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ABSTRACT
Objectives To assess the levels of secondhand smoke 
(SHS) exposure before and after the implementation of the 
Tobacco Free Cities (TFC) initiative.
Design City- wide representative, cross- sectional surveys 
(Tobacco Questions for Surveys, TQS) were conducted in 
each participating city before and after the implementation 
of TFC.
Setting Five large Chinese cities (Chengdu, Chongqing, 
Wuhan, Xiamen and Xi’an) participated in the TFC initiative.
Participants A total of 10 184 adults participated in the 
2015 TQS survey, and 10 233 adults participated in the 
2018 TQS survey, respectively.
Interventions The TFC initiative, which included targeted 
media campaigns, educational programmes, implementing 
city- wide smoke- free policies and providing cessation 
interventions, was implemented in these five cities 
between 2015 and 2018.
Main outcome Self- reported past 30- day (P30D) SHS 
exposure in indoor workplaces, restaurants and homes.
Data analysis The pre- TFC and post- TFC SHS 
exposure levels were compared among all residents 
and among certain population subgroups. Multivariate 
logistic regressions were used to estimate the adjusted 
associations between P30D SHS exposure and individual 
characteristics.
Results Across all five cities, the overall rate of 
self- reported P30D SHS exposure declined in indoor 
workplaces (from 49.6% (95% CI: 46.4% to 52.8%) to 
41.2% (95% CI: 37.7% to 44.7%)), restaurants (from 
72.4% (95% CI: 69.8% to 74.9%) to 61.7% (95% CI: 
58.7% to 64.7%)) and homes (from 39.8% (95% CI: 36.9% 
to 42.7%) to 34.7% (95% CI: 31.5% to 37.8%)) from 2015 
to 2018. These declines were statistically significant after 
controlling for individual characteristics. The P30D SHS 
exposure was associated with sex, age, education level, 
occupation and current smoking status. The associations 
varied by venues.
Conclusions Our analysis showed that compared with 
the nationwide SHS exposure levels reported in concurrent 
national surveys, the declines in P30D SHS exposure in 
five Chinese cities that implemented the TFC initiative 
were larger in indoor workplaces and restaurants. Our 

findings suggest that the TFC initiative was effective in 
reducing SHS exposure in Chinese cities.

INTRODUCTION
Secondhand smoke (SHS) exposure is a 
major preventable cause of diseases for 
infants, children and non- smoking adults.1–3 
It has been well documented that there is 
no risk- free level of exposure to SHS.2 As the 
largest tobacco consumption country globally, 
China has more than 300 million smokers, 
exposing an estimated 740 million people 

Strengths and limitations of this study

 ► Multistage sampling method was applied to select 
a city- wide representative sample of adults (aged 
15 and above) for each of the five Chinese cities 
that participated in the Tobacco Free Cities (TFC) 
initiative.

 ► The Tobacco Questions for Surveys were adminis-
tered to the study sample in each city to assess the 
levels of secondhand exposure (SHS) in workplaces, 
restaurants, and homes before and after the imple-
mentation of the TFC initiative.

 ► The pre- TFC and post- TFC SHS exposure levels 
were compared among all adult city residents, as 
well as among certain population subgroups, using 
multivariate logistic regressions controlling for indi-
vidual characteristics.

 ► Limitations of this study included self- reported 
smoking status and SHS exposure, which may be 
subject to recall bias and social desirability bias, and 
the inability to estimate the SHS exposure chang-
es before and after the implementation of the TFC 
initiative at the individual level using pooled cross- 
sectional surveys.

 ► The associations between SHS exposure and indi-
vidual level characteristics reported in this study 
may not be generalised to other cities or rural areas 
in China.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-3425-9155
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-044570&domain=pdf&date_stamp=2020-11-29


2 Duan Z, et al. BMJ Open 2020;10:e044570. doi:10.1136/bmjopen-2020-044570

Open access 

to harmful environmental tobacco smoke.4 According 
to the findings from a cross- country comparison of past 
30- day (P30D) SHS exposure among adults in 14 coun-
tries (Bangladesh, Brazil, China, Egypt, India, Mexico, 
Philippines, Poland, Russia, Thailand, Turkey, Ukraine, 
Uruguay and Vietnam), China had the highest rates of 
P30D SHS exposure in indoor workplaces (63.3%) and 
restaurants (88.5%) in 2010.5 6 In addition, the rate of 
P30D exposure to SHS at home in China (67.3%) was the 
second highest among these 14 countries,5 resulting in 
more than 164 million children being exposed to SHS at 
home in 2010.7

Recent nationwide surveys showed that exposure to 
SHS had been declining in China over the last decade. 
For example, the China Adult Tobacco Survey (CATS) 
found that from 2015 to 2018, the P30D SHS exposure in 
indoor places had declined, particularly in homes (57.1% 
to 44.9%), workplaces (54.3% to 50.9%), government 
buildings (38.1% to 31.1%), healthcare facilities (36.8% 
to 24.4%), restaurants (76.3% to 73.3%) and public trans-
portation (16.4% to 12.9%).8 9 Previous studies indicated 
that the decline in SHS exposure in China was likely 
due to the implementation of smoke- free air policies in 
public places in recent years.10 11 In 2013, the Chinese 
Central Government issued a notice prohibiting govern-
ment officials smoking in public to set an example for all 
to follow.4 12 In 2014, the Ministry of Education and the 
National Health Commission (now National Health and 
Family Planning Commission) issued directives for all 
schools and healthcare facilities in China to become 100% 
smoke- free.4 12 To date, more than 20 largest Chinese 
cities, including Beijing, Shanghai, Shenzhen and Xi’an, 
have adopted city- wide smoke- free air policies.8

Despite progress in smoke- free legislation and tobacco 
control efforts, to date, there are still no comprehensive 
smoke- free air laws at the national level in China. The 2015 
CATS estimated that more than half (54.3%) of adults who 
worked indoors were still exposed to tobacco smoke at their 
workplaces, and more than 500 million adults were exposed 
to SHS at home.13 Even in cities where smoke- free air poli-
cies have been adopted, the strengths and enforcement of 
these policies varied significantly at the local level.14 15 To 
support Chinese cities to develop effective, comprehensive 
and sustainable tobacco control programmes, researchers 
from Georgia State University (GSU) and China Centers 
for Disease Control and Prevention (China CDC) selected 
five Chinese cities to participate in the Tobacco Free Cities 
(TFC) initiative in 2015. The TFC initiative was a 3- year 
programme aimed to achieve the goal of creating cities 
where no tobacco use is the norm, by providing grant funds 
and experts’ support to help the cities implement best prac-
tice interventions, including adoption of tobacco- free poli-
cies, communication strategies to increase knowledge on 
harms of tobacco use and provision of cessation services.16 
The research team in GSU collaborated with the Think-
Tank Research Center for Health Development, a China- 
based non- governmental organisation, the China CDC and 
the National Health Commission to identify a non- random 

sample of 10 potential cities for the TFC initiative in 2015. 
Five metropolitan cities were selected based on population 
size, societal influence in China, local government support 
for tobacco control efforts and stage of readiness to take 
action to change social norms of tobacco use in their 
city. These five cities selected were Chengdu, Chongqing, 
Wuhan, Xiamen and Xi’an. None of these five cities had 
city- wide smoke- free air policies at the time of selection. 
The population size of these five participating cities ranged 
from about 4 million in Xiamen to about 30 million in 
Chongqing (see online supplemental table 1 for detail).

This study aims to conduct a preliminary assessment 
of the effectiveness of the TFC initiative in reducing SHS 
exposure in indoor areas. Studies using the International 
Tobacco Control (ITC) data indicated that partial smoke- 
free air policies had minimal impact on reducing SHS 
exposure in indoor workplaces, restaurants and bars in 
China.10 17 Although a few small randomised controlled 
trials had demonstrated the effectiveness of tobacco 
control intervention programmes in reducing SHS expo-
sure in China,18 19 the evidence on the effectiveness of 
city- wide tobacco control activities in reducing SHS expo-
sure in China is scarce. In addition, because smoking 
behaviour and its determinants may differ considerably 
between urban and rural areas in China, the overall 
SHS exposure status at the national level may mask the 
differences across regions and population subgroups.20 21 
Importantly, due in part to a lack of representative, city- 
wide data on SHS exposure in China, very little is known 
about SHS exposure in large cities, where the population 
is more concentrated than small cities and rural areas, 
and SHS exposure may be more pronounced. One study 
using the ITC data from seven cities and five rural areas 
of China found that from 2009 to 2015, there were no 
significant differences in SHS exposure between smokers 
and non- smokers except that SHS exposure among 
smokers was higher than among non- smokers in rural 
workplaces.17

This study is designed to enrich the literature by exam-
ining the level of SHS exposure in indoor workplaces, 
indoor areas of restaurants, and at home in five large 
Chinese cities before and after the implementation of the 
TFC initiative in those cities. This study also investigates 
the potential differences in SHS exposure across popu-
lation subgroups. It was hypothesised that the decline 
in SHS exposure at workplaces, restaurants and homes 
between 2015 and 2018 would be more pronounced in 
these five cities with the TFC initiative, compared with 
the nationwide trend. In addition, the SHS exposure 
was hypothesised to vary among population subgroups 
characterised by sociodemographic factors and smoking 
status.

METHODS
Study design and survey participants
The TFC initiative was implemented in the five selected 
cities, that is, Chengdu, Chongqing, Wuhan, Xiamen and 
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Xi’an, from 2015 to 2018.16 During this period, these cities 
executed activities, including implementing city- wide 
and sector- wide smoke- free policies, launching health 
education interventions and mass media campaigns, and 
providing cessation interventions for smokers who want 
to quit (see online supplemental table 1 for a detailed 
list of tobacco control activities in each city). Two city- 
wide representative household surveys were conducted in 
each city, one before the TFC initiative and the second 
one after the TFC initiative, by the local municipal health 
department under the supervision of the China CDC. 
The surveys assessed tobacco use, exposure to SHS, and 
knowledge, attitudes and beliefs towards various tobacco 
and nicotine products, using the Tobacco Questions for 
Surveys (TQS) questionnaire. TQS was a subset of key 
questions adapted from the Global Adult Tobacco Survey 
(GATS), developed by the WHO and the US CDC.22

The first TQS survey was conducted from October 
2015 to March 2016 (data were collected mainly in 2015, 
referred to as TQS 2015 below). The second TQS survey 
was conducted from November 2017 to March 2018 (data 
were collected mainly in 2018, referred to as TQS 2018 
below) (see a detailed timeline in online supplemental 
table 2). Participants were recruited using a household- 
based, multistage cluster sampling scheme designed to 
represent non- institutionalised adults (defined as age 
15 years and above at the survey time) residing in urban 
areas of these five cities, based on the principles outlined 
in the GATS Sample Design Manual.23 Detailed sampling 
procedures and weight calculations were described in 
previously published studies.24 25 The household surveys 
were conducted through indoor face- to- face interviews 
using handheld computer- assisted devices to reduce 
measurement errors. These surveys were approved by the 
local institutional review board (IRB) of each city’s munic-
ipal health department. Written informed consent was 
obtained from all participants. A total of 10 184 partici-
pants completed the household survey in 2015/2016, and 
10 233 participants completed the survey in 2017/2018. 
The response rate and sample size overall for each city 
were listed in online supplemental table 2. Secondary 
data analyses were approved by the GSU IRB.

MEASURES AND VARIABLES
Outcomes
The primary outcome variables in this study were self- 
reported P30D SHS exposure status in indoor areas of 
workplaces, restaurants and homes. All study participants 
were asked whether they usually worked indoors. Partici-
pants who responded ‘yes’ were then asked whether they 
had noticed anyone (including themselves) smoking in 
indoor areas of workplaces in the past 30 days. In addi-
tion, all participants were asked whether they had visited 
any restaurants in the past 30 days, and if so, whether they 
had observed anyone (including themselves) smoking 
inside any of the restaurants they visited in the past 30 
days. Finally, all participants were asked whether anyone 

(including themselves) had smoked in their homes in the 
past 30 days.

Current tobacco smoking status
Participants were asked whether they were currently using 
any smoking tobacco products, including cigarettes, 
cigars and pipes, daily, occasionally or not at all. Partici-
pants who were currently using smoking tobacco products 
daily or occasionally were categorised as current smokers. 
Participants who were not using any smoking tobacco 
products at all were categorised as current non- smokers.

Demographic characteristics
Demographic variables included biological sex, age, 
highest education level and occupation type. Age was 
categorised into 15–24, 25–44, 45–64, and 65 years and 
older. Education was categorised into primary school 
completed or below, junior high school completed, senior 
high school completed, and college degree or above. The 
occupation was categorised into ‘government employee, 
teacher, healthcare provider’, ‘factory, business, agri-
culture and service industry employee’, and ‘not in the 
labour force’, which included the unemployed, students, 
homemakers and retired. The TQS survey grouped 
‘government employee, teacher, healthcare provider’ into 
one single category because most schools and hospitals in 
China are government- owned. On the contrary, ‘factory, 
business, agriculture and service industry employees’ 
are generally considered working in the private sector 
in China. The rationale for this grouping method was 
because existing smoke- free policies in China were gener-
ally implemented in government buildings, schools and 
hospitals.16 The categorisation of individual characteris-
tics and the grouping method for occupation were consis-
tent with the method used in other national- level surveys 
in China, such as the 2015 and 2018 CATS.8 13

Data analyses
SAS V.9.4 was used for data analyses. Complex sampling 
procedures were accounted for in analyses by using the 
survey procedures in SAS. Invalid answers, that is, ‘I don’t 
know’ and ‘Refused’, were coded as missing. The main 
resources of missing data were outcome variables (about 
2% of respondents with missing values for SHS exposure 
at each venue) and self- reported occupation types (about 
1% of respondents with missing values). The proportion 
of respondents with missing values on any key variable 
included in data analyses for each venue was less than 
5%. We assumed that missing was at random and used 
pairwise deletion to handle missing values.26 We esti-
mated the percentages and 95% CIs of urban adult resi-
dents who had been exposed to SHS in the past 30 days 
at selected venues, in total and by demographic charac-
teristics, including biological sex, age, education, occu-
pation and current smoking status. The Rao- Scott Χ2 test 
was used to check the unadjusted associations between 
P30D SHS exposure and survey years in total and by 
demographic characteristics. In addition, multivariate 
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logistic regression was used to estimate the adjusted asso-
ciations between P30D SHS exposure and survey years, 
controlling for demographic characteristics, including 
age, gender, education, occupational status and smoking 
status.

Patient and public involvement
This study was done without patient involvement. The 
target population of TQS was non- institutionalised adults 
residing in urban areas of the five participating Chinese 
cities.

RESULTS
Demographic characteristics and smoking status
Among urban adult residents in all five participating cities, 
in 2015, about 11% of them completed primary school or 
below, and 37% had a college degree or above. Approx-
imately 11% worked as government employees, teachers 
or healthcare providers, and 44% were not in the labour 
force. In 2018, approximately 9% completed primary 
school or below, and 42% had a college degree or above. 
There were about 11% of adult residents working as 
government employees, teachers or healthcare providers, 
and more than half of them (51%) were not in the labour 
force. Approximately 23% of them were current smokers 
in 2015 and 2018 (online supplemental table 3).

P30D SHS exposure in indoor workplaces
As shown in table 1, 4710 and 5011 respondents usually 
worked indoors and reported P30D SHS exposure status 
in 2015 and 2018, respectively. The overall P30D SHS 
exposure in indoor workplaces decreased from 49.6% 
(95% CI: 46.4% to 52.9%) in 2015 to 41.2% (95% CI: 
37.7% to 44.7%) in 2018 (p=0.0003). In 2015, 58.3% (95% 
CI: 54.5% to 62.0%) of men and 39.2% (95% CI: 35.8% 
to 42.7%) of women reported P30D SHS exposure, while 
49.2% (95% CI: 45.1% to 53.2%) of men and 32.2% (95% 
CI: 28.4% to 36.0%) reported P30D SHS exposure in their 
indoor workplaces in 2018 (p=0.0007 and p=0.0055 for 
men and women, respectively). Regarding age, the rate 
of P30D SHS exposure was the highest among adults aged 
45–64 years old in 2015 and 2018. From 2015 to 2018, the 
decline in P30D SHS exposure was statistically significant 
for adults aged 25–44 years old (47.9%, 95% CI: 44.4% 
to 51.4% vs 41.2%, 95% CI: 37.4% to 45.0%, p=0.0086) 
and 45–64 years old (58.6%, 95% CI: 53.9% to 63.3% vs 
46.9%, 95% CI: 42.0% to 51.8%, p=0.0005). Exposure to 
SHS followed a gradient, that is, exposure decreases as 
education levels increase, in both 2015 and 2018 surveys. 
The decline in P30D SHS exposure was statistically signif-
icant for people with senior high school completed or 
above (51.5%, 95% CI: 46.8% to 56.2% vs 44.6%, 95% CI: 
40.0% to 49.1%, p=0.0356) and college degree or above 

Table 1 Past 30- day secondhand smoke exposure in indoor workplaces before and after the implementation of the Tobacco 
Free Cities initiative in all five participating Chinese cities in 2015 and 2018

Demographic characteristics

Year 2015
(N=4710)

Year 2018
(N=5011)

P valuePer cent 95% CI Per cent 95% CI

Total 49.61 46.37 to 52.85 41.24 37.74 to 44.74 0.0003

Sex

  Male 58.25 54.52 to 61.98 49.15 45.13 to 53.18 0.0007

  Female 39.23 35.8 to 42.66 32.21 28.39 to 36.03 0.0055

Age (years)

  15–24 44.83 39.31 to 50.35 37.34 31.34 to 43.34 0.0717

  25–44 47.88 44.4 to 51.35 41.21 37.41 to 45.01 0.0086

  45–64 58.58 53.87 to 63.3 46.88 42.01 to 51.75 0.0005

  65 and above 41.66 20.05 to 63.26 25.39 16.05 to 34.74 0.1183

Education level

  Primary school completed or below 64.16 54.51 to 73.8 52.85 42.17 to 63.53 0.1071

  Junior high school completed 56.33 50.59 to 62.06 48.05 41.63 to 54.46 0.0511

  Senior high school completed 51.47 46.76 to 56.17 44.57 40.02 to 49.11 0.0356

  College degree or above 45.81 42.33 to 49.29 37.25 33.05 to 41.44 0.0012

Occupation

  Government employee, teacher, healthcare provider 39.39 33.96 to 44.82 30.43 24.89 to 35.97 0.0304

  Factory, business, service industry employee 52.22 49.02 to 55.42 44.08 40.21 to 47.95 0.0003

Current smoking status

  Yes 70.65 65.99 to 75.31 63.59 59.06 to 68.12 0.0313

  No 42.76 39.39 to 46.14 34.59 30.97 to 38.22 0.0007

https://dx.doi.org/10.1136/bmjopen-2020-044570
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(45.8%, 95% CI: 42.3% to 49.3% vs 37.2%, 95% CI: 33.1% 
to 41.4%, p=0.0012). A significant decrease in the self- 
reported P30D SHS exposure was observed for both 
government employees, teachers or healthcare providers, 
and factory, business and service industry employees. 
In 2015, 70.7% (95% CI: 66.0% to 75.3%) of smokers 
and 42.8% (95% CI: 39.4% to 46.1%) of non- smokers 
reported exposed to SHS at their indoor workplace in the 
past 30 days, and the corresponding rates in 2018 signifi-
cantly decreased to 63.6% (95% CI: 59.1% to 68.1%) and 
34.6% (95% CI: 31.0% to 38.2%) for smokers and non- 
smokers, respectively.

P30D SHS exposure in indoor areas of restaurants
As shown in table 2, 6576 and 6878 respondents had 
visited any indoor areas of restaurants in the past 30 days 
and reported SHS exposure status in 2015 and 2018, 
respectively. The overall P30D SHS exposure in indoor 
areas of restaurants decreased significantly from 72.4% 
(95% CI: 69.8% to 74.9%) in 2015 to 61.7% (95% CI: 
58.7% to 64.7%) in 2018 (p<0.0001). Both men and 
women reported significantly less exposure to SHS from 

2015 to 2018 (for men: 77.4%, 95% CI: 74.8% to 80.0% 
vs 66.0%, 95% CI: 62.6% to 69.4%, p<0.0001; for women: 
66.3%, 95% CI: 63.0% to 69.6% vs 56.9%, 95% CI: 53.4% 
to 60.3%, p<0.0001). In addition, the rate of reporting 
P30D SHS exposure in indoor areas of restaurants had 
declined significantly for people in age groups below 65 
years old but remained the same (59.4%) for residents 
who were 65 years old or above from 2015 to 2018. In 
2015, adults with primary school completed or below 
had the lowest rate (64.6%, 95% CI: 58.6% to 70.7%) of 
reporting P30D SHS exposure in indoor areas of restau-
rants in 2015. However, this group reported the highest 
rate (69.9%, 95% CI: 64.0% to 75.8%) in 2018. The rate 
of reporting P30D SHS exposure declined significantly 
in another three education level groups. In addition, 
respondents in all three occupation categories had expe-
rienced a significant decline in P30D SHS exposure in 
indoor areas of restaurants. In 2015, 83.6% (95% CI: 
80.5% to 86.6%) of current smokers and 68.6% (95% 
CI: 65.8% to 71.4%) of current non- smokers reported 
P30D SHS exposure in indoor areas of restaurants, and 

Table 2 Past 30- day secondhand smoke exposure in indoor areas of restaurants before and after the implementation of the 
Tobacco Free Cities initiative in all five participating Chinese cities in 2015 and 2018

Demographic characteristics

Year 2015
(N=6576)

Year 2018
(N=6878)

P valuePer cent 95% CI Per cent 95% CI

Total 72.37 69.81 to 74.92 61.70 58.66 to 64.74 <0.0001

Sex

  Male 77.37 74.76 to 79.98 66.00 62.57 to 69.43 <0.0001

  Female 66.27 62.99 to 69.55 56.88 53.44 to 60.31 <0.0001

Age (years)

  15–24 71.56 67.35 to 75.76 55.37 50.74 to 59.99 <0.0001

  25–44 73.00 69.98 to 76.03 63.47 60.12 to 66.82 <0.0001

  45–64 74.56 71.21 to 77.91 64.80 60.21 to 69.38 0.0004

  65 and above 59.40 54.2 to 64.59 59.36 52.74 to 65.98 0.9931

Education level

  Primary school completed or below 64.63 58.59 to 70.67 69.92 64.04 to 75.79 0.2197

  Junior high school completed 73.59 70.44 to 76.75 64.95 59.17 to 70.74 0.0074

  Senior high school completed 73.37 70.03 to 76.7 61.10 57.44 to 64.75 <0.0001

  College degree or above 72.15 69.05 to 75.25 60.04 56.52 to 63.57 <0.0001

Occupation

  Government employee, teacher, healthcare 
provider

71.71 66.38 to 77.04 58.8 52.5 to 65.11 0.0010

  Factory, business, service industry employee 74.96 72.35 to 77.58 64.92 61.5 to 68.33 <0.0001

  Not in the labour force* 69.22 65.5 to 72.93 60.09 56.2 to 63.98 0.0008

Current smoking status

  Yes 83.55 80.48 to 86.62 74.33 70.13 to 78.54 <0.0001

  No 68.57 65.77 to 71.38 57.40 54.23 to 60.57 0.0002

*Respondents who were not in the labour force included students, homemakers, retired and unemployed residents either able or unable to 
work.
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the rates significantly decreased to 74.3% (95% CI: 70.1% 
to 78.5%) and 57.40% (95% CI: 54.2% to 60.6%) in 
2018 for current smokers and non- smokers, respectively 
(p<0.0001 and p=0.0002, respectively).

P30D SHS exposure at home
As shown in table 3, 9943 and 10 086 respondents reported 
P30D SHS exposure status at home in 2015 and 2018, 
respectively. The overall exposure to SHS in the past 30 
days at home decreased significantly from 39.8% (95% 
CI: 36.9% to 42.7%) in 2015 to 34.7% (95% CI: 31.5% 
to 37.8%) in 2018 (p=0.0178). The decline was only 
significant for women (34.7%, 95% CI: 31.6% to 37.8% vs 
27.7%, 95% CI: 24.8% to 30.6%, p=0.0009), not for men. 
Regarding age, the rate of self- reported P30D SHS expo-
sure at home was found to be declining in all age groups, 
but the decline was statistically significant only among 
25–44 years old age group (37.4%, 95% CI: 34.1% to 
40.7% vs 31.9%, 95% CI: 28.0% to 35.8%, p=0.0327). The 
rate of reporting P30D SHS exposure at home was found 
declining among urban residents of all education levels, 
but the decline was statistically significant only among 

residents with a college degree or above (33.8%, 95% CI: 
30.4% to 37.3% vs 27.7%, 95% CI: 24.9% to 30.5%, 
p=0.0052). The rate of self- reported P30D SHS expo-
sure at home was lowest among government employees, 
teachers or healthcare providers, and did not change 
significantly from 2015 to 2018 (p=0.7085). A significant 
decrease in the rate of reporting P30D SHS exposure at 
home was observed for adults working in factory, business 
and service industry (41.6%, 95% CI: 38.2% to 45.1% vs 
36.0%, 95% CI: 32.0% to 39.9%, p=0.0299), and who were 
not in the labour force (40.0%, 95% CI: 37.0% to 43.0% 
vs 34.6%, 95% CI: 31.0% to 38.3%, p=0.0288) from 2015 
to 2018. During the same period, there was a statistically 
significant decline of reported P30D SHS exposure at 
home for current non- smokers (29.4%, 95% CI: 26.6% to 
32.1% vs 23.2%, 95% CI: 20.5% to 25.9%, p=0.0015), the 
decline was not significant for current smokers.

Adjusted ORs of P30D SHS exposure at workplaces, 
restaurants and homes
Table 4 presented adjusted ORs (aORs) between 
SHS exposure and survey year, sociodemographic 

Table 3 Past 30- day secondhand smoke exposure at home before and after the implementation of the Tobacco Free Cities 
initiative in all five participating Chinese cities in 2015 and 2018

Demographic characteristics

Year 2015
(N=9943)

Year 2018
(N=10 086)

P valuePer cent 95% CI Per cent 95% CI

Total 39.80 36.89 to 42.71 34.65 31.49 to 37.81 0.0178

Sex

  Male 44.58 41.19 to 47.97 41.36 37.37 to 45.35 0.2293

  Female 34.73 31.65 to 37.8 27.70 24.82 to 30.58 0.0009

Age (years)

  15–24 42.70 37.81 to 47.6 37.56 32.86 to 42.26 0.1412

  25–44 37.40 34.06 to 40.73 31.87 27.97 to 35.78 0.0327

  45–64 43.30 39.87 to 46.72 38.33 34.37 to 42.28 0.0627

  65 and above 33.94 30.51 to 37.37 28.79 24.65 to 32.93 0.0612

Education level

  Primary school completed or below 43.35 38.55 to 48.14 39.85 33.74 to 45.97 0.3936

  Junior high school completed 43.10 39.26 to 46.93 40.09 35.62 to 44.56 0.3224

  Senior high school completed 43.78 40.23 to 47.32 39.24 35.22 to 43.27 0.0974

  College degree or above 33.81 30.35 to 37.26 27.71 24.87 to 30.54 0.0052

Occupation

  Government employee, teacher, healthcare 
provider

31.63 26.29 to 36.98 30.81 26.11 to 35.51 0.7085

  Factory, business, service industry employee 41.63 38.18 to 45.08 35.96 32.03 to 39.9 0.0299

  Not in the labour force* 39.96 36.97 to 42.95 34.64 30.97 to 38.30 0.0288

Current smoking status

  Yes 74.61 71.09 to 78.12 72.07 68.01 to 76.12 0.3518

  No 29.38 26.63 to 32.13 23.15 20.45 to 25.85 0.0015

*Respondents who were not in the labour force included students, homemakers, retired and unemployed residents either able or unable to 
work.
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characteristics and smoking status using multivariate 
logistic regressions. Urban adult residents from all five 
cities were significantly less likely to report P30D SHS 
exposure in indoor workplaces (aOR=0.71, 95% CI: 0.58 
to 0.88), indoor areas of restaurants (aOR=0.63, 95% CI: 
0.52 to 0.75) and at home (aOR=0.76, 95% CI: 0.63 to 
0.93) in 2018 compared with in 2015. Men were more 
likely to report P30D SHS exposure in indoor workplaces 
(aOR=1.53, 95% CI: 1.32 to 1.76) and indoor areas of 
restaurants (aOR=1.24, 95% CI: 1.11 to 1.38), but less 
likely to report P30D SHS exposure at home (aOR=0.59, 
95% CI: 0.51 to 0.68) than women. Compared with adults 
aged 65 years or above, adults in younger age groups 
were more likely to report P30D SHS exposure in indoor 
areas of restaurants and at home. In addition, adults 
with higher education levels were less likely to report 
P30D SHS exposure in in door workplaces and homes 
compared with adults with primary school completed or 

below. Compared with government employees, teachers 
or healthcare providers, people who worked in facto-
ries, businesses and service industries were more likely 
to be exposed to workplace SHS in the past 30 days 
(aOR=1.56, 95% CI: 1.32 to 1.85). In addition, current 
smokers were found significantly more likely to be 
exposed to SHS than their non- smoking counterparts 
in indoor workplaces (aOR=2.21, 95% CI: 1.84 to 2.65), 
indoor areas of restaurants (aOR=1.88, 95% CI: 1.59 to 
2.21) and at home (aOR=11.27, 95% CI: 9.62 to 13.20) 
in the past 30 days. Subgroup analyses results by sex and 
current smoking status were presented in online supple-
mental tables 4–9. Generally, there were no significant 
differences in SHS exposure changes between men and 
women, and between current smokers and non- smokers, 
controlling for other covariates. City- specific analyses 
results were presented in online supplemental tables 
10–12. Again, no significant differences were found 

Table 4 Adjusted* ORs between past 30- day secondhand smoke exposure and survey year, sociodemographic 
characteristics and smoking status in indoor workplaces, indoor areas of restaurants and homes in all five Chinese cities 
participating the Tobacco Free Cities initiative in 2015 and 2018

Indicators

Workplaces
(n=9587)

Restaurants
(n=13 239)

Home
(n=19 712)

OR 95% CI OR 95% CI OR 95% CI

Year

  2015 Ref Ref Ref

  2018 0.71 0.58 to 0.88 0.63 0.52 to 0.75 0.76 0.63 to 0.93

Sex

  Male 1.53 1.32 to 1.76 1.24 1.11 to 1.38 0.59 0.51 to 0.68

  Female Ref Ref Ref

Age group

  15–24 1.77 0.79 to 3.98 1.15 0.91 to 1.45 2.06 1.67 to 2.55

  25–44 1.62 0.73 to 3.60 1.31 1.08 to 1.59 1.25 1.04 to 1.50

  45–64 1.85 0.84 to 4.07 1.35 1.10 to 1.65 1.21 1.05 to 1.40

  65 and above Ref Ref Ref

Education

  Primary school completed or below Ref Ref Ref

  Junior high school completed 0.65 0.45 to 0.95 1.02 0.82 to 1.26 0.82 0.69 to 0.96

  Senior high school completed 0.62 0.44 to 0.89 0.93 0.75 to 1.16 0.77 0.65 to 0.91

  College degree or above 0.50 0.34 to 0.74 0.91 0.73 to 1.14 0.52 0.43 to 0.63

Occupation

  Government employee, teacher, healthcare provider Ref 1.01 0.83 to 1.23 0.86 0.71 to 1.04

  Factory, business, service industry employee 1.56 1.32 to 1.85 1.17 1.02 to 1.35 0.98 0.86 to 1.13

  Not in the labour force† Ref Ref

Current smoking status

  Yes 2.21 1.84 to 2.65 1.88 1.59 to 2.21 11.27 9.62 to 13.20

  No Ref Ref Ref

*Multivariate logistic regression models were used to estimate the adjusted ORs, controlling survey year, sex, age, education, occupation and 
current smoking status.
†Respondents who were not in the labour force included students, homemakers, retired and unemployed residents either able or unable to 
work.

https://dx.doi.org/10.1136/bmjopen-2020-044570
https://dx.doi.org/10.1136/bmjopen-2020-044570
https://dx.doi.org/10.1136/bmjopen-2020-044570
https://dx.doi.org/10.1136/bmjopen-2020-044570
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across cities in terms of SHS exposure changes between 
2015 and 2018.

DISCUSSION
This study analysed data from two city- wide representa-
tive household surveys conducted before and after the 
implementation of the TFC initiative in five participating 
Chinese cities. Our study results showed that across 
all five Chinese cities, the rates of P30D SHS exposure 
declined significantly in indoor workplaces, indoor areas 
of restaurants and homes from 2015 to 2018. In addition, 
compared with the overall levels of P30D SHS exposure 
reported in the nationwide surveys over the same time 
period,8 13 the decline of P30D SHS exposure in indoor 
workplaces and indoor areas of restaurants was signifi-
cantly larger in these five TFC cities (see table 5), indi-
cating the potential effectiveness of the TFC initiative in 
reducing SHS exposure in public indoor areas in large 
Chinese cities. The decline in SHS exposure in work-
places, restaurants and homes in China was similar to 
those observed in other Asian countries that have adopted 
smoke- free policies over the past decade.27 It is notable 
that the decrease in SHS exposure at home in our five 
study cities (from 39.8% to 34.7%) was less than that at 
the national level (from 57.1% to 44.9%) between 2015 
and 2018, and that smoking prevalence did not change 
in these five cities from 2015 to 2018 despite the TFC 
initiative. Although these results were consistent with the 
hypothesis of substitution of smoking in public indoor 
places with home smoking because of the implementa-
tion of smoke- free policies at public indoor places,28 29 
individual level longitudinal data are needed to examine 
whether prohibiting smoking in public indoor places had 
the unintended consequences of increasing smoking at 
home.

Our results also showed that the change of P30D SHS 
exposure between 2015 and 2018 varied across population 
subgroups characterised by demographic and socioeco-
nomic characteristics and smoking status. For example, 
although the P30D SHS exposure in indoor areas of 
restaurants did not change among adult urban residents 
with primary school completed or below between 2015 
and 2018, it decreased significantly for those with higher 
education levels during the same period. Given that educa-
tion level was positively correlated with socioeconomic 

status (SES), respondents with higher SES may be more 
likely to dine in restaurants that were more likely to have 
smoke- free air policies, or the policies were better imple-
mented/enforced. The subgroup analysis in our study 
revealed important variations in P30D SHS exposure that 
were not reported by previous national surveys, which 
only reported P30D SHS exposure at the national level.

In addition, our study found that the associations 
between P30D SHS exposure and individual character-
istics varied by venue, which contributes to the existing 
literature that has so far focused primarily on SHS expo-
sure in homes and in overall public indoor areas in 
China. Consistent with previous findings, our study also 
found that, in general, being younger, having lower levels 
of education and being current smokers were associated 
with higher rates of SHS exposure.11 30 31 As discussed 
previously, age and education level were usually posi-
tively associated with income or SES, therefore, younger 
respondents or respondents having lower levels of educa-
tion may be more likely to work, dine or live in places 
that had higher rates of smoking, hence more likely to 
be exposed to SHS. Smokers may be more likely to have 
peers who smoke, therefore exposing themselves to 
the SHS produced by their smoking peers. In addition, 
smokers would be exposed to SHS if they themselves 
smoked in workplaces, restaurants and their homes. 
Our study further revealed that the strengths of the asso-
ciations varied by venue. For example, the association 
between smoking status and SHS exposure at home was 
much stronger than in restaurants (aOR: 11.27 vs 1.88). 
This may be due to the fact that home smoking restric-
tions are not common in China.32 33

Furthermore, our study found that men were signifi-
cantly more likely to be exposed to SHS than women in 
workplaces and restaurants, but less likely to be exposed 
at home, controlling for survey year and other individual 
characteristics. Previous studies also indicated that men 
were more likely to be exposed to SHS generally,34 but 
women were more likely to be exposed to SHS at home.35 
Given the disproportional high smoking prevalence 
among men in China (about 50% for men and 2% for 
women),8 these findings suggested that many married 
women in China were exposed to SHS at home because 
of their smoking husbands. A decline in SHS exposure at 
home could be expected if more Chinese male smokers 

Table 5 Secondhand smoke exposure in indoor workplaces, indoor areas of restaurants and homes in 2015 and 2018 
nationwide in China and in the five Chinese cities participated in the Tobacco Free Cities (TFC) initiative

  

Indoor workplace Indoor restaurants Home

2015 2018 % change 2015 2018 % change 2015 2018 % change

CATS* 54.3 50.9 6.3 76.3 73.3 3.9 57.1 44.9 21.4
TQS† 49.6 41.2 16.9 72.4 61.7 14.7 39.8 34.7 12.9

*CATS, China Adult Tobacco Survey, conducted in 2015 and 2018, consisted of a representative sample of adults in China.
†TQS, Tobacco Questions for Survey, conducted in 2015 and 2018 in the five Chinese cities participated in the TFC initiative consisted of a 
representative sample of adult urban residents in these five cities.
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quit smoking as China further strengthens its tobacco 
control policies.

It is worth noting that compared with people who 
were government employees, teachers and healthcare 
providers, people who worked in factories, businesses 
and service industries were found to be more likely to be 
exposed to SHS at workplaces, controlling for the survey 
year and other individual characteristics. This difference, 
which was not identified by previous studies, could be 
partially attributed to the implementation of national- 
level smoke- free policies in government buildings, health-
care facilities and schools.4 8 13

Our study provided important evidence to support the 
implementation of tobacco control interventions, such as 
the TFC initiative, which included implementing smoke- 
free policies, health education/mass media campaigns 
and cessation interventions. Our results show that these 
interventions have the potential to reduce SHS exposure 
in indoor public places, such as workplaces and restau-
rants. Although SHS exposure had decreased in China 
from 2015 to 2018, the prevalence of smoking among 
men and SHS exposure of all population subgroups is 
still alarmingly high in China. China ratified the WHO 
Framework Convention on Tobacco Control in 2005,36 
which required universal protection of SHS exposure 
in public indoor places.37 Unfortunately, to date, China 
still does not have a nationwide comprehensive smoke- 
free air policy to prevent SHS exposure in public indoor 
areas. In Chinese cities where smoke- free policies have 
been adopted, the strengths of policies and the enforce-
ment of such policies varied significantly.14 15 The findings 
of our study indicated that, in the absence of a national 
level smoke- free policy, cities can play an important role 
in local tobacco control and protect their residents from 
the harm of SHS through adoption of comprehensive, 
strong, and well- enforced city- wide tobacco control poli-
cies and programmes.

Our study has limitations. First, the associations 
between SHS exposure and individual level characteris-
tics were estimated based on data from surveys conducted 
in five participating cities, therefore, our results may not 
be generalised to other cities or rural areas in China. 
Second, smoking status and SHS exposure at three venues 
were self- reported, which may suffer from recall bias and 
social desirability bias.38 39 In addition, since the data we 
used were from pooled cross- sectional surveys, we were 
not able to estimate changes of SHS exposure before and 
after the implementation of the TFC initiative at the indi-
vidual level.

CONCLUSION
The P30D SHS exposure in indoor workplaces, restaurants 
and homes decreased significantly in five large Chinese 
cities that implemented the TFC initiative between 
2015 and 2018. The TFC initiative activities include 
city- wide smoke- free policies in public indoor venues, 
targeted media and education campaigns and cessation 

interventions effort to help smokers quit. Exposure to 
SHS in China can be further reduced by expanding the 
TFC initiative to other Chinese cities without comprehen-
sive tobacco control policies/programmes.
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