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Abstract 

Objectives: We compared the differences in median age at spermarche among 11 ethnic 

minorities in 2010, estimated the trends regarding age at spermarche in different ethnic 

minorities from 1995 to 2010, and explored the association of spermarche with BMI. 

Methods: We used four cross-sectional Chinese National Surveys on Students’ 

Constitution and Health (CNSSCH, 1995, 2000, 2005, and 2010), and the total sample 

size was 40 113 children aged 11-18 years.  The median age at spermarche of each 

ethnic minority was determined by using probit analysis. Logistic regression was used to 

assess the association of spermarche with BMI.  

Results: In 2010, the ethnic minorities with earliest age at spermarche were Qiang (12.03 

years), Zhuang (12.91 years) and Kirghiz (13.17 years); the three ethnic minorities with 

latest age at spermarche were Dong (14.73 years), Yao (14.60 years), and Naxi (14.36 

years). From 1995 to 2010, age at spermarche showed a decline in almost each minority 

groups except Yao and Dong. A higher BMI was associated with an increased likelihood 

of having reached spermarche after adjusting for age, regions or ethnic minorities.  

Conclusion: A large variation in age at spermarche was observed among different ethnic 

minorities and. The age at spermarche showed a downward shift in almost each of the 11 

ethnic minorities with different patterns over time, and the children with higher BMI are 

more likely to enter puberty early. 

Key words: Spermarche; Puberty development; Ethnic minority; boys 
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Strengths and limitations of this study  

� Study population was from successive national surveys from 1995 to 2010, and the 

consistent stratified cluster sampling procedure and methods of measurement 

contributed to the comparability of the data of different survey year. 

� It is the first to describe the trend in decreasing age at spermarche among Chinese 

ethnic minorities’ boys. 

� It is the first to assess the relationship between spermarche and BMI among Chinese 

ethnic minorities’ boys and we observed that a higher BMI was associated with an 

increased likelihood of having reached spermarche. 

� Previous findings concerning the age at spermarche in ethnic minorities are limited, 

and thus, comparative studies across different countries or regions are not available. 
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Introduction 

There are many studies about the trend of age at menarche among girls, but the data for 

evaluating secular trends in male pubertal development are limited and insufficient. 
1 

However, some studies have showed that an earlier onset of puberty occurred among 

boys. 
2-3

 Some local surveys in China also found the similar trends.
 4-5

 However, reports 

of age at spermarche among Chinese boys have been sparse, and many are outdated or 

focus only on boys of Han ethnicity. 
4-6

 Data on the timing of spermarche among ethnic 

minority boys is not available, and the trends in age at spermarche among ethnic minority 

boys over the past 15 years are unknown. 

 

Previous studies have shown that nutritional status is an important regulator of puberty, 

i.e. underweight could delay onset of puberty and reduce pubertal growth spurt whereas 

overweight or obese children are more likely to enter puberty early. 
7-10

 A study 

conducted in Chinese Han ethnicity has also found that a higher BMI is associated with 

an increased likelihood of having reached spermarche. 
6
 However, the question as to 

whether an association between spermarche and BMI exists among ethnic minorities 

remains unanswered. 

 

The majority of the population in China belongs to the Han ethnic group, and the other 55 

ethnic groups are referred to as ethnic minorities. Although they are in the minority, the 

absolute number of an ethnic minority in China may be larger than in any other country 

or region. 
11

 According to the sixth Chinese national census, conducted in 2010, 

113,792,211 (8.49%) of the country’s total population belonged to ethnic minorities. 
12 
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For example, there are now more than 3.5 million Yao people in the world, with 

approximately 2.8 million living in China, 0.8 million in the Vietnam, and the remainder 

in other countries, such as Laos, Thailand and the United States. As a multi-ethnic 

country, China provides a good opportunity to describe the diversity in age at spermarche 

among different ethnic minorities during the same period.  

 

Previous studies have shown that the estimation of spermarche has been performed 

successfully in China for many years. 
13-14

 The age at spermarche in boys can be 

determined by personal interview, which may be more accurate and convenient than 

measurement of spermaturia in population-based studies. 
13, 15

 By using this method, 

spermarcheal data are collected in the Chinese National Surveys on Students Constitution 

and Health (CNSSCH), 
16-19

 which has been conducted every five years using identical 

methods. As a national sample of school-age children in China, it includes both Han and 

ethnic minority students and thus provides an opportunity to study the trends regarding 

age at spermarche among ethnic minorities. The present analysis sought to 1) compare 

the differences of median age at spermarche among 11 ethnic minorities in 2010; 2) 

estimate the trends of age at spermarche among different ethnic minorities from 1995 to 

2010; and 3) determine any possible association between spermarche and BMI. 

 

Subjects and methods 

Subjects 

Data were obtained from the 1995, 2000, 2005, and 2010 cycles of the CNSSCH.
 16-19 

Thus far, it is the largest nationally representative sample of school-aged children in 
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China (more than 200 000 students aged 7- 22 years in each survey point). The present 

study included only boys aged 11 to 18- years from the following 11 ethnic minorities: 

Hui, Zhuang, Yao, Kirghiz, Dong, Hani, Naxi, Dongxiang, Li, Tu and Qiang, who were 

mainly sampled in the Ethnic Minority Autonomous Region or Ethnic Minority 

Autonomous Prefecture (Figure 1). The data from the four cycles of CNSSCH were 

checked for comparability and reliability according to three indicators: (a) all the subjects 

and their parents were of the same ethnicity origin and had lived in the local areas for at 

least 1 year; (b) all subjects were uniformly measured in the same year using the same 

methods and in the same way; (c) all subjects had a thorough medical examination before 

measurement, and were generally healthy and free from overt disease or physical/mental 

deformities. The sample sizes of the various ethnic minorities at different survey points 

ranged from 400 to 2 401 (Table 1); the sample size of each survey ranged from 8 592 to 

14734, and the total sample size (all surveys) was 40 113. The project was approved by 

the Medical Research Ethics Committee of Peking University Health Science Center 

(IRB00001052-13082). 

 

Measures 

Individual spermarcheal data were collected by the status quo method. Boys aged ≥11 

years in each CNSSCH were interviewed face to face by male physicians or professionals 

and were asked whether or not they had experienced a first ejaculation. Almost all school 

boys of that age group have some knowledge about male pubertal events from their 

school health education; moreover, the interviewers were well trained to create a 

harmonious atmosphere and not to let the boys answer under stress. The interviewers 
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were also prepared to provide sufficient explanation of sperm emission, if necessary, 

during the interview. Boys were also encouraged to ask questions freely. A dichotomous 

response (yes/no) was obtained for spermarcheal status. The boys who did not understand 

sperm emission after explanation, could not remember their ejaculation history, or who 

refused to answer questions were regarded as invalid cases and excluded from the study. 

Boys’ ages were recorded and calculated as decimal ages (e.g. 11.00–11.99 years, 

12.00–12.99 years). 

 

Height (cm) and weight (kg) were all measured using similar instruments at all survey 

sites. 
16-19

 Participants were required to wear only light clothing and stand erect, barefoot, 

and at ease while being measured. Weight was recorded to the nearest 0.1 kg with a 

standardized scale and height to the nearest 0.1 cm with a portable stadiometer. Both the 

scales and stadiometers were calibrated before use. BMI was calculated as body weight 

(kg) divided by height (m) squared (kg/m
2
). Measurements at the survey site were 

conducted by a team of field professionals who had passed a training course in 

anthropometric measurements. The geographic regions were classified as north China 

and south China, and north China in present study included Ningxia Hui Autonomous 

Region, Xinjiang Uyghur Autonomous Region, Gansu and Qinghai, whereas south China 

included Guangxi Zhuang Autonomous Region, Guizhou, Yunnan, Hainan and Sichuan. 

 

Statistical analyses 

The percentages of boys having reached spermarche in each age group were determined. 

The median age at spermarche and 95% confidence intervals (CI) in subgroups for 
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different years were calculated using probit analysis. We fitted probit models to the 

proportion of boys within each age group who had reached spermarche. A cumulative 

normal curve was fitted to the proportion of boys within each age group who were 

spermarcheal, and the median age at spermarche was the corresponding age at which 

50% of boys in the population were predicted to have reached spermarche. Differences in 

the percentages of spermarcheal boys among different ethnic minorities in 2010 were 

compared by using Chi square test, and differences in age at spermarche between 1995 

and 2010 survey points were tested by using Z test. P-value <0.05 was considered as 

statistically significant. In order to facilitate the classification of ethnic minorities, age at 

spermarche among the 11ethnic minorities was examined by cluster analyses. Logistic 

regression was used to assess the association between the log odds of being spermarcheal 

and BMI, geographic regions age, age and ethnic minorities in 2010 CNSSCH. A 

two-sided P value < 0.05 was considered significant. All analyses were conducted with 

SPSS 20.0 (SPSS, Chicago, IL). 

 

Results 

Age at spermarche among 11 ethnic minorities in 2010 

In 2010, only a few boys (6.54%) were spermarcheal in the 11-year-old group. In the 

13-year-old group, almost all ethnic minorities were spermarcheal and the percentage of 

spermarche among Yao was the lowest (13.33%), while that among Kirghiz was the 

highest (91.06%) (χ
2
 = 288.80, P < 0.01). By the age of 18, 98.93% ethnic minority boys 

were spermarcheal. The median ages at spermarche among the three ethnic minorities 

with the earliest ages at spermarche in 2010 were as follows: Qiang (12.03 years), 
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Zhuang (12.91 years) and Kirghiz (13.17 years); those with the lastest median ages at 

spermarche were Dong (14.73 years), Yao (14.60 years), and Naxi (14.36 years) (Table 2). 

The cluster analysis indicated that the 11 ethnic minorities in 2010 could be classified as 

two groups: Zhuang, Kirghiz and Qiang were classified as the earlier age group of age at 

spermarche; and the other 8 ethnic minorities belonged to the later age group of age at 

spermarche (Figure 2). 

 

Secular trends of age at spermarche among 11 ethnic minorities from 1995 to 2010 

From 1995 to 2010, the age at spermarche showed a downward shift in almost each of the 

11 ethnic minorities, but with different patterns of decline. Some minority groups, such as 

Hui, Kirghiz, Hani, and Qiang showed a clearly declining trend over time, some minority 

groups, such as Zhuang, Naxi(Nakhi), Dongxiang, Li, and Tu showed a decreasing trend 

with upward fluctuations over time, while Yao and Dong showed a relatively flat trend 

with no statistically significant difference between 1995 and 2010 (Figure 3). As a result, 

Qiang, Zhuang and Kirghiz showed the largest reductions, with age at spermarche found 

to be 3.53 (P < 0.05), 2.12 (P < 0.05) and 1.93 (P < 0.05) years earlier, respectively, in 

2010 than in 1995. In contrast, Yao and Dong showed the smallest differences, with age 

at spermarche only 0.02 (P > 0.05) and 0.08 (P > 0.05) years differences, respectively, 

between 1995 and 2010 (Table 2).  

 

Association of spermarche with BMI 

Table 3 shows that there was an association between age at spermarche and BMI: a 

higher BMI was associated with an increased likelihood of having reached spermarche 
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after adjusting for age, regions or ethnic minorities. The ethnic minorities who lived in 

the south of China were earlier to have reached spermarche than those who lived in the 

north of China after adjusting for BMI and age (OR=1.84).  

 

Discussion 

The present study demonstrated large variations in age at spermarche among different 

ethnic minorities. Zhuang, Kirghiz and Qiang were classified as the earlier age group of 

age at spermarche, and the other 8 ethnic minorities belonged to the later age group of 

age at spermarche in 2010. More than half boys reached spermarche before 13 years 

among the Zhuang and Qiang boys, whereas less than half peers had spermarche till 14 

years among the Hui, Yao, Dong, Naxi (Nakhi) and Tu boys. Because the decreasing age 

of male sexual maturity runs counter to the delay in the social transition to adulthood that 

has been documented around the world, the early developers are at an increased risk of 

negative reproductive health outcomes in both adolescence and adulthood, 
21-23

 specific 

health education on the male puberty development is needed to formulate in order to meet 

the diverse health requirements among different ethnic minorities in China. 

 

To our knowledge, the present study is the first to describe the trend in decreasing age at 

spermarche among Chinese ethnic minorities’ boys. We found that the occurrence of a 

downward secular trend in age at spermarche was evident in almost all of the 11 ethnic 

minorities, but to different degrees. Globally, the research on the trend of male puberty 

development varied greatly across countries and regions. A study in Poland reported an 

over 3-month decrease between 2000 and 2010 in the age of initial appearance of pubic 
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hair in boys. 
2
 In Thailand, the age at testicular enlargement Tanner II declined by 0.15 

years/decade (1.8 months/decade) from 1975 to 2012. 
3
 In the United States, the mean 

ages of beginning genital and pubic hair growth and early testicular volumes were 6 

months to 2 years earlier than in past studies, i.e. HHANES (the Hispanic Health and 

Examination Survey, 1982-1984) and NHANES III (1988-1992) found attainment of 

genital stage 2 declined from 12.4 to 10.4 years of age over a 10-year period among 

Hispanic boys. 
24-25

 In China, from 1995 to 2010, age at spermarche dropped from 14.57 

to 14.03 years with an average decrease of 4.3 months per decade among Han boys. 
6
 

When compared with Chinese Han boys, the 11 ethnic minority groups in the present 

study could be subdivided into three categories: 1) ethnic minority boys whose 

differences in age at spermarche from 1995 to 2010 were larger than Han boys, i.e. Hui, 

Zhuang, kirghiz, Hani, Naxi (Nakhi), Tu, and Qiang; 2) ethnic minority boys whose 

differences in age at spermarche from 1995 to 2010 were smaller than Han boys, i.e. 

Dongxiang and Li; and 3) ethnic minority boys whose differences in age at spermarche 

from 1995 to 2010 were non-significant, such as the Yao and Dong. The results are in 

agreement with many previous studies in China showing that the age of peak of height 

velocity (PHV) of student of some ethnic minorities’ boys, such as Hui, Qiang, Zhuang, 

kirghiz, and Hani declined over the past years, 
16-19, 26-28

 and the morphological 

development level of the Qiang was better than other ethnic minorities. 
28 

 

The pattern of results thus indicated that some ethnic minorities lived in the same 

provinces or regions showed similar trends of age at spermarche, i.e. the Hani and Naxi 

(Nakhi) are both from Yunnan province, and both showed clearly declining trends of age 
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at spermarche. However, it also pointed that not all ethnic minorities showed a significant 

decline in age at spermarche during the years in question, suggesting that differences in 

secular trends among ethnic minorities may well be related to specific features of certain 

ethnic minority groups. Even among ethnic minorities from the same provinces or 

regions, large variations in age at spermarche were observed. For example, the Zhuang 

and Yao are both from Guangxi Zhuang Autonomous Region; however, they showed 

different patterns concerning age at spermarche trends: Zhuang boys had larger 

differences regarding average age at spermarche than Han boys, whereas the Yao had no 

significant differences over the past 15 years.  

 

Considering growth is a product of a continuous and complex interaction of heredity and 

environment, our findings of difference in age at spermarche of minority boys can be 

attributed to the effects of both hereditary and environmental factors. Environmental 

factors can be generally divided into two dimensions: socioeconomic (nutrition, disease, 

income, occupation, family size, social mobility, urbanization, etc.) and ecological 

(altitude, season, climate, etc.).
 13, 29

 In the present study, we observed that higher BMI 

was associated with the earlier spermarche, which are consistent with previous studies 

showing that earlier maturing boys were heavier than their coevals, whereas underweight 

boys developed puberty later,
 6, 8, 30

 moreover, a cohort study also showed that a 

significant effect of BMI at 7 years on age at sexual maturation in boys; the heavier at 

age 7 years the earlier did the children enter puberty. 
31

 It hints that nutritional strategies 

and interventions such as the program on improving student nutrition among rural 

compulsory school students which issued by the State Council in 2011 
32

 may have 

effects on both children’s nutritional status and puberty development. Although the ethnic 
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minorities’ children would be benefit from this program to a certain extent, the long-term 

nutritional strategies targeting on the ethnic minorities should be considered, and the 

health education focused on the secular trend of male puberty should also be developed 

correspondingly. 

 

Our study has several limitations. Firstly, it was not a prospective cohort study, because 

each CNSSCH was a cross-sectional survey conducted with different participants. The 

average age at spermarche might not reflect the exact situation in the population; this can 

be clarified only by a longitudinal cohort study. Secondly, information was not obtained 

about the actual spermarche dates of the boys. However, the status quo method － when 

used in a large study population such as the current sample － is considered to be even 

more reliable than the recall method for obtaining spermarche dates. Thirdly, the sample 

size of some ethnic minorities, for example, the Yao, may have been inadequate and 

larger surveys are needed in the future. In addition, previous findings concerning the age 

at spermarche in ethnic minorities are limited, and thus, comparative studies across 

different countries or regions are not available. 

 

Conclusion 

Age at spermarche varied widely among different ethnic minorities. From 1995 to 2010, 

the age at spermarche among Chinese ethnic minority boys declined significantly among 

9 of 11 ethnic minorities included in the current study. During that period, seven ethnic 

minorities showed clearly declining rates, with a decrease of over 4.3 months per decade, 

which is a larger decrease than that shown among Han boys. Two ethnic minorities 
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showed decreasing trends and two ethnic minorities showed no significant differences. As 

Han boys, increasing BMI was associated with an increased likelihood of being 

spermarcheal when adjusted for age, regions or ethnic minorities. This suggests that 

nutritional interventions may also have an effect on children’s pubertal development. 
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Table 1  The distribution and sample size of boys aged 11 to 18 among 11 ethnic 

minorities from 1995 to 2010 

Ethnic 

minorities 

 

Source province/ region 

Number 

(millions) 

(20) 
a 

 

Minority 

population 

ranking
 a
 

1995 2000 2005 2010 

Hui Ningxia Hui Autonomous Region 10.59 2 2401 1600 1564 1744 

Zhuang Guangxi Zhuang Autonomous 

Region 

16.93 1 2391 1595 1271 1449 

Yao Guangxi Zhuang Autonomous 

Region 

2.8 12 1200 801 484 408 

Kirghiz Xinjiang Uyghur Autonomous 

Region 

0.19 31 1200 400 - 963 

Dong Guizhou 2.88 10 1200 766 708 741 

Hani Yunnan 1.66 15 1200 - 863 806 

Naxi (Nakhi) Yunnan 0.33 26 1189 - 799 673 

Dongxiang Gansu 0.62 21 930 1136 - 768 

Li Hainan 1.46 16 1200 784 645 596 

Tu Qinghai 0.29 28 599 800 557 827 

Qiang Sichuan 0.31 27 1224 710 - 921 

Total    14734 8592 6891 9896 

a
 according to the Sixth National Census in 2010 
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Table 2  Age at spermarche (95%CI) of boys aged 11 to 18 among 11 ethnic minorities 

from 1995 to 2010 

Ethnic minorities 1995  2000  2005  2010  
Difference 

(1995~2010) 

Hui 15.93(15.78-16.08)  14.91(14.48-15.31)  14.67(13.45-15.75)  14.31(13.88-14.72)  -1.62* 

Zhuang 15.03(14.84-15.21)  15.10(14.96-15.23)  13.34(11.38-14.09)  12.91(12.56-13.22)  -2.12 * 

Yao 14.58(14.38-14.79)  15.46(15.03-15.90)  -  14.60(14.29-14.84)  0.02 

Kirghiz 15.10(14.86-15.34)  14.85(14.55-15.22)  -  13.17(12.49-13.75)  -1.93* 

Dong 14.81(14.66-14.96)  15.45(15.20-15.74)  14.74(14.46-15.01)  14.73(14.02-15.41)  -0.08 

Hani 14.37(14.25-14.49)  -  14.20(13.84-14.54)  13.76(13.63-13.89)  -0.61* 

Naxi (Nakhi) 14.93(14.72-15.14)  -  13.36(13.19-13.53)  14.36(13.64-14.95)  -0.57* 

Dongxiang 14.39(14.12-14.65)  15.98(15.60-16.38)  -  13.96(11.71-15.46)  -0.43* 

Li 14.11(13.88-14.34)  14.05(13.00-15.07)  13.50(12.62-14.11)  13.66(13.01-14.14)  -0.45* 

Tu 15.37(15.13-15.62)  16.23(15.62-16.88)  15.19(15.02-15.37)  14.35(13.91-14.77)  -1.02* 

Qiang 15.56(15.32-15.80)  14.65(14.40-14.92)  -  12.03(11.20-12.55)  -3.53* 

* P < 0.05 there is a significant difference between 1995 and 2010 
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Table 3  Logistic regression models predicting spermarcheal status from BMI, 

geographic regions, age and ethnic minorities in 2010 CNSSCH (OR(95% CI)) 

Variable Model 1  Model 2  Model 3  Model 4 

BMI 1.49(1.45-1.52)  1.49(1.45-1.52)  1.09(1.06-1.12)  1.13(1.10-1.16) 

Regions        

North China    1.00  1.00   

South China   1.68(1.54-1.85)  1.84(1.63-2.08)  NA 

Age (years)     2.85(2.73-2.97)  3.40(3.23-3.58) 

Ethnic minorities        

Hui       1.00 

Zhuang       7.92(6.17-10.17) 

Yao       0.64(0.49-0.85) 

Kirghiz       0.92(0.64-1.32) 

Dong       2.34(1.75-3.12) 

Hani       3.40(2.51-4.61) 

Naxi (Nakhi)       1.70(1.29-2.52) 

Dongxiang       0.90(0.68-1.20) 

Li       6.24(4.77-8.17) 

Tu       1.00(0.76-1.31) 

Qiang       18.62(13.92-24.91) 
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Legend: 

 

Figure 1  The locations of 11 ethnic minorities sampled in China. 

 

Figure 2  The clustering pattern of age at spermache among boys aged 11 to 18 from 11 

ethnic minorities. 

 

Figure 3  The secular trends regarding age at spermache of boys aged 11 to 18 among 11 

ethnic minorities from 1995 to 2010.  
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Figure 1  The locations of 11 ethnic minorities sampled in China.  
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Figure 2  The clustering pattern of age at spermache among boys aged 11 to 18 from 11 ethnic minorities.  
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Figure 3  The secular trends regarding age at spermache of boys aged 11 to 18 among 11 ethnic minorities 
from 1995 to 2010.  
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

Please see page 1, the title and the abstract 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

Please see the first two paragraphs of the “Introduction”  section. 

Objectives 3 State specific objectives, including any prespecified hypotheses 

Please see the last paragraph of the “Introduction” section. 

Methods 

Study design 4 Present key elements of study design early in the paper 

Please see the first paragraph of the “Subjects and methods” section. 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

Please see the first paragraph of the “Subjects and methods” section. 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and methods of case 

ascertainment and control selection. Give the rationale for the choice of cases and 

controls 

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

Please see the first paragraph of the “Subjects and methods” section. 

(b) Cohort study—For matched studies, give matching criteria and number of exposed 

and unexposed 

Case-control study—For matched studies, give matching criteria and the number of 

controls per case 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Please see the second paragraph of the “Subjects and methods” section. 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there is 

more than one group 

Please see the second and third paragraphs of the “Subjects and methods” section. 

Bias 9 Describe any efforts to address potential sources of bias 

Please see the limitation section. 

Study size 10 Explain how the study size was arrived at 

Please see the first paragraph of the “Subjects and methods” section. 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

Please see the fourth paragraph of the “Subjects and methods” section. 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 
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(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls was 

addressed 

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy 

(e) Describe any sensitivity analyses 

Please see the fourth paragraph of the “Subjects and methods” section. 

Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed 

Please see the first paragraph of the “Subjects and methods” section. 

(b) Give reasons for non-participation at each stage 

(c) Consider use of a flow diagram 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information 

on exposures and potential confounders 

Please see Table 1. 

(b) Indicate number of participants with missing data for each variable of interest 

Please see the first paragraph of the “Subjects and methods” section. 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

Case-control study—Report numbers in each exposure category, or summary measures of 

exposure 

Cross-sectional study—Report numbers of outcome events or summary measures 

Please see Table 1. 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 

why they were included 

Please see Table 2. 

(b) Report category boundaries when continuous variables were categorized 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 

time period 

Please see Table 2 and 3. 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 

analyses 

Please see Figure 2. 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

Have done in the “Discussion” section. 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

Please see the limitation section. 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and other relevant evidence 

Have done in the “Discussion” section. 
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Generalisability 21 Discuss the generalisability (external validity) of the study results 

Have done in the “Discussion” section. 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based 

We have added the funding information in the “Acknowledgements” section. 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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Abstract 

Objectives: We compared the differences in median age at spermarche among 11 ethnic 

minorities in 2010, estimated the trends regarding age at spermarche in different ethnic 

minorities from 1995 to 2010, and explored the association of spermarche with BMI. 

Methods: We used four cross-sectional Chinese National Surveys on Students’ 

Constitution and Health (CNSSCH, 1995, 2000, 2005, and 2010), and the total sample 

size was 40 113 children aged 11-18 years.  The median age at spermarche of each 

ethnic minority was determined by using probit analysis. Logistic regression was used to 

assess the association of spermarche with BMI.  

Results: In 2010, the ethnic minorities with earliest age at spermarche were Qiang (12.03 

years), Zhuang (12.91 years) and Kirghiz (13.17 years); the three ethnic minorities with 

latest age at spermarche were Dong (14.73 years), Yao (14.60 years), and Naxi (14.36 

years). From 1995 to 2010, age at spermarche showed a decline in almost each minority 

groups except Yao and Dong. A higher BMI was associated with an increased likelihood 

of having reached spermarche after adjusting for age, regions or ethnic minorities.  

Conclusion: A large variation in age at spermarche was observed among different ethnic 

minorities. The age at spermarche showed a downward shift in almost each of the 11 

ethnic minorities with different patterns over time, and the children with higher BMI are 

more likely to enter puberty early. 

Key words: Spermarche; Puberty development; Ethnic minority; boys 
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Strengths and limitations of this study  

� Study population was derived from successive national surveys from 1995 to 2010, 

and the consistent stratified cluster sampling procedure and methods of measurement 

contributed to the comparability of the data from different survey years. 

� This is the first study to describe the trend in decreasing age at spermarche among 

Chinese ethnic minority boys.  

� It is the first to assess the relationship between spermarche and BMI among Chinese 

ethnic minority boys, showing that a higher BMI was associated with an increased 

likelihood of having reached spermarche. 

� Previous findings concerning the age at spermarche in ethnic minorities are limited, 

and thus, comparative studies across different countries or regions are not available. 
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Introduction 

Since the timing of puberty onset in childhood is associated with type 2 diabetes, 

cardiovascular disease, and other adverse outcomes in adulthood,
 1

 it thus appears to have 

a profound impact on later health. A better understanding of trends in puberty timing may 

improve the planning of health services, and provide the potential target for early 

preventive interventions of those chronic diseases. Although there are many studies about 

the trend of age at menarche among girls, the data for evaluating secular trends in male 

pubertal development are limited and insufficient. 
2 

However, some studies have showed 

that an earlier onset of puberty occurred among boys. 
3-4

 Some local surveys in China 

have also found similar trends.
 5-6

 However, reports of age at spermarche among Chinese 

boys have been sparse, and many are outdated or focus only on boys of Han ethnicity. 
5-7

 

Data on the timing of spermarche among ethnic minority boys is not available, and the 

trends in age at spermarche among ethnic minority boys over the past 15 years are 

unknown. 

 

Previous studies have shown that nutritional status is an important regulator of puberty, 

i.e. underweight could delay onset of puberty and reduce pubertal growth spurt whereas 

overweight or obese children are more likely to enter puberty early. 
8-11

 A study 

conducted in Chinese Han ethnicity has also found that a higher BMI is associated with 

an increased likelihood of having reached spermarche. 
7
 However, the question as to 

whether an association between spermarche and BMI exists among ethnic minorities 

remains unanswered. 
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The majority of the population in China belongs to the Han ethnic group, and the other 55 

ethnic groups are referred to as ethnic minorities. Although they are in the minority, the 

absolute number of an ethnic minority in China may be larger than in any other country 

or region. 
12

 According to the sixth Chinese national census, conducted in 2010, 

113,792,211 (8.49%) of the country’s total population belonged to ethnic minorities. 
13 

For example, there are now more than 3.5 million Yao people in the world, with 

approximately 2.8 million living in China, 0.8 million in the Vietnam, and the remainder 

in other countries, such as Laos, Thailand and the United States. As a multi-ethnic 

country, China provides a good opportunity to describe the diversity in age at spermarche 

among different ethnic minorities during the same period.  

 

Previous studies have shown that the estimation of spermarche has been performed 

successfully in China for many years. 
14-15

 The age at spermarche in boys can be 

determined by personal interview, which may be more accurate and convenient than 

measurement of spermaturia in population-based studies. 
14, 16

 By using this method, 

spermarcheal data are collected in the Chinese National Surveys on Students Constitution 

and Health (CNSSCH), 
17-20

 which has been conducted every five years using identical 

methods. As a national sample of school-age children in China, it includes both Han and 

ethnic minority students and thus provides an opportunity to study the trends regarding 

age at spermarche among ethnic minorities. The present analysis sought to 1) compare 

the differences of median age at spermarche among 11 ethnic minorities in 2010; 2) 

estimate the trends of age at spermarche among different ethnic minorities from 1995 to 

2010; and 3) determine any possible association between spermarche and BMI. 
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Subjects and methods 

Subjects 

Data were obtained from the 1995, 2000, 2005, and 2010 cycles of the CNSSCH.
 17-20 

Thus far, it is the largest nationally representative sample of school-aged children in 

China (more than 200 000 students aged 7- 22 years in each survey point). Twenty of the 

55 ethnic minorities were investigated in 1995, but only 11 ethnic minorities with 

spermarcheal data were available in at least three rounds of survey year. Thus, the present 

study included only boys aged 11 to 18 years from the following 11 ethnic minorities: 

Hui, Zhuang, Yao, Kirghiz, Dong, Hani, Naxi, Dongxiang, Li, Tu and Qiang, who were 

mainly sampled in the Ethnic Minority Autonomous Region or Ethnic Minority 

Autonomous Prefecture (Figure 1). Because some ethnic minorities did not participate in 

the CNSSCH in 2000 or in 2005, information concerning the Hani and Naxi was missing 

in the 2000 CNSSCH, and information concerning the Yao, Kirghiz, Dongxiang and 

Qiang was missing in the 2005 CNSSCH. The data from the four cycles of CNSSCH 

were checked for comparability and reliability according to three indicators: (a) all the 

subjects and their parents were of the same ethnicity origin and had lived in the local 

areas for at least 1 year; (b) all subjects were uniformly measured in the same year using 

the same methods and in the same way; (c) all subjects had a thorough medical 

examination before measurement, and were generally healthy and free from overt disease 

or physical/mental deformities. The sample sizes of the various ethnic minorities at 

different survey points ranged from 400 to 2 401 (Table 1); the sample size of each 

survey ranged from 8 592 to 14734, and the total sample size (all surveys) was 40 113. 
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The project was approved by the Medical Research Ethics Committee of Peking 

University Health Science Center (IRB00001052-13082). 

 

Measures 

Individual spermarcheal data were collected by the status quo method. Boys aged ≥11 

years in each CNSSCH were interviewed face to face by male physicians or professionals 

and were asked whether or not they had experienced a first ejaculation. Almost all school 

boys of that age group have some knowledge about male pubertal events from their 

school health education; moreover, the interviewers were well trained to create a 

harmonious atmosphere and not to let the boys answer under stress. The interviewers 

were also prepared to provide sufficient explanation of sperm emission, if necessary, 

during the interview. Boys were also encouraged to ask questions freely. A dichotomous 

response (yes/no) was obtained for spermarcheal status. The boys who did not understand 

sperm emission after explanation, who could not remember their ejaculation history, or 

who refused to answer questions were regarded as invalid cases and excluded from the 

study. Boys’ ages were recorded and calculated as decimal ages (e.g. 11.00–11.99 years, 

12.00–12.99 years). 

 

Height (cm) and weight (kg) were all measured using similar instruments at all survey 

sites. 
17-20

 Participants were required to wear only light clothing and stand erect, barefoot, 

and at ease while being measured. Weight was recorded to the nearest 0.1 kg with a 

standardized scale and height to the nearest 0.1 cm with a portable stadiometer. Both the 

scales and stadiometers were calibrated before use. BMI was calculated as body weight 
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(kg) divided by height (m) squared (kg/m
2
). Measurements at the survey site were 

conducted by a team of field professionals who had passed a training course in 

anthropometric measurements. The geographic regions were classified as north China 

and south China, and north China in the present study included Ningxia Hui Autonomous 

Region, Xinjiang Uyghur Autonomous Region, Gansu and Qinghai, whereas south China 

included Guangxi Zhuang Autonomous Region, Guizhou, Yunnan, Hainan, and Sichuan. 

 

Statistical analyses 

The percentages of boys having reached spermarche in each age group were determined. 

The median age at spermarche and 95% confidence intervals (CI) in subgroups for 

different years were calculated using probit analysis. We fitted probit models to the 

proportion of boys within each age group who had reached spermarche. A cumulative 

normal curve was fitted to the proportion of boys within each age group who were 

spermarcheal, and the median age at spermarche was the corresponding age at which 

50% of boys in the population were predicted to have reached spermarche. Differences in 

the percentages of spermarcheal boys among different ethnic minorities in 2010 were 

compared by using Chi square test, and differences in age at spermarche between 1995 

and 2010 survey points were tested by using Z test. In order to facilitate the classification 

of ethnic minorities, age at spermarche among the 11ethnic minorities was examined by 

cluster analyses. Stepwise logistic regression was used to assess the association between 

the log odds of being spermarcheal and BMI, geographic regions, age and ethnic 

minorities in 2010 CNSSCH. A two-sided P value < 0.05 was considered significant. All 

analyses were conducted with SPSS 20.0 (SPSS, Chicago, IL). 
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Results 

Age at spermarche among 11 ethnic minorities in 2010 

In 2010, only a few boys (6.54%) were spermarcheal in the 11-year-old group. In the 

13-year-old group, almost all ethnic minorities were spermarcheal and the percentage of 

spermarche among Yao was the lowest (13.33%), while that among Kirghiz was the 

highest (91.06%) (χ
2
 = 288.80, P = 0.00). By the age of 18, 98.93% ethnic minority boys 

were spermarcheal. The median ages at spermarche among the three ethnic minorities 

with the earliest ages at spermarche in 2010 were as follows: Qiang (12.03 years), 

Zhuang (12.91 years), and Kirghiz (13.17 years); those with the highest median ages at 

spermarche were Dong (14.73 years), Yao (14.60 years), and Naxi (14.36 years) (Table 2). 

The cluster analysis indicated that the 11 ethnic minorities in 2010 could be classified as 

two groups: Zhuang, Kirghiz and Qiang were classified as the earlier age group of age at 

spermarche, and the other 8 ethnic minorities belonged to the later age group of age at 

spermarche (Figure 2). 

 

Secular trends of age at spermarche among 11 ethnic minorities from 1995 to 2010 

From 1995 to 2010, the age at spermarche showed a downward shift in almost each of the 

11 ethnic minorities, but with different patterns of decline. Some minority groups, such as 

Hui, Kirghiz, Hani, and Qiang showed a clearly declining trend over time, some minority 

groups, such as Zhuang, Naxi(Nakhi), Dongxiang, Li, and Tu showed a decreasing trend 

with upward fluctuations over time, while Yao and Dong showed a relatively flat trend 

with no statistically significant difference between 1995 and 2010 (Figure 3). As a result, 

Qiang, Zhuang and Kirghiz showed the largest reductions, with age at spermarche found 
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to be 3.53 (P = 0.00), 2.12 (P = 0.00) and 1.93 (P = 0.00) years earlier, respectively, in 

2010 than in 1995. In contrast, Yao and Dong showed the smallest differences, with age 

at spermarche only 0.02 (P = 0.74) and 0.08 (P = 0.08) years differences, respectively, 

between 1995 and 2010 (Table 2).  

 

Association of spermarche with BMI 

Table 3 shows that there was an association between age at spermarche and BMI: a 

higher BMI was associated with an increased likelihood of having reached spermarche 

after adjusting for age, regions or ethnic minorities. The ethnic minorities who lived in 

the south of China reached spermarche earlier than those who lived in the north of China 

after adjusting for BMI and age (OR=1.84).  

 

Discussion 

The present study demonstrated large variations in age at spermarche among different 

ethnic minorities. Zhuang, Kirghiz and Qiang were classified as the earlier age group of 

age at spermarche, and the other 8 ethnic minorities belonged to the later age group of 

age at spermarche in 2010. More than half reached spermarche before 13 years among 

the Zhuang and Qiang boys, whereas less than half had spermarche till 14 years among 

the Hui, Yao, Dong, Naxi (Nakhi) and Tu boys. Currently, the decreasing age of male 

sexual maturity runs counter to the delay in the social transition to adulthood that has 

been documented around the world 
22

, and one of the consequences is that the early 

developers are at an increased risk of negative reproductive health outcomes in both 

adolescence and adulthood. 
23-24

 Therefore, specific health education on the male puberty 
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development needs to be developed in order to meet the diverse health requirements 

among different ethnic minorities in China. 

 

To our knowledge, the present study is the first to describe the trend in decreasing age at 

spermarche among Chinese ethnic minority boys. We found that the occurrence of a 

downward secular trend in age at spermarche was evident in almost all of the 11 ethnic 

minorities, but to different degrees. Globally, research on the trend of male puberty 

development has varied greatly across countries and regions due to different assessment 

methods. Some studies used pubarche and testicular enlargement to assess the timing and 

tempo of puberty.
 3-4, 25-26

 For example, a study in Poland reported an over 3-month 

decrease between 2000 and 2010 in the age of initial appearance of pubic hair in boys. 
3
 

In Thailand, the age at testicular enlargement Tanner II declined by 0.15 years/decade 

(1.8 months/decade) from 1975 to 2012. 
4
 In the United States, the mean ages of 

beginning genital and pubic hair growth and early testicular volumes were 6 months to 2 

years earlier than in past studies, i.e. HHANES (the Hispanic Health and Examination 

Survey, 1982-1984) and NHANES III (1988-1992) found attainment of genital stage 2 

declined from 12.4 to 10.4 years of age over a 10-year period among Hispanic boys. 
25-26

 

Some studies used age at spermarche as an indicator. 
6-7

 In China, from 1995 to 2010, age 

at spermarche dropped from 14.57 to 14.03 years with an average decrease of 4.3 months 

per decade among Han boys. 
7
 On the population level, secular trends in the timing of 

puberty could influence the health of both genders. Several epidemiologic studies in boys 

showed that the current secular trends in puberty timing seem to be associated with 

adverse health implications, such as increased risk for testicular cancer and a greater 
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incidence of conduct and behavioral disorders. 
24, 27

 However, the mechanisms that 

determine puberty timing and the reasons for its alterations are not clear. Thus, periodic 

surveillances of pubertal development, not only age at spermarche but also indicators of 

pubarche and testicular enlargement and related health consequences or longitudinal 

tracking between pubertal development and boys’ future health are needed. 

 

When compared with Chinese Han boys, the 11 ethnic minority groups in the present 

study could be subdivided into three categories: 1) ethnic minority boys whose 

differences in age at spermarche from 1995 to 2010 were larger than Han boys, i.e. Hui, 

Zhuang, Kirghiz, Hani, Naxi (Nakhi), Tu, and Qiang; 2) ethnic minority boys whose 

differences in age at spermarche from 1995 to 2010 were smaller than Han boys, i.e. 

Dongxiang and Li; and 3) ethnic minority boys whose differences in age at spermarche 

from 1995 to 2010 were non-significant, such as the Yao and Dong. The results are in 

alignment with many previous studies in China showing that the age of peak of height 

velocity (PHV) among some ethnic minority boys, such as Hui, Qiang, Zhuang, Kirghiz, 

and Hani declined over the past years, 
16-19, 28-30

 and the morphological development level 

of the Qiang was better than other ethnic minorities. 
29 

 

The pattern of results thus indicated that some ethnic minorities who lived in the same 

provinces or regions showed similar trends of age at spermarche; e.g. the Hani and Naxi 

(Nakhi) are both from Yunnan province, and both showed clearly declining trends of age 

at spermarche. However, not all ethnic minorities showed a significant decline in age at 

spermarche during the years in question, suggesting that differences in secular trends 
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among ethnic minorities may well be related to specific features of certain ethnic 

minority groups. Even among ethnic minorities from the same provinces or regions, large 

variations in age at spermarche were observed. For example, the Zhuang and Yao are 

both from Guangxi Zhuang Autonomous Region; however, they showed different 

patterns concerning age at spermarche trends: Zhuang boys had larger differences 

regarding average age at spermarche than Han boys, whereas the Yao had no significant 

differences over the past 15 years.  

 

Considering that growth is a product of a continuous and complex interaction between 

heredity and the environment, our findings of difference in age at spermarche of minority 

boys can be attributed to the effects of both hereditary and environmental factors. 

Environmental factors can be generally divided into two dimensions: socioeconomic 

(nutrition, disease, income, occupation, family size, social mobility, urbanization, etc.) 

and ecological (altitude, season, climate, etc.).
 14, 31

 In the present study, we observed that 

higher BMI was associated with an earlier spermarche, which is consistent with previous 

studies showing that earlier maturing boys were heavier than their peers, whereas 

underweight boys developed puberty later.
 7, 9, 32

 Moreover, a cohort study also showed 

that a significant effect of BMI at 7 years on age at sexual maturation in boys; the heavier 

at age 7 years, the earlier was puberty. 
33

 This suggests that nutritional strategies and 

interventions such as the program on improving student nutrition among rural 

compulsory school students, initiated by the State Council in 2011, 
34

 may have effects on 

both children’s nutritional status and puberty development. Although ethnic minority 

children would benefit from this program to a certain extent, long-term nutritional 

strategies targeting the ethnic minorities should be considered, and health education 
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focused on the secular trend of male puberty should also be developed correspondingly. 

 

The primary limitation of this study was that only association but not causuality can be 

inferred, given the cross-sectional design of the CNSSCH. Since the enlargement of 

testicular volume to 4 ml is considered as the best clinical marker for detecting the onset 

of puberty in boys, the average age at spermarche might not reflect the exact timing of 

puberty onset in this sample. . In addition, the actual spermarche dates of boys are 

unavailable. The status quo method － when used in a large study population such as 

the current sample － is considered to be even more reliable than the recall method for 

obtaining spermarche dates. Moreover, the same method was used to evaluate the puberty 

timing across the survey years and the different ethnicities in this study, and these 

limitations are not likely to affect our conclusions concerning the trends of puberty 

timing. Further, information concerning environmental factors was not collected in these 

surveys, and adjustment for such factors may potentially modify our results. The sample 

size of some ethnic minorities in the present study, such as Yao, may not have been 

adequate for obtaining reliable estimates.  Surveys with large samples and data on 

important environmental factors are needed to confirm our findings.  

 

Conclusion 

Age at spermarche varied widely among different ethnic minorities. From 1995 to 2010, 

the age at spermarche among Chinese ethnic minority boys declined significantly among 

9 of 11 ethnic minorities included in the current study. During that period, seven ethnic 

minorities showed clearly declining rates, with a decrease of over 4.3 months per decade, 
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which is a larger decrease than that shown among Han boys. Two ethnic minorities 

showed decreasing trends and two ethnic minorities showed no significant differences. 

Among Han boys, increasing BMI was associated with an increased likelihood of being 

spermarcheal when adjusted for age, regions or ethnic minorities. This suggests that 

nutritional interventions may also have an effect on children’s pubertal development. 
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Table 1  The distribution and sample size of boys aged 11 to 18 among 11 ethnic 

minorities from 1995 to 2010 

Ethnic 

minorities 

 

Source province/ region 

Number 

(millions) 

21
 
a 

 

Minority 

population 

ranking
 a
 

1995 2000 2005 2010 

Hui Ningxia Hui Autonomous Region 10.59 2 2401 1600 1564 1744 

Zhuang Guangxi Zhuang Autonomous 

Region 

16.93 1 2391 1595 1271 1449 

Yao Guangxi Zhuang Autonomous 

Region 

2.8 12 1200 801 484 408 

Kirghiz Xinjiang Uyghur Autonomous 

Region 

0.19 31 1200 400 - 963 

Dong Guizhou 2.88 10 1200 766 708 741 

Hani Yunnan 1.66 15 1200 - 863 806 

Naxi (Nakhi) Yunnan 0.33 26 1189 - 799 673 

Dongxiang Gansu 0.62 21 930 1136 - 768 

Li Hainan 1.46 16 1200 784 645 596 

Tu Qinghai 0.29 28 599 800 557 827 

Qiang Sichuan 0.31 27 1224 710 - 921 

Total    14734 8592 6891 9896 

a
 according to the Sixth National Census in 2010 
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Table 2  Age at spermarche (95% CI) of boys aged 11 to 18 among 11 ethnic minorities 

from 1995 to 2010 and compared with Han boys 

Ethnic minorities 1995  2000  2005  2010  
Difference 

(1995~2010) 

Hui 15.93(15.78-16.08)  14.91(14.48-15.31)  14.67(13.45-15.75)  14.31(13.88-14.72)  -1.62** 

Zhuang 15.03(14.84-15.21)  15.10(14.96-15.23)  13.34(11.38-14.09)  12.91(12.56-13.22)  -2.12 ** 

Yao 14.58(14.38-14.79)  15.46(15.03-15.90)  -  14.60(14.29-14.84)  0.02 

Kirghiz 15.10(14.86-15.34)  14.85(14.55-15.22)  -  13.17(12.49-13.75)  -1.93** 

Dong 14.81(14.66-14.96)  15.45(15.20-15.74)  14.74(14.46-15.01)  14.73(14.02-15.41)  -0.08 

Hani 14.37(14.25-14.49)  -  14.20(13.84-14.54)  13.76(13.63-13.89)  -0.61** 

Naxi (Nakhi) 14.93(14.72-15.14)  -  13.36(13.19-13.53)  14.36(13.64-14.95)  -0.57** 

Dongxiang 14.39(14.12-14.65)  15.98(15.60-16.38)  -  13.96(11.71-15.46)  -0.43** 

Li 14.11(13.88-14.34)  14.05(13.00-15.07)  13.50(12.62-14.11)  13.66(13.01-14.14)  -0.45** 

Tu 15.37(15.13-15.62)  16.23(15.62-16.88)  15.19(15.02-15.37)  14.35(13.91-14.77)  -1.02** 

Qiang 15.56(15.32-15.80)  14.65(14.40-14.92)  -  12.03(11.20-12.55)  -3.53** 

Han 
7
 14.57(14.35-14.78)  14.33(14.07-14.58)  14.10(13.79-14.39)  14.03(13.72-14.32)  -0.54* 

** P < 0.01 there is a significant difference between 1995 and 2010 
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Table 3  Logistic regression models predicting spermarcheal status from BMI, 

geographic regions, age and ethnic minorities in 2010 CNSSCH (OR(95% CI)) 

Variable Model 1  Model 2  Model 3  Model 4 

BMI 1.49(1.45-1.52)  1.49(1.45-1.52)  1.09(1.06-1.12)  1.13(1.10-1.16) 

Regions       NA 

North China    1.00  1.00   

South China   1.68(1.54-1.85)  1.84(1.63-2.08)   

Age (years)     2.85(2.73-2.97)  3.40(3.23-3.58) 

Ethnic minorities        

Hui       1.00 

Zhuang       7.92(6.17-10.17) 

Yao       0.64(0.49-0.85) 

Kirghiz       0.92(0.64-1.32) 

Dong       2.34(1.75-3.12) 

Hani       3.40(2.51-4.61) 

Naxi (Nakhi)       1.70(1.29-2.52) 

Dongxiang       0.90(0.68-1.20) 

Li       6.24(4.77-8.17) 

Tu       1.00(0.76-1.31) 

Qiang       18.62(13.92-24.91) 

Note: Stepwise logistic regression analyses to determine the association between 

spermarcheal status and BMI in the first step (Model 1); regions in the second step 

(Model 2); age in the third step (Model 3); and the association between spermarcheal 

status and BMI, age and Ethnic minorities in the Model 4. 
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Legend: 

 

Figure 1  The locations of 11 ethnic minorities sampled in China. 

 

Figure 2  The clustering pattern of age at spermache among boys aged 11 to 18 from 11 

ethnic minorities. 

 

Figure 3  The secular trends regarding age at spermache of boys aged 11 to 18 among 11 

ethnic minorities from 1995 to 2010.  
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Figure 1  The locations of 11 ethnic minorities sampled in China.  
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Figure 2  The clustering pattern of age at spermache among boys aged 11 to 18 from 11 ethnic minorities.  
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Figure 3  The secular trends regarding age at spermache of boys aged 11 to 18 among 11 ethnic minorities 
from 1995 to 2010.  
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

Please see page 1, the title and the abstract 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

Please see page 5, the first two paragraphs of the “Introduction” section. 

Objectives 3 State specific objectives, including any prespecified hypotheses 

Please see page 6, the last paragraph of the “Introduction” section. 

Methods 

Study design 4 Present key elements of study design early in the paper 

Please see page 7, the first paragraph of the “Subjects and methods” section. 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

Please see page 7, the first paragraph of the “Subjects and methods” section. 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

N/A 

Case-control study—Give the eligibility criteria, and the sources and methods of case 

ascertainment and control selection. Give the rationale for the choice of cases and 

controls 

N/A 

Cross-sectional study—Give the eligibility criteria, and the sources and methods of 

selection of participants 

Please see page 7, the first paragraph of the “Subjects and methods” section. 

(b) Cohort study—For matched studies, give matching criteria and number of exposed 

and unexposed 

N/A 

Case-control study—For matched studies, give matching criteria and the number of 

controls per case 

N/A. 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Please see page 8, the second paragraph of the “Subjects and methods” section. 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there is 

more than one group 

Please see page 8-9, the second and third paragraphs of the “Subjects and methods” 

section. 

Bias 9 Describe any efforts to address potential sources of bias 

Please see page 15, limitation section in the Discussion. 

Study size 10 Explain how the study size was arrived at 

Please see page 7, the first paragraph of the “Subjects and methods” section. 
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Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

Please see page 9, the fourth paragraph of the “Subjects and methods” section. 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

Please see page 9 the fourth paragraph of the “Subjects and methods” section. 

(b) Describe any methods used to examine subgroups and interactions 

Please see page 9, the fourth paragraph of the “Subjects and methods” section. 

(c) Explain how missing data were addressed 

N/A. 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls was 

addressed 

Cross-sectional study—If applicable, describe analytical methods taking account of 

sampling strategy 

N/A. 

(e) Describe any sensitivity analyses 

N/A. 

Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed 

Please see page 7, the first paragraph of the “Subjects and methods” section. 

(b) Give reasons for non-participation at each stage 

N/A. 

(c) Consider use of a flow diagram 

N/A. 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information 

on exposures and potential confounders 

Please see page 22, Table 1. 

(b) Indicate number of participants with missing data for each variable of interest 

N/A. 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

N/A. 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

N/A. 

Case-control study—Report numbers in each exposure category, or summary measures of 

exposure 

N/A. 

Cross-sectional study—Report numbers of outcome events or summary measures 

Please see page 22, Table 1. 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 

why they were included 

Please see page 23, Table 2. 

(b) Report category boundaries when continuous variables were categorized 

N/A. 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 
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time period 

N/A. 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 

analyses 

Please see page 27, Figure 2. 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

Please see page 15-16, Have done inconclusion section in the “Discussion” section. 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

Please see page 15, the limitation section in the Discussion. 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 

of analyses, results from similar studies, and other relevant evidence 

Please see page 11-16, Have done in the “Discussion” section. 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

N/A.Have done in the “Discussion” section. 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based 

Please see page 16,  we have added the funding information in the “Acknowledgements” 

section. 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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