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Abstract 

Objective  To update the estimated prevalence rates of smoking and examine major metabolic 
diseases associated with smoking status in Chinese adults. 

Methods  Using a complex, multistage, probability sampling design, we recruited a nationally 
representative sample of 98,658 Chinese adults aged ≥18 years in 2010. Information on current, former, 
never, and passive smoking status was obtained using a standard questionnaire. All estimates were 
weighted to represent the overall Chinese adult population. 

Results  The estimated proportion of current smokers was 28.3% for Chinese adults aged ≥18 years. 
The corresponding values of former and passive smokers were 5.1% and 21.4%, respectively. 
Additionally, former smokers were found to have a less favorable metabolic risk profile among all 
categories of smoking status in both men and women. The prevalence of metabolic diseases such as 
diabetes and hypertension also increased with a greater number of smoking pack-years in men. 

Conclusion  The prevalences of current smoking and passive smoking remain high in Chinese adults. 
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INTRODUCTION 

igarette smoking is the leading cause of 
preventable death worldwide. Many 
diseases, including chronic obstructive 

pulmonary disease, cardiovascular disease, and 
many types of cancer are causally associated with 
tobacco use[1-2]. In addition, nearly 6 million deaths 
and more than half a trillion dollars of healthcare 
expenditure are attributable to smoking each year 
worldwide[3].  

 China is the largest tobacco producer and 
consumer in the world[4]. Domestic tobacco 
production has steadily increased from 651 billion 
cigarettes in 1979 to 2290 billion cigarettes in 2009. 
Moreover, more than 99% of domestically produced 
cigarettes are consumed in the country[5]. The 
overall prevalence of smoking in China was reported 
to be 33.9% in 1984[6], and this increased to 35.8% in 
2002[7]. A recent World Health Organization (WHO) 
report indicated that China has the largest number 
of tobacco-related deaths in the world with 1.37 
million in 2014[8]. Using a complex, multistage, 
probability sampling design, we conducted the 2010 
China Noncommunicable Disease Surveillance study 
to examine the current status of several major 
chronic diseases, such as diabetes, hypertension, 
and dyslipidemia, and related behavioral risk factors, 
including smoking. For the current analysis, we 
aimed to estimate the prevalence of smoking in the 
overall Chinese population, as well as in subgroups, 
and to examine cross-sectional associations between 
smoking status and metabolic disorders using this 
large, nationally representative survey of 98,658 
Chinese adults. 

RESEARCH DESIGN AND METHODS 

Study Population 

 The 2010 China Noncommunicable Disease 
Surveillance study recruited participants from 162 
study sites, covering major geographic areas of all 31 
provinces, autonomous regions, and municipalities 
in mainland China. Participants who represent 
civilian, noninstitutionalized adults were selected at 
each site using a complex, multistage, probability 
sampling design. Only persons living in their current 
residence for ≥6 months were eligible to participate. 
Detailed study design and sampling methods have 
been previously published[9-10]. Briefly, in the first 
stage of sampling, 4 subdistricts in urban areas, or 

townships in rural areas, were selected from each 
site with probability proportional to size (PPS). In the 
second stage of sampling, 3 neighborhood 
communities or administrative villages were selected 
with PPS. In the third stage of sampling, households 
within each neighborhood community or 
administrative village were listed, and from these, 50 
households were randomly selected. In the final stage 
of sampling, 1 person aged ≥18 years was selected 
randomly from each household using a Kish selection 
table. Replacement with a similar household in the 
same or nearby neighborhood community or 
administrative village was implemented if the selected 
individual did not wish to participate. Finally, 109,023 
adults were selected and a total of 98,658 people 
participated in the survey. The overall response rate 
was 90.5% and the replacement rate was 9.25%. 
Those who did not respond were either unavailable or 
refused to participate. 

The Ethical Review Committee of the Chinese 
Center for Disease Control and Prevention (CDC) 
approved this study and all participants provided 
written informed consent. 

Data Collection 

 According to a standard protocol, data were 
collected in examination centers at local health 
stations or community clinics in the participants' 
residential area by trained staff. A questionnaire 
including information on smoking status, 
demographic characteristics, medical history, and 
lifestyle factors was used by trained interviewers. 
Body mass index (BMI) was calculated as weight 
(kg)/height (m2). Waist circumference was 
determined at the midpoint between the lowest 
costal ridge and the upper border of the iliac crest 
when participants were standing. Blood pressure 
was measured in triplicate using the non-dominant 
arm after at least 5 min of rest with an automated 
device (OMRON Model HEM-7071, Omron Co, Kyoto, 
Japan). Participants were asked to sit comfortably for 
5 min before the first measurement was taken, and 
the set interval between measurements was 1 min. 

A venous blood sample was drawn from each 
participant following a 10 h fast to assess fasting 
blood sugar and lipid profiles. Participants without a 
self-reported history of diabetes underwent a 
two-point (0 and 2 h) 75 g oral glucose tolerance test. 
Plasma glucose was measured within 24 h of 
collection using glucose oxidase or hexokinase 
methods. A Hemoglobin Capillary Collection System 
(Bio-Rad Laboratories, Hercules, CA, USA) was used 
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to collect capillary blood samples for the 
measurement of hemoglobin A1c (HbA1c) and 
capillary values were converted into venous values 
using a validated formula[9]. Serum samples were 
aliquoted and frozen at -80 °C, and were delivered to 
the central laboratory by air in dry ice, where serum 
total cholesterol, low-density lipoprotein (LDL) 
cholesterol, high-density lipoprotein (HDL) 
cholesterol, and triglycerides (TG) levels were tested 
using an autoanalyser (ARCHITECT ci16200, Abbott 
Laboratories, Chicago, IL, USA). 

Definitions 

 Current smokers were those who were 
currently smoking at the time of the survey. Former 
smokers were those who had smoked in their 
lifetime but had stopped smoking by the time of the 
survey. Passive smokers were those who did not 
smoke themselves but were exposed to another 
person's tobacco smoke for at least 15 min daily on 
more than 1 day per week. Never smokers were 
those who had not smoked in their lifetime and were 
not passive smokers. Pack-years of smoking were 
calculated by multiplying the number of years 
smoked by the number of cigarette packs smoked 
per day[11]. 

 Those with a BMI of 25.0 to 29.9 kg/m2 were 
classified as overweight while those with a BMI 
≥30.0 kg/m2 were classified as obese[12]. Central 
obesity was defined as a waist circumference of ≥90 
cm in men and ≥80 cm in women[13]. Diabetes was 
defined according to the 2010 American Diabetes 
Association (ADA) criteria, which include 1) a 
self-reported previous diagnosis by health 
professionals, and/or 2) fasting plasma glucose (FPG) 
≥126 mg/dL, and/or 3) 2-h plasma glucose (PPG) 
≥200 mg/dL, and/or 4) HbA1c ≥6.5%[14]. 
Hypertension was defined as systolic blood pressure 
(SBP) ≥140 mmHg, and/or diastolic blood pressure 
(DBP) ≥90 mmHg, and/or self-reported current use 
of anti-hypertensive medications[15]. Dyslipidemia 
was defined according to the criteria of the US 
National Cholesterol Education Program Adult 
Treatment Panel III, which include 1) total 
cholesterol ≥240 mg/dL, and/or 2) HDL cholesterol 
<40 mg/dL, and/or 3) LDL cholesterol ≥160 mg/dL, 
and/or 4) triglycerides ≥200 mg/dL, and/or 5) 
current use of lipid-lowering drugs[16]. 

Statistical Analysis 

 Prevalence rates of current smoking, former 
smoking, passive smoking, and never smoking were 

estimated in the overall Chinese adult population 
and in subgroups according to geographical location, 
age, economic development, BMI, and waist 
circumference. Absolute numbers of Chinese adults 
with different smoking status were also estimated in 
the overall population and in subgroups. Means and 
95% confidence intervals (CIs) of metabolic-related 
key variables, and percentages and 95% CIs of major 
metabolic diseases were calculated according to 
cigarette smoking status as well as the numbers of 
pack-years of current smokers. 

 Data were analyzed using SAS version 9.3 (SAS 
Institute Inc., Cary, NC, USA) and SUDAAN version 
10.0 (Research Triangle Institute, Research Triangle 
Park, NC, USA). Weight coefficients, derived from 
2010 China population census data and the sampling 
scheme of the current survey, were used to calculate 
national estimates for Chinese adults aged ≥18 years. 
The Taylor-linearization method appropriate for the 
complex survey design was used to calculate 
standard errors.  

RESULTS 

 Overall, the estimated prevalence rates of 
current smoking, former smoking, passive smoking, 
and never smoking in Chinese adults aged ≥18 years 
were 28.3%, 5.1%, 21.4%, and 45.1%, respectively 
(Table 1). Individuals living in urban areas or more 
developed regions were less likely to smoke than 
those living in rural areas or less developed regions. 
Current smoking was most prevalent among 
individuals aged 40 to 59 years. Generally, the 
prevalence of former smoking increased with age, 
while the prevalence of passive smoking decreased 
with age. Current smoking was more prevalent in 
Chinese adults with a lower BMI or waist 
circumference. In addition, former smoking was 
more prevalent in Chinese adults with a higher BMI 
but lower waist circumference. 

Estimations of the mean levels of key metabolic 
variables and prevalences of major metabolic 
diseases among Chinese adults categorized by 
smoking status are presented in Table 2 and Figure 1, 
respectively. Generally, former smokers had     
the least favorable metabolic profile in both men and 
women, including an older age, and higher BMI, 
waist circumference, blood pressure, total 
cholesterol, LDL cholesterol, fasting and 2-h 
post-load glucose, and HbA1c levels. They also had 
increased prevalences of obesity, diabetes, 
hypertension, and dyslipidemia. Male passive smokers 
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and female current smokers had the second least 
favorable metabolic profile among all smoking 
categories. 

 Estimations of mean levels of key metabolic 
variables and prevalences of major metabolic 
diseases categorized by the number of pack-years 
among male current smokers are presented in Table 
3 and Figure 2, respectively. Because only a very 
limited proportion of women were current smokers, 
data are not presented for women. In male current 
smokers, estimated levels of most metabolic 
variables such as waist circumference, blood 
pressure, total cholesterol, LDL cholesterol, HDL 
cholesterol, fasting and 2-h post-load glucose, and 
HbA1c levels, as well as estimated prevalence rates 
of diabetes and hypertension increased 
dose-dependently with an elevated number of 
smoking pack-years. However, BMI and triglyceride 
levels decreased from quartile 2 through quartile 4 
of smoking pack-years, and the prevalence of obesity 

and dyslipidemia also decreased with increasing 
quartiles of smoking pack-years. 

DISCUSSION 

 The current study provided updated prevalence 
estimates of current smoking, former smoking, and 
passive smoking status in Chinese men and women 
aged ≥18 years using a large, nationally represen- 
tative sample. The estimated proportion  of current 
smokers was 28.3%. The corresponding values of 
former smokers and passive smokers were 5.1% and 
21.4%, respectively. In addition, mean levels of key 
metabolic variables and the prevalence of major 
metabolic diseases were also estimated according to 
smoking categories, as well as numbers of smoking 
pack-years in men and women separately. Former 
smokers were found to have a less favorable metabolic 
risk profile, and metabolic risks also elevated with 
increasing number of smoking pack-years. 

Table 1. Prevalence of Cigarette Smoking among Chinese Adults 

Item Current Smoking Former Smoking Passive Smoking Never Smoking 

Overall 28.3 (28.0-28.7) 5.1 (5.0-5.3) 21.4 (21.1-21.7) 45.1 (44.7-45.5) 

Location     

Urban 28.0 (27.4-28.5) 5.6 (5.3-5.9) 20.4 (20.0-20.9) 46.0 (45.4-46.6) 

Rural 28.5 (28.0-29.0) 4.9 (4.7-5.1) 21.8 (21.4-22.3) 44.7 (44.2-45.3) 

Age groups, years     

18-29 24.7 (23.8-25.6) 2.1 (1.8-2.4) 22.5 (21.7-23.4) 50.7 (49.7-51.8) 

30-39 29.8 (29.0-30.7) 3.2 (2.9-3.5) 24.2 (23.4-25.0) 42.8 (41.9-43.7) 

40-49 31.2 (30.5-31.9) 4.5 (4.2-4.9) 23.8 (23.2-24.5) 40.5 (39.7-41.2) 

50-59 31.4 (30.6-32.2) 6.8 (6.4-7.2) 21.2 (20.5-21.8) 40.7 (39.9-41.5) 

60-69 27.9 (27.0-28.9) 10.5 (9.9-11.2) 15.0 (14.3-15.7) 46.5 (45.5-47.6) 

≥70 21.7 (20.5-22.9) 12.7 (11.8-13.6) 10.6 (9.7-11.6) 55.0 (53.6-56.5) 

Economic development     

Underdeveloped 28.4 (27.7-29.1) 4.3 (4.1-4.7) 21.8 (21.1-22.4) 45.5 (44.7-46.2) 

Intermediately developed 28.7 (28.1-29.4) 5.4 (5.1-5.7) 22.0 (21.4-22.6) 43.8 (43.1-44.5) 

Developed 27.9 (27.3-28.5) 5.6 (5.4-6.0) 20.4 (19.9-20.9) 46.1 (45.4-46.8) 

Educational attainment     

<9 years 24.9 (24.4-25.5) 6.0 (5.7-6.3) 21.0 (20.5-21.5) 48.0 (47.4-48.7) 

≥9 years 30.4 (29.9-30.9) 4.6 (4.4-4.8) 21.6 (21.2-22.1) 43.4 (42.8-43.9) 

BMI, kg/m2     

<25.0 29.0 (28.5-29.5) 4.6 (4.4-4.8) 21.1 (20.6-21.5) 45.4 (44.8-45.9) 

25.0-29.9 27.3 (26.6-28.0) 6.3 (6.0-6.6) 21.9 (21.2-22.5) 44.6 (43.8-45.3) 

≥30.0 25.1 (23.5-26.7) 6.1 (5.4-7.0) 23.3 (21.9-24.8) 45.5 (43.8-47.2) 

Waist circumference, cm     

<90 in men; <80 in women 32.1 (31.7-32.6) 5.2 (5.0-5.4) 20.2 (19.8-20.6) 42.5 (41.9-43.0) 

≥90 in men; ≥80 in women 20.5 (20.0-21.1) 5.0 (4.8-5.3) 23.8 (23.3-24.4) 50.6 (49.9-51.3) 

Note. Data are weighted percentages (95% confidence intervals). 
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Figure 1. Prevalence of major metabolic 
diseases among Chinese adults with different 
cigarette smoking status. 

 

 

Figure 2. Prevalence of major metabolic 
diseases among male current smokers 
according to the number of pack-years. 

 

China is regarded as the epicenter of the 
worldwide tobacco problem and has one of the 
highest male adult smoking rates, according to a 
2014 WHO report[8]. Compared with previous 

national surveys, the prevalence of current smoking 
in Chinese men has remained high for the past two 
decades: 61.0% in 1984[6], 63.0% in 1996[4], and 
57.4% in 2002[17]. On the contrary, Chinese women 
have much lower smoking rates than men: 7.0% in 
1984[6], 3.8% in 1996[4], 2.6% in 2002[17]. Meanwhile, 
the global prevalence of tobacco smoking in people 
older than 15 years has decreased from 41.2% in 
1980 to 31.1% in 2012 for men and from 10.6% to 
6.2% for women[18]. In developed countries such as 
the United States (US), year-to-year decreases in the 
prevalence of smoking have also been observed in 
recent decades[19]. Therefore, in a world      
where combatingsmoking is advocated effortlessly and 
successes have been achieved in many countries, the 
ongoing high prevalence of current smoking in 
Chinese men is especially worrisome. Smoking 
cessation rates in China are low, as indicated by a 
relatively small number of former smokers 
compared with current smokers. Furthermore, the 
majority of current smokers (66.8%) have never 
considered ceasing smoking, or taking action to do 
so, according to the interviews conducted during our 
study. 

 To understand and interpret the continuously 
high prevalence of current smoking, important social 
and cultural factors should be taken into serious 
consideration. First, many investigators believe that 
a major conflict of interest exists for China's State 
Tobacco Monopoly Administration, which not only 
leads tobacco control efforts, but is also responsible 
for maintaining the country's tobacco industry, thus 
representing a powerful barrier to tobacco 
intervention in China[20]. Second, the present health 
warnings on Chinese cigarette packages are 
ineffective. China seems to apply double standards 
since it adheres to packaging regulations when 
selling products to foreign countries but uses weakly 
worded text-only health warnings in mainland 
China[21]. Third, evidence shows that there are still 
large gaps in the population's awareness of the risks 
of smoking[4]. For example, cigarettes are popular 
gifts in China. Estimates derived from national survey 
data suggest that the average smoker receives 
cigarettes as gifts approximately five times a year[22]. 
The giving and receiving of luxury cigarettes shows 
social approbation and social status, and is often 
used as a way of facilitating business deals[23]. 
The tobacco epidemic in China indicates a high 
disease burden from which China is suffering now 
and from which it will suffer in the future. In other 
countries such as the US, although tobacco control 



Smoking prevalence and metabolic status in a Chinese population 625 

has more than halved smoking rates, and tobacco 
control efforts have averted nearly 8 million deaths 
since 1964, smoking-attributable mortality and 
morbidity rates are still alarming[24-25]. Therefore, the 
greatest health risks of smoking may be yet to occur 
in China[26], as it is still in the early stages which are 
characterized by high production and consumption. 
We explored metabolic risks in Chinese adults with 
different smoking statuses and found that former 
smokers had the least favorable metabolic profile 
among all categories (i.e. current smokers, former 
smokers, never smokers, and passive smokers). 
However, this finding should be interpreted with 
caution. It is possible that smoking cessation may have 
a temporary negative effect on glycemic control or 
other metabolic risks; a prolonged duration after 
cessation might contribute to a decreased risk of 
developing metabolic diseases, such as diabetes, to 
an extent similar to that in never smokers[27]. Former 
smokers might therefore require additional 
attention, and close monitoring and interventions to 
prevent metabolic diseases should be implemented. 
Another population cohort study supported a net 
cardiovascular benefit of smoking cessation, despite 
subsequent weight gain[28]. In addition, reverse 

causation might also play a role because the 
development of metabolic diseases could promote 
smoking cessation. Moreover, potential confounding 
by the older age of former smokers, as well as 
smoking duration, duration after cessation, and 
unhealthy behaviors such as binge drinking, poor 
diet, and physical inactivity that may co-exist with 
smoking indicates that a causality cannot be defined. 

Chinese women smoked much less than men, 
however, this does not protect them from 
second-hand smoke, although the prevalence of 
passive smoking decreased from 54.6% in 2002 to 
32.1% in 2010[17]. Passive smoking can increase the 
risk of chronic obstructive pulmonary disease[29], 
lung cancer[30], breast cancer[31], and cardiovascular 
disease[32], and is especially detrimental to the 
health of women. For example, in the Shanghai 
Women's Health Study, the prevalence of stroke 
among female nonsmokers increased with the 
greater intensity and duration of their husbands' 
smoking[33]. Furthermore, a moderately increased 
risk of all-cause mortality, and mortality due to lung 
cancer and cardiovascular disease was also found in 
Chinese female nonsmokers[34]. Therefore, 
abstinence from smoking or smoking cessation in men 

 

Table 3. Mean Levels of Key Metabolic Variables among Male Current Smokers  
According to the Number of Pack-years 

Quartiles of Pack-years 
Variables 

Q1 (0-10.2) Q2 (10.2-20.5) Q3 (20.5-33.3) Q4 (>33.3) 

Age, years 31.0 (30.6-31.3) 42.5 (42.2-42.9) 48.8 (48.4-49.1) 56.1 (55.7-56.5) 

BMI, kg/m2 23.3 (23.1-23.4) 23.8 (23.7-23.9) 23.7 (23.6-23.8) 23.6 (23.5-23.7) 

WC, cm 80.4 (79.9-80.8) 82.5 (82.1-82.9) 82.5 (82.1-82.8) 82.7 (82.4-83.1) 

SBP, mmHg 127.4 (126.8-128.0) 131.8 (131.2-132.4) 134.0 (133.3-134.6) 138.8 (138.1-139.6) 

DBP, mmHg 78.2 (77.8-78.6) 81.7 (81.3-82.1) 82.8 (82.4-83.2) 83.5 (83.1-83.9) 

TC, mg/dL 151.2 (149.7-152.8) 160.9 (159.5-162.4) 163.3 (161.8-164.8) 164.5 (163.0-166.0) 

LDL, mg/dL 85.5 (84.4-86.6) 90.7 (89.6-91.7) 92.1 (91.0-93.1) 92.8 (91.8-93.9) 

HDL, mg/dL 40.6 (40.2-41.0) 41.5 (41.0-41.9) 42.5 (42.1-43.0) 43.4 (43.0-43.9) 

TG, mg/dL 129.7 (125.2-134.3) 149.1 (143.3-155.0) 144.6 (139.3-150.0) 138.0 (132.7-143.3) 

FPG, mg/dL 96.8 (96.0-97.5) 101.1 (100.1-102.0) 102.7 (101.7-103.7) 104.5 (103.5-105.5) 

PPG, mg/dL 100.6 (99.3-101.8) 109.1 (107.4-110.9) 110.5 (108.9-112.2) 117.7 (115.7-119.7) 

HbA1c, % 5.6 (5.6-5.7) 5.8 (5.8-5.8) 5.8 (5.8-5.9) 5.9 (5.9-6.0) 

Note. Data are weighted means (95% confidence intervals). To convert total cholesterol, LDL-cholesterol 
and HDL-cholesterol to mmol/L, multiply values by 0.0259. To convert triglycerides to mmol/L, multiply values 
by 0.0113. To convert plasma glucose to mmol/L, multiply values by 0.0555. BMI: body mass index; WC: waist 
circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; LDL: 
low-density lipoprotein; HDL: high-density lipoprotein; TG: triglyceride; FPG: fasting plasma glucose; PPG: 
postprandial plasma glucose; HbA1c: hemoglobin A1c. 
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has important clinical and public health implications 
for the patients themselves, as well as for women 
who would otherwise be exposed to passive 
smoking. 

In addition, lung cancer was the highest 
population-attributable risk associated with cigarette 
smoking in China[26], and there is a dose-response 
relationship between smoking and lung cancer risk[1]. 
In our survey, we found that estimated levels of 
most metabolic variables, such as lipid and glucose, 
increased with an elevated number of smoking 
pack-years in men, and therefore glucose and other 
metabolic factors may play a role in 
carcinogenesis[35]. However, we did not collect 
information on lung cancer prevalence and therefore 
it is impossible for us to connect these metabolic 
changes with the early detection of lung cancer. 

 The current study has several strengths. It has 
provided the latest national estimates on the 
prevalence of current smoking, former smoking, and 
passive smoking in Chinese adults, as well as in 
important subgroups, using a large, nationally 
representative sample. Projections on sample 
weighting, which estimated the numbers of Chinese 
adults with different smoking status, presented the 
absolute burden of smoking in China. In addition, 
metabolic risks were also comprehensively evaluated 
according to smoking status. Finally, a strict quality 
assurance and quality control program was 
implemented to ensure data validity and reliability. 

 There are also several limitations to the 
present study. First, smoking status was defined by 
self-reported data collected from questionnaires 
through face-to-face interviews. There is the 
potential for misclassification when using this type of 
data. Second, data on duration since smoking 
cessation in former smokers were not available and 
therefore metabolic risks could not be evaluated 
according to years of cessation. Third, the 
cross-sectional nature of the current study prevents 
analysis of any causal inference between smoking 
status and risks of metabolic diseases. 

 In conclusion, in a country where the number 
of smokers accounts for one third of the world's 
total, programs to promote smoking cessation 
should be enhanced at all levels by central and local 
governments, as well as non-governmental 
organizations. Tobacco control programs such as 
raising taxes on cigarettes and banning 
tobacco-related advertising in mass media and 
public places are already in place. Meanwhile, 
Beijing's new legislation to ban smoking in all indoor 

public places, which took effect on June 1st 2015, is 
one of the most stringent anti-smoking measures in 
China, and aims to provide a model for further 
national tobacco-control regulations[36]. However, 
greater efforts are needed to reduce the high rates 
of tobacco use in men, to maintain the low rates in 
women, to protect non-smokers from second-hand 
smoke, and to reduce risks of diseases attributed to 
smoking in China. 
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