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Abstract
Background: There is growing scientific evidence supports a link between increased childhood adiposity and early
onset of puberty in girls worldwide in recent decades. However, the data from Chinese girls remain ambiguous.
The aims of this study were to estimate the puberty milestones and examine attainment of puberty associated with
obesity and central obesity in Chinese Han schoolgirls.
Methods: The cross-sectional school-based study examined 2996 Han schoolgirls aged 9 to 19 years from 6 provinces
in China. Trained clinicians assessed the girls for height, weight, waist circumference, Tanner stages of breast and
pubic hair development, and menarcheal status. We classified girls as normal weight, overweight, or obese based on
BMI, and as normal weight or central obese based on the waist-height ratio, then estimated and compared median
age at a given Tanner stage or greater by weight class using Probit models.
Results: The median age at menarche was 12.36 years. The median ages at breast stages(B) 2 through 5 were 10.03,
11.38, 13.39, and 15.79 years, respectively, and at pubic hair stages(PH) 2 through 5 were 11.62, 12.70, 14.38, and 16.92
years, respectively. Girls from urban areas experienced menarche, B3 and B4 stages, and PH3 through PH5 stages
earlier. Girls with central obesity and overweight/obesity reached puberty earlier at almost every Tanner stage
of breast and pubic hair than normal girls. Girls with obesity developed PH2 and PH3 earlier than their overweight
peers. However, we did not find any significant differences between girls with overweight and obesity at all stages of
breast development.
Conclusions: Childhood obesity, including both overweight/obesity and central obesity, is associated with
earlier attainment of puberty in Chinese Han schoolgirls.
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Background
Puberty is a period characterized by a growth spurt and
rapid development of secondary sexual characteristics
(breast budding, pubic hair growth and menarche in
girls). The first visible evidence of puberty in girls is
marked by thelarche, as developed by Tanner stages [1] .
Altered timing of puberty has significant clinical implications in pediatrics for the treatment of individual children. However, much of data on timing of puberty in
girls focused on the age of menarche, which is easier to
measure and least affected by observation errors [2] .
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Globally, most of the studies on timing of puberty
were conducted using clinical samples [2–5]. However,
large scale, population-based epidemiologic data on puberty development is very important, for both pediatricians in precocious puberty and researchers focusing on
the timing of puberty [6] . The secular trend to earlier
pubertal development in children and adolescents has
been reported by many researchers, which was commonly ascribed by the improvement of nutritional and
general health conditions [2, 6, 7] . Yet it is worth noting
that, during recent decades, several investigators noted a
halt or even reversal in this trend in different countries,
including China [6, 8–10] .
Age of pubertal development has a great impact on
health conditions, and early puberty might translate into
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increased risk for adult-onset diabetes, breast cancer,
and all-cause mortality [7, 11, 12] . The relationship between childhood adiposity, as assessed by body mass
index (BMI), and earlier onset of puberty in girls has
been reported in multiple studies [13–15] . Existing
Chinese studies on the relationship between obesity and
pubertal attainment in girls were limited by lack of multiple measures of puberty development and different
criteria of grouping childhood adiposity [6] . Many epidemiologic studies used self-assessment of pubertal maturation, given that individual assessments by clinicians
are time-consuming and expensive. Although central fat,
measured by waist circumference (WC) and the
waist-height ratio (WHtR), raises the risk for metabolic
and cardiovascular complications in adolescents, it has
been rarely used as the indicator of childhood adiposity
in most findings [16] .
To bridge the gap, we conducted a national cross-sectional study in China, to explore the association between
body weight (overweight/obesity and central obesity)
and attainment of puberty (breast development, pubic
hair growth, and menarche) in Chinese Han schoolgirls.
And we also wanted to estimate the ages of pubertal
milestones for girls with and without obesity.

Methods
Study sites and participants

A school-based cross-sectional study was conducted
among 26 sampled schools from 6 provinces in China
during November 2012 to April 2013. Multistage cluster
sampling strategy was introduced to ensure a representative sample. First, given the heavily unbalanced development of China, six provinces were selected to represent
the six geographical regions in China Mainland: Hebei
(North China), Shandong (East China), Heilongjiang(Northeast China), Guangxi(South Central China),
Sichuan(Southwest China) and Shaanxi(Northwest
China). Second, three public schools (one primary
school, one senior high school, and one junior high
school) were sampled respectively from urban and rural
areas of one moderately developed city in each selected
province. Finally, two classes were randomly chosen
from grade 5 to grade 12 respectively. All female students from those classes were recruited to the examination if they had no major-medical diseases recorded in
the school clinic medical cards, including developmental
conditions or chronic diseases. Totally 3463 healthy
schoolgirls (Han girls 2996, minority girls 467) were examined voluntarily in school clinics by a team of
well-trained female clinicians. In the present study, only
2996 Han schoolgirls were included in the final analysis,
considering that the sample size of minority girls was
not large enough and the onset of puberty may be related to ethnicity [17].
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Ethical issues

We provided information sheets about the study to all
the students and their teachers and guardians 1 week before the clinical examination, the sheets highlighted that
the examination was anonymous and non-invasive, the
students were free to quit the examination if they felt
uncomfortable. Written informed consent was obtained
from the guardians of all students. Verbal consent was
obtained from students before the examination. This
study was reviewed and approved by the institutional review board of Shanghai Institute of Planned Parenthood
Research (2012–01).
Measures

Anthropometric measures were taken on standing participants wearing light clothing and without shoes using
standard techniques. Height was measured by portable
calibrated stadiometers. WC was measured midway between the lateral lower rib margin and the iliac crest
using a non-stretchable measurement tape. The measurements of the height and WC were in centimeters
(cm) to the nearest 0.1 cm. Weight was measured to the
nearest 0.5 kg.
Sexual maturity was evaluated with Tanner’s five stages
(stage 1 represents immaturity, and stage 5 indicates full
maturity). Breast development (B) was evaluated by both
inspection and palpation, to avoid the misclassification
and overestimation in girls with obesity by routine visual
assessment only [18], Tanner stage 2 for breast development is marked as B2. Pubic hair growth (PH) was rated
by direct observation at clinical examination, Tanner
stage 2 for pubic hair growth is marked as PH2. If Tanner stage fell between two stages, the clinicians rated the
girl as the lower stage. Our estimates of puberty timing,
hence, would be conservative. Besides, the status quo
method was used to evaluate the median age at menarche. Before the clinical examination, clinical assistants
asked every girl’s birth date and menarcheal status (yes/
no), given that such information produces more precise
estimates than complex recall methods achieve [19] .
Study definitions
Age

Age is a continuous variable. In this study, we defined
age (years) as the number of days between birth date
and examination date divided by 365.25. The age was
categorized by function int(age) when necessary. For
example, the 12-year-old group contained girls aged
12.00 to 12.99.
Weight status

BMI was computed as weight (kg) divided by height
squared (m2). Given that Chinese sex-age-specific BMI
references recommended by Working Group on Obesity
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in China(WGOC) is similar with World Health
Organization BMI references, and can reflect better
the body composition of Chinese and other Asian
populations [20],we classified the female students into
3 categories: normal weight, overweight and obese
using the WGOC BMI cutoffs [20]. WHtR was computed as the WC in meters divided by the height in
meters. We marked the female students as central
obesity by 2 references: WHtR≥0.5 [21] and WC ≥
90th percentile [22].
Main outcome measures

We used breast stages, pubic hair stages, and menarche as the main outcome measures. According to
the breast development, we classified the female students as 1) B2 and greater versus B1; 2) B3 and
greater versus B1 or B2; 3) B4 and greater versus
B1, B2 or B3; 4) B5 and greater versus B1,B2, B3 or
B4. We took the same approach to the categorization of the pubic hair growth. We listed the median
age at menarche by WHtR, WC, weight status, and
rural/urban residence.
Statistical analysis

We calculated the percentage of girls by age group,
place, weight status, and pubertal stages. We conducted probit regression models for menarche, breast
and pubic hair stages to predict the probability of
reaching each landmark by age [23] . We estimated
the median age and its 95% confidence intervals
(CIs), and compared median age at menarche and
pubertal stages for female students of different
groups, i.e. 1) urban versus rural, 2) central obese
versus normal, 3) normal weight versus overweight,
normal weight versus obese, and overweight versus
obese. We considered statistical significance at p <
0.05 and did not perform statistical adjustment for
multiple comparisons, as has been recommended in
the statistical literature [24]. All the analyses were
conducted with Stata/SE 14.2 (StataCorp, College
Station, TX, USA) [25] .

Results
Table 1 shows the descriptive characteristics of the
girls in our study. A total of 2996 female Han Chinese girls aged 8.00–19.99 years participated in this
study. Among them, 47.36% (n = 1419) of the girls
came from urban, and 52.64% (n = 1577) lived in
rural. According to the cutoffs of Chinese
sex-age-specific BMI reference recommended by
WGOC, more than 85% of the female students
(85.88%, n = 2573) were normal weight, 8.68% (n =
260) were overweight, and 5.44% (n = 163) were
obese. The proportion of central obese was 14.69%
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Table 1 Descriptive Characteristics of the Population by
Demographics and Development
Characteristic

n

%

Urban

1419

47.36

Rural

1577

52.64

Normal weight

2573

85.88

Overweight

260

8.68

Obese

163

5.44

< 0.5

2556

85.31

≥ 0.5

440

14.69

< 90th

2670

89.12

≥ 90th

326

12.88

B1

201

6.71

B2

311

10.38

B3

705

23.53

B4

829

27.67

B5

950

31.71

PH1

578

19.29

PH2

376

12.55

PH3

603

20.13

PH4

791

26.40

PH5

648

21.63

Yes

2169

72.40

No

827

27.60

Place

Weight Status

WHtR

WC

Breast Development

Pubic Hair Growth

Menarcheal status

Abbreviations: B, Breast stage; PH, Pubic hair stage; WHtR, Waist to height
ratio; WC, Waist circumference

using 0.5 cutoffs of WHtR, and the estimate was
similar to the reference of 90th WC percentiles.
Table 1 also displays the distribution of Tanner Stage
of breast development and pubic hair development.
2169 girls (72.40%) experienced menarche.
Table 2 displays the median age at Tanner B2 or
greater through B5 or greater according to obese status and demographics. The median age was 10.03
years at B2, 11.38 years at B3, 13.39 years at B4 and
15.79 years at B5. We found that the median age of
girls marked as central obesity by either WHtR or WC
were earlier than of normal girls across all stages of
breast development, and all the differences were statistically significant. Similarly, compared with overweight or obesity group, there was evidence of a trend
of later median age in normal weight group across all
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Table 2 Median Age at Tanner Stages for Breast Development by Demographics

Overall

≥B2 Median Age
(95% CI)

P value

≥B3 Median Age
(95% CI)

P value

≥B4 Median Age
(95% CI)

P value

≥B5 Median Age
(95% CI)

P value

10.03 (9.80, 10.27)

–

11.38(11.26,11.49)

–

13.39(13.29,13.49)

–

15.79(15.69,15.90)

–

Place
Urban

10.19(9.91,10.46)

Rural

9.85(9.45,10.25)

11.26(11.11,11.41)
0.187

11.50(11.33,11.66)

0.007

11.00(10.59,11.41)

13.25(13.11,13.39)
0.043

13.51(13.37,13.64)

0.013

12.92(12.70,13.14)

15.70(15.54,15.85)
0.010

15.88(15.73,16.03)

< 0.001

15.22(14.92,15.51)

0.094

WHtR
< 0.5

10.12(9.89,10.5)

≥ 0.5

9.00(7.60,10.41)

11.43(11.31,11.55)

13.48(13.37,13.59)

15.90(15.79,16.02)
< 0.001

WC
< 90th

10.05(9.81,10.29)

≥ 90th

8.44(4.23,12.65)

11.41(11.29,11.53)
0.052

10.65(9.79,11.52)

13.48(13.37,13.58)
0.001

12.77(12.48,13.07)

15.92(15.80,16.03)
< 0.001

15.00(14.68,15.31)

< 0.001

BMI
Normal weight

10.25(10.03,10.47)

Overweight

8.64(6.85,10.43)

< 0.001a

11.54(11.42,11.66)
10.37(9.71,11.03)

< 0.001a

12.83(12.54,13.13)

< 0.001a

15.40(14.96,15.83)

0.019a

Obese

8.60(6.54,10.65)

0.002b

10.66(10.00,11.31)

0.001b

12.93(12.51,13.36)

0.015b

15.16(14.67,15.66)

0.004b

0.975

c

13.48(13.38,13.59)

c

0.570

15.86(15.75,15.97)

c

0.686

0.495c

Abbreviations: B Breast stage, BMI Body mass index, CI Confidence interval, WHtR Waist to height ratio, WC Waist circumference
a
P value of comparison between overweight and normal weight
b
P value of comparison between obesity and normal weight
c
P value of comparison between overweight and obesity

stages. However, we did not find any significant difference in timing of puberty between overweight and
obesity. Besides, the median ages of urban girls were
earlier than those of rural girls in all stages except in
B5 or greater (15.70 years [urban] versus 15.88 years
[rural]; P = 0.094).
Table 3 demonstrates differences in median age at
Tanner PH2 or greater through PH5 or greater according to obese status and demographics. The median age was 11.62 years at PH2, 12.70 years at PH3,
14.38 years at PH4 and 16.92 years at PH5. These age
differences for central obese/normal group, urban/
rural area, overweight/normal weight and obese/normal weight group were consistent across all stages of
pubic hair development. Compared with the obese
group, there was evidence for later median age in the
overweight group for PH2 or greater (11.31 years
[overweight] versus 10.57 years [obese], P = 0.021) and
PH3 or greater (12.49 years [overweight] versus 11.93
years [obese], P = 0.031).
The median age at menarche was 12.36 years for
Chinese Han girls. As illustrated in Table 4, there was
evidence of a trend for earlier median age of onset in
urban (vs. rural) area, central obese (vs. normal group)
group, overweight (vs. normal weight) and obese (vs.
normal weight) group. We did not observe any significant difference in median age between overweight and
obese subgroups.

Discussion
This study examined the association between timing
of puberty staging (breast development, pubic hair development, and menarche) and obesity (overweight/
obesity and central obesity) with a national sample of
Han schoolgirls using a cross-sectional design. The
measurements on puberty staging and obesity from
clinical examinations were detailed and objective. This
study adds unique and valuable data in Asian girls
because existing large studies have focused more on
European, African American or Hispanic descent populations [5, 15, 18, 19].
Our findings add to evidence of earlier puberty (PH2
and PH3) for obese compared with normal or overweight girls. Also, there was suggestive evidence of later
puberty (PH4 and PH5) for obese compared with overweight girls, although the differences in timing of PH4
and PH5 between the subgroups were non-significant.
However, the differences of breast development and menarche were not significant between overweight and
obese subgroups.
Considering that the effect of estrogen on the linear
growth in humans is biphasic, low dose promotes, but
high dose suppresses the linear growth [26], it was hypothesized that excessive aromatase activity in adipose
tissue produces increased level of estrogen, eventually
results in possible delayed puberty. We found that compared with overweight girls, obese girls started PH2
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Table 3 Median Age at Tanner Stages for Pubic Hair Development by Demographics

Overall

≥PH2 Median Age
(95% CI)

P value

≥PH3 Median Age
(95% CI)

P value

≥PH4 Median Age
(95% CI)

P value

≥PH5 Median Age
(95% CI)

P value

11.62(11.51,11.73)

–

12.70(12.61,12.80)

–

14.38(14.28,14.48)

–

16.92(16.78,17.06)

–

Place
Urban

11.53(11.38,11.68)

Rural

11.70(11.55,11.85)

12.38(12.24,12.53)
0.132

12.97(12.85,13.10)

13.98(13.84,14.12)
< 0.001

14.71(14.57,14.86)

16.61(16.43,16.78)
< 0.001

17.25(17.02,17.48)

< 0.001

WHtR
< 0.5

11.68(11.56,11.79)

≥ 0.5

11.25(10.91,11.60)

12.76(12.66,12.86)
0.008

12.30(12.00,12.60)

14.48(14.38,14.60)
0.001

13.82(13.57,14.08)

16.98(16.84,17.13)
< 0.001

16.55(16.15,16.94)

0.029

WC
< 90th

11.68(11.57,11.79)

≥ 90th

9.83(8.37,11.30)

12.77(12.67,12.87)
< 0.001

11.52(10.84,12.20)

14.49(14.38,14.59)
< 0.001

13.63(13.31,13.94)

16.98(16.84,17.13)
< 0.001

16.49(16.05,16.92)

0.028

BMI
Normal weight

11.76(11.64,11.87)

Overweight

11.31(10.96,11.66)

0.021a

12.49(12.16,12.82)

0.086a

13.71(13.37,14.04)

< 0.001a

16.03(15.59,16.47)

< 0.001a

10.57(10.00,11.14)

< 0.001b

11.93(11.54,12.31)

< 0.00b

13.81(13.45,14.18)

0.003b

16.29(15.52,17.06)

0.022b

Obese

12.79(12.69,12.90)

c

14.48(14.37,14.59)

c

0.021

0.031

17.01(16.87,17.16)

c

0.631

0.535c

Abbreviations: BMI Body mass index, CI Confidence interval, PH Pubic hair stage, WHtR Waist to height ratio, WC Waist circumference
a
P value of comparison between overweight and normal weight
b
P value of comparison between obesity and normal weight
c
P value of comparison between overweight and obesity

Table 4 Median Age at Menarche by Demographics
Menarche

P value

Median Age (95% CI)
Overall

12.36(12.27,12.45)

–

Place
Urban

12.17(12.04,12.30)

Rural

12.52(12.40,12.65)

< 0.001

WHtR
< 0.5

12.47(12.38,12.57)

≥ 0.5

11.70(11.43,11.97)

< 0.001

WC
< 90th

12.44(12.35,12.54)

≥ 90th

11.48(11.04,11.93)

< 0.001

BMI
Normal weight

12.51(12.42,12.61)

Overweight

11.75(11.50,12.00)

< 0.001a

Obese

11.44(11.04,11.84)

< 0.001b
0.175c

Abbreviations: BMI Body mass index, CI confidence interval, WHtR Waist to
height ratio, WC Waist circumference
a
P value of comparison between overweight and normal weight
b
P value of comparison between obesity and normal weight
c
P value of comparison between overweight and obesity

earlier and attained PH4 and PH5 later, which indicates
that excessive estrogen production in obese girls may inhibit the puberty process (PH4 and PH5) for obese, but
not overweight, girls. Consistent with previous study
conducted among boys [27], our findings suggest that
there is also a nonlinear relationship between pubic hair
development and body fat for girls, which provides valuable insight into the complex relationship between puberty timing, overweight and obesity.
Note that it’s difficult to compare the results directly
with previous studies, because the weight status data
based on BMI, in most of the studies, were not divided
into normal weight, overweight and obese sub groups
[28, 29]. In a national survey, Ying et al. found that an
elevated BMI was associated with significantly earlier attainment of breast and menarche [6] .
In our study, girls with central obesity, measured by either WC or WHtR, achieved all stages of breast and
pubic hair development earlier than girls without central
obesity. In adolescents, as in adults, central fat increases
the risk for metabolic syndrome (dyslipidemia and insulin resistance) [30, 31]. WC and WHtR in children are
better indicators of distribution of body fat than BMI
[32, 33], easily measurable WC may be useful to help to
identify vulnerable children [34] . Our findings suggest
that WC and WHtR can also server as obesity indicators
to identify girls at risk of early pubertal onset.
In the present study, urban girls reached menarche
earlier than girls living in rural places (12.17 years vs.
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12.52 years, p < 0.001) possibly because urban residents
were more likely than rural residents to have access to
high-quality food [6] . However, we did not find the age
differences of B2 and PH2 between urban and rural girls,
which implies that breast and pubic hair development
may be less sensitive than menarche to nutrition status
[6] . Body size parameters, such as BMI and body fat distribution are strongly correlated with the age at menarche. In our study, the median age of menarche of central
obese and overweight/obese girls was earlier than that of
normal girls. Frisch et al. proposed a critical body weight
and weight gain to trigger the onset of puberty [35] .
Childhood adiposity may be considered as one of the
predictors for the early occurrence of menarche [36] .
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Conclusion
In conclusion, childhood obesity, including overweight/
obesity and central obesity, is associated with earlier attainment of puberty at almost every pubertal stage of
breast, pubic hair and menarche among Chinese Han
schoolgirls. Our data support the potential nonlinear relationship between time of puberty and body fat in girls,
which suggests that more studies are needed to explore
the biological mechanisms behind.
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