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Abstract

Objective—China is the largest producer of tobacco worldwide. We assessed secular trends in 

prevalence of smoking, average cigarettes per day, mean age of initiation, and mortality 

attributable to smoking among the Chinese population between 1991 and 2011.

Design—Data came from the China Health and Nutrition Survey, conducted eight times between 

1991 and 2011. A total of 83,447 participants aged 15 years or older were included in this study. 

Trends in smoking were stratified by sex, age, and region (urban vs. rural).

Results—In 2011, 311 millions individuals were current smokers in China, with 295 million men 

and 16 million women, respectively. Between 1991 and 2011, the prevalence of current smoking 

decreased from 60.6% to 51.6% in men, and from 4.0% to 2.9% in women. However, during this 

period, the average number of cigarettes smoked per day per smoker increased from 15.0 to 16.5 

in males, and from 8.5 to 12.4 in females. Further, age of smoking initiation decreased from 21.9 

to 21.4 years in men and from 31.4 to 28.4 years in women. In 2011, 16.5% of all deaths in men 

and 1.7% in women were due to smoking. Between 1991 and 2011, the total number of deaths 

caused by smoking increased from 800,000 to 900,000.

Conclusions—During the past 20 years, a slight decrease in smoking prevalence was observed 

in the Chinese population. However, cigarette smoking remains a major cause of death in China, 

especially in men.

Keywords

Smoking; Epidemiology; Trends; China

*Corresponding author. xibo2007@126.com (B. Xi).
1These authors contributed equally to this work.

Contributors
BX was involved in the study conception and design. SL, LM, AC, and CM provided statistical expertise. SL, LM and BX drafted the 
article; BX and AC revised it critically for important intellectual content. All authors approved the final version. BX is the guarantor.

Declaration of interests
None.

HHS Public Access
Author manuscript
Prev Med. Author manuscript; available in PMC 2017 December 01.

Published in final edited form as:
Prev Med. 2016 December ; 93: 82–87. doi:10.1016/j.ypmed.2016.09.027.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1. Introduction

Cigarette smoking is the leading risk factor for many non-communicable diseases and 

premature mortality worldwide (Chen et al., 2015; WHO, 2015). Tobacco use was 

responsible for 4.8 million deaths in 2000 and 6.0 million in 2011 worldwide (Asma et al., 

2014; Ezzati and Lopez, 2003). By 2030, tobacco use is expected to cause 8.3 million 

deaths, accounting for 10% of the all-cause mortality globally (Mathers and Loncar, 2006). 

China is the largest tobacco producer worldwide. The number of cigarettes produced in 

China increased from 0.5 trillion in 1980 to 2.6 trillion in 2013, corresponding to 43% of the 

current world’s tobacco production. 99% of cigarettes produced in China are consumed 

domestically and only 1% exported (Yang et al., 2008). It has been estimated that >300 

million adults were smokers in China, accounting for a third of the world’s total number of 

smokers (No authors listed, 2011). As a result, China bears tremendous economic and 

disease burdens attributable to smoking. In 2008, smoking was estimated to have cost China 

about $5 billion for treatment of smoking-related diseases (direct costs) and $29 billion in 

total economic lost (direct and indirect costs) (No authors listed, 2014b; Yang et al., 2011). 

Tobacco has been estimated to account for 9.5% of disability-adjusted life-years and 16.4% 

of deaths among Chinese adults (Koplan et al., 2010; Yang et al., 2013).

In consideration of the great number of smokers and the large health hazard attributable to 

smoking, the Chinese government has adopted a wide range of interventions to curb tobacco 

use, including tax increases, bans on advertising, and smoke-free laws. Furthermore, the 

Chinese government ratified the World Health Organization (WHO) Framework Convention 

on Tobacco Control (FCTC) in 2005. Despite these efforts, a number of serious challenges 

remain. The Global Adults Tobacco Survey (GATS) showed that 28.1% of Chinese adults 

(52.9% of men and 2.4% of women) were current smokers in 2010 (Li et al., 2011). In 

addition, among the 16 countries that had completed the survey, China ranked second for 

smoking among men, between Russia (60.2%) and Ukraine (50.0%) (Giovino et al., 2012).

In China, patterns of tobacco use have evolved along social and economic development and 

progress of implementation of tobacco control policies. However, only few studies have 

documented trends in smoking and the impact on mortality in the Chinese population (Chen 

et al., 2015; Giovino et al., 2012; Gu et al., 2009; Lam et al., 1997; Qian et al., 2010). 

Monitoring trends in smoking and its impact is critical for policy makers in order to guide 

appropriate tobacco control interventions. Hence, based on data of successive national 

Chinese surveys (the China Health and Nutrition Surveys, CHNS), we assessed secular 

trends in smoking, average number of cigarettes smoked daily, mean age of smoking 

initiation, and mortality attributable to smoking in the Chinese population between 1991 and 

2011.

2. Methods

2.1. Study design and subjects

The CHNS is designed as a national, large scale survey to examine the health and nutritional 

status of the Chinese population over time. It is an international collaborative project 

between the Carolina Population Center of the University of North Carolina and the 

Li et al. Page 2

Prev Med. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



National Institute of Nutrition and Food Safety of the Chinese Center for Disease Control 

and Prevention since 1989. Surveys are carried out using a multistage random cluster 

sampling strategy to obtain population based data in nine Chinese provinces (Liaoning, 

Heilongjiang, Jiangsu, Shandong, Henan, Hubei, Hunan, Guizhou and Guangxi), which vary 

in geography, economic status, public resources, and health indicators. Detailed information 

of CHNS has been published elsewhere (Popkin et al., 2010).

Between 1991 and 2011, a total of 83,447 participants aged 15 years or older in eight 

surveys (9394 in 1991, 8784 in 1993, 11,149 in 1997, 10,116 in 2000, 10,313 in 2004, 

10,099 in 2006, 10,278 in 2009, and 13,314 in 2011) were included in data analyses. 

Characteristics of the survey participants are shown in the Supplemental Table 1. The 

participation rate was >98% in each survey.

Written informed consents were obtained from all participants. This study was approved by 

the Institutional Review Board from both the University of North Carolina at Chapel Hill 

and the China Center for Disease Control and Prevention.

2.2. Definitions

Between 1991 and 2011, smoking habits were assessed by 4 questions that were kept 

identical in each survey. The first question was “Have you ever smoked cigarettes (including 

hand-rolled, device-rolled or pipe)?” Responses included “never smoked” and “yes”. The 

second question was “Do you still smoke cigarettes now?” Participants who answered “yes” 

were defined as “current smoker”. The third question was “How many cigarettes do you 

smoke per day?”. The fourth question was “How old were you when you started to smoke?”.

2.3. Statistical analysis

Categorical variables were expressed as percentage (SE), while continuous variables were 

presented as mean (SE). The estimates of current smoking or ever smoking, number of 

cigarettes used per day and the initiation age by sex, age, and region are described in this 

study. The sex-and age- specific China census distribution of the population in 2010 was 

used to standardize estimates in all surveys. Trends in prevalence of current smoking and 

ever smoking between 1991 and 2011 were examined using multiple logistic regression 

adjusted for sex, age and region; trends in number of cigarettes smoked per day and age of 

smoking initiation were assessed by similarly adjusted multiple linear regression. To 

calculate the population attributable risk (PAR) of smoking, we used the following formula: 

PAR = (P × [RR −1]) ÷ (P × [RR − 1] + 1), where P is the prevalence of smokers, and RR is 

the relative risk of disease or mortality (Gu et al., 2009). Estimates for RRs for all-cause 

mortality, cancer, respiratory disease and cardiovascular disease were extracted from a 

publication by Chen et al. (2015). All data were analyzed using the statistical package SPSS 

(version 16.0). Two-side p values of <0.05 indicated statistical significance.

3. Results

Supplemental Table 1 presents characteristics of the study populations in each survey 

between 1991 and 2011. There were differences across the eight surveys, with increasingly 

old and urban populations. Table 1 shows trends in prevalence of current smoking by sex, 
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age, and region between 1991 and 2011. In 2011, it was estimated that 311 millions 

individuals were current smokers in China, with 295 million men and 16 million women, 

respectively. The prevalence of smoking decreased from 1991 to 2011 in both sexes, i.e., 

from 60.6% to 51.6% in men and from 4.0% to 2.9% in women, respectively (for both sexes, 

p for trends <0.001) (Fig. 1A). Decreasing prevalence was found in all age and region 

(urban/rural) subgroups (p for trend <0.001) except for younger women aged 15–24 years 

for which the decrease did not reach statistical significance (p = 0.223).

The prevalence of current smoking was highest for men aged 25–44 years old and 45–64 

years old. In women, prevalence of smoking was much lower compared with men in each 

survey year; in 2011, the prevalence ratio of smokers was 1 woman for 18 men. In men, the 

prevalence of smoking was slightly higher in rural than urban areas in a consistent manner 

between 1991 and 2011. In women, while the prevalence was higher in urban than rural 

areas until 2004, the urban-rural difference vanished thereafter. For the prevalence of ever 

smoking, similar trends were found in the total population and in sex, age and region 

subgroups (Supplemental Table 2 and Fig. 1B). In addition, during the period of 1991 to 

2011, the prevalence of former smoking increased from 3.7% to 8.4% in men, while it 

remained stable at 0.5% in women.

Among current smokers, the number of cigarettes smoked per day increased from 15.0 to 

16.5 in men and from 8.5 to 12.4 in women (Supplemental Table 3 and Fig. 1C). Similar 

upward trends were found in most age and region subgroups. In men, subjects aged 45–64 

years experienced the highest increase in mean number of cigarettes smoked per day among 

all four age groups. In women, the greatest increase occurred in subjects aged 25–44 years.

The mean age of smoking initiation declined in the whole population and in most age and 

region subgroups between 1991 and 2011(for most subgroups, p for trends <0.001). We 

restricted this analysis to subjects aged 25 years or older as the daily smoking rates were not 

stable for individuals aged 15–24 years. The decrease was more important in women (from 

31.4 to 28.4 years old; difference of 3.0 years) compared to men (from 21.9 to 21.4 years 

old; difference of 0.5 years) (Supplemental Table 4 and Fig. 1D). In each survey, mean age 

of initiation was lower for men than women. Furthermore, mean age of initiation was lower 

for rural than urban female smokers while no obvious region difference was found in male 

smokers.

In China, the total number of deaths from any cause increased from 5.9 million in 1990 to 

7.0 million in 2010 (Yang et al., 2015). In 2011, the proportion of deaths due to smoking 

(i.e., the population attributable risk) was 16.5% in men and 1.7% in women. When applied 

to the whole population, this proportion corresponds to 900,000 deaths (800,000 in men and 

100,000 in women). Between 1991 and 2011, the proportion of deaths due to smoking 

slightly decreased because of the small reduction in smoking prevalence on both sexes 

(Table 2). However, the number of deaths attributable to smoking increased markedly, from 

800,000 in 1991 to 900,000 in 2011 (men: 700,000 to 800,000; women: 100,000 to 

100,000).

Li et al. Page 4

Prev Med. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Discussion

In 2011, smoking remained common in the Chinese population (about 311 millions current 

smokers), especially in men. Between 1991 and 2011, the prevalence of smoking declined 

slightly in both sexes, and the number of cigarettes smoked daily increased and the age of 

smoking initiation decreased in all sex, age, and region subgroups. Importantly, the number 

of deaths attributable to smoking increased from 800,000 in 1991 to 900,000 in 2011 despite 

the slight decrease in the prevalence of smokers. Cigarette smoking remains a major public 

health threat in China.

The prevalence of smoking was high in China, especially among men. In the early 1970s, a 

regional survey including 9351 middle-aged smokers in Shanghai found that 61% of men 

and 7% of women were smokers (Lam et al., 1997); in 1976, the corresponding figures from 

another regional survey in Xi’an were 56% and 12% (Chen et al., 1997). Based on national 

data from the National Health Service Survey (NHSS), it was reported that the prevalence of 

current smoking decreased from 59.6% in 1993 to 48.9% in 2003 in men, and from 5.1% in 

1993 to 3.2% in 2003 in women (Qian et al., 2010). A recent nationally representative 

survey f(China Non-communicable Disease Surveillance) showed that 54.1% of men and 

2.6% of women were current smokers in 2011 (Bi et al., 2015) and the Global Adult 

Tobacco Survey 2008–2010 showed that 52.9% of men and 2.4% of women were current 

smokers in China (Giovino et al., 2012). While these observations are consistent with our 

findings, the comparability between these surveys is limited by differences in study design, 

sample sources, geographic coverage, and definition of smoking. Major strengths of the 

CHNS data used in the current study are the same study design, same geographic regions, 

and same definition of smoking across all surveys between 1991 and 2011, which allows 

direct comparison of findings over time.

The prevalence of smoking in China is particularly high compared to other countries around 

the world, at least for men (Giovino et al., 2012; Ng et al., 2014). In 2008–2010, data from 

16 countries indicated that China had the second highest prevalence (52.9%) of smoking 

among men behind Russia (60.2%) (Giovino et al., 2012). In 2012, a large review including 

187 countries suggested that 12 countries including China had a smoking prevalence of 

>40% in males and accounted for nearly 40% of all smokers globally (Ng et al., 2014). 

These findings underline the large scale of the smoking epidemic in China, and the urgent 

need to strengthen tobacco control interventions.

The prevalence of smoking was much higher in men than women. In addition, men started to 

smoke cigarettes earlier than women. Although the Chinese society has been influenced by 

the western culture during the past decade, it remains quite conservative and rooted into the 

traditional Confucian idea. The society is quite tolerant to male smoking but not to female 

smoking (Kim, 2005). These socio-cultural characteristics might be a major factor in the 

largely higher smoking prevalence and earlier onset of smoking in men than women.

In 2011, we estimate that cigarette smoking caused about 16.5% of all male deaths and 1.7% 

of all female deaths in China based on the prevalence of smoking found in our study and 

RRs of diseases due to smoking estimated by Chen et al. (2015) A previous study by Gu et 
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al. reported that cigarette smoking accounted for 12.9% of deaths in men and 3.1% of deaths 

in women in China (Gu et al., 2009). Most recently, Chen et al. showed that 18% of deaths 

in men and 3% of deaths in women were attributable to tobacco use in China (Chen et al., 

2015). The risk of mortality attributable to smoking was much smaller in women than in 

men mainly due to the much lower prevalence of smoking in men than women although the 

RRs of diseases due to smoking were similar for both sexes.

In our study, the proportion of deaths due to smoking slightly de-creased over time because 

of the slight reduction in smoking prevalence on both sexes between 1991 and 2011. 

However, the absolute number of deaths attributable to smoking increased, consistent with 

the increasing size of the Chinese population during the past 20 years. It is likely that the 

absolute number of deaths in China attributable to tobacco will continue to rise because of 

the continued population growth, unless the prevalence of smoking decreases. This serious 

situation underlines the need to strengthen tobacco control interventions in China. However, 

the reported RR for all-cause mortality in the Chinese population was markedly lower (e.g., 

1.21–1.33 for men) (Chen et al., 2012; Gu et al., 2009) than that reported in many western 

countries (e.g., 2.8 for men) (Thun et al., 2013). It seems that cigarettes smoking may pose 

less serious effect on health in Chinese population than in western countries. However, 

future studies are necessary to further determine the underlying biological mechanism on 

why smoking play different roles in human health across different populations.

The slight decrease in the prevalence of current smoking suggested that China made some 

progress in tobacco control. However, major gaps still exist when compared to the WHO 

FCTC requirements. Several barriers impede tobacco control in China (Yang et al., 2015). 

First, there is a large conflict between the huge scale of the tobacco industry in China, 

largely controlled by the government, and tobacco control policies. Government is reluctant 

to scale down an industry that it controls and this industry is a large source of tax revenues. 

Second, effective interventions are not available to support smoking cessation. Although > 

800 cessation clinics have been set up in China since 1996, few smokers are using these 

clinics. Third, warnings only cover 30% of the bottom of packages of cigarettes, compared 

to the size of at least 50% as recommended by the WHO FCTC (Kaul and Wolf, 2014; No 

authors listed, 2014a). Fourth, tax accounted for only 40–46% of the tobacco product retail 

price in 2011, which is much lower than the proportion required by the WHO FCTC (70%). 

(Yang et al., 2015) Thus, cigarettes in China are quite inexpensive, with an average price of 

¥5.0 (around US $0.74) for one pack of locally manufactured cigarettes (Jena et al., 2012). 

Fifth, there was no national legislation in China to ban tobacco in public and work places 

until 2014, as well as no limitation on tobacco advertising. Finally, smoking is still socially 

accepted, and cigarettes are still regarded as a courtesy in most social events in China, such 

as weddings, funerals, and official activities. Expensive cigarettes are a usual gift for 

relatives, friends, guests or visitors (Rich and Xiao, 2012).

Our study has several strengths. It includes a large number of participants (n = 83,447) with 

a large response rate in each survey (98% or more). Furthermore, the same standardized 

protocol was used to collect smoking information in each of the eight national surveys. In 

addition, strict quality control measures were applied in each survey, including trained 

examiners and calibrated instruments. Nevertheless, several limitations should also be noted. 
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First, the CHNS only included nine provinces out of the 31 Chinese provinces, and our 

findings may not necessarily be generalized to the whole China. Second, information on 

cigarette smoking was based on self-report, and some recall or reporting bias is expected. As 

a result, the prevalence of smoking may be underestimated. Third, we only reported the 

trends in prevalence of cigarette smoking rather than the prevalence of any other forms of 

tobacco use. However, it has been previously shown that cigarettes account for >95% of all 

tobacco products used in China (Giovino et al., 2012). Fourth, due to the cross-sectional 

nature of our study design, the inferences should be drawn with caution. Fifth, our study 

provided secular trends in smoking estimates over time according to a limited number of 

characteristics (age, sex, and region). Future studies are needed to investigate other factors 

that might have influenced these changes.

In conclusion, this study shows that although the prevalence of smoking slightly decreased 

since 1991, it remains very high in 2011, especially in men. Furthermore, the daily number 

of cigarette increased over time and the initiation age of smoking decreased during the past 

~20 years. Importantly, the absolute number of deaths due to smoking increased between 

1991 and 2011 because of the increasing size of the population. To control the epidemic of 

cigarette smoking, the Chinese government should strengthen a tobacco control measures 

and stop supporting the local tobacco industry. In addition, government should increase 

tobacco taxation, further implement bans on smoking in public place, ban advertisement 

promotion and sponsoring of tobacco product measures and further develop tobacco 

cessation programs. Fortunately, at the end of 2014, the China State Council released a long-

anticipated guideline on national tobacco control, followed by tobacco control legislation. 

The potential for public health benefit of stricter tobacco control measures is huge: it was 

estimated that >12.8 million smoking-related deaths by 2050 in China could be prevented if 

the provisions recommended by the WHO FCTC were implemented (Levy et al., 2014).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Trends in (A) the prevalence of current smoking, (B) prevalence of ever smoking; (C) mean 

cigarettes smoked per day per smoker; and (D) average age of smoking initiation in the 

Chinese population, 1991–2011. Data are age- and sex- standardized to the 2010 China 

Census population.
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