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Abstract We sought to determine whether average age at
menarche (AAM) declined in Chinese girls during the past
decades, and whether there were any differences of AAM
among urban and rural girls in the mainland of China. The
analysis of the study was based on Han schoolgirls aged 9 to
18 years in 22-30 provinces during 6 cycles (1985, 1991,
1995, 2000, 2005 and 2010) of Chinese National Survey on
Students’ Constitution and Health. The average AAM
overall was determined using probit analysis and compared
between urban and rural areas. Correlation analyses and line
regression models were used to explore the relationship of
socioeconomic factors with AAM. In 1985-2010 the median
AAM decreased rapidly at the speed of 3.9 months/decade
for urban girls from 13.17 year (95% CI, 13.14-13.20) to
12.35 year (95% CI,11.65-13.01) and 5.95 months/decade
for rural girls from 13.83 year (95% CI, 13.80-13.85) to
12.59 years (95% CI, 12.36-12.82). The urban-rural
difference reduced continuously from 0.66 year in 1985 to
0.24 year in 2010. The average AAM in southeastern areas
was lower than that in the northwest, both in urban girls and
rural girls. Higher relative Gross Domestic Product per
capita and residents’ consumption level was consistently
associated with increased likelihood of having reached
menarche; the strength of associations for rural girls was
stronger than that for urban girls. Our findings suggested
presence of an obvious downward trend of AAM in Chinese
girls from 1985 to 2010, both in urban and rural areas. The
urban and rural distribution, regional difference and
socioeconomic factors should be considered when
interpreting trends in age at menarche in China.
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1. Introduction

The first menses is a recognized milestone for female

sexual maturity and the age at menarche (AAM) is the most
widely used indicator. Information on AAM is essential for
planning health promotion programs on women’s health,
especially in situations that early menarche is among the few
established risk factors for breast cancer [1] and has possible
relationships with overweight [2], cardiovascular disease [3],
or sexual abuse [4]. Numerous evidences showed that AAM
is likely to change with the development of society [5, 6], the
degree and speed of which are not necessarily the same
among different races, countries and regions. In the past 160
years, a systematic decrease in AAM was observed
worldwide [7-9]. In recent decades, the age at onset of
menarche and its variability have decreased [10, 11] or
stabilized in some European countries [12, 13], but the
downtrend of AAM is still ongoing in Africa [14, 15] and
Asia [16]. In China, little is known so far about the secular
trend and the urban-rural disparities of menarcheal age on a
nationwide scale. Most existing studies on AAM of Chinese
girls or women [17-19] had some limitations given the
relative small sample size, limited regional composition, or
short time spans they involved.

Socioeconomic status is assumed to be responsible for
most if not all the decline in AAM by improving health,
hygiene, nutrition, housing and employment [9, 20]. With
the largest population and a vast territory, China has had a
booming economy over the past few decades especially since
the 1980s. However, the influence of dramatic
socioeconomic changes to AAM of Chinese girls has not
been fully investigated. Considering huge urban-rural and
regional disparities are distinctive features of its economic
development, we speculate that there are some differences of
AAM between urban and rural girls in China. But the
questions as to what changes of urban-rural differences with
time and whether or not the socioeconomic factors play
different roles on AAM in urban girls and in rural girls
remain to be determined.

In this study, we aimed to (1) estimate the secular trend of
menarcheal age among Chinese girls from 1985 to 2010, (2)
describe and compare the differences of AAM between
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urban and rural areas at the provincial and nationwide level,
(3) determine any possible relationship of AAM and
socioeconomic factors.

2. Methods

2.1. Study Design and Sampling

This study was conducted within the framework of
Chinese National Survey on Students’ Constitution and
Health (CNSSCH), a government's welfare project with a
five-year interval since 1985. The serial studies of CNSSCH
(1985, 1991, 1995, 2000, 2005 and 2010) followed a
multistage, stratified, cross-sectional design to obtain
nationally representative samples of the school-aged
population, with the aim of assessing the development level
and burdens of common health problems of children and
adolescents in mainland China. The sampling procedure of
CNSSCH has been described elsewhere previously [21-25].
In brief, it was a 3-stage clustering process: (1) at the
provincial level, the study participants were classified to four
groups by gender (schoolboy vs. schoolgirl) and by region
(urban vs. rural). The socioeconomic status (classified as
“upper”, “middle” and “low” at the regional level) of
subjects were balanced in each group, (2) several primary
and secondary school were randomly selected from 3 urban
and 3 rural residential areas that were also randomly selected
in each province, (3) students from 2 to 3 classes as clusters

were selected at random in each grade of the selected schools.

In the present study, we used the data of AAM investigations
in Han girls aged 9 to 18. A total of 67 349, 29 245, 52 306,
45 186, 48 428, 42 789 urban girls and 64 162, 29 194, 51
424,44 901,47 796, 42 727 rural girls were selected in 1985,
1991, 1995, 2000, 2005 and 2010, respectively. It should be
note that, for some reasons the survey conducted in 1991 was
sampling from the higher socioeconomic classes, but the
data was sufficient for the analyses. Our study was approved
by the ethics committee of the Medical College of Soochow
University in Suzhou, Jiangsu, China.

2.2. Measurement of Age at Menarche

Individual information of menarche was reported by the
status quo method. The menstrual status data were collected
by trained investigators (female physicians or school nurses)
who would ask every schoolgirl aged > 9 the age of first
menarche following a standard protocol. If an age was given,
it was coded as a “yes” response and if the response was
“haven’t started yet,” it was coded as a “no” response. These
“yes-no” data were used to calculate AAM in the probit
regression analysis. Probit regression analysis is commonly
used to estimate AAM in a population whose menarche is

emerging [7, 9] and this method is consistently used in six
cycles of CNSSCH.

2.3. Statistical Analysis

Probit model was used to fit the proportion of girls of each
age group (e.g., 9.00-9.99 years, 10.00-10.99 years) who had
reached menarche. The population median AAM was the
corresponding age at which 50% of girls in the population
could be predicted to have reached menarche. The 95%
confidence intervals (CI) of AAM for urban and rural groups
were also estimated. The time trend of AAM between urban
and rural girls in 1985-2010 was descriptively compared.
Considering the subsequent surveys were sampling from
additional provinces/ municipalities on the basis of study in
1985, we selected the AAM data from the same 22
provinces/ municipalities in 1985 and in 2010 to estimate the
regional distribution of AAM by map labeling. Correlation
analyses and simple linear regression analyses were used to
determine the quantity relations of socioeconomic factors
with AAM, taking the median AAM, GDP per capita and
consumption level of every province/ municipality as a
statistical unit, respectively. A 2-sided P value < 0.05 was
considered significant. The data of real GDP per capita and
the level of residents’ consumption for 22 provinces/
municipalities corresponding to CNSSCH in 1985 and in
2010 was taken from the Chinese Bureau of National
Statistics (NBS) and Statistical Yearbook of China[26]. Data
analysis was conducted using SAS (Version 9.1; SAS
Institute Inc., Cary, NC.USA) statistical software.

3. Results

The estimated medians of AAM in urban girls were 13.17
(95% CI, 13.14-13.20) year, 13.01 (95% CI, 12.94-13.07)
year, 13.08 (95% CI, 13.04-13.12) year, 12.74 (95% CI,
12.06-13.36) year, 12.64 (95% CI, 11.96-13.27) year, 12.35
(95% CI, 11.65-13.01) year, in 1985, 1991, 1995, 2000, 2005
and 2010, respectively. Correspondingly, the medians of
AAM in rural girls were 13.83 (95% CI, 13.80-13.85) year,
13.63 (95% CI, 13.57-13.69) year, 13.43 (95% CI,
13.39-13.47) year, 13.14 (95% CI, 12.66-13.57) year, 12.73
(95% CI, 12.21-13.23) year and 12.59 (95% CI, 12.36-12.82)
year. The whole tendency of AAM in Chinese schoolgirls
from 1985 to 2010 was decreasing (Figure 1). The overall
acceleration rates of AAM during 25 years were 3.9
months/decade for urban girls and 5.95 months/decade for
rural girls. The medians of AAM in rural girls were higher
than those in urban girls across every survey year. The
urban-rural differences of AAM reduced continuously from
0.66 year in 1985 to 0.24 year in 2010 and the minimum
difference (0.09 year) appeared in 2005.
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Figure 1. Trends in age at menarche in Chinese girls in 1985-2010

The differences of AAM between the highest and the lowest provinces were 0.9 year (Qinghai 13.51 year, Guangdong
12.61 year) for urban girls and 1.46 year (Qinghai 14.43 year, Beijing 12.97 year) for rural girls in 1985, which changed to
1.34 year (Qinghai 13.18 year, Liaoning 11.84 year) and 1.15 year (Ningxia 13.22 year, Heilongjiang 12.07 year) in 2010,
respectively. Figure 2 shows the urban-rural differences of AAM that were generally smaller in 2010 than in 1985 across 22
provinces/municipalities. Several provinces showed a dramatic reduction and even a reversion of urban-rural differences of
AAM like Qinghai, Heilongjiang and Zhejiang. Meanwhile, a 0.5-year gap of AAM was remained between urban and rural
girls in Liaoning, Hebei, Ningxia and Shanxi both in 1985 and 2010.
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Figure 2. Urban-rural differences of age at menarche in 22 provinces/municipalities in 1985 and 2010
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Figure 3 presents the geographic distributions of median AAM in urban and rural areas across 22 provinces/municipalities
from 1985 to 2010. Both in urban girls and rural girls, the average AAM in southeastern areas was lower than that in
northwest. The hierarchy distribution of AAM for urban girls in 2010 was the most obvious.
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Figure 3. the geographic distribution of AAM

Correlation analyses showed that AAM was significantly and negatively associated with per capita GDP and consumption
level, both in 1985 and 2010 (Table 1). The strength of associations between menarcheal age and per capita GDP or
consumption level for rural girls was higher than that for urban girls (as Pearson's correlation coefficients revealed).
According to the interrelated property we had reached several relevant linear regression equations (Figure 4). The coefficient
of determination (R”) for consumption level to AAM in the regression models was biggest in 2010 for rural girls (R*=0.347,

P=0.004).

Table 1. The Pearson's correlation coefficients of GDP per capita, consumption levels and median AAM of 22 Provinces/municipalities in 1985 and 2010.

GDP per capita Consumption levels
1985 2010 Urban 1985 Rural 1985 Urban 2010 Rural 2010
Age at 1985 urban  -0.49(p=0.0197) -0.41(p=0.0548)
menarche 985 ryra] -0.58(p=0.0049) -0.59(p=0.004)
2010 urban -0.41(p=0.0576) -0.45(p=0.0373)

2010 rural -0.55(p=0.0074) -0.58(p=0.0045)
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Figure 4. linear regression chart of AAM

4. Discussion

To our knowledge, the present study is among the first to
estimate the secular trend of AAM in Chinese urban and
rural girls and explore its possible associations with changes
of socioeconomic circumstance.

The estimated median AAM in Chinese urban girls
continuously declined from 13.17 to 12.35 year in
1985-2010, for rural girls it dropped from 13.83 to 12.59
year. The results were consistent with one similar but smaller
study previously conducted in Beijing [18]. In that study, the
median AAM of schoolgirls was 12.1 year and the
accelerating speed in 1980-2004 was 4.2 and 9.6 months per
decade for urban girls and rural girls, respectively. Our
study’s median AAM in 2010 is comparable with the age
reported at the same period in Italy (12.4) [27], and South
Korea (12.34) [28] but much lower than that in France (12.8)
[5], Gambian ( 14.9) [6] and Turkey (13.3) [29]. One point of
view is that the age at onset of menarche and its variability
will stabilize at 13.0+/-0.5 years [12, 13], but a report from
UK showed that menarcheal age decreased again after a
period of stabilization [30]. Meanwhile, although many
countries have seen a fall in AAM in recent years, a very few

has the drop been as fast as in China. For instance, reports
from south Thailand [31], Israel [5], and the Netherlands [9]
showed the AAM declined at the speed of 2 to 3
months/decade. We found the falling speed of AAM had
slowed down since 2005; there was not a distinct plateau of
AAM in Chinese schoolgirls however. Thus the conclusion
cannot be made to date that the acceleration of AAM in
Chinese girls will slow down or even stop in the near future.

Our findings also revealed some characteristics on AAM
of Chinese girls, such as persistently existed but gradually
reduced urban-rural differences, distinct provincial
differences and a hierarchy reduction from northwest to
southeastern national wide. As the difference of
socioeconomic circumstance was the most apparent
distinction between urban areas and rural areas, the actual
faster speed of rural economic development during recent
decades, the unbalanced economic growth both inside and
outside the provinces, and the southeast costal region and
municipalities were more developed than northwest areas in
China, these characteristics on AAM accorded with the
situations of modern Chinese economic development [32].
Our results attested that AAM was significantly and
negatively associated with the level of socioeconomic
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development, and, the increasing of economic growth as
GDP per capita and residents’ consumption level reflected
could at least partly explain the acceleration of AAM in
Chinese girls. Interestingly, it seemed a stronger role of
socioeconomic factors to AAM is located in rural areas in
China. It can be speculated that the relatively more rapid
improvement of health, hygiene, nutrition, housing and
education in rural areas might attribute to these urban-rural
variations.

Studies from countries with longer-standing economic
prosperity have reported that early menarche is associated
with higher risk of breast cancer [1], higher risk of death
from all causes [33] and diabetes [34] in Caucasian women.
The concrete quantitative evidence was similarly from China
nowadays [35, 36] and the inverse associations between
AAM and obesity or overweight were found as well [37, 38].
Thus in China, the long-term economic development of
which is still in the initial stage, a constant attention to
secular trend of menarcheal age, especially in rural areas, is
required. More studies are warranted to further determine the
mechanisms of secular trend of menarcheal age and its
influences to reproductive characteristics, chronic diseases,
and psychological behaviors in Chinese girls.

5. Strengths and Limitations

A major strength is the large study population, a 25-year
time span and a national representative sample involved in
our study. The CNSSCH is the largest series of growth
surveillance in 6-22 year old adolescents in Chinese so far.
By repeating the surveillance in 25 years with a 5-year
interval, secular trend of AAM can be explored clearly.

Due to the inevitable restrictions in research, this study has
some limitations. Firstly, the actual menarche dates of the
girls were not used to measure the mean of AAM. This might
cause information bias to some extent. However, the “status
quo” method in a large study population whose menarche is
emerging is considered to be even more applicable and
reliable than the recall method. Secondly, the cross-sectional
nature of the survey and the utilization of macro
socioeconomic data make it impossible to establish a causal
relationship ~ between  urban/rural  residence  and
socioeconomic factors. Thirdly, China is not a single ethnic
nation but a 56-ethnic country. The secular trend of AAM in
Han girls might not completely represent the national

situation, even if the Han ethnicity account for more than 90%

of the total populations. Forth, although the estimated
medians of AAM in each cycles of CNSSCH were
standardized according to the age distribution of 1985
population for the purpose of comparison, it is possible that
unintentional errors occurred when comparing the secular
trend and the urban-rural differences of AAM.

6. Conclusions

In summary, the median of menarcheal age in Chinese
girls is decreasing from 1985 to 2010, both in urban and rural
areas. There are obvious urban-rural differences of AAM in
Chinese girls and they were with a tendency to narrow both
on the nationwide and provincial scale. Our study also
suggested that menarcheal age was associated with changes
of socioeconomic circumstance in Chinese girls. These data
are essential to guide future health care and clinical
management in China, and provide important public health
implications for other developing countries with rapid
economic growth.
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