precocious puberty between our study and
Frontiers in Endocrinology 07
studies in other countries may also be related to different ethnic

and social backgrounds (25, 26). Meanwhile, compared to the

Liu YF’s study in Zhongshan city, Guangdong province, China

(6), the adjusted prevalence of precocious puberty in the

present study is slightly higher than that in girls (14.23% vs

13.43%), however, it was lower than that in boys (1.54% vs

3.26%), furthermore, it was lower than that in urban girls

(8.63% vs 11.30%) and higher than that in suburban girls

(15.90% vs 14.16%).

In this study, we found that overweight and obesity are

related to the prevalence of precocious puberty. Precocious

puberty is a form of early sexual maturity wherein the
TABLE 5 Prevalence of precocious puberty in girls and boys according to general BMI category.

Genger General BMI cate-
gory

Cases
byTS§(n)

Cases byTS§+US&

(n)
Sample
(N)

Prevalence
byTS§(%)

Prevalence byTS§+US&

(%)

Girls

Thinness 1 1 135 0.74 0.74

Normal weight 47 34 850 5.53 4.00

Overweight 50 36 168 29.76 21.43

Obesity 27 22 62 43.55 35.48

Severe obesity 19 11 34 55.88 32.35

Subtotal 144 104 1249 11.53 8.33

Boys

Thinness 1 /$ 173 0.58 /$

Normal weight 7 /$ 1295 0.54 /$

Overweight 8 /$ 407 1.97 /$

Obesity 11 /$ 239 4.60 /$

Severe obesity 5 /$ 148 3.38 /$

Subtotal 32 /$ 2262 1.14 /$

Total 176 136 3511 5.01 3.87
§ TS: Tanner stage.
& US: Ultrasound stage of breast.
$ Boys didn’t perform ultrasound examination, data is not available.
FIGURE 2

Relationship between the prevalence of precocious puberty and BMI.
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clinical signs are inconsistent with the age. It seriously

damages the growth potential of children, easily causes

damage to children’s height, and even leads to pediatric

psychological diseases (27). There is increasing evidence

that obesity is closely related to precocious puberty. A

study in Shanghai showed that early puberty is associated

with obesity, especially centripetal obesity (28). An

investigation of the influence of adolescent obesity and

body composition on puberty in Chongqing (13) found

that a high BMI and high body fat rate can advance the

puberty development of girls.

The mechanism of obesity leading to early puberty is still

inconclusive, and there are different opinions. First, leptin

secreted by adipose tissue may be the reason for the early

puberty of obese girls. This regulates the release of adult-

releasing hormone, which directly affects the ovaries and

plays an important role in the beginning and progression of

puberty (29). Second, adipose tissue has aromatase activity,

which can promote the conversion of androgen into

estrogen. This increase in androgen concentration in obese

girls can promote the increase of gonadotrophin-releasing

hormone secretion and lead to early puberty (30, 31).
Advantages and disadvantages

This study has several advantages. First, we used

stratified cluster random sampling to select schools from

different regions with different economic backgrounds,

which reduces the impact of different regions and

environments and ensures better population representation.

Second, children’s secondary sexual characteristics were

directly examined by pediatricians, and the physical

examinations were objective and reliable. Third, the breast

examination of overweight and obese children with

ultrasound was helpful to accurately distinguish between

breast and adipose tissue. Furthermore, the children

involved in the survey were dynamically followed up, and

the dynamic changes of growth and development and living

habits of the children were fully observed, which was helpful

for evaluating the influencing factors of precocious puberty.

However, our research also has many limitations. First, this

cross-sectional study cannot rule out other factors affecting the

prevalence of precocious puberty. Second, we used BMI to define

obesity, which cannot completely screen out obese children among

all subjects (32–34), and there is a certain false-negative rate. Third,

this study could not distinguish between central or peripheral

precocious puberty, the prevalence of precocious puberty may be

bit high due to the ages of their study members being nearly

puberty. A sex hormone stimulation test cannot be carried out in

school children, but we provided the physical examination results

to the guardians and suggested they go to the local hospital for a
Frontiers in Endocrinology 08
further examination. Finally, it was impossible to carry out

pituitary imaging and color ultrasound examination for every

child, and it was impossible to completely rule out precocious

puberty caused by pituitary abnormalities, tumors, and

other reasons.
Conclusion

The prevalence of precocious puberty in overweight and obese

children is higher than that in normal-weight children, and there is

a sex difference in this effect, which is more obvious in girls.
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