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ABSTRACT
Objective To evaluate a comprehensive tobacco
control policy package on hospital admissions for acute
myocardial infarction (AMI) and stroke in a global city.
Design Interrupted time series study.
Setting Beijing, China.
Population 31 707 AMI and 128 116 stroke hospital
admissions recorded by the Beijing Medical Claim Data
for Employees in 17.7 million residents from January
2013 to June 2017.
Intervention The policy package including all
components of MPOWER has been implemented since
June 2015.
Main outcome measures The immediate change
of AMI and stroke hospital admissions and the annual
change in the secular trend.
Results There was a secular increase trend for the
crude hospital admission rates of AMI and stroke
during the observational period. After implementation
of the policy, immediate reductions were observed in
the hospital admissions for both AMI (−5.4%, 95% CI
−10.0% to −0.5%) and stroke (−5.6%, 95% CI −7.8%
to −3.3%). In addition, the secular increase trend for
stroke was slowed down by −15.3% (95% CI −16.7%
to −13.9%) annually. Compared with the hypothetical
scenario where the policy had not taken place, an
estimated 18 137 (26.7%) stroke hospital admissions
had been averted during the 25 months of postpolicy
period.
Conclusions The results indicated significant health
benefits on cardiovascular morbidity after the Beijing
tobacco control policy package, which highlighted the
importance for a comprehensive tobacco control policy at
the national level in China. Similar tobacco control policy
which consists of all components of MPOWER is urgently
needed in other areas, especially in settings with high
tobacco consumption, to achieve greater public health
gains.
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Tobacco is responsible for about 8 million deaths
each year, accounting for 14% of all deaths from
non-communicable diseases and 5% of all deaths
from communicable diseases.1 The effects of
secondhand smoke (SHS) exposure have been found
to be nearly as large (80%–90%) as those of chronic
active smoking.2 To compete for the huge disease
burden, the WHO adopted the WHO Framework
Convention on Tobacco Control (WHO FCTC) in

20033 and introduced six MPOWER measures to
implement the WHO FCTC effectively.4 By 2019,
about 5 billion people in 139 countries are covered
by at least one of the key interventions.5 Due to
the efforts, tobacco consumption has decreased
in high-income and European countries,6 and the
prevalence of current smoking among adults as well
as indoor SHS exposure has declined globally.7 8
According to WHO, the number of tobacco-related
deaths would have 2 million more each year globally without the intervention,9 where the largest
number of deaths averted happened as the result of
increased cigarette taxes and smoke-free air laws.10
China is the world’s largest consumer of tobacco,
with the estimated consumption larger than the
next 39 highest tobacco-
consuming countries
combined.11 There were over 300 million smokers
with a smoking prevalence of 50.5% among males
and 2.1% among females in 2018.12 It was estimated
that 68.1% of non-smokers in China are exposed to
SHS at least once a day.12 In 2017, smoking caused
about 2 million deaths in China.13 China signed the
WHO FCTC in 2003 and ratified it in 2005, but
it has been slow in implementing the obligations.14
At the national level, the tobacco control legislation
compromised to economic interests,15 and there is
no smoking ban in public places,15 16 though progress
has been made in banning tobacco advertisement17
and strengthening cigarette package warning.18 At
the subnational level, some cities in China enact
smoke-free directives, including Beijing. In 2008,
Beijing initiated a smoking ban in 11 types of public
places for the smoke-free Olympics.19 Seven years
later in June 2015, Beijing enforced the Beijing
Municipal Tobacco Control Regulation.20 Almost
simultaneously, the National Tobacco Tax Reform
was initiated in May 2015,21 which together formulated the Beijing comprehensive tobacco control
policy package by midyear of 2015.
The 2015 Beijing policy package comprises all
components of MPOWER, including a smoking ban
in all indoor and four outdoor public places, a raise
of tobacco tax, a ban of advertisement, promotion,
sponsorship of tobacco and an establishment of a
cessation support system and media campaign. This
is the strongest tobacco control policy most in line
with the WHO framework in the country.22 It was
expected to function under the WHO FCTC frame
to reduce tobacco consumption by influencing the
tobacco supply and demand (figure 1). According to
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Figure 1 Logic model for conceptualising the impact of Beijing’s comprehensive tobacco control policy package on smoking-related diseases. FCTC,
Framework Convention on Tobacco Control.

the statistics, there was a decrease of more than 4 billion (9.1%)
cigarette consumption 1 year after the policy.23 The smoking
prevalence and SHS exposure decreased subsequently from 2014
to 2017, with a reduction of 20.3% and 25.6%, respectively.24
The reduction in tobacco exposure was expected to bring an
impact on the occurrence of smoking-related diseases, however,
the health benefit of this comprehensive policy package remains
unclear. This study aimed to evaluate the health impact of the
2015 Beijing tobacco control policy package during 54 months
(25 months for the postpolicy period).
Cardiovascular diseases were the leading cause of smoking-
attributable death globally.25 Abundant studies, as well as the
Cochrane Systematic Review 2016 on legislative smoking bans,26
showed decreases in the burden of cardiovascular diseases after
smoking bans in mortality27–32 and morbidity.29 30 33–52 As studies
showed the decrease in the incidence of cardiovascular disease
right after the smoking-free ban on public places was biologically
plausible,53–55 significant reductions in the hospital admissions for
cardiovascular diseases were reported.33 34 37–40 47–52 56 57 These
studies were mostly from North America, Europe and Latin
America, and showed consistent results for acute myocardial
infarction (AMI),33 34 37–40 47 51 52 while studies for stroke are
limited and results were inconsistent.37 48 49 Globally, the greatest
estimated lifetime risk of stroke was in East Asia, especially
the highest risk in men was in China.58 Take the large volume
of tobacco consumption, high prevalence of smoking and SHS
exposures, and a large population with risk factors in China into
account, introducing a comprehensive tobacco control policy
package which consists of all components of MPOWER may
obtain significant health benefits on cardiovascular diseases.59 60
Therefore, this study aimed to evaluate the impact of the 2015
Beijing tobacco control policy package on hospital admissions for
AMI and stroke. The results will provide evidence on the health
benefit from the comprehensive tobacco control policies to
Zheng Y, et al. Tob Control 2021;30:434–442. doi:10.1136/tobaccocontrol-2020-055663

inform policymakers regarding the decision-making on tobacco
control issue and the management of public health diseases.

Methods
Study design
An interrupted time series (ITS) design was used in this study.
ITS is a valuable design for evaluating population-level health
interventions over a clearly defined time period,61 such as the
tobacco control law.6 44 62 The intervention evaluated was the
Beijing comprehensive tobacco control policy package implemented from June 2015, which included all components of
MPOWER. Table 1 presents the comparison of MPOWER adoption in Beijing before and after the policy in 2015. The main
health outcomes evaluated were hospital admissions of AMI and
stroke. Based on the ITS design, a time series of the hospital
admission rates with the underlying trend is ‘interrupted’ by
the policy in June 2015. Under the hypothetical scenario, the
policy had not taken place and the underlying trend of hospital
admissions had been kept unchanged, providing a comparison
with the actual trend in the postpolicy period. The impact of the
policy, therefore, can be evaluated by examining change occurring in the postpolicy period. According to our hypothesis, the
hospital admission rates for AMI and stroke will decrease or the
increasing trend will slow down after the enforcement of the
policy package. While for diseases that were not immediately
affected by the law, the hospital admissions will not change.
Therefore, injury and poison employed as control diseases were
also tested in the study.
The observation period in this study covered 54 months from
January 2013 to June 2017, including 29 months before and 25
months after the enforcement of the policy package. If the policy
did have effects, when resetting the enforcement date artificially
during the prepolicy period the effects would disappear. Thus,
435
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Table 1

A comparison of MPOWER adoption in Beijing before and after June 2015

MPOWER tools

Intervention

Pre-June 2015

Post-June 2015

Monitor tobacco use and prevention
policies.

Conduct Beijing’s adult survey

Year of the survey: 2014

Year of the survey: 2016

Protect people from tobacco use.

Smoke-free air laws

Stipulation
Legislation
Smoking banned in eight public places: for Smoking banned in all indoor public places,
example, health facilities
workplaces, public transportation and four
outdoor places

Offer help to quit tobacco use.

Cessation support

Not available

Cessation clinics and hotlines

Warn about the dangers of tobacco.

Package warning
Media campaign

Text only
Mass media

Text only
Mass media
New media: WeChat account named ‘smoke-
free Beijing’

Enforce bans on tobacco advertising,
promotion and sponsorship.

Bans on advertising, promotion and
sponsorship

Ban on advertising on mass media

Ban on advertising on mass media and new
media, in public transportation and outdoor
places, towards juveniles

Raise taxes on tobacco.

Tobacco tax
Producer: specific tax
Ad valorem tax
Wholesale: specific tax
Ad valorem tax

¥ 0.06/pack
56%
No tax
5%

¥ 0.06/pack
56%
0.10/pack
11%

to further support the results, a set of false dates was refixed for
comparison in the study.
Variables that may influence the hospital admissions besides
the policy were also counted in the study, including seasonality,
meteorological factors,63 air pollution64 and public holidays.

public holidays (New Year’s Day, Spring Festival, Qingming
Festival, Labor Day, Dragon Boat Festival, Mid-Autumn Festival,
National Day) each year were set up according to the information released by the General Office of the State Council of the
People’s Republic of China (http://english.www.gov.cn).

Data collection

Statistical analysis

Among the three main basic medical insurance schemes in
China, the urban employee basic medical insurance (UEBMI)
scheme covered the most population, including all employees
in the government, state-
owned enterprises, non-
government
organisations and private entities. In Beijing, the Beijing Medical
Claim Data for Employees (BMCDE) keep track of all the
medical claim record for approximately 17.7 million working
or retired employees covered by UEBMI, accounting for more
than 80% of the whole population. The detail of BMCDE was
described elsewhere,65 and it has been validated to be useful for
epidemiological studies.66 In this study, daily hospital admissions
for AMI and stroke were obtained from the BMCDE database.
AMI was defined as having a primary diagnosis of International
Classification of Diseases, Tenth Version (ICD-10) code I21. To
avoid the duplicate admissions for the same event, the repeat
admissions within a 28-day period were deleted, and only the
first admission in one period was retained. Stroke was defined as
having a primary diagnosis of ICD-10 codes I60–I64. Hospital
admissions for injury and poison (ICD-10 S00–T98) were also
extracted as the control condition. All the diagnosis used in this
study was the one assigned at discharge.
The meteorological data on daily 24-hour average temperature
(°C) and relative humidity (%) were obtained from the China
Meteorological Data Sharing Service System (http://data.cma.
cn/). Data of all three stations around Beijing (Yanqing District,
Mi Yun District and Langfang Shi) were averaged. Particulate
matter with aerodynamic diameter ≤2.5 µm (PM2.5) concentrations was considered as the air pollution confounders in this
study. The hourly PM2.5 concentrations (µg/m³) were obtained
from the US embassy report, which established an ambient
air quality monitoring station on the rooftop of the embassy
building located in Chaoyang District, Beijing. It was reported
that about 79.2% of Beijing’s population resided within a 40 km
radius of the US embassy ambient monitoring station.67 The
436

The crude hospital admission rates with 95% CIs for both AMI
and stroke were calculated as the number of annual hospital
admissions divided by the population covered by the UEBMI.
Using the residents in the sixth demographic census in 2010 in
Beijing as the standard population, age and sex-adjusted rates
were further calculated for comparison.
To test whether hospital admission rates changed after the
policy package, a segmented Poisson regression model was developed using the ITS design.68 All the variables in the model were
set up as time series on a weekly basis. The response variable
was the weekly number of AMI or stroke hospital admissions.
To estimate the admission rate directly, the weekly population size for the employees covered by UEBMI in Beijing was
included as an offset variable with a fixed coefficient of 1. An
indicator variable was used in the model to define the policy
package, with a value of 0 given to weeks before enforcement
and a value of 1 given to weeks after enforcement. The immediate impact of the policy was assessed as the change in rate for
admissions. An interaction term between the policy and time was
included to estimate the change in the slope of a secular trend
in the postpolicy period compared with the prepolicy period.
The time used in the interaction was the time elapsed since the
start of the intervention. The time was set as 0 when the policy
package enforced. A linear predictor for the time was included
to quantify the changes in population risk factors, treatment
and other secular trends. Seasonality was modelled by a Fourier
series of sine and cosine terms.61 The number of public holidays in each week was included in the model to account for the
differences between weeks. In addition, mean weekly values for
temperature, relative humidity and PM2.5 were also adjusted,
as penalised splines with the degree of freedom of 4. The estimated percentage of immediate change and the average annual
change in the secular trend were calculated by the coefficient
of the policy indicator and the interaction term between time
Zheng Y, et al. Tob Control 2021;30:434–442. doi:10.1136/tobaccocontrol-2020-055663
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and the policy indicator in the model, respectively. The number
of averted hospital admissions was calculated as the subtraction between the actual admissions and the predicted number
without the influence of the policy.
To assess the effect of the 2018 Beijing policy package in
different population subgroups, the data were stratified by
age (<65 and ≥65 years) and sex, and separate analyses were
conducted in each group. Five false dates for enforcement
ranging from January 2014 to January 2015 were used to refit
the model for evaluating the true impact.
In the sensitivity analysis, the readmissions within a 28-day
period were also included. Furthermore, models including a
spline-based smooth temporal trend were also set up to capture
the non-linear trend, using a thin plate spline with the degree of
freedom of 3. All analyses were conducted in R (V.3.5.1),69 and
the model was fitted using the ‘mgcv’ package.70

Patient and public involvement

As the outcome in the analysis was the weekly count of hospital
admissions, no members of the public were directly involved in
the study design, outcome measures, analysis of data or interpretation of study results. The results of this study will be reported
via the media centre of the authors’ institutions (www.bjmu.
edu.cn) after the publication where the official news will be
written under authors’ supervision to avoid overinterpretation.
Other dissemination includes scientific meetings and mass media
(WeChat). No plans exist to involve members of the public in
dissemination.

Results

From 1 January 2013 to 30 June 2017, there were totally 30 618
AMI (31 519 without readmissions within 28 days) and 127 609
stroke hospital admissions among the insured employees aged
18 years and older in Beijing (table 2). The annual crude hospital
admission rates were 38.6 and 160.6 per million residents for
AMI and stroke, respectively (table 2). A secular increase was
observed in the rates of hospital admissions for both AMI
and stroke (online supplementary figure 1). More admissions
occurred in men and those aged over 65 years for both AMI and
stroke (online supplementary table 1). A seasonal pattern with
higher rates of admission over autumn and winter and lower
rates in summer and in January was also observed for the two
conditions (online supplementary figure 2).

Changes in hospital admissions

Right after the enforcement of the policy package, both
the hospital admission rates for AMI and stroke decreased

Table 2

significantly. There were about −5.4% (95% CI −10.0% to
−0.5%) reduction for AMI and −5.6% (95% CI −7.8% to
−3.3%) reduction for stroke immediately following the enforcement (figure 2). Additionally, there was an annual change of
−15.3% (95% CI −16.7% to −13.9%) in the secular trend for
a hospital admission rate of stroke whereas no significant change
was observed for AMI (figure 2, table 3). Average percentage
change on a semesterly basis in hospital admission rates for
the two diseases were also provided online supplementary file
1(online supplementary table 2). While for injury and poison,
no significant change was found in hospital admission rates right
after the enforcement or the secular trend during the postpolicy
period online supplementary table 2. When setting the enforcement date as several false dates, the immediate and secular
changes in the hospital admission rates for AMI and stroke
disappeared (online supplementary table 3).
The postpolicy effects in population subgroups were shown
in table 3. For the hospital admissions of AMI, the immediate
reduction and the change in the secular trend were not significant in all subgroups. For the hospital admissions of stroke, the
immediate reduction and the change in the secular trend were
seen in all subgroups, except that the immediate reduction in
females was not significant (p=0.125).
To verify the results, sensitivity analyses were conducted
by considering the secular trend as a non-linear form (online
supplementary table 4). The immediate reductions and changes
in the gradual trend in the main results remained significant
for both AMI and stroke. Furthermore, significant changes in
the secular trend of hospital admission for AMI were shown in
overall, those under 65 years old and males. When including
AMI readmissions within 28 days in analysis, the results did not
alter (online supplementary table 5).

Number of hospital admissions prevented
There would have 15 518 expected AMI hospital admissions
without the policy during the whole postpolicy period (25
months). The difference (388, 95% CI −718 to 1495) between
the predicted number (red line in figure 3A) and the actual
number of hospital admissions (black line in figure 3A) for AMI
during the postpolicy period was not significant. Nevertheless,
the number of hospital admissions for stroke during the postpolicy period was significantly lower than the counterfactual
scenario, as large disparities were seen between the red and
black lines in figure 3B. During the whole postpolicy period of
25 months, there would have 67 417 expected stroke hospital
admissions without the policy. An estimated 18 137 (95% CI 15

Annual hospital admission rate (1/100 000) of AMI and stroke in Beijing from 2013 to 2017
AMI

Year

Hospital admissions,
n

Stroke
Crude annual rate
(95% CI)

Standardised annual
rate (95% CI)

Hospital admissions,
n

Crude annual rate
(95% CI)

Standardised annual
rate (95% CI)

2013

5822

37.1 (36.1 to 38.0)

34.5 (33.6 to 35.4)

23 062

146.8 (144.9 to 148.7)

138.8 (136.9 to 140.6)

2014

6117

36.4 (35.5 to 37.3)

33.8 (33.0 to 34.7)

25 148

149.6 (147.8 to 151.5)

140.8 (139.1 to 142.6)

2015

7063

39.5 (38.5 to 40.4)

36.2 (35.3 to 37.1)

31 111

173.8 (171.8 to 175.7)

162.4 (160.6 to 164.3)

2016

7751

40.6 (39.7 to 41.6)

37.1 (36.2 to 37.9)

32 249

169.1 (167.3 to 171.0)

157.8 (156.0 to 159.5)

2017
(6 months)

3865

38.8 (37.9 to 39.7)

34.5 (33.7 to 35.3)

16 039

161.0 (159.2 to 162.7)

145.7 (144.0 to 147.3)

30 618

38.6 (38.2 to 39.0)

35.2 (34.9 to 35.6)

127 609

160.6 (159.8 to 161.5)

149.4 (148.6 to 150.2)

Total

The standardised annual rates were age and sex adjusted according to the population in the sixth demographic census in Beijing.
AMI, acute myocardial infarction.
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Figure 2 Hospital admission rates of (A) AMI and (B) stroke before and after enforcement of the Beijing tobacco control policy package from
January 2013 to June 2017. The dashed vertical line showed the time when the Beijing tobacco control policy package was implemented. The dots
showed the hospital admission rates in each week and the blue lines showed the temporal trends of the rates. AMI, acute myocardial infarction.

Table 3

Average percentage change (%) in hospital admission rates for AMI and stroke after the Beijing tobacco control policy package
AMI

Stroke

Immediate change (95% CI)

Annual change in the secular
trend (95% CI)

Immediate change (95% CI)

Annual change in the secular
trend (95% CI)

−5.4 (−10.0 to −0.5)

2.8 (−0.7 to 6.5)

−5.6 (−7.8 to −3.3)

−15.3 (−16.7 to −13.9)

 <65 years

−6.0 (−12.4 to 0.9)

2.5 (−2.5 to 7.7)

−6.6 (−9.8 to −3.2)

−17.9 (−19.9 to −15.7)

 ≥65 years

−3.9 (−10.5 to 3.2)

3.0 (−2.0 to 8.2)

−3.9 (−6.8 to −0.9)

−14.9 (−16.8 to −13.0)

 Male

−4.8 (−10.2 to 0.8)

2.9 (−1.2 to 7.1)

−6.4 (−9.0 to −3.7)

−16.6 (−18.3 to −14.8)

 Female

−3.7 (−12.8 to 6.3)

3.6 (−3.5 to 11.2)

−3.2 (−7.2 to 0.9)

−12.0 (−14.6 to −9.3)

Overall
Subgroups

AMI, acute myocardial infarction.
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Figure 3 The predicted and actual numbers of hospital admissions for (A) AMI and (B) stroke from January 2013 to June 2017. Red line predicted
hospital admissions without the law. Black line predicted actual hospital admissions. AMI, acute myocardial infarction.
242 to 21 032) stroke hospital admissions had been averted with
a reduction of 26.7%.

Discussion

Based on the information for about 17.7 million insured
employees over 54 months, we found that the implementation
of the comprehensive tobacco control policy package in Beijing
was associated with significant immediate reductions in AMI and
stroke hospital admission in population over 18 years old. And it
was also associated with a significant change in the secular trend
of stroke hospital admissions. These effects mainly benefited
from the reductions in both active smoking and SHS exposure.
It was reported that the prevalence of smoking among adults in
Beijing decreased from 22.8% in 2014 to 20.3% in 2017 and the
prevalence of SHS exposure also dropped down from 37.9% in
2014 to 28.2% in 2017.24 Changes in smoking behaviour and
Zheng Y, et al. Tob Control 2021;30:434–442. doi:10.1136/tobaccocontrol-2020-055663

SHS exposure would go a step further to impact health effects.
Biological and clinical studies showed that reductions in AMI
and stroke events after reduction in exposure to low doses of
toxins in tobacco smoke are biologically plausible.55 71 72 Even
small exposures were shown to increase platelet aggregation and
alter endothelial function within 30 min and induce arterial and
haemodynamic changes that can increase the risk of AMI and
stroke.53–55
Though progresses in tobacco control had been achieved
in Beijing, there remained considerable degree of compliance
of tobacco control policy to be improved.73 According to the
adult tobacco survey in Beijing, the rate of supporting public
place smoking ban raised significantly after the legislation,
the percentage of adults saw tobacco advertisement decreased
from 10.9% in 2014 to 3.7% in 2016.74 Beijing has conducted
tobacco control campaign through mass media and new media
439
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with 29.4% of adults had ever seen tobacco control information
in 2016 from newspaper and magazine, 25.2% from the broadcast and 48.8% from the new media.74 By the end of 2017, there
were 61 hospitals in Beijing-initiated cessation clinics among
which 10 had met the requirement of standardised cessation
clinics, providing first contact for 2375 people and pharmaceutical services to 1549 people. There were 20 145 person-time
received during the smoking cessation counselling service from
Beijing’s public health service hotline—‘12320’. In terms of
smoking ban in public places, much less smoking was observed
in restaurants (14.8%) after the enforcement of the policies,75
while there remained 48.4% of conventional cruising taxis
that permit passengers to smoke inside their car76 and 80.3%
people still reported being exposed to SHS in bars or nightclubs
in 2016.24 Although the compliance of policy needed improvement, significant health benefits were still seen. Therefore, we
may expect more health benefits from higher compliance of the
policy.
According to our results, significant immediate decreases
(−5.4%, 95% CI −10.0% to −0.5%) in AMI admissions were
observed right after the policies while no significant change in
the secular trend was detected. This is consistent with the study
done in England,44 Uruguay43 52 and Indiana,47 while studies
conducted in Germany57 and New York39 found a change in
secular trend rather than the immediate reduction. The differences might be explained by the different extents of policy
implementation, the changes in SHS exposure and different
characteristics of the target population between countries.
For stroke, both immediate change (−5.6%, 95% CI −7.8%
to −3.3%) and annual changes in the secular trend (−15.3%,
95% CI −16.7% to −13.9%) were observed. Previous studies
had found inconsistent results in the effect of the smoking
ban on stroke.26 A meta-analysis28 and studies in Scotland,77
Florida49 and Arizona37 found significant effects while the
study in New York48 and Chile41 reported no effect. In China,
the disease burden of stroke was much higher than in other
areas in the world.13 78 Based on the large sample size of stroke
hospital admissions in our study, the results added further
evidence to support the effect of the tobacco control policies
on stroke.
The results showed differences for annual changes in the
secular trend between AMI and stroke. The different results
of the two diseases may be explained by three aspects. First,
the incidences of stroke and coronary heart disease in adults
in Beijing in 2016 were 367.9 and 224.5 per 100 000, respectively.24 The disease burden from stroke was much higher
than AMI in the study population, providing a greater potential for improvement. Second, in our study the total number
of hospital admissions for stroke was three times larger than
AMI. It is reasonable to capture any changes for stroke with
such a large sample size. Third, more deaths occurred out of
the hospital for AMI compared with stroke,79 80 therefore, it
was more difficult to capture the policy effect on AMI using
hospital admission.
Several studies reported diverse health effects in different
sexes38 44 47 52 57 and in different age groups31 81 after the smoke-
free legislation. The inconsistencies mainly come from the
different distribution of social behaviour characteristics, smoking
prevalence and SHS exposure between groups. In our study, the
effects on stroke were significant among all the age and sex
subgroups. For AMI, the lack of significance in the subgroups
may be due to the relatively small sample size.
440

Strengths and limitations
Based on medical records for about 18 million residents, this study
presented an evaluation of the strongest comprehensive tobacco
control policy in mainland China. The results provide evidence
for the immediate and gradual benefit on the hospital admission
of stroke after the implementation of the policy. Compared with
previous studies, most of which obtained the data from part of
regional hospitals, the current study was based on a database that
covered more than 80% of residents in the area, obtained a large
number of stroke hospital records and presented reliable results.
Most importantly, as China is the largest consumer of tobacco
in the world, the results provide evidence to promote comprehensive tobacco control policies elsewhere, especially in regions
with high tobacco consumptions.
There are several limitations in our study. First, though the
hospital admission data in the study were obtained from a large
claim database covering more than 80% of residents in the area,
it did not cover those aged under 18 years and those unemployed. The interpretation of the results to the whole population needs to be cautious. As the hospital admissions for AMI
and stroke in population below 18 years old are low, the health
benefit is mainly seen in adults. However, missing unemployed
in the database may result in an underestimation of the effect,
since this group had higher exposure to tobacco and a higher risk
of diseases, and might benefit more from the policy.60
Second, during the observation period, no other tobacco
control regulation at national level or in Beijing was approved
before the intervention. In the postintervention period, two
other regulations, the Interim Measures for the Administration of
Internet Advertising82 and the Provisions of the People’s Republic
of China on Cigarette Packaging Labeling,18 were enforced in
national level in September and October 2016, respectively,
which may affect the health effects observed in results. The first
regulation enforced ban on tobacco advertisement through the
internet. According to a monitoring survey conducted by Beijing
Center for Disease Prevention and Control,83 there were still
large amounts of tobacco advertisement and promotion information on the internet after the regulation, indicating the compliance was not high. The second regulation strengthens warning
labels on tobacco packaging, but it showed that the strength level
of warning labels did not change significantly before and after
the policy.84 85 Because of the low compliance, we consumed that
the health effects following these two regulations were limited.
Notwithstanding, we could not exclude the possibility that they
bias the effect estimates upward.
Third, in the analysis, despite adjusting for underlying time
trends and other covariates, because of the lack of information,
there were still some important variables we cannot control for,
such as education, cigarette affordability, obesity prevalence,
population cholesterol levels and influenza outbreaks, which may
influence the results. For example, if the cigarette affordability
varies over time, it may confound the impact on admissions
mainly related to active smoking. According to the WHO report
on the global tobacco epidemic 2019,86 affordability of cigarette in China had an average change of −1.6% over the period
2008–2018. Therefore, without including the cigarette affordability in the analysis might underestimate the policy effect, as
the cigarettes affordability in the observational period increased.
It is therefore important to raise tobacco tax by considering the
growth of income to impact the cigarette affordability.
Lastly, the health benefits of the comprehensive tobacco
control policy package will gradually be accumulated as time
prolonged. The study period only covered 25 months after the
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policy. Even though, significant health benefits on cardiovascular diseases were seen. The long-term effects on cardiovascular
diseases as well as health effects on other diseases following the
policy need to be evaluated in further studies exquisitely after a
longer observational period.

Conclusions
After implementation of the 2015 Beijing comprehensive
tobacco control policy package, there were immediate reductions in hospital admissions for AMI and stroke. In addition, the
increasing trend of hospital admissions for stroke slowed down
after the policy. The results showed significant health benefits
on cardiovascular morbidity after the tobacco control policy
package which consists of all components of MPOWER in a
global city. This study highlighted the importance for a comprehensive policy at the national level in China. Similar comprehensive tobacco control policies are urgently needed in other areas,
especially in regions with high tobacco consumptions, to achieve
greater public health gains.

What this paper adds
►► Based on medical records for about 18 million residents,

this study presented an evaluation of the strongest tobacco
control policy in mainland China.
►► The results added evidence for the immediate and
gradual benefit on the hospital admission of stroke after
comprehensive tobacco control policies.
►► Following the implementation of tobacco control policy, 18
137 (26.7%) stroke hospital admissions were likely prevented
in 25 months in Beijing.
►► The study could provide evidence to promote comprehensive
tobacco control policies elsewhere, and inform policymakers
regarding comprehensive tobacco control policies, especially
in regions with high tobacco consumptions.
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