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Original investigation
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Abstract

Introduction: We explored the impact of a temporary tobacco-free public policy for the 2008 
Summer Olympics on the smoking prevalence and secondhand smoke exposure among the popu-
lation of a co-hosting city, Qingdao, China.
Methods: The Qingdao Diabetes Survey was analyzed for 2006 (n = 4599) and 2009 (n = 4680), 
which are survey years before and after the tobacco-free Olympics public policy period (July 2007 
to January 2009). We analyzed the differences in self-reported smoking prevalence and exposure 
to secondhand smoke at home and/or workplace, and compared odds of smoking by survey year 
and of exposure to secondhand smoke among nonsmokers.
Results: From 2006 to 2009, the male smoking prevalence declined from 51.4% (95% confidence 
interval [CI] = 49.0% to 53.9%) to 42.6% (95% CI = 40.2% to 45.1%), and the proportion of lighter 
smokers decreased more. Among nonsmokers, the secondhand smoke exposure rate declined 
from 62.2% (95% CI = 60.5% to 63.9%) to 56.8% (95% CI = 55.1% to 58.6%). Regression analyses 
show 34% lower odds of men smoking after Olympics (OR = 0.66, 95% CI = 0.57% to 0.77%). Rural 
residents and individuals who are not retired were more likely to smoke. Female nonsmokers re-
port 17% less exposure to secondhand smoke after Olympics (OR = 0.83, 95% CI = 0.70% to 0.98%). 
Urban nonsmokers were more likely to be exposed than their rural counterparts.
Conclusions: Smoking prevalence among men and secondhand smoke exposure among women 
significantly decreased in Qingdao, China, after the tobacco-free Olympics public policy period. As 
only the proportion of lighter smokers decreased, this may help explain why urban nonsmokers 
reported increased exposure. Unintended increased secondhand smoke exposure and cessation 
support need to be addressed in large-scale policy campaigns.
Implications: Hosting the Olympic Games can help to initiate large-scale tobacco-free public poli-
cies for hosting cities. Although previous studies have demonstrated reduction in nonsmoker ex-
posure to secondhand smoke, the impact on the hosting city’s smoking prevalence or exposure 
rates is unclear. After the Olympic Games in Qingdao, China, smoking prevalence among men 
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significantly decreased, mostly due to light smokers. Secondhand smoke exposure at home and/
or workplace significantly decreased among female nonsmokers. Urban nonsmokers had an un-
intended consequence of increased secondhand smoke exposure after the tobacco-free Olympic 
policy period. Concurrent promotion of cessation support for heavier smokers may be needed.

Introduction

China is the biggest tobacco producer and consumer in the world 
with an economic dependence on the tobacco industry and an on-
going tobacco-related health crisis.1 In 2005, China ratified the 
World Health Organization Framework Convention on Tobacco 
Control,2 which came into force in January 2006. Progress has 
been slow with a 2015 national adult tobacco survey conducted by 
China’s Center for Disease Control and Prevention revealing consist-
ently high adult male smoking rates for the previous 5 years: 52.1% 
for men but only 2.7% for women.3 In addition, secondhand smoke 
(SHS) exposure declined from 60.6% to 54.3% in the workplace 
and 64.3% to 57.1% at home between 2010 and 2015.

In 2008, China was the host country for the Olympics, and 
China took the opportunity as a catalyst to build capacity for to-
bacco control.4 Since 1988, the Olympic Games, one of the world’s 
premier sporting events, has been one of the most effective mar-
keting platforms for tobacco control.5 Qingdao, a city of 8.7 mil-
lion people, co-hosted the Summer Olympics, and like China’s six 
other Olympic cities, Qingdao implemented the Olympics’ tobacco-
free public policies from July 2007 to January 2009. Tobacco-free 
public policies were implemented in six types of public places 
(taxis or hospitals or hotels or restaurants or government offices or 
and institutional or company workplaces) in both urban and rural 
districts.6 A  tobacco-free media campaign promoted the new gov-
ernment directive with giveaways (flyers, calendars) and media (TV, 
newspapers).7 From August 2008 to September 2008 during the 
Summer Olympics, the Qingdao government expanded the tobacco-
free public policy to more public places with complete (all public 
transportation, cultural venues, commercial venues, workplaces, 
educational facilities, indoor areas of medical facilities, gyms, and 
stadiums) and partial (amusement parks, waiting room of transport 
vehicles) policy coverage.8 Tobacco advertising was also banned on 
television, radio, newspaper, and the Internet during this period.9

Our objective was to determine the impact of these tobacco-free 
public policies on the hosting city’s population smoking prevalence 
and SHS exposure. Using two population-based surveys conducted 
in Qingdao that included tobacco-related questions, our hypothesis 
was that smoking prevalence and SHS exposure would decrease for 
the population after the tobacco-free Olympics public policy period.

Methods

Study Sample
We used two population-based cross-sectional surveys in 2006 and 
2009 from the Qingdao Diabetes Survey, conducted by the Qingdao 
Diabetes Prevention Program and funded by the World Diabetes 
Foundation. A representative sample of the general population aged 
35–74  years who had lived in Qingdao for at least 5  years were 
recruited through a stratified, random cluster sampling method using 
an official household registry system based on the 2000 Qingdao 
population composition, as described elsewhere.10 If the participant 
reported difficulty in understanding or filling out the questionnaire, 
study staff read the questionnaire to the participant and recorded 

the participant’s response. In total, 5355 participants (response rate 
87.8%) and 5165 participants (response rate 86.1%) were recruited 
in 2006 and 2009, respectively.11 We excluded subjects with missing 
data on demographics (2006, n = 412; 2009, n = 279) and tobacco-
related questions (2006, n = 344; 2009, n = 206). The final study 
sample included more than 4500 people for each survey year (in 
2006, 2784 women and 1815 men; in 2009, 2836 women and 1844 
men). Participants with missing information (2006, n = 756; 2009, 
n = 485) were more likely to be women (2006) or live in rural areas 
(2006 and 2009) than those with complete information.

The Qingdao Municipal Health Bureau and local ethics commit-
tee approved the 2006 survey, and the ethics committee of Qingdao 
Municipal Center for Disease Control and Prevention approved the 
2009 survey. Written consent was obtained from each participant 
prior to data collection.

Framework
We used a social-ecological model12 as a framework for our analyses 
to reflect various levels of influence on health behaviors and their 
cross-influence. Individual factors include demographics such as age, 
gender, marital status, education, income, and beliefs. Family- and 
community-level factors include whether there is smoking at home 
and/or work, and urban or rural residence.

Measures
Demographics
Demographic variables included age (35–74  years), marital status 
(married/cohabitated, other), place of residence (urban, rural), income 
level, education level, and work status (employed or self-employed or 
retired or out of work or never worked). We categorized low educa-
tion level as the first 9 compulsory years, middle education level as 
graduating senior high school, and high education level as college 
and higher. We categorized work status such that employed includes 
self-employed, and not employed includes out of work or never 
worked. Income levels were determined according to minimum wage 
standard and average income per month in Qingdao. The minimum 
wage was 540–610 Chinese Yuan (CNY)/month (83–94 US dollars 
[USD]/month)13 in 2006 and 620–760 CNY/month (95–116 USD/
month)14 in 2009. The average income per month was 2183 CNY/
month (333 USD/month)15 in 2007 (data in 2006 are not available) 
and 2709 CNY/month (414 USD/month) in 2009.16 We used this 
range of minimum wage and average income per month over the 
2 years to create a low-income-level category of less than 1000 CNY/
month, middle-income-level category of 1000–2999 CNY/month, 
and high-income-level category of at least 3000 CNY/month.

Tobacco Use and Exposure
Tobacco use and exposure to smoke was self-reported. Participants 
who chose “yes” to the question “do you smoke cigarettes” were clas-
sified as current smokers. Participants who chose “I quit” or “no” to 
this question were classified as nonsmokers. Participants reporting 
“yes” to the question “do you suffer from smokers at home and/or 
workplace for the past 5 years” were categorized as having exposure 
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to SHS at home and/or workplace; detailed location was not specified 
in the questionnaire. All participants were asked about the relationship 
between smoking and health. The responses were classified as smoking 
harms health, smoking doesn’t harm health, and don’t know. Smoking 
intensity was categorized as light (<10 cigarettes daily), moderate 
(10–19 cigarettes daily), and heavy (≥20 cigarettes daily). Cigarettes 
were the predominant type of tobacco used in this population (96.9% 
of smokers). Smoking prevalence among women was very low (2.7% 
[95% confidence interval (CI) = 2.1% to 3.4%] in 2006 and 2.2% 
[95% CI = 1.8% to 2.8%] in 2009) and was not analyzed further.

Statistical Analysis
Complex survey methods17,18 were used for all analyses to account for 
stratification and weighting by age or gender or and urban or rural 
residence to the Qingdao population. Sampling weights correspond 
to the inverse probability of selection from the target population; 
in stratified sampling, the weights in a stratum are proportional 
to the ratio of the frequency of the stratum in the population to 
the frequency of the stratum in the sample  (Unweighted sampling 
demographics were available in the supplement table). We computed 
percent change in the prevalence of smoking and SHS exposure 
in subgroup analyses among men or women by age group, mari-
tal status, place of residence, income level, education level, work 
status, and belief that smoking causes health harms. We computed 
p value of the percent change based on Z- score (estimate/SE) for 
ln(proportion smoking in 2009) – ln(proportion smoking in 2006) or 
ln(proportion SHS exposure in 2009) – ln(proportion SHS expos-
ure in 2006). Because the smoking rate in women was very low, we 
excluded women from further analyses of current smoking. In add-
ition, multivariable logistic regression was conducted using complex 
sample models to examine the association of (1) smoking among 
men, (2) SHS exposure at home and/or work among nonsmoking 
men, and (3) SHS exposure at home and/or work among nonsmok-
ing women by survey year, demographics including urban or rural 
residence, and belief about smoking health harms. All analyses were 
performed using SPSS (version 22; SPSS, Inc, Chicago, IL). A p-value 
of less than .05 (two tailed) was considered statistically significant.

Results

Decrease in Male Smoking Prevalence
The male smoking prevalence was 51.4% (95% CI  =  49.0% to 
53.9%) in 2006 and 42.6% (95% CI = 40.2% to 45.1%) in 2009. 
The female smoking prevalence was 2.7% (95% CI  =  2.1% to 
3.4%) in 2006 and 2.2% (95% CI = 1.8% to 2.8%) in 2009. No sig-
nificant estimated percent change across 2006 and 2009 was found 
for women. Table 1 shows the male smoking prevalence by demo-
graphic subgroups in 2006 and 2009, and the percent change across 
the years. In 2009, the percent change in smoking rates dropped 
significantly among men who were younger, lived in either urban 
or rural areas, were married/cohabiting, had low education level, 
reported middle-income levels, were employed, and were aware of 
smoking harms (p < .05). Almost all men (90%) reported awareness 
that smoking is harmful to health, which was not significantly dif-
ferent between either year or urban/rural areas (data not shown).

Figure  1 shows how the proportion of male smoking inten-
sity changed over the 2 years, as the smoking prevalence declined. 
Among all male smokers from 2006 to 2009, the proportion of light 
smokers decreased (32.8% [95% CI = 29.6% to 36.2%] vs. 25.3% 
[95% CI = 22.1% to 28.8%]), the proportion of moderate smokers 

remained similar (37.3% [95% CI = 34.0% to 40.7%] vs. 34.4% 
[95% CI = 31.0% to 38.1%]), and the proportion of heavy smok-
ers increased (29.9% [95% CI = 26.9% to 33.1%] vs. 37.3% [95% 
CI = 36.7% to 43.9%]) (chi-square test statistic = 22.7, p < .001). 
The increasing proportion of heavy smokers (data not shown) was 
significant among men who lived in rural areas (34.9%–45.2%, p < 
.05), had low education level (34.1%–43.9%, p < .05), and had low-
income level (30.8%–43.1%, p < .05).

SHS Exposure at Home and/or Workplace Declined 
Significantly
The overall rate of nonsmokers reporting exposure to SHS declined 
from 62.2% (95% CI = 60.5% to 63.9%) in 2006 to 56.8% (95% 
CI = 55.1% to 58.6%) in 2009. Table 2 shows SHS exposure at home 
and/or workplace by gender. Rates similarly declined among nonsmok-
ing men (59.1% to 53.3%) and women (63.2% to 58.1%), but only 
significantly for women. In 2009, the rate of nonsmoking men report-
ing SHS exposure decreased significantly in the younger age group, 
rural residents, employed, and those who believed smoking harms 
health; rates increased for the oldest group. Similarly, the rate of non-
smoking women reporting SHS exposure decreased significantly for 
the youngest age group, rural residents, married/cohabitated, low-
est income group, lowest education level, employed, and those who 
believed smoking harms health; rates increased for urban residents, 
middle-income group, middle and upper education groups, and retired.

The opposite direction between nonsmoker exposure and resi-
dency (ie, urban nonsmokers had increased exposure whereas rural 
nonsmokers had decreased exposure) was explored further (data not 
shown). Among nonsmoking women, urban SHS exposure increased 
significantly across all demographic and attitude measures, except 
there was no statistical significance for other marital status and 
employed  or  not employed women. In contrast, rural exposure 
among nonsmoking women decreased significantly across almost 
all categories, except there was no statistical significance for other 
marital status. Among nonsmoking men, urban exposure increased 
significantly in the 65- to 74-year-old age group and retirees. In con-
trast, rural exposure among nonsmoking men decreased significantly 
in the 35- to 44-year-old age group, married/cohabitating persons, 
middle-income level, middle education level, employed, and those 
who agreed that smoking causes health harms.

Factors Associated With Smoking and SHS Exposure 
in Multivariable Regression Analyses
Table  3 shows there was 34% lower odds of men being current 
smokers after Olympics in 2009 compared to 2006 (odds ratio 
[OR]  =  0.66, 95% CI  =  0.57% to 0.77%). Other factors signifi-
cantly associated with current smoking among men included rural 
residence, being employed or not employed (compared to retired), 
and not agreeing that smoking causes health harms; men aged 
65–74 years were less likely to smoke than those aged 35–44 years.

Table  3 also shows 17% lower odds of nonsmoking women 
reporting exposure to SHS in 2009 compared to 2006 (OR = 0.83, 
95% CI = 0.70% to 0.98%), but there was not a significant decrease 
for nonsmoking men. In addition, being a rural resident was nega-
tively associated with being exposed for both male and female non-
smokers. Nonsmoking men in the oldest age group were less likely 
than those in the youngest to be exposed to SHS. Nonsmoking 
women who did not know whether smoking is harmful were also 
less likely to report exposure to SHS than those who agreed that 
smoking harms health.
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Discussion

The city of Qingdao, China, had fewer smoking men and fewer non-

smoking women exposed to SHS after implementing the tobacco-free 

Olympics public policy. The Qingdao male smoking prevalence de-
crease (51.4% in 2006 to 42.6% in 2009) was greater than China’s 
overall male smoking prevalence decrease (52.9% in 2005 to 50.1% 
in 2010).19 However, our findings show this decrease was mostly 
among light smokers, and that the proportion of heavier smokers 
increased. The Qingdao overall nonsmoker SHS exposure at home 
and/or work (56.8% in 2009) was also lower than China’s national 
rate in 2010 (67.3% for exposure at home and 63.3% for exposure 
at the workplace).20,21 Similar findings for nonsmokers have been 
described in cross-sectional surveys around the first tobacco-free 
Asian Games in Guangzhou in 2010, with self-reported SHS ex-
posure decreased in public places under tobacco-free policies (full: 
58.8% in 2009 to 50.3% in 2011; partial: 89.5% in 2009 to 87.4% 
in 2011, p < .05 for both).22 Our findings suggest that the tobacco-
free Olympics public policy was beneficial to the hosting city’s popu-
lation tobacco use and exposure for both smokers and nonsmokers.

Interestingly, SHS exposure at home and/or workplace increased 
for urban residents but decreased for rural residents. One possible 
explanation is that most facilities affected by the policy were located 
in urban districts, which may induce smokers to smoke at home or 
other places. In urban districts where the population density is ex-
tremely high, most residents live in apartments and work in indoor 
facilities, whereas their rural counterparts may live in houses with a 
yard or work outside in the field. As the proportion of lighter smokers 

Figure 1. Smoking trends in Qingdao men, Qingdao Diabetes Survey 2006 
and 2009. From 2006 to 2009, smoking rates among Qingdao men decreased, 
and among all male smokers, the proportion of light smokers decreased 
(32.8% vs. 25.3%) and the proportion of heavy smokers increased (29.9% 
vs. 37.3%). Data shown are self-reported smoking status from the Qingdao 
Diabetes Survey among men aged 3574  years. p < .05 for chi-square test 
comparisons across smoking intensity category in 2006 and 2009 surveys.

Table 1. Male Smoking Rates by Survey Year and Within Demographic Subgroup, Qingdao Diabetes Survey 2006 and 2009

Demographics

2006 2009

% Change from 
2009 to 2006b

p value of % 
changecSample size, n

Weighted smoking  
rate,% (95% CI)a Sample size, n

Weighted smoking  
rate,% (95% CI)a

Overall 938 51.4 (49.0% to 53.9%) 813 42.6 (40.2% to 45.1%) −17.1 8.33 × 10−07

Age group (y)
 35–44 364 55.6 (51.4% to 59.7%) 234 43.6 (38.9% to 48.4%) −21.6 3.08 × 10−04

 45–54 323 56.4 (52.0% to 60.7%) 247 45.0 (40.5% to 49.6%) −20.2 5.00 × 10−04

 55–64 177 44.1 (39.1% to 49.2%) 202 45.0 (40.3% to 49.8%) 2.0 .80
 65–74 74 35.8 (29.1% to 43.0%) 130 34.6 (29.8% to 39.8%) −3.4 .78
Place of residence
 Urban 362 45.9 (42.2% to 49.6%) 156 37.4 (32.6% to 42.4%) −18.5 .01
 Rural 576 56.8 (53.6% to 60.1%) 657 45.4 (42.7% to 48.1%) −20.1 6.50 × 10−07

Marital status
 Married/cohabitated 909 51.4 (48.9% to 53.9%) 757 42.5 (40.0% to 45.0%) −17.3 3.60 × 10−10

 Others 29 53.1 (37.5% to 68.1%) 56 44.5 (34.4% to 55.0%) −16.2 .37
Income level (CNY/month)
 ＜1000 542 51.4 (48.2% to 54.7%) 531 47.2 (44.1% to 50.4%) −8.2 .07
 1000–2999 316 52.1 (47.8% to 56.3%) 244 38.0 (34.0% to 42.2%) −27.1 4.81 × 10−06

 ≥3000 80 49.5 (41.4% to 57.6%) 38 32.7 (24.0% to 42.9%) −33.9 .01
Education level (y)
 ≤9 512 54.1 (50.7% to 57.5%) 639 43.7 (40.9% to 46.4%) −19.2 2.54 × 10−06

 10–12 230 50.0 (45.1% to 54.8%) 134 44.0 (38.1% to 50.2%) −12.0 .14
 ≥12 196 48.1 (42.9% to 53.3%) 40 33.4 (24.9% to 43.1%) −30.6 .01
Work status
 Retired 132 34.9 (30.0% to 40.2%) 120 32.5 (27.8% to 37.6%) −6.9 .51
 Employed 684 55.1 (52.1% to 58.2%) 621 45.0 (42.1% to 48.0%) −18.3 3.74 × 10−06

 Not employed 122 56.2 (49.0% to 63.2%) 72 45.0 (36.6% to 53.9%) −19.9 .06
Belief that smoke harms health
 Yes 797 49.5 (46.8% to 52.1%) 720 41.4 (38.8% to 43.9%) −16.4 1.77 × 10−07

 No 102 81.7 (72.8% to 88.2%) 65 66.7 (55.8% to 76.0%) −18.4 .03
 Don’t know 33 45.2 (34.6% to 56.3%) 28 38.6 (27.0% to 51.6%) −14.6 .44

CNY = Chinese Yuan.
aWeighted to Qingdao population data for survey year, place of residence, gender, and age.
b% Change calculated as (percent of 2009 – percent of 2006) ÷ percent of 2006.
cp value was computed based on Z-score (estimate/SE) for ln(proportion smoking in 2009) – ln(proportion smoking in 2006).
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decreased but that of heavier smokers increased, the increased urban 
exposure may be related to these heavier smokers going home to 
smoke whereas their rural counterparts smoking in their yards or 
fields. This increase in SHS exposure among nonsmokers has been 
previously described among Chinese nonsmoking pregnant women 
as an unintended consequence of tobacco-free public policy.23 Urban 
residents may also be more aware of SHS exposure due to the popu-
lation and geographic density and hence reported more exposure. 
Another contributing factor may be that the rural areas already had 
higher smoking prevalence rates and thus had greater declines in 
SHS exposure rates. Further improvement in eliminating SHS ex-
posure needs a comprehensive tobacco-free policy,24,25 including ces-
sation support, and effective implementation and enforcement.26 The 
tobacco-free public policy and education were more effective among 
lighter smokers; heavy smokers were addictive to tobacco, thus re-
quire additional measures and long-term education to facilitate their 
smoking cessation.

The implementation of the tobacco-free Olympics policy in 
Qingdao seems to have been effective, as a survey of staff who 
worked in the regulated public places showed significant improve-
ment in smoking prevalence, knowledge, and policy acceptance.7 
Among 646 subjects who completed a survey before and after 

training about the policy, smoking prevalence at work decreased 
(39.3% to 27.0%), knowledge scores improved, positive attitudes 
toward the smoking policy increased (44.8% to 53.3%), and think-
ing positively about the economic impact of the smoking policy 
increased (33.9% to 45.1%). The study also reported that tobacco-
free areas were established for taxis, hotels, restaurants, and hos-
pitals, as well as institutions and companies. At more than half of 
the venues, institutions and companies had a special team set up to 
persuade customers not to smoke in public places.

The World Health Organization acknowledged that the 2008 
Beijing Olympic Games promoted tobacco-free environments, sup-
ported a cultural shift, and left a legacy of healthier lives.27 However, 
after the tobacco-free Olympic public policy ended in January 2009, 
tobacco use rebounded to some extent in all of China’s Olympic 
cities.6 Qingdao strengthened existing local tobacco control poli-
cies in 2013 and implemented tobacco-free indoor public areas and 
workplaces.28 By 2014, the Qingdao Municipal Center for Disease 
Control and Prevention reported that adult male smoking preva-
lence was 40.5%, and nonsmoker SHS exposure rate was 49.1% 
at home and 32.7% at the workplace, all below national levels.29 
In June 2015, Beijing launched the strongest tobacco-free public 
areas and workplace policies, as well as tobacco advertising.30 The 

Table 3. Logistic Regression Analysis of Factors Associated With Smoking Status Among Men and Secondhand Smoke Exposure Among 
Nonsmokers by Gender, Qingdao Diabetes Survey 2006 and 2009

Demographics
Current smokers  

(males), N = 3659
Secondhand smoke exposure  

among male nonsmokers, N = 1908
Secondhand smoke exposure among 

female nonsmokers, N = 5461

OR (95% CI) OR (95% CI) OR (95% CI)
−2 Log likelihood 4859.28 581.90 4462.24
Chi-square 11.71 3.15 10.19
p value for Hosmer and Lemeshow test 0.16 0.92 0.25
Survey year
 2006 (reference) 1.0 1.0 1.0
 2009 0.66 (0.57% to 0.77%) 0.97 (0.75% to 1.26%) 0.83 (0.70% to 0.98%)
Age group (y)
 35–44 (reference) 1.0 1.0 1.0
 45–54 1.01 (0.84% to 1.22%) 0.87 (0.63% to 1.20%) 1.04 (0.85% to 1.28%)
 55–64 0.94 (0.76% to 1.18%) 0.82 (0.57% to 1.19%) 0.88 (0.68% to 1.13%)
 65–74 0.67 (0.51% to 0.88%) 0.60 (0.39% to 0.92) 0.78 (0.58% to 1.04%)
Residency
 Urban (reference) 1.0 1.0 1.0
 Rural 1.30 (1.08% to 1.57%) 0.66 (0.49% to 0.88%) 0.80 (0.65% to 0.98%)
Marital status
 Others (reference) 1.0 1.0 1.0
 Married/cohabitated 0.84 (0.57% to 1.23%) 0.58 (0.31% to 1.09%) 1.31 (0.97% to 1.78%)
Education level (y)
 ≤9 (reference) 1.0 1.0 1.0
 10–12 0.99 (0.81% to 1.20%) 1.09 (0.81% to 1.48%) 1.13 (0.91% to 1.40%)
 ≥12 0.80 (0.62% to 1.05%) 1.30 (0.86% to 1.97%) 1.21 (0.82% to 1.77%)
Income level (CNY/month)
 ＜1000 (reference) 1.0 1.0 1.0
 1000–2999 0.95 (0.80% to 1.13%) 1.10 (0.83% to 1.45%) 1.06 (0.84% to 1.34%)
 ≥3000 0.94 (0.67% to 1.30%) 0.97 (0.57% to 1.65%) 0.71 (0.37% to 1.36%)
Work status
Retired (reference) 1.0 1.0 1.0
 Employed 1.55 (1.21% to 1.98%) 1.14 (0.78% to 1.65%) 1.24 (0.98% to 1.58%)
 Not employed 1.63 (1.20% to 2.22%) 0.71 (0.45% to 1.14%) 1.07 (0.83% to 1.39%)
Belief that smoke harms health
 Yes (reference) 1.0 1.0 1.0
 No 3.59 (2.55% to 5.06%) 1.84 (0.81% to 4.18%) 1.33 (0.68% to 2.57%)

CNY = Chinese Yuan.
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2008 China Olympics also led to other Chinese tobacco-free “mega-
events,” which have large impacts on the environment and the popu-
lation.31 The World Health Organization published a 2010 “Guide 
to Tobacco-Free Mega-Events”32 and Chinese mega-events like the 
2010 Shanghai World Expo,33 2010 Guangzhou Asian Games,22 
and 2011 Xi’an World Horticultural Expo34; tightened tobacco 
control measures; and attempted to create tobacco-free environ-
ments. Furthermore, Shanghai and Guangzhou also developed their 
tobacco-free city plans and policies, which have been acknowledged 
by the International Tobacco Control Policy Evaluation Project as 
one of the best local legislations in China.35

Tobacco-free mega-events can be of particular benefit to develop-
ing countries, where policy environments tend to be weaker in terms 
of taxes, advertising bans, and tobacco-free policies.36 Many events 
that aim to promote healthy lifestyles and well-being37 may en-
courage potential international stakeholders to join global tobacco 
control efforts. Previous research has shown that cities play a critical 
role in changing social norms of tobacco use and may be the driving 
force for this change in developing countries.38 Hence, tobacco bans 
in cities hosting mega-events are important strategies to initiate and 
sustain tobacco-free social norm changes. However, it is important 
to recognize that there are limitations to this approach. A compara-
tive analysis of Olympic tobacco-free policies 1988–2014 found that 
none of the host cities had adopted all 11 tobacco control measures 
and that the tobacco industry bypassed policies through advertis-
ing, sponsorship, industry-sponsored youth antismoking campaigns 
(which have been considered ineffective39), and “accommodation” of 
Olympic visitors by creating smoking areas.5

Our study findings were limited because the surveys are 
cross-sectional and do not track individual changes over time. 
Second, the findings may be underestimates because they rely on 
self-reported cigarette use or SHS exposure rather than biochemical 
validation. However, given the strong smoking norms in China and 
that the original research study was not related to smoking, it is un-
likely that reporting bias among participants is significant. Third, the 
surveys were not specific to the tobacco-free Olympic public policy, 
and therefore, no questions were asked regarding public attitudes 
or exposure to the tobacco-free Olympics campaign; furthermore, 
the survey instrument about SHS exposure combined at home and/
or workplace and we could not separate the responses. Fourth, the 
complex survey methods used can reduce potential bias due to dif-
ferential nonresponse by age, gender, and urban/rural residence; 
however, there is still the possibility of selection bias related to smok-
ing and SHS exposure. Finally, the surveys originally aimed to study 
adult diabetes, and people aged less than 35 years were not included. 
Other studies have reported a benefit for younger age groups. 
Smoking rates in students aged 13–15 years were higher nationally 
(2013)40 than those in Qingdao (2014) at 6.9% and 1.5%,41 and 
students were exposed to SHS (home, public places, transportation 
vehicles) at 72.9% and 54.8%,42 respectively. Young male nonsmok-
ers (15–24 years old) were exposed to higher SHS at home, com-
pared to older age groups, but no significant difference was found 
among female nonsmokers.43 In Guangzhou after implementation 
of smoke-free public policies, SHS exposure declined significantly in 
primary or secondary schools, but not in universities.22

Tobacco-free Olympics and other mega-events in developing 
countries’ cities can create important opportunities to decrease to-
bacco use, nonsmokers’ SHS exposure rates, and capacity building 
for local tobacco control policy making efforts. Our study sug-
gests that more attention may be needed to address the unintended 

consequence of urban nonsmokers’ increased SHS exposure, which 
may include concurrent promotion of tobacco cessation support. 
Future research might include a longitudinal study with biochemical 
validation around a tobacco-free mega-event, and an analysis of the 
cost-effectiveness of tobacco-free mega-events.

Supplementary Material
Supplementary data are available at Nicotine & Tobacco Research online.
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