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Abstract

Objective: We investigated physical deviation and precocious puberty among school-aged chil-

dren in Leshan City, to provide a theoretical basis for the management of precocious puberty in

children.

Methods: We selected 12 primary schools of Leshan City using a cluster random sampling

method and conducted physical examinations among healthy students aged 4 12 years. A total

of 11,000 students were recruited (5502 boys and 5498 girls). We measured body mass index

(BMI), and participants were tested for precocious puberty according to the Tanner stages and

standard maps. Nutritional status was also evaluated.

Results: Obese and overweight children accounted for a high proportion of participants; the

prevalence of underweight was the lowest. The prevalence of obesity among boys was higher

than that in girls. Precocious puberty was mainly observed in girls, particularly those age 7 years

old. The prevalence of precocious puberty among overweight and obese children was higher than

that in children with normal weight.

Conclusion: We identified a significant sex difference in precocious puberty among children in

Leshan City. Overweight and obesity may be associated with precocious puberty.
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Introduction

School age is a critical period for the growth

and development of children because this is

the stage during which children enter puber-

ty. It is important to provide children with

adequate health care during this period.
With rapid economic development, obesity

has become a global public health concern

that seriously affects the health of people

worldwide. Obesity is correlated with type

2 diabetes mellitus,1 hypertension,2 and

many other diseases. Excessive fat in obese

children can elevate estrogen levels and pro-
mote breast development and the occurrence

of precocious puberty.3 Precocious puberty

is a phenomenon where the age of sexual

development is substantially below to the

normal threshold, leading to the early devel-

opment of sexual organs and the appearance
of secondary sexual characteristics.

Increased fat or a rapid increase in body

mass index (BMI) may be a precursor to

precocious puberty.4 One study indicated

that with improvement of living standards

and impacts of environmental factors, the
incidence of precocious puberty in China

has exhibited an increasing trend.5 A report

from Denmark indicated that the prevalence

of precocious puberty in girls was five times

that of boys.6 A survey conducted between

2004 and 2010 also revealed that precocious
puberty among girls in South Korea showed

an upward trend, with a prevalence of 55.9/

100,000 in girls and 1.7/100,000 in boys.7

Sexual characteristics are reportedly

accompanied by accelerated bone growth
and early fusion of epiphyses.8 It has been

reported that the sexual development of

children in China has generally accelerated

over the past 20 years, and the incidence of

precocious puberty as well as obesity has

increased.9 In this study, we aimed to inves-

tigate the present development of physical

and sexual characteristics among children

in Leshan City, China and to compare the

prevalence of precocious puberty among

children with different weights.

Methods

Participants

We selected 12 primary schools in Leshan

City using a cluster random sampling

method. We then carried out physical

examinations among healthy children

between 4 and 12 years old in each school.

We excluded children with severe organic

diseases including heart disease and leuke-

mia, which may affect growth. This study

was conducted with the approval of the

Ethics Committee of the People’s Hospital

of Leshan and was conducted in accordance

with the Declaration of Helsinki. Written

informed consent was given by a parent or

guardian of each participant.

Methods

Precocious puberty was diagnosed based on

the following criteria for children. 1) Girls pre-

senting with one of the following characteris-

tics before reaching age 8 years: breast

enlargement, pubic hair growth, armpit hair

growth, >3 cm of areola, and body changes,
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ormenarchebefore age10years; 2) boys show-
ing one of the following characteristics before
reaching age 9 years: testicular enlargement,
pomum Adami, and facial or pubic hair.5 In
assessing the development of sexual character-
istics according to Tanner’s classification cri-
teria and standard charts, the development of
breasts and external genitalia in each partici-
pant were staged and evaluated. Childrenwith
suspected precocious puberty were then
admitted to our hospital and screened using
B-mode ultrasound, bone age, bone density,
adrenocorticotropic hormone, sex hormone
provocation tests, and magnetic resonance
imaging (MRI) of the sella turcica before
treatment.

Children’s BMI was calculated as weight
(kg)/height squared (m2). Body height (cm)
was measured using standard height gauges,
and body weight (kg) was measured using
standard lever scales. The diagnostic criteria
for physical deviation were according to the
China Growth Reference Standards in
Assessing Malnutrition of Children in
2005. The nutritional status of participants
was assessed according to the percentile of
age- and sex-matched children. BMI<P3
indicated underweight, BMI higher than
P85 but lower than P95 indicated over-
weight, and BMI � P95 indicated obesity.
Heights<P3 among age- and sex-matched
children indicated short stature.10

Quality control

All medical staff received standardized
training. Each index was measured by one

person, according to a standard measure-
ment method. Instruments were calibrated
before each measurement. Quality inspec-
tion was carried out at the survey site.
The collected data were checked in a
timely manner and incorrect data were cor-
rected in a second survey.

Statistical analysis

The data were imported into an Epi Data
database, underwent a logic check, and
were analyzed using SPSS 16.0 statistical
software package (SPSS Inc., Chicago, IL,
USA). A paired samples t-test was used to
analyze significant differences in the preva-
lence of physical deviation between boys
and girls. A p-value <0.05 was considered
to indicate statistical significance.

Results

A total 11,000 children were enrolled in this
study (5502 boys and 5498 girls); data in
each age category are shown in Table 1.

Data on the prevalence of physical devi-
ation (Table 2) showed that obese and over-
weight children accounted for a higher
proportion of the total participants; the
prevalence of underweight was the lowest.
Boys were more likely to be obese than girls
(p<0.01), and the prevalence of short stat-
ure among boys was generally higher than
that in girls (p<0.01).

Among 6383 children, 29 children (1 boy
and 28 girls) were found to have precocious
puberty (0.45%). This finding revealed that

Table 1. Age variations in each age category.

Age (years) 6 7 8 9 10 11 12

Boys Mean 6.50 7.40 8.39 9.39 10.41 11.41 12.25

Median 6.5 7.4 8.3 9.4 10.4 11.4 12.2

Standard deviation 0.32 0.29 0.29 0.28 0.29 0.27 0.22

Girls Mean 6.52 7.39 8.39 9.39 10.40 11.38 12.26

Median 6.7 7.4 8.3 9.3 10.4 11.3 12.2

Standard deviation 0.33 0.29 0.29 0.30 0.30 0.28 0.23
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precocious puberty mainly occurred in girls,
with a peak appearing at age 7 years
(Table 3). In analyzing the prevalence of
precocious puberty among children accord-
ing to BMI, our data showed that the
prevalence of precocious puberty was sig-
nificantly higher among overweight and
obese children (1.56%) than those with
normal weight (0.24%) (Table 4). In addi-
tion, the prevalence of precocious puberty
among children with stunting was 0.

Discussion

Precocious puberty is mainly owing to early
activation of functioning of the hypothala-
mus–pituitary gland–gonadal axis.
Precocious puberty has become a common
childhood disease of the endocrine
system.11 Risk factors for precocious puber-
ty in children include the following. (1)
Economic development level: the preva-
lence of precocious puberty is higher in
economically developed areas than in less-
developed regions. The prevalence of preco-
cious puberty is 0.76% in the Zhengzhou
area and 0.68% in Jiujiang City12 whereas
it is 0.45% in Leshan City. Compared with
other cities, the detection rate of precocious
puberty in Leshan is at a relatively low
level; the reason may be owing to improve-
ment in the economy and changes in eating
habits among the population in recent
years. (2) Sex: the incidence of precocious
puberty is much higher among girls than
age-matched boys.13 In our survey of
6,383 participants, 29 children were found
to have precocious puberty and only one of
these was a boy; this indicates that preco-
cious puberty is mainly observed in girls. (3)
Age: in the present survey, girls age 7 years
showed the highest prevalence of preco-
cious puberty in comparison with girls in
other age groups. It remains to be deter-
mined whether this can be attributed to
normal variation in puberty or to pseudo-
precocious puberty caused by dietary
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habits, climate, or other factors. (4)

Obesity: this study revealed that the preva-

lence of precocious puberty in overweight

and obese children was 1.56%, which was

significantly higher than that (0.24%) in

children with normal weight (P<0.05).

Continuous increase in body weight is a

risk factor for the early onset of precocious

puberty.3 Studies in China and other coun-

tries have suggested that mild obesity in

girls can causes early breast development

and early menstruation.14 (5) One study

reported that extended television watching

and computer time may lead to precocious

puberty.15 The main reason is that the

strong light emitted from a TV or computer

can lead to decreased levels of melatonin,

inducing precocious puberty.16 (6) Studies

in various countries have reported that pre-

cocious puberty may also be correlated to

premature birth.17

Compared with the results of a national

children’s growth and development survey,

the proportion of obese and overweight

children in Leshan City was high and the

prevalence of underweight was low,

indicating that a rapid increase in the prev-

alence of overweight and obesity in children

has become a new characteristic in this area.

Preventing childhood obesity and promot-

ing balanced physical development are new

challenges facing Leshan.
There are several limitations in this

study. First, the diagnosis of precocious

puberty was made solely based on the

results of physical examination. A detailed

clinical history, hormone testing, and imag-

ing studies of the central nervous system are

needed for a more accurate diagnosis.

Second, this was a cross-sectional study

and our findings are observational.

Longitudinal or experimental studies are

needed to investigate causal relationships

between the variables of interest.
In conclusion, precocious puberty was

mainly observed in girls, particularly those

age 7 years. The prevalence of precocious

puberty among overweight and obese chil-

dren was higher than that in normal-weight

children. Our findings indicate that over-

weight/obesity is associated with precocious

puberty in Leshan City. Current lifestyle

Table 3. Prevalence of precocious puberty in children age 6 to 9 years.

Age (years)

Surveyed children Surveyed children

Boys

Precocious

puberty Prevalence (%) Girls

Precocious

puberty Prevalence (%)

6 499 0 0. 00 496 3 0.6

7 1078 0 0 1105 24 2.17

8 1117 1 0.09 1104 1 0.09

9 – – – 984 0 0

Total 2694 1 0.04 3689 28 0.76

Table 4. Relationship between the prevalence of precocious puberty and body mass index.

Group Surveyed children Precocious puberty Prevalence (%)

Normal-weight group 5355 13 0.24

Overweight and obese group 1028 16 1.56

Wei et al. 5



factors such as decreased physical activity
and increased sedentary behavior may be
responsible for the development of both
overweight/obesity and precocious puberty.

Whether there is a causal association
between increased body fatness and the
development of precocious puberty requires
further investigation in longitudinal studies.
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