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Abstract
Background  Menarche is a substantial milestone of female puberty. Timing of age at menarche is considered the key to 
understanding the potential linkages with women’s health outcomes later in life. This study aimed to explore the secular 
trends and urban‒rural disparities in the median age at menarche among Chinese Han girls from 1985 to 2019.
Methods  Data were extracted from the 1985, 1995, 2005, 2014, and 2019 Chinese National Surveys on Students’ Constitution 
and Health, which were nationally representative cross-sectional studies, and a total of 173,535 Han girls aged 9–18 years 
were examined. Girls were asked whether menarche had occurred. The median age at menarche was estimated by probit 
analysis. Z tests were used to compare the differences between survey years and between urban and rural areas.
Results  The median age at menarche among Chinese Han girls decreased from 13.37 years in 1985 to 12.00 years in 2019, 
and the overall decrease was more significant in rural areas (1.77 years) than in urban areas (0.99 years). The average five-year 
change in the decrease in the median age at menarche showed an accelerating and then slowing pace; and it was observed 
similarly in both urban and rural areas. The urban‒rural disparities shrank from 0.64 years in 1985 to 0.44 years in 1995, 
then to 0.27 years in 2005, 0.24 years in 2014, and finally to − 0.14 years in 2019.
Conclusions  The median age at menarche among Chinese Han girls continued to decline from 1985 to 2019 but at a slow-
ing pace in the last five years. Urban‒rural disparities gradually narrowed. Sexual and reproductive health education and 
interventions to prevent the decline in the age of menarche are needed, especially in rural areas.
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Introduction

Menarche is a substantial milestone of female sexual matu-
ration, which marks dramatic physiological changes associ-
ated with reproductive and various biological functions in 
female individuals [1]. Timing of age at menarche is con-
sidered the key to understand the potential linkages with 
health outcomes later in life because of the repercussions 
on sexual initiation and age at marriage and, consequently, 
fertility [2]. Many studies have confirmed that an earlier age 

at menarche is associated with higher risks of breast cancer, 
ovarian cancer, diabetes, cardiovascular disease, depression, 
and others [3–7].

Many previous studies from various countries worldwide 
have shown a declining trend in age at menarche over the 
past two centuries [8, 9]. However, controversial findings 
have been presented in the past few decades. For example, 
a decreasing secular trend of age at menarche in females 
born between 1920 and 1995 was observed in Korea [10]. 
Nevertheless, in the United States, it was noted that the age 
of menarche changed little from 1951 to 2010 [11]. Poland 
experienced a reversal between 1978 and 1988, with a gen-
eral downward trend from 1966 to 2012 [12]. In China, two 
nationally representative studies also showed that the median 
age at menarche of Chinese Han girls declined from 1973 to 
2010, while another study demonstrated a stable trend from 
2005 to 2012 [13–15]. Moreover, while some previous stud-
ies have suggested that urban‒rural disparities in median 
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age at menarche among Chinese girls persisted over the 
last few decades, others found that the difference seemed to 
gradually narrow between 1985 and 2014 [14, 16]. However, 
these studies are outdated or contain only local data, and an 
updated estimate of the median age of menarche among Chi-
nese Han girls and the urban‒rural disparity with nationally 
representative samples are still needed.

We hypothesized that the median age at menarche among 
Chinese Han girls continued to decline in the past 35 years, 
and urban‒rural disparities narrowed gradually. The Chi-
nese National Surveys on Students’ Constitution and Health 
(CNSSCH), which were nationally representative surveys 
of health status among Chinese children and adolescents 
conducted every five years since 1985, provided data on 
menarche among Chinese Han girls, allowing researchers to 
study the age at menarche among Chinese girls. This study 
aimed to analyze the secular trends and urban‒rural dispari-
ties in the median age at menarche among Chinese Han girls 
from 1985 to 2019.

Methods

Study design and participants

Data were obtained from the 1985, 1995, 2005, 2014, and 
2019 CNSSCHs, which were nationally representative 

cross-sectional studies about the health status of Chinese 
children and adolescents. The surveys covered 31 prov-
inces, autonomous regions, and municipalities, excluding 
Taiwan, Hong Kong, and Macao. A consistent multistage 
stratified cluster sampling procedure was used in these five 
surveys. In stage one, three prefecture-level cities (i.e., 
upper, moderate, and low) were selected according to their 
socioeconomic status in each province. In stage two, chil-
dren and adolescents from the three selected prefecture-
level cities were stratified by urban and rural areas based 
on their residence location. In stage three, within each 
of these stratified areas, schools covering students aged 7 
to 18 years attending primary, middle, and high schools 
were randomly selected in 1985 and subsequently kept 
uniform. In stage four, all students from these schools’ 
randomly selected classes by grade were included in the 
survey. Only data from Han children and adolescents were 
used in this study to eliminate the influence of ethnic 
groups on research, and a total of 173,535 Han girls aged 
9 to 18 years from 20 provinces (autonomous regions and 
municipalities, including Beijing, Tianjin, Hebei, Inner 
Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai, Zhe-
jiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hunan, 
Guangdong, Guangxi, Guizhou, Yunnan, and Shaanxi) 
with information on menarche in all five surveys were 
included. The sample size for each survey is shown in 
Table 1. This study was approved by the Medical Research 

Table 1   Sample size of each 
CNSSCH by year and urban–
rural areas

Provinces and cities 1985 1995 2005 2014 2019

Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural

Beijing 3058 3052 1556 1560 1508 1544 1449 1443 1510 1461
Tianjin 3052 3059 1483 1509 1603 1504 1366 1480 1520 1427
Hebei 2040 2041 1500 1500 1553 1566 1394 1437 1232 1315
Inner Mongolia 2997 3044 1200 1200 1574 1559 1359 1260 1427 1400
Liaoning 3060 3060 1699 1700 1494 1468 1477 1497 1163 1212
Jilin 2916 2985 1497 1502 1789 1828 1389 1429 1037 773
Heilongjiang 3057 3060 1442 1440 1486 1443 1446 1399 1240 1185
Shanghai 3060 3058 1650 1651 1497 1438 1445 1474 1455 1512
Zhejiang 956 727 1726 1721 1498 1499 1267 1376 1263 1232
Anhui 2948 2891 1500 1500 1500 1498 1395 1383 1544 1551
Fujian 2754 2761 1073 1074 1534 1590 1500 1481 1506 1545
Jiangxi 1018 1021 1497 1489 1404 1533 1304 1259 1294 1370
Shandong 3051 3052 1499 1499 1755 1778 1385 1426 1513 1536
Henan 3059 3057 1800 1799 1797 1797 1499 1493 1181 1360
Hunan 3059 3056 1770 1601 1479 1532 1455 1497 1543 1475
Guangdong 3060 3059 1500 1500 1498 1500 1408 1489 1299 1530
Guangxi 3059 3036 1800 1799 1471 1499 1429 1415 1306 1433
Guizhou 3059 3058 1500 1500 1498 1499 1488 1495 1496 1480
Yunnan 3058 3057 1679 1101 1620 1645 1457 1476 1655 1600
Shaanxi 3059 3060 1600 1599 1500 1499 1432 1487 1598 1602
Total 55,380 55,194 30,971 30,244 31,058 31,219 28,344 28,696 27,782 27,999
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Ethics Committee of the Peking University Health Science 
Center (IRB00001052-19095).

Measures

In each survey, girls aged ≥ 9 years were interviewed by 
a female physician or school nurse and asked whether 
menarche had occurred. The physicians and nurses had been 
trained before the survey to help girls distinguish menstrua-
tion from other bleeding phenomena, such as bleeding of 
the perineum due to injury. Their answers were divided into 
“yes” or “no”.

Statistical analysis

The median ages at menarche and their 95% confidence 
intervals (CIs) were estimated by using probit analysis. This 
analysis comprised ten age groups with one-year intervals. 
A cumulative normal curve was fitted to the proportion of 
girls within each age group who had reached menarche, 
and the median age at menarche was the corresponding age 
at which 50% of girls in the population were predicted to 
have reached menarche. We calculated the average five-year 
change to quantify the change in median age at menarche in 
different time periods. Urban‒rural disparities were defined 
as the median age at menarche in urban girls minus that in 
rural girls. Z tests were used to compare the difference in 
the median age at menarche between two survey years, as 
well as between urban and rural areas. All statistical analy-
ses were conducted in SPSS 26.0 (SPSS Inc., Chicago, 
IL, USA). P values of < 0.05 were considered statistically 
significant.

Results

Secular trends of the median age at menarche 
from 1985 to 2019

The median menarche age of Chinese Han girls was 
13.37 (13.25, 13.50) years in 1985, 13.03 (12.40, 13.62) 
years in 1995, 12.66 (12.35, 12.96) years in 2005, 12.09 
(11.81, 12.37) years in 2014 and 12.00 (10.68, 13.06) years 
in 2019, with a significant decrease of 1.37 years from 
1985 to 2019. In urban areas, the median age of menarche 
declined from 13.06 (12.81, 13.30) years in 1985 to 12.07 
(10.49, 13.25) years in 2019, with an overall decrease of 
0.99 years. In rural areas, the median age of menarche 
declined from 13.70 (13.59, 13.80) years in 1985 to 11.93 
(11.22, 12.57) years in 2019, with an overall decrease of 
1.77 years (Fig. 1).

Table 2 shows the average five-year change in age at 
menarche among Chinese Han girls in different peri-
ods. Between 1985 and 2014, the decline in the age of 
menarche among Chinese Han girls gradually accelerated. 
In the period from 1985 to 1995, the average five-year 
change was − 0.17 years, while in the period from 2005 
to 2014, it was − 0.32 years. However, from 2014 to 2019, 
the average five-year change was only − 0.09 years, which 
suggested a slowdown in decline. The average five-year 
changes in both urban and rural areas were similar to the 
total population, with an accelerating and then slowing 
trend. However, from 2014 to 2019, the age at menarche 
increased by 0.10 years for average five-year changes in 
urban girls, but it continued to decline rapidly in rural 
girls, with – 0.28 years for average five-year changes.

Urban‒rural disparities in the median age 
at menarche

From 1985 to 2014, the median age at menarche of Chi-
nese Han girls in urban areas was always earlier than that 
in rural areas, and the differences between urban and 
rural areas were 0.64 years in 1985, 0.44 years in 1995, 
0.27 years in 2005, and 0.24 years in 2014 (all P < 0.001). 
However, in 2019, the median age at menarche in rural 
girls was 11.93 years, which was earlier than that in urban 
girls (12.07 years, Z = 14.581, P < 0.001, Table 3). Fig-
ure 2 presents the urban‒rural disparities in the median 
age at menarche across provinces. In the four surveys from 
1985 to 2014, only in no more than three provinces was the 
median age at menarche in rural girls earlier than that in 
urban girls. In 2019, however, the same urban‒rural dis-
parities were shown in 11 provinces and cities (including 
Beijing, Hebei, Inner Mongolia, Liaoning, Heilongjiang, 

Fig. 1   Median age at menarche among Chinese Han girls in each sur-
vey year
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Shanghai, Zhejiang, Jiangxi, Shandong, Guangdong and 
Guizhou).

Discussion

In five nationally representative cross-sectional surveys from 
China, we found that the median age at menarche among 
Chinese Han girls continued to decline from 1985 to 2019 
but at a slower rate. Urban and rural areas differed in secular 
trends in the median age at menarche, i.e., urban areas had 
a smaller overall decrease between 1985 and 2019 and a 
rebound from 2014 to 2019, while rural areas had a larger 
overall decrease between 1985 and 2019 and a sustained 
rapid declining rate. Moreover, the urban‒rural disparities 
in median age at menarche gradually narrowed, with urban 
girls reaching menarche earlier from 1985 to 2014 and rural 
girls reaching menarche earlier in 2019.

The present study showed a decrease in the median age at 
menarche among Chinese Han girls. Another cohort study 
of 3199 girls conducted in 15 provinces in China also pre-
sented similar trends, in which the median age at menarche 
declined from 14.25 years in Chinese girls born before 1976 
to 12.60 years in girls born after 2000, with a decline of 
0.26 years per five years [13]. Age at menarche is influenced 
by many factors, such as genetics, ethnicity, height, weight, 
body mass index (BMI), and socioeconomic circumstances 
[1]. In the past 35 years, China has experienced tremendous 
economic development. According to the World Bank, the 
GDP per capita has increased by over 30-fold from 1985 
to 2019 in China, which might contribute to this decrease. 
For example, the girls in Jiangxi province had a later age at 
menarche compared with their peers in Shanghai at each 
survey point. When comparing the GDP per capita of these 
two provinces, we can observe that Shanghai has had a 
better economic status than Jiangxi [17, 18]. However, a 

Table 2   Changes of median age at menarche among Chinese Han girls in different periods

Survey one Survey two Z value P value Difference of Sur-
vey two-Survey one

Average 
five-year 
changeSurvey year Median age at menarche Survey year Median age at menarche

Total
 1985 13.37(13.25, 13.50) 1995 13.03(12.40, 13.62) 61.093  < 0.001 − 0.34 − 0.17
 1995 13.03(12.40, 13.62) 2005 12.66(12.35, 12.96) 58.481  < 0.001 − 0.37 − 0.19
 2005 12.66(12.35, 12.96) 2014 12.09(11.81, 12.37) 89.006  < 0.001 − 0.57 − 0.32
 2014 12.09(11.81, 12.37) 2019 12.00(10.68, 13.06) 13.507  < 0.001 − 0.09 − 0.09
 1985 13.37(13.25, 13.50) 2019 12.00(10.68, 13.06) 235.753  < 0.001 − 1.37 − 0.20

Urban
 1985 13.06(12.81, 13.30) 1995 12.82(12.17, 13.42) 30.683  < 0.001 − 0.24 − 0.12
 1995 12.82(12.17, 13.42) 2005 12.52(12.29, 12.75) 33.851  < 0.001 − 0.30 − 0.15
 2005 12.52(12.29, 12.75) 2014 11.97(11.59, 12.34) 60.932  < 0.001 − 0.55 − 0.31
 2014 11.97(11.59, 12.34) 2019 12.07(10.49, 13.25) − 10.529  < 0.001 0.10 0.10
 1985 13.06(12.81, 13.30) 2019 12.07(10.49, 13.25) 119.561  < 0.001 − 0.99 − 0.15

Rural
 1985 13.70(13.59, 13.80) 1995 13.26(12.60, 13.87) 55.675  < 0.001 − 0.44 − 0.22
 1995 13.26(12.60, 13.87) 2005 12.79(12.39, 13.19) 52.177  < 0.001 − 0.47 − 0.24
 2005 12.79(12.39, 13.19) 2014 12.21(11.94, 12.47) 63.946  < 0.001 − 0.58 − 0.32
 2014 12.21(11.94, 12.47) 2019 11.93(11.22, 12.57) 30.003  < 0.001 − 0.28 − 0.28
 1985 13.70(13.59, 13.80) 2019 11.93(11.22, 12.57) 217.487  < 0.001 − 1.77 − 0.26

Table 3   Urban and rural 
differences of the median age at 
menarche in each survey year

Survey year Urban Rural Difference of 
urban–rural

Z value P value

1985 13.06 (12.81, 13.30) 13.70 (13.59, 13.80) 0.64 − 98.048  < 0.001
1995 12.82 (12.17, 13.42) 13.26 (12.60, 13.87) 0.44 − 48.878  < 0.001
2005 12.52 (12.29, 12.75) 12.79 (12.39, 13.19) 0.27 − 30.446  < 0.001
2014 11.97 (11.59, 12.34) 12.21 (11.94, 12.47) 0.24 − 26.016  < 0.001
2019 12.07 (10.49, 13.25) 11.93 (11.22, 12.57) − 0.14 14.581  < 0.001
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greater decline was observed in Jiangxi, accompanied by 
its faster growth rate of GDP per capita. Specifically, from 
1995 to 2019, the GDP per capita of Shanghai and Jiangxi 
increased by 8 times and 18 times, which corresponded to 
the decline in the median age at menarche by 0.74 years 
and 1.22 years, respectively[18]. Meanwhile, Chinese Han 
school-aged girls’ nutritional status improved as they grew 
taller and transitioned from a high prevalence of thinness to 
a high prevalence of overweight and obesity [19, 20]. Some 
studies have suggested that higher adherence to the modern 
dietary pattern, which is characterized by high intakes of 
fast foods, milk, fruits, and eggs and low intakes of grains 
and vegetables, was also associated with an earlier age at 
menarche among Chinese girls [21]. In addition, another 
potential reason might be increased exposure to endocrine-
disrupting chemicals (EDCs), especially in Chinese children, 
both in urban and rural areas, with more than 90% of them 
exposed to EDCs, and an existing study has observed the 

association between peripubertal methylparaben concentra-
tion and earlier onset of breast gland development [22, 23]. 
Although the median age at menarche continued to decline, 
we found that the rate of decline has slowed in recent years, 
especially in urban areas. In some developed countries and 
regions, this phenomenon may occur earlier. For example, 
only a small decrease of about 1.5 months was observed in 
the Netherlands from 1980 to 1997 [24]. In Japan, women 
born in the 1980s were already at the same age at menarche 
as women born in the 1970s [25]. In Guangzhou, a highly 
economically developed city in China, the median age at 
menarche also appeared to level off for urban girls [15]. 
Many studies have suggested that the achievement of an 
optimal level of nutritional conditions contributed to the 
secular trend toward an earlier age at menarche slackening 
[26, 27]. Furthermore, from an evolutionary perspective, 
the “target-seeking growth model” in physical anthropology 
indicated that genetic determinants would exert a repressive 

Fig. 2   Urban and rural differences in the median age at menarche among Chinese Han girls in each survey year
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effect on excessively decreased trends in pubertal timing 
[28]. Specifically, if the timing of age at menarche decreased 
to a certain age, this declining trend would slow or even stop 
due to genetic factors [15].

This study also revealed the difference in the median age 
at menarche between urban and rural areas. From 1985 to 
2014, our study had the same results as previous studies, 
which found that urban girls always reached menarche ear-
lier than rural girls [14, 29]. Meanwhile, a narrowing urban‒
rural disparity was seen in this study. This might be due to 
rapid urbanization and the convergence of urban and rural 
lifestyles in recent years [30]. According to official statistics, 
the rate of urbanization increased from 23.71% in 1985 to 
62.71% in 2019[18]. The consequent reduction in urban‒
rural disparity in overweight and obesity also contributed to 
the narrowing disparity in the median age at menarche [31]. 
However, due to the rapid rate of decline in rural areas, the 
urban‒rural disparity in median age at menarche reversed in 
2019, with rural girls reaching menarche earlier. Although 
few studies had reported similar results before ours, since 
it was found in more than half of the provinces, rather than 
being affected by individual provinces, we consider that it 
would characterize the new urban‒rural disparity. However, 
more studies are needed to confirm this hypothesis.

Substantial evidence suggests that early menarche 
increases the vulnerability of adolescent girls to negative 
sexual and reproductive health outcomes and increases the 
risk of long-term health impairments [4, 5, 32, 33]. There-
fore, given the declining age of menarche among Chinese 
adolescents, preventive health measures would be necessary 
to reduce the health damage caused by early pubertal onset. 
We called for earlier and more comprehensive sexual and 
reproductive health education to help them gain the neces-
sary knowledge and skills to make safe choices related to sex 
and reproduction. In addition, policies and interventions to 
prevent the decline in the age of menarche would be neces-
sary, especially in rural areas. For example, comprehensive 
interventions to prevent overweight and obesity, including 
education on balanced diets and healthy eating habits, diet 
environment improvement in society, and encouraging phys-
ical activities, might be effective.

This study had several limitations. First, the median 
age at menarche might not reflect the exact situation in the 
population because of the cross-sectional study design. 
Second, information about the actual date of menarche 
was not obtained. Instead, we only asked whether the par-
ticipants had started menstruating and estimated the age at 
menarche by probit regression. However, this status quo 
method with no memory bias was considered to be more 
reliable than the recall method in a large study population. 
In addition, only 20 provinces were included in this study 
for comparison across years; most of the excluded provinces 
had a later median age at menarche, which may lead to an 

underestimation of the national median age at menarche[34]. 
However, since this study mainly focused on secular trends 
and urban‒rural disparities, we believed that this underes-
timation had little impact on the conclusions. Finally, this 
study only presented the declining secular trends of the 
median age at menarche and did not explore the potential 
reasons, such as dietary changes over time, due to data limi-
tations, which deserve further research.

In conclusion, the median age at menarche among Chi-
nese Han girls continued to decline from 1985 to 2019 at 
a slowing rate. However, the slowing rate mainly occurred 
in urban areas, and rural areas still had a relatively rapid 
rate of decline. Urban‒rural disparities in the median age 
at menarche gradually narrowed. Corresponding policies are 
needed in China, including earlier and more comprehensive 
sexual and reproductive health education and interventions 
to prevent the decline in the age of menarche, especially in 
rural areas.
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