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ABSTRACT

INTRODUCTION: Smoking remains a major health risk factor and China is the world’s largest consumer of tobacco. Smoke-free policies in public
places are a powerful weapon in tobacco control. Therefore, the aim of this study was to assess the association between smoke-free policies in
public places and smoking cessation among smokers in China from 2012 to 2020.

METHODS: In this study, we assessed the impact of smoke-free public places policies on smoking cessation situation among smokers aged
16 years and older. We do this by conducting a difference-in-differences analysis using data from the China Family Panel Study (CFPS) 2012-2020.

FINDINGS: By 2020, about 60.2% of the cities were covered by partial smoke-free policies and about 38.5% by comprehensive smoke-free policies.
Based on the results of the study, we found that the medium-term effect model (Model 2, 2012:2016; Model 3, 2012:2018) of the impact of partial
smoke-free policies on smoking cessation was not statistically significant using 2012 as the study baseline; the short-term effect model (Model 1;
2012:2014; P< .01) and the long-term effect model (Model 4; 2012:2020; P< .05) were statistically significant; the effect of a comprehensive smoke-
free policy on smoking cessation (Model 5; 2012:2020; P<.05) was statistically significant.

CONCLUSION: China’s existing comprehensive smoke-free policies have had a modest impact on smoking cessation among the smoking
population, and a strong, comprehensive national smoke-free law is urgently needed to achieve greater public health outcomes.

IMPLICATIONS: Smoke-free policies are an important intervention to influence smoking behavior. This study demonstrates that comprehensive
smoke-free policies in public places in China can effectively influence smoking behavior and show long-term trends in smoke-free behavior, while
also reflecting the need to promote comprehensive smoke-free policies. This study provides a basis for the implementation of comprehensive
smokefree policies into law and also provides a basis for policy makers.
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Introduction

China has a huge burden of noncommunicable diseases and
tobacco use is the leading risk factor for major non-
communicable diseases. China is the world’s largest cultivator
of tobacco, producing about 3 million tons of tobacco leaf in
2009 (43% of the global total), and 3.4 million tons in 2012. In
2018, 26.6% of Chinese adults used tobacco (about 300 million
current smokers).” According to 2019 data, the average daily
smoking prevalence among adults is 13% in Britain and
Northern Ireland, 14% in the United States of America, and
23% in China.® The adverse effects of smoking are reflected in
the damage to human health. A large number of epidemio-
logical studies have shown that smoking is a leading cause of

lung cancer, colorectal cancer, fatal coronary heart disease, and
chronic obstructive pulmonary disease.*” The economic bur-
den of tobacco is substantial. In 2012, hospital treatment costs
for acute myocardial infarction and stroke alone were estimated
at ¥50 billion (US$8 billion).® The tobacco control situation in
China is very serious.

In addition to active smokers, there are also people who are
passively exposed to second-hand smoke. In China, the number
of smokers exceeds 350 million, and 750 million people are
passive smokers.” The implementation of smoke-free policies in
public places such as workplaces and transportation are nec-
essary to protect passive smokers from second-hand smoke
exposure and to motivate smokers to quit. A comprehensive
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smoke-free policy requires that all indoor public places,
workplaces, and transportation are smoke-free, and that there
are penalties for violators. To better build a fully smoke-free
environment, China became a party to the WHO Framework
Convention on Tobacco Control (FCTC) in 2005.° Among its
many provisions, the evidence-based treaty requires its member
states to protect people from tobacco smoke by enacting na-
tional smoke-free indoor air laws, but smoking rates in public
places remain high and there is still no national smoke-free
legislation.9 Only a few cities, such as Beijing and Shanghai,
have fully smoke-free policies. By 2021, most provinces and
cities will still have incomplete smoke-free policies, only par-
tially implemented smoke-free policies, and will lack strong
enforcement agencies.m

Some studies'! have selected public places in 7 Chinese cities
to evaluate smoke-free policies, but few studies have observed
the overall effect of smoke-free environments in the context of
smoke-free policies in each Chinese province. To this aim, this
study developed 5 DID statistical models using data from the
China Family Panel Studies (CFPS) database for the period
2012-2020 to assess the impact of partial smoke-free policies
and full smoke-free policies on smoking cessation in 19 Chinese
provinces, and to observe overall smoke-free trends and explore
the future direction of local smoke-free policies in China.

Methods

Data sources and sample

In this study, we used the nationally representative China
Family Panel Studies (CFPS; link: http://www.isss.pku.edu.cn/
cfps/ (accessed on 21 February 2021)) data collected by the
Institute of Social Science Survey (ISSS) of Peking University.
The CFPS provides data for academic research and policy
decision-making by tracking and collecting data at 3 levels—
individual, family, and community—to reflect changes in
China’s society, economy, population, education, and health.
The baseline survey was officially launched in 2010. The CFPS
sample covers 25 provinces, municipalities, and autonomous
regions with a target sample size of 16,000 households and
includes all household members in the sample.12 We exclude
Hainan Province due to the small amount of data. In addition, 5
cities in Jiangxi, Zhejiang, Jilin, Shanxi and Hebei had 2
successive policy interventions during the observation period,
and it is not feasible to analyze the effect of one policy alone, so
we also exclude them. Therefore, our analysis was based on 19
provinces. For the smoke-free policies, we obtained the pro-
vincial smoke-free policies from the official websites of the
provincial people’s governments and the official websites of
the National Health Commission (policy source websites in
the Supplement).

The follow-up of the CFPS data started in 2010. As there
were insufficient smoking-related data in 2010 and the pro-
portion of non-null values in the total sample was too small, we
chose 2012 as the baseline year for a biennial survey ending in

2020. The remaining 4 surveys were compared with 2012 one
by one to create 4 models. We considered the 2 years as a unit
and called the period 2010-2012 period1, the period 2012-2014
period2, the period 2014-2016 period3, the period 2016-2018
period4 and the period 2018-2020 period5. Research subjects
were screened as follows: (1) aged over 16 years; (2) had a history
of smoking or were current smokers.

Variables

Outcome: Smoking status

Subjects who had answered the question “Age of quitting
smoking” and the time of quitting smoking for one year or more
were defined as ever smokers when enrolled at baseline. Subjects
who had answered yes to the question “Whether smoked
cigarettes last month” or the time of quitting for less one year
were defined as current smokers.

Treatment: Smoke-free policy

We collected smoke-free regulations published on official
provincial government websites, mainly from the Regulations
on the Management of Public Health and the Regulations on
the Control of Smoking in Public Places. Figurel shows the
distribution of partial smoke-free policies and comprehensive
smoke-free policies in each province in China and the starting
dates of the 2 policies. For example, the partial smoke-free
policy in Tianjin was implemented in 2012, and the compre-
hensive smoke-free policy in Shanghai was implemented in

2017.

Covariates

Potential covariates included demographic characteristics: age,
gender, education level (primary school or below, middle or
technical secondary school, undergraduate or junior college),
current marital status (unmarried, married), income (denotes
total income from all work) history of alcohol that was measured
in the question “Have you had 3 drinks in the past month?” (yes/
no), occupation (ISCO-88 Code).

Statistical analysis

We used a quasi-experimental difference-in-difference
(DID) analysis to assess the effect of a smoke-free policy
on smokers’ cessation behavior.!*™1° Typically, an inter-
vention and control group are observed in 2 time periods,
with only the intervention group affected by the policy in the
second time period. The DID model estimates policy effects
by comparing the mean change in outcome in the inter-
vention group before and after the policy intervention. The
appeal of DID estimation lies in its simplicity and its po-
tential to avoid many of the endogeneity problems
that typically arise when making comparisons between
heterogeneous individuals. Each DID model contains 2
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Figure1. The distribution of partial and comprehensive smoke-free policies in the 24 provinces of China.

dimensions, time and treatment, and an interaction term
between these 2 variables. The parallel trend assumption was
verified using linear models that included an indicator for the
intervention state, year dummies, and interaction terms
between these 2 variables. A common trend test and a placebo
test were done at the same time (eFigure 1 and eTable 1 in the
Supplement). A detailed chart of the exclusion criteria can be
found in the Supplement (eFigure 2).

Unbiased DID estimates must satisfy the parallel trend
assumption, which requires that, in the absence of the policy,
outcomes in the intervention and control groups follow parallel
trends over time, a property that cannot be observed because the
policy has been implemented.”® Therefore, in this study we
included data before (2010-2012) and after (2012-2014, 2014-
2016, 2016-2018, 2018-2020).

As the smoke-free policy interventions differed across
Chinese provinces, we observed the effects of the 2 smoke-free
policies on 5 statistical models that were run identically: (a)
Model 1 includes a control for the status of provinces with
partial smoke-free policy interventions and provinces without
smoke-free policy interventions, comparing the years 2010-
2012 and 2012-2014, to observe the short-term effects of
the partial smoke-free policy on smokers’ cessation behavior. (b)
Model 2 is the same as model 1, comparing the years 2010-2012

and 2014-2016, to examine the medium-term effects of partial
smoke-free policies on smokers’ cessation behavior. (c) Model 3
is the same intervention as Model 1, comparing the years 2010-
2012 with 2016-2018, looking at the medium-term effects of
partial smoke-free policies on smokers’ cessation behavior. (d)
Model 4 is the same intervention as model 1, comparing the
years 2010-2012 with 2018-2020 to observe the long-term
effects of a partial smoke-free policy on smokers’ cessation
behavior. (¢) Model 5 includes controls for provinces with a
comprehensive smoke-free policy intervention and provinces
without a smoke-free policy intervention, comparing the years
2010-2012 with 2018-2020, to observe the effect of a com-
prehensive smoke-free policy on smokers’ cessation behavior.
The same adjustments were made in all 5 models.

Linear DID regression models report marginal effects of
strategies and all other covariates of different intensity classes as
well as a 95% confidence interval (CI). The data used for this
analysis is open source and has been audited to qualify for
downloading the data. All analyses were performed using Stata
V.14 with P-values of P < .05 to determine statistical significance.

Results
The proportion of ever smokers to participants with unadjusted
data fell slightly in the first 3 years before rising to 16.8% of
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Table 1. Participant Characteristics and Smoke-free Policy Distribution.

CHARACTERISTIC 2012 2014 2016 2018 2020
Participants 4091 5221 2009 2774 2039

Ever smokers 90 (2.2%) 64 (1.2%) 21 (1.05%) 485 (17.48%) 344 (16.87%)
Age 45.6+12.8 47.2+13.3 455£13.0 452+12.3 458+11.8

Academic qualifications

Primary school or below
Secondary Schools
University degree

1977 (48.3%)
1824 (44.6%)
290 (7.1%)

Gender
Female 125 (3.1%)
Male 3966 (96.9%)

Marital status

Married 3618 (88.4%)

Unmarried 473 (11.6%)

Drinking alcohol 3 times a month

Yes 1416 (34.6%)
No 2675 (65.4%)

Smoke-free Policy distribution

Partial smoke-free policy
Comprehensive smoke-free policy 0

159 (3.9%)

participants in the last 2 years of the interval. Over the study
period, the coverage of partial smoke-free policies increased
from 3.9% to 59.3% and the coverage of comprehensive smoke-
free policies increased to 39.4%, which together with Figure 1
shows a gradual trend towards the spread of comprehensive
smoke-free policies across the country. As can be seen in
Table 1, the proportion of ever smokers and the educational
level of subjects increase between 2012 and 2020. The pro-
portion of women among smokers and quitters is decreasing
(Table 1).

Table 2 shows the results of the DID analysis. According to
the results of Model 1, there was a significant difference in the
intervention effect of partial smoke-free policies on smokers’
cessation behavior between 2012 and 2014 (adjustment factor:
-.01 (-.017 to -.002)), with a negative effect. Models 2 and 3
had similar results, with no significant difference in smoking
cessation behavior for the partial smoke-free policy intervention.
Model 4, between 2012 and 2020, there was a significant
difference in the intervention effect of partial smoke-free
policies on smokers’ cessation behavior (adjustment coeffi-
cient: (adjustment coefficient: -.14 (-.25 to -.02)), with a
negative effect. In model 5, there was a significant difference in
the intervention effect of a comprehensive smoke-free policy on
smokers’ cessation behavior between 2012 and 2020 (adjust-
ment coefficient: .06 (.02 to .12)), with the comprehensive
smoke-free policy slightly promoting smokers’ cessation

2427 (46.5%)
2276 (43.6%)
518 (9.9%)

220 (4.2%)
5001 (95.8%)

4543 (87.0%)
678 (13.0%)

1830 (35.1%)
3391 (64.9%)

2421 (46.37%)
479 (9.2%)

744 (37.0%)
1026 (51.1%)
239 (11.9%)

842 (30.4%)
1488 (53.6%)
444 (16.0%)

602 (29.5%)
1071 (52.5%)
366 (18.0%)

60 (3.0%)
1949 (97.0%)

72 (2.6%)
2702 (97.4%)

46 (2.3%)
1993 (97.7%)

1719 (85.6%)
290 (14.4%)

2351 (84.7%)
423 (15.3%)

1721 (84.4%)
318 (15.6%)

687 (34.2%)
1322 (65.8%)

844 (30.4%)
1930 (69.6%)

588 (28.8%)
1451 (71.2%)

920 (44.9%)
503 (25.0%)

1460 (52.6%)
1065 (38.4%)

1209 (59.3%)
808 (39.4%)

behavior compared to individuals who did not receive the
comprehensive smoke-free policy intervention (Table 2).

Discussion

We examined the relationship between the effects of im-
plementing 2 levels of smoke-free policies and smokers’ ces-
sation status in 19 Chinese provinces. This study found that
partial smoke-free policies did not motivate smokers to quit and
that comprehensive smoke-free policies had a catalytic effect on
smokers’ cessation behavior, supporting the urgent need for
strong comprehensive smoke-free laws in China.

Models 1-4 were designed to investigate the effect of partial
smoke-free policies on smokers’ quitting behavior. The results
of Models 1 and 4 were statistically significant and showed a
negative effect, with the implementation of a partial smoke-free
policy not encouraging smokers to quit and having a small effect
on current smokers. The results of this study are consistent with
the results of 2 studies’™'® which both found that the im-
plementation of a partial smoke-free policy had a negligible
effect on smoking, expressing the urgent need for a compre-
hensive smoke-free policy. As of 2021, local smoke-free policies
are not comprehensive enough and some smoke-free policies
cover a larger proportion of the population and are not fully
implemented. For example, workplaces, restaurants and bars are
often not covered and have designated smoking areas, 18
which further hampers the development of smoke-free
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Table 2. Effect of smoke-free policies on ever smokers and current smokers.

COMPREHENSIVE

VARIABLES PARTIAL SMOKE-FREE (MODELS 1-4) SMOKE-FREE (MODEL 5)

MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5

PERIOD1:PERIOD4

PERIOD1:PERIOD2

PERIOD1:PERIOD3 PERIOD1:PERIOD5 PERIOD1:PERIOD5

2012:2014 2012:2016 2012:2018 2012:2020 2012:2020

N = 6125 N = 3937 N = 4401 N = 4007

Constant 6.65(-981t0 1428)  2.30 (-5.38 10 9.99) -54.1*** (-67.5 to -41.5) -74** (-105 to -44) -37.8** (-45.3 to -30.3)

Interaction DID -01** (017 t0 -.002) -.012 (0310 .003) -.012 (-.05 to .03) -14** (-25 10 -.02) .06* (.02 10 .12)

Control variables

Gender -.04*** (-.07 to -.02)
Education .005** (0 to .01)
Marital status .005** (Oto .1)

History of alcohol -.002 (-.009 to .004)

-.03* (-.06 to .002)
.01** (0 to .01) .03*** (.01 1o .04)
.002 (-.01 t0 -.014) .01 (-.01 to .03)

-.004 (-.013 to .003) -.01 (-.03 to -.01)

-.04* (-1 to .001) -.02 (-.07 to .02)
.03** (.01 to -.03)
.001 (-.02 to .04)

-.01 (-.02 to .01)

-23 (-.07 t0 .02)

.02 (.01 to .03)
.001 (-.02 to .02)
-.01 (-.02 to .004)

Note: *** P-value <.01, ** P-value <.05, * P-value <0.1.

programmes.w’20 The results of model 5 show a positive and
significant effect, demonstrating the facilitating effect of a
comprehensive smoke-free policy on smokers’ cessation be-
havior. This result is consistent with the findings from studies of
provinces with comprehensive smoke-free policies —
Beijing,”** Guangzhou™ and Shanghai®* where compre-
hensive smoke-free policies have better tobacco control effects,
reducing exposure to second-hand smoke in public places and
helping smokers to quit.

We suspect that the reasons for the modest impact of partial
and complete smoke-free policies on smoking cessation are re-
lated to warnings on cigarette packaging, tobacco prices®® and
policy implementa’cion,10 such as the impact of the 2015 tobacco
tax increase on cigarette prices, which increased retail cigarette
prices by an average of 11% and the cheapest cigarette brands by
20%. However, the cheapest cigarettes are still cheaper than in
other countries and the persistence of such cigarettes remains a
major public health challenge and will become more widespread
over time as people’s incomes continue to rise.®

The main limitation of this study was that the effect of the
policy intervention could not be directly observed. After pre-
liminary data analysis, we found that the proportion of people
who had quit smoking during the 2 years of the policy inter-
vention before the observation point was too small for this to
introduce error, so we included people who had quit smoking
for many years to indirectly observe the effect of the policy
intervention by observing changes in the total number of people
who had quit smoking. In addition, those who have quit
smoking for less than one year are counted as current smokers
because they have a high rate of relapse27 and their smoking
status is unstable, indirectly observing the effect of the policy on
curbing relapse.

The descriptive statistics of this study show an increase in the

proportion of ever smokers, demonstrating a national trend

towards smoking cessation, and there are national research
studies that show a clear development of a smoke-free trend in
China?® and that this trend is likely to be due to the promotion
of smoke-free policies over several yeau‘s.11 However, it is not
enough to simply implement comprehensive smoke-free leg-
islation. First, managers of smoky workplaces, restaurants and
bars should strictly enforce smoke-free policif:s16 to protect
customers’ rights; second, this can be achieved by changing the
textual warnings on cigarette packages to graphic warnings.?
Some studies have shown that the use of graphic warnings can
reduce the intention to smoke among young people.29 Poli-
cymakers, practitioners and researchers should design more
appropriate warnings to reduce smoking rates.’® Third, a sig-
nificant increase in tobacco taxes could help reduce overall
demand.’” Only by combining smoke-free policies with other
smoking cessation measures can the country achieve its goal of
reducing smoking rates to 20% by 2030.

Conclusion

The new ’Healthy China 2030’ strategy sets ambitious
targets for policymakers, including a reduction in smoking
prevalence to 20% by 2030, to be achieved through the
implementation of comprehensive smoke-free policies
across the country. China’s existing comprehensive smoke-
free policies have had a moderate impact on the health status
of the smoking population, and a strong, comprehensive
national smoke-free law is urgently needed to achieve better
public health outcomes.
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