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Abstract

Background: Several studies have demonstrated that smoke-free legislation is associated with a reduced risk
of mortality from acute myocardial infarction (AMI). This study aimed to examine and quantify the potential
effect of smoke-free legislation on AMI mortality rate in different countries.

Methods: Studies were identified using a systematic search of the scientific literature from electronic
databases, including PubMed, Web of Science, ScienceDirect, Embase, Google Scholar, and China National
Knowledge Infrastructure (CNKI), from their inception through September 30, 2017. A random effects model
was employed to estimate the overall effects of smoke-free legislation on the AMI mortality rate. Subgroup
analysis was performed to explore the possible causes of heterogeneity in risk estimates based on sex and
age. The results of meta-analysis after excluding the studies with a high risk of bias were reported in this
study.

Results: A total of 10 eligible studies with 16 estimates of effect size were included in this meta-analysis.
Significant heterogeneity in the risk estimates was identified (overall I = 94.6%, p < 0.001). Therefore, a random effects
model was utilized to estimate the overall effect of smoke-free legislation. There was an 8% decline in AMI mortality
after introducing smoke-free legislation (RR=0.92, 95% confidence interval (Cl): 0.90-0.94). The results of subgroup
analyses showed that smoke-free legislation was significantly associated with lower rates of mortality for the
following 5 diagnostic subgroups: smoke-free in workplaces, restaurants and bars (RR=0.92, 95% Cl: 0.90-0.95),
smaller sample size (RR=0.92, 95% Cl: 0.89-0.95), study location in Europe (RR=0.90, 95% Cl: 0.85-0.94),
regional study area (RR=0.92, 95% Cl: 0.89-0.94), and no previous local smoke-free legislation (RR=0.91, 95%
Cl: 0.90-0.93). However, there was not much difference in AMI mortality rates after the legislation between the longer
(RR=092, 95% Cl: 0.86-0.98) and shorter follow-up duration subgroups (RR=0.92, 95% Cl: 0.89-0.94).

Conclusion: Smoke-free legislation could significantly reduce the AMI mortality rate by 8%. The reduction in the AMI

mortality rate was more significant in studies with more comprehensive laws, without prior smoke-free bans, with a
smaller sample size, at the regional level, and with a location in Europe.
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Background

The widespread use of tobacco and secondhand smoke
exposure had been problematic public health issues [1],
which had greatly damaged human health. The Global
Burden of Disease Study (GBD) 2015 estimated that
smoking was the second leading risk factor for attribut-
able mortality among both men and women, and a total
of 6.4 million deaths were attributable to smoking
worldwide [2]. Secondhand smoke exposure was more
likely to increase the negative health effects on passive
smokers [3-5], even though low dose exposure could
also increase cardiovascular risk by 25 to 30% [6]. GBD
2013 estimated that secondhand smoke accounted for
an additional 331,000 deaths and 9.3 million DALYs [7].
Several studies also showed that smoking may be an im-
portant independent risk factor for the development of
myocardial infarction in male patients aged above 40
years old [8], in young adults [9], and in the Italian
population [10]. Another study indicated that smoking
significantly influenced the risk of first acute myocardial
infarctions in a dose-dependent manner [11]. It is well
known that China is the world’s largest consumer of to-
bacco producer and consumer, which accounts for about
40% of worldwide cigarette production and is home to a
quarter of the world’s smokers. Therefore, China has a
large smoking-related chronic disease burden, which is
increasing further as China’s population ages. Further-
more, a recent study also showed that the implementa-
tion of tobacco control policies in China since the
signing of the WHO Framework Convention on To-
bacco Control in 2003 has not been effective in reducing
smoking prevalence because of the factors about cultural
context, economic and social barriers [12].

The effect of smoke-free legislation on the AMI mor-
tality rate remains controversial. Some studies have
shown that smoke-free legislation was significantly asso-
ciated with a decline in AMI deaths [13, 14]. However,
other studies did not find a significant decline in mortal-
ity due to AMI after legislation in North America,
although the methodology concerning coverage of the
local smoke-free legislation was questioned [15]. An-
other recent study by the U.S. National Center for
Health Statistics indicated that the declines in AMI mor-
tality in California (2.0%), Utah (7.7%) and Delaware
(8.1%) were not significantly different from the expected
declines. Furthermore, the AMI mortality rate increased
by 8.9% in South Dakota after the ban [16].

Smoke-free legislation with different degrees of com-
prehensiveness has been implemented in several coun-
tries. However, the decreases in the AMI mortality rate
following legislation varied across different countries.
AMI deaths registered by the National Statistics Institute
decreased by 9% for men and 8.7% for women after pro-
hibiting smoking in all indoor workplaces in Spain,
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especially among people over 64 years of age [17]. In
Massachusetts, USA, the AMI mortality rate decreased
by 7.4% (95% Cl:3.3—-11.4) after implementation of the
state law [14].

The decline in the AMI mortality rate following the
implementation of smoke-free legislation may vary in
different follow-up periods. The 2009 report published by
the International Agency for Research on Cancer (IARC)
demonstrated that the mortality risk of acute myocardial
infarction showed the largest decline (10-20%) in the first
year after the implementation of smoke-free legislation
[18]. However, another meta-analysis showed that there
was no association between the AMI risk reduction and
smokefree laws increased with time [19].

A growing body of literature has explored the relation-
ship between smoke-free legislation and the AMI
mortality rate, and several new studies have assessed
more comprehensive or less comprehensive smoke-free
legislation (workplaces only; workplaces and restaurants;
or workplaces, restaurants, and bars), extended follow-
up durations, different study locations and whether a
previous ban was in effect. However, the results so far
have revealed a large variation in the effect sizes, ranging
from -9 to 23%. To more accurately estimate the effect
of smoke-free legislation on the AMI mortality rate in
the general population, this study identified relevant
studies using a systematic search and meta-analysis. In
addition, subgroup analysis was conducted to investigate
difference in the effect sizes. Furthermore, we expected
that the results of this study could provide more com-
prehensive evidence, based on previous studies, for
promoting tobacco control legislation in China. This
study followed the PRISMA guidelines and was regis-
tered in PROSPERO (CRD42016051951).

Methods

Search strategies

An electronic literature search was conducted using
electronic databases including PubMed, Web of Sci-
ence, ScienceDirect, Embase, Google Scholar, and
CNKI (China National Knowledge Infrastructure),
from their inception to September 30, 2017. Publica-
tions in both Chinese and English were included.
The terms “smoke law (smoke legislation or smoke
ban or smoke-free)”, “acute myocardial infarction
(cardiovascular or coronary)”, and “mortality (death)”
in the titles, abstracts, and keywords were used in
this study. Additionally, the references cited in the
selected articles were also searched manually. Study
selection, risk of bias, and data extraction were ac-
complished by 2 reviewers, and the discrepancies
were further resolved by consensus among the au-
thors of this manuscript. More details of the search
syntax are shown in Additional file 1.
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Study selection

Studies that met the following criteria were eligible: (1)
measured the AMI mortality rate or death number at
baseline, (2) reported the relative risk of the AMI mor-
tality rate of the whole target population, and (3) pub-
lished in English or Chinese. Furthermore, this review
excluded the following types of studies: (1) those that
only focused on AMI (coronary heart disease/ cardiovas-
cular disease) incidence or hospital admissions, without
AMI mortality rate information; (2) studies that only
paid attention to practical measures to prohibit smoking,
such as increasing the tobacco tax, advertising on the
harmful effects of smoking, etc.; (3) studies for which
the full text of the article could not be retrieved for full
evaluation; (4) those that did not provide sufficient data
about population size, the number of AMI deaths, etc,;
(5) studies that were meta-analyses or review articles; (6)
those that were not original or were cross-sectional
studies; and (7) studies that did not provide estimates
for the effect of smoke-free legislation on mortality rate
for the whole target population.

A total of 1560 articles were searched in all fields,
including 375 articles from PubMed, 36 articles from
Web of Science, 68 articles from Embase, 996 articles
from Google Scholar, and 85 articles from CNKIL
After removing duplicate articles, 982 articles were
retrieved. Based on the exclusion criteria, 923 articles
were excluded after reading the title and/or abstract.
The remaining 59 articles were retrieved for full
evaluation. Fourteen articles did not provide sufficient
data about population size, the number of AMI
deaths, etc. Six articles were meta- analyses or review
articles, 20 studies were not original studies and 7
were cross-sectional studies. In addition, 2 studies did
not provide estimates for the effect of smoke-free le-
gislation on the mortality rate of the whole target
population (Fig. 1). Ultimately, 10 articles were identi-
fied in this study.

Data extraction and risk of bias

For each study, the following information was re-
trieved: study location, research classification, effective
date of smoke-free legislation, study period, target
population, comprehensiveness of the law, previous
ban in place, population at risk, number of AMI
deaths, RR value, 95% confidence interval, AMI defin-
ition, sources of data, measures/statistical methods
and control variables. Seven studies provided relative
risk values of AMI mortality rate and corresponding
95% confidence interval [14, 15, 17, 20-23]. For stud-
ies that did not report an AMI mortality rate, the
estimated effects (RRs) were calculated [16, 24, 25].
The detailed characteristics of the eligible studies are
shown in Table 1.
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The data included in this study were derived from ob-
servational studies, which increases the risk of bias. A
seven-domain Cochrane handbook evaluation was
adopted to evaluate the risk of bias in the included stud-
ies [26]. The parameters for each study were graded: low
risk of bias, moderate risk of bias, and high risk of bias,
and an overall assessment for each study was deter-
mined. 3 articles showed a high risk of bias [15, 16, 24],
3 articles showed a moderate risk of bias [14, 20, 22] and
4 articles showed a low risk of bias [17, 21, 23, 25]. More
details are presented in Table 2.

Analysis strategy

All analyses were conducted using Stata. Q tests were
employed to reveal heterogeneity among the selected
studies (P =0.000). Included studies were conducted in
different countries; therefore, a random-effect meta-analysis
was adopted to consider nonrandom variability of estimates
among the included studies. Heterogeneity was quanti-
fied using the I” statistic (inconsistency was defined
as I* >50%). In this study, heterogeneity was signifi-
cant in the random effects model (overall 12 =94.6%,
p<0.001). Thus, funnel plots and Egger’s test were
used to evaluate potential publication bias. In the
absence of bias and between study heterogeneity, the
scatter plot of the effect estimates from individual
studies will resemble a symmetrical inverted funnel.
However, funnel plot asymmetry should not be
equated with publication bias, because publication
bias does not completely explain the asymmetry, since
many of the beneficial effects reported from smaller
studies were not significant [27]. Eventually, Egger’s
test was employed to statistically examine the sym-
metry. Furthermore, subgroup analyses were carried
out to examine the robustness of this meta-analysis.
The following characteristics, including study location
(North America versus Europe versus others), study
classification (national versus regional), post-ban fol-
low-up duration (>2years versus <2 vyears), compre-
hensiveness of the law (workplaces, restaurants and
bars versus workplaces only), number of AMI deaths
(=10,000 versus < 10,000), and previous ban in place
(with prior local law versus without previous ban),
could influence the results. Therefore, these charac-
teristics were used to account for the heterogeneity
(using the Stata metan procedure). Analyses were per-
formed for each category, and overall relative ratios
for each category were calculated, and then compared
with the I? statistic for heterogeneity. After excluding
studies with a high risk of bias, an additional sensitiv-
ity analysis was also conducted to evaluate the impact
of smoke-free legislation on the AMI mortality rate
by gender and age. The following study characteris-
tics, which could influence the results of this study,
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were also examined: effective date of smoke-free legis-
lation, previous ban in place, risk of bias, post-ban
follow-up duration, comprehensiveness of the law,
number of AMI deaths, study location and study
classification.

When the estimated effects (RRs) of AMI mortality
were not provided in the studies, calculation of the RR
value was required. The calculation procedures were as
follows:

RR; = N1a/Ntp (1)
where the capital letter N represents the number of
deaths, and the subscript letters TA and TB represent
the duration before the ban and after the ban, respect-

ively. The variance of the logarithm of RR;, V; was esti-
mated by

Vi = (1/Nra) + (1/N7p) (2)

with the lower and upper 95% CI of RR; estimated by

RR;1, RR,; = exp( logRR; £ Z1/V7) (3)

Results

Characteristics of the studies

A total of 1475 articles in English and 85 articles in
Chinese were searched. The final set consisted of 10
eligible studies, including 2 articles conducted in
Spain [17, 20], 1 article in Ireland [21], 5 articles in
the US [14-16, 22, 24], 1 article in Brazil [25], and 1
articles in China [23]. The total number of partici-
pants was 2,266,256. All of these studies focused on
the AMI mortality rate, and provided estimates for
the effect of smoke-free legislation on the mortality
rate. The details of the included studies are summa-
rized in Fig 1.

Some studies provided multiple relative risks for differ-
ent age and sex subgroups; thus, 16 estimates of relative
risks from 10 eligible studies reported before September
30, 2017, were included in the meta-analysis. Table 1
shows the detailed characteristics of the 10 eligible studies.
Of the 10 studies, 9 showed that the AMI mortality rate
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Table 2 Risk of bias assessment
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Study, Intervention Shape Intervention Knowledge of Incomplete Free from Free from  Risk of
year independent of  intervention unlikely to affect allocated interventions outcome data selective other risks  bias

other changes?  effect pre- data collection?  adequately prevented? adequately outcome of bias

specified? assessed? reporting?

Villalbi High Low Low Low Low Low Low Low
2011
Fernando  High Low Low Low Low High Low Moderate
2013
Sericea High Low Low Low Low Low Low Low
Stallings-
Smith
2013
Carl High Low Low Low Low Low High Moderate
Bartecchi
2006
Shetty, K. High High Low Low Low Low High High
D 2009
Dove High Low Low Low Low High Low Moderate
2010
McAlister  High Low Low Low High High High High
2010
Brad Rodu High Low Low Low Low High High High
2012
Tania High Low Low Low Low Low Low Low
2016
TQ Thach  High Low Low Low Low Low Low Low
2016

declined after introducing the legislation; the exception
wasl study that did not provide evidence that smoke-free
legislation could result in a measurable reduction in the
AMI mortality rate [15]. There were 4 studies that
followed up for 2years or less after the enactment of
smoke-free legislation [16, 17, 22, 25], and the other 6
studies provided information on AMI mortality and
followed up for more than 2 years [14, 15, 20, 21, 23, 24].
Smoke-free legislations in workplaces only were described
in 3 studies [15, 17, 20]. Six studies reported that smoke-
free legislations were more comprehensive, including
workplaces, restaurants and bars [14, 16, 21-23, 25]. Five
studies had a large number of AMI death cases (>10,
000) [14-17, 25], and 3 studies were national studies
[15, 17, 21], all of the data were obtained from
national surveys. Five of them focused on North
American smoke-free legislation [14-16, 22, 24], 1 of
which reported results from 6 US regions [16]; 3
studies location were located in Europe [17, 20, 21];1
was in Brazil [25], and another 1 was in China [23] .
Four studies indicated that there were relevant
smoke-free policies before introducing the smoke-free
legislation [15, 17, 22, 25]; 4 studies reported that
there were no such policies [20, 21, 23, 24]. One
study compared AMI mortality after the legislation
with and without previous local smoke-free legisla-
tions [14], and 1 study did not provide exact

information on whether previous local smoke-free leg-
islations were in place [16]. All data were from
official sources and were obtained from relevant aca-
demic authorities or hospitals.

Meta-analysis

As shown in Fig. 2, comparison of the overall RR of
AMI mortality before the smoke-free legislations with
the RR after the smoke-free legislations, which was 0.92
(95% CI: 0.90-0.94), suggested that smoke-free legisla-
tion could reduce the AMI mortality rate by 8%.

A funnel plot and Egger’s regression test were employed
to examine publication bias (Fig. 3). The funnel plot ap-
peared symmetrical, and Egger’s regression test reported
that there was no publication bias (bias coefficient = 0.137,
p =0.930), suggesting that heterogeneity can be explained
by subgroup analysis and random-effects meta-analysis.

The sample was stratified based on post-ban duration
(>2years versus <2vyears), comprehensiveness of the
smoke-free legislation (workplaces only versus workplaces,
restaurants and bars), number of AMI deaths (< 10,000
versus >10,000), study location (Europe versus North
America versus other locations), research classification
(regional versus national) and previous ban in place (with
prior local law versus without previous ban). The effects
of smoke-free legislation on the AMI mortality rate under
different circumstances were also calculated in this study.
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studylD

Spain, First post-law year, all
Spain, Second post- law year, all
Massachusetts, overall

Jefferson County, Texas, US, all
Girona, Spain.all

us, all

Utah,US,>45
California,US,>45

South Dakota,US
Delaware,US

Florida,US

New York,US

Irish,>35

San Paulo city, Brazil, all
Pueblo, US, all

Hong Kong, China, all
Overall (I-squared = 94.6%, p = 0.000)

NOTE: Weights are from random effects analysis

%
RR (95% Cl)  Weight

0.90 (0.88, 0.92)8.08
0.86 (0.84, 0.88)8.03
0.93 (0.89, 0.97)6.86
0.84 (0.77, 0.91)4.38
0.82 (0.71, 0.94)2.31
1.02 (0.99, 1.05)7.70
0.92 (0.90, 0.94)8.10
0.98 (0.97, 0.99)8.51
1.09 (0.95, 1.25)2.38
0.92 (0.90, 0.93)8.32
0.91 (0.91, 0.92)8.60
0.88 (0.83, 0.93)5.95
0.97 (0.92, 1.02)6.30
0.95 (0.93, 0.97)8.13
0.77 (0.64, 0.93)1.47
0.87 (0.81, 0.94)4.87
0.92 (0.90, 0.94)100.00

T
.64
Better

Worse

Fig. 2 Forest plot of random effects meta-analysis of studies examining the effect of smoke-free legislation on AMI mortality

The implementation of smoke-free legislation could
effectively reduce the mortality rate of AMI in the short
and long term (Fig. 4). In the post-ban follow-up dur-

ation (<2years) subgroup, the RR was 0.92 (95%

years) subgroup, the RR was 0.92 (95% CI: 0.86-0.98),
and I? was 87.4% (P <0.001). These results showed that
the effect of smoke-free legislation on the AMI mortality

CL:  rate was evident in both long-term and short-term

0.89-0.94). In the post-ban follow-up duration (>2  studies.
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Study %
ID RR (95% Cl)  Weight
Post-ban duration(s2) |
Spain, First post-law year, all -HI 0.90 (0.88, 0.92)8.08
Spain, Second post- law year, all - 0.86 (0.84, 0.88)8.03
Utah,US,>45 - 0.92 (0.90, 0.94)8.10
California,US,>45 i -> 0.98 (0.97, 0.99)8.51
South Dakota,US : —_— 1.09 (0.95, 1.25)2.38
Delaware,US - 0.92 (0.90, 0.93)8.32
Florida,US ~ 0.91 (0.91, 0.92)8.60
New York,US — 0.88 (0.83, 0.93)5.95
San Paulo city, Brazil, all :-0- 0.95 (0.93, 0.97)8.13
Pueblo, US, all 0.77 (0.64, 0.93)1.47
Subtotal (I-squared = 95.9%, p = 0.000) <> 0.92 (0.89, 0.94)67.58
|
Post-ban duration(>2) i
Massachusetts, overall —— 0.93 (0.89, 0.97)6.86
Jefferson County, Texas, US, all —0—: 0.84 (0.77,0.91)4.38
Girona, Spain.all —0—1- 0.82(0.71, 0.94)2.31
us, all ! T 1.02 (0.99, 1.05)7.70
Irish,>35 —r 0.97 (0.92, 1.02)6.30
Hong Kong, China, all —_— 0.87 (0.81, 0.94)4.87
Subtotal (I-squared = 87.4%, p = 0.000) <> 0.92 (0.86, 0.98)32.42
. |
Overall (I-squared = 94.6%, p = 0.000) é 0.92 (0.90, 0.94)100.00
NOTE: Weights are from randon|1 effects analysis E I

.65
Better

post-ban duration
A

Fig. 4 Forest plot of random effects meta-analysis of studies examining the effect of smoke-free legislation on AMI mortality stratified by

Worse

For 2 subgroups of different comprehensiveness
levels of smoke-free legislation, the more compre-
hensive smoke-free legislation was significantly asso-
ciated with a lower AMI mortality rate (Fig. 5). In
the subgroup prohibiting smoking in workplaces,
restaurants and bars, the RR was 0.92 (95% CI:
0.90-0.95), and I was 68.0% (P<0.001). In the sub-
group of prohibiting smoking in workplaces only, the
RR was 0.93 (95% CI: 0.90-0.97) and I was 97.2%
(P <0.001).

The RR for AMI mortality in the subgroups with
larger numbers of AMI deaths was 0.93 (95% CI: 0.90—
0.96), and the RR in the subgroups with smaller number
of AMI death cases rate was 0.92 (95%CI: 0.89—0.95). I
values were different in these 2 subgroups, 97.2 and
64.5%, respectively (Fig. 6).

The subgroup RRs for AMI mortality were 0.90 (95%
CIL: 0.85-0.94) in the European studies, 0.93 (95% CI:
0.90-0.96) in the US studies and 0.92 (95% CI: 0.84—
1.00) in studies from other locations (Fig. 7). In other
locations, the heterogeneity was lower (I* =79.9%, P <
0.026); however, the heterogeneity was higher in the US
studies (I = 95.9%, P < 0.001). In addition, the subgroup
RRs for AMI mortality were 0.93 (95% CI: 0.87-1.01) in
national studies and 0.92 (95% CI: 0.89-0.94) in regional
studies (Fig. 8). I* was higher in national studies (I> =

96.5%, P <0.001), whereas it was lower in regional stud-
ies (I” = 94.2%, P < 0.001).

The subgroup RRs for AMI mortality were higher in
areas without prior local bans (RR=0.91) (Fig. 9). In
studies of areas with previous local bans, the impact of
the smoke-free ban on AMI mortality RR were 0.93
(95% CI: 0.89-0.97), and the heterogeneity was relatively
high (I> =94.7%, P <0.001). In studies of areas without
previous local bans, the heterogeneity was relatively low
(I* = 52.6%, P < 0.061).

Sensitivity analysis, by sex, showed that in the female
group, the impact of the smoke-free ban on AMI mor-
tality RR was 0.90 (95% CIL: 0.87-0.94), which was 1%
higher than in male group (Fig. 10). In addition, the ef-
fect size of the RR for smoke-free legislation was 0.90
(95% CI:0.84—0.98) in the group aged less than 65, which
was larger than the effect size for the group aged more
greater than 65 (Fig. 11). After excluding studies with a
high risk of bias, the overall RR was 0.93 (95% CI:0.90—
0.96) (Fig. 12).

Discussion

This systematic review and meta-analysis presented strong
evidence concerning the effectiveness of smoke-free
legislation on reducing the AMI mortality rate. Previous
meta-analyses have estimated reductions in the incidence
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Study %
D RR (95% Cl)  Weight
Smoke-free in workplaces E
Spain, First post-law year, all - 0.90 (0.88, 0.92) 8.46
Spain, Second post- law year, all - 0.86 (0.84, 0.88) 8.40
Girona, Spain.all —O—f- 0.82(0.71, 0.94) 2.40
us, all I o 1.02 (0.99, 1.05) 8.06
Utah,US,>45 - 0.92 (0.90, 0.94) 8.48
California,US,>45 R 0.98 (0.97, 0.99) 8.91
South Dakota,US | ————— 1.09 (0.95, 1.25) 2.48
Florida,US . 0.91(0.91, 0.92) 9.01
Subtotal (I-squared = 97.2%, p = 0.000) <> 0.93 (0.90, 0.97) 56.20

|
Smoke-free in workplaces, restaurants, and bars i
Massachusetts, overall —Ib— 0.93 (0.89, 0.97) 7.17
Delaware,US - 0.92 (0.90, 0.93) 8.71
New York,US —_— 0.88 (0.83, 0.93) 6.21
Irish,>35 —— 0.97 (0.92, 1.02) 6.58
San Paulo city, Brazil, all :-0- 0.95 (0.93, 0.97) 8.51
Pueblo, US, all — 0.77 (0.64, 0.93) 1.53
Hong Kong, China, all —0—;- 0.87 (0.81, 0.94) 5.08
Subtotal (I-squared = 68.0%, p = 0.005) Q 0.92 (0.90, 0.95) 43.80
. |
Overall (I-squared = 94.8%, p = 0.000) ¢ 0.93 (0.90, 0.95) 100.00
NOTE: Weights are from random effects analysis E

T T
.65 1 1.54

Better

Worse

Fig. 5 Forest plot of random effects meta-analysis of studies examining the effect of smoke-free legislation on AMI mortality stratified by
comprehensiveness of a law

Study

AMI death cases(=10000)

|
|
Spain, First post-law year, all +:
Spain, Second post- law year, all — :
Massachusetts, overall —:b—
us, all '
California,US,>45 .
Florida,US OE
New York,US
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Subtotal (I-squared =97.2%, p = 0.000)

AMI death cases(<10000)
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Delaware,US

|
<
Subtotal (I-squared = 64.5%, p = 0.038) <>
|
|
I
|
|
|
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NOTE: Weights are from random effects analysis

%
RR(95%Cl)  Weight

0.90(0.88,0.92) 9.74
0.86 (0.84,0.88) 9.68
0.93 (0.89,0.97) 8.26
1.02 (0.99, 1.05) 9.29
0.98 (0.97,0.99) 10.27
0.91(0.91,0.92) 10.38
0.88 (0.83,0.93) 7.15
0.95(0.93,0.97) 9.81
0.93 (0.90, 0.96) 74.58

0.82(0.71,0.94) 276
0.92 (0.90, 0.94) 9.77
1.09 (0.95,1.25) 2.85
0.92 (0.90, 0.93) 10.04
0.92 (0.89, 0.95) 25.42

0.93 (0.90, 0.95) 100.00

T
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Fig. 6 Forest plot of random effects meta-analysis of studies examining the effect of smoke-free legislation on AMI mortality stratified by AMI
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Study %
ID RR (95% Cl) Weight

I
Study in Europe :
Spain, First post-law year, all —— 0.90 (0.88, 0.92) 8.08
Spain, Second post- law year, all - 0.86 (0.84, 0.88) 8.03
Girona, Spain.all —_— 0.82(0.71,0.94)  2.31
Irish,>35 ——r 0.97 (0.92, 1.02) 6.30
Subtotal (I-squared = 85.8%, p = 0.000) > 0.90 (0.85,0.94)  24.71
. I
Study in North America |
Massachusetts, overall —— 0.93 (0.89, 0.97) 6.86
Jefferson County, Texas, US, all —_— 0.84 (0.77, 0.91) 4.38
us, all : T 1.02 (0.99, 1.05) 7.70
Utah,US,>45 -+ 0.92 (0.90, 0.94) 8.10
Callifornia,US,>45 [ 0.98 (0.97, 0.99) 8.51
South Dakota,US | — 1.09 (0.95, 1.25) 2.38
Delaware,US -+ 0.92 (0.90, 0.93) 8.32
Florida,US o 0.91 (0.91, 0.92) 8.60
New York,US — 0.88 (0.83, 0.93) 5.95
Pueblo, US, all € 0.77 (0.64, 0.93) 1.47
Subtotal (I-squared = 95.9%, p = 0.000) <I> 0.93 (0.90, 0.96) 62.28
. |
Study in other locations i
San Paulo city, Brazil, all - 0.95 (0.93, 0.97) 8.13
Hong Kong, China, all —_— 0.87 (0.81, 0.94) 4.87
Subtotal (I-squared = 79.9%, p = 0.026) <> 0.92 (0.84, 1.00) 13.00
. I
Overall (l-squared = 94.6%, p = 0.000) <> 0.92 (0.90,0.94)  100.00

I
NOTE: Weights are from random effects analysis |

T T
.65 1 1.54
Better Worse
Fig. 7 Forest plot of random effects meta-analysis of studies examining the effect of smoke-free legislation on AMI mortality stratified by
study location

rate or hospital admission rate of the AMI after the imple-
mentation of smoke-free legislations [28—30]. To the best
of our knowledge, this may be the first study to examine
the relationship between AMI mortality rate and the cor-
responding smoke-free legislation.

The results of this study demonstrated that smoke-free
legislation were associated with an 8% decrease in the
AMI mortality rate in general. Furthermore, the degree
of the decline in risk of AMI varied across different sub-
groups (2-23%). The AMI mortality rate decreased
greatly among females (RR, 0.90; 95% CI: 0.87-0.94) and
people aged <65 (RR, 0.90; 95% CI: 0.84-0.98). The dif-
ferent beneficial effects of legislation may be attributed
to the diversity of study designs, including differences in
the target populations, statistical analyses, types of
smoke-free legislations, and differences in compliance
with the law. [31]. There were 2 studies that did not
find that smoke-free legislation was associated with a
lower AMI mortality rate [15, 32]. Different method-
ology concerning the coverage of local smoke-free
legislations and the time during which the bans were
in effect may result in contradicting results for AMI
mortality.

The largest effect of smoke-free legislation on the AMI
mortality rate was found in.

places with more comprehensive bans [14, 16, 21-23,
25]. Allowing smoking in designated smoking areas or in
ventilated smoking rooms would not effectively prevent
secondhand smoke exposure [33]. More comprehensive
smoke-free legislation could significantly reduce the
number of active smokers [34], raise people’s awareness
about the side effects of smoking, and more importantly,
change social norms about the perception of smoking.
Moritsugu noted that enacting more comprehensive to-
bacco-control legislation could effectively prevent expos-
ure to secondhand smoke and reduce the number of
smokers [35]. Based on European studies, Ward found
that the indoor PM2.5 concentration generally decreased
by 68.4%, while for areas with partial bans on smoking,
indoor PM2.5 concentration reduced by 40%, after intro-
ducing comprehensive smoke-free legislation [36]. This
provided sufficient evidence that enacting comprehen-
sive smoke-free legislation was associated with lower
level of exposure to secondhand smoke.

In this study, larger estimates of the effect were found
in the smaller samples rather than in the larger samples,
which was consistent with the results of a previous
meta-analysis [37]. In studies of small samples, the RR
values may be more sensitive to random factors; in our
study, the standard deviation of the mean RR values was
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Study
ID

National study

Subtotal (I-squared =94.1%, p = 0.000)

|
|
Spain, First post-law year, all -HI

0.90 (0.88, 0.92)8.08
Spain, Second post- law year, all - 0.86 (0.84, 0.88)8.03
us, all L e 1.02 (0.99, 1.05)7.70
Irish,>35 — 0.97 (0.92, 1.02)6.30
Subtotal (l-squared = 96.5%, p = 0.000) :0- 0.93 (0.87, 1.01)30.11
. |
Regional study E
Massachusetts, overall —70— 0.93 (0.89, 0.97)6.86
Jefferson County, Texas, US, all —_— 0.84 (0.77,0.91)4.38
Girona, Spain.all —0—1— 0.82 (0.71, 0.94)2.31
Utah,US,>45 - 0.92 (0.90, 0.94)8.10
California,US,>45 Lo 0.98 (0.97, 0.99)8.51
South Dakota,US [ 1.09 (0.95, 1.25)2.38
Delaware,US it 0.92 (0.90, 0.93)8.32
Florida,US i 0.91 (0.91, 0.92)8.60
New York,US — 0.88 (0.83, 0.93)5.95
San Paulo city, Brazil, all ! 0.95 (0.93, 0.97)8.13
Pueblo, US, all & 0.77 (0.64, 0.93)1.47
Hong Kong, China, all —_— 0.87 (0.81, 0.94)4.87

<
. |
Overall (I-squared = 94.6%, p = 0.000) é
|
|
|

%

RR (95% Cl)  Weight

0.92 (0.89, 0.94)69.89

0.92 (0.90, 0.94)100.00

NOTE: Weights are from random effects analysis
T

.65
Better

study classification

Fig. 8 Forest plot of random effects meta-analysis of studies examining the effect of smoke-free legislation on AMI mortality stratified by

Worse

0.11, which was higher than that of the larger samples
(SD =0.05).

Although some studies (with a post-ban duration
<2years) indicated that smoke-free legislation could
result immediate effects on the AMI mortality rate
[14, 17, 22, 25], the present study showed that the
impacts of smoke-free legislation could increase over
time. Four studies suggested that the effect of smoke-
free legislation on the AMI mortality rate increased
with a longer follow up period [14, 17, 20, 24]. Dove
believes that the smaller reduction in AMI deaths
after the legislation maybe because we examined AMI
mortality rates were what we examined rather than
hospitalization rates; therefore, it may take a longer
time to reveal an immediate downward trend [14].
Figure 4 shows that studies with a longer follow-up
period have smaller heterogeneity in the risk esti-
mates than those in studies with a shorter follow up
period.

The present study also showed that the decline in the
AMI mortality rate was also associated with the situation
where there were no smoking control measures before
the smoke-free legislation [14, 16, 23]. The effect of
smoke-free legislation may have been weakened when
people had been protected by pre-existing local regula-
tions. For example, California had developed local

smoke-free measures before introducing nationwide
smoke-free legislation, and almost 70% of the state’s
population was protected [38]. Enacting smoking control
measures could reduce secondhand exposure to some
extent, which may minimize the effect size of imple-
menting smoke-free legislation on the AMI mortality
rate [23].

Subgroup analyses were performed to explore the ef-
fect of smoke-free legislation on AMI mortality by sex
and age (as shown in Figs. 10 and 11). The decline in
the AMI mortality rate in the female group was 10%,
which was 1% higher than that in the male group
(Fig. 10). In addition, there was also a decrease of 10% in
the group with aged less than 65, which was larger than
that in the group with aged greater than 65 (Fig. 11).
Furthermore, a sensitivity analysis was performed, after
excluding studies with a high risk of bias (as shown in
Fig. 12), to ensure the robustness of the analysis, and the
overall RR of AMI mortality was 0.93 (95% CI: 0.90—
0.96), there was no appreciable change.

It is worth noting that 2 studies, lacking estimates for
the whole target population, could not be directly used
for meta-analysis of the whole target population. How-
ever, in our sensitivity analyses, we included in the
analysis from a study in Flanders stratified by sex and
age, and from another study in Rome stratified by age



Gao et al. BMC Public Health

(2019) 19:1269

Page 14 of 18

Study
ID

With prior local law

Spain, First post-law year, all

Spain, Second post- law year, all
Massachusetts, With prior local law, all
Girona, Spain.all

us, all

California,US,>45

New York,US

—_—
I
Irish,>35 +——
|
==

San Paulo city, Brazil, all
Pueblo, US, all
Subtotal (I-squared = 94.7%, p = 0.000)

Without prior local law

Massachusetts, Effect of local law, all
Utah,US,>45

South Dakota,US

Delaware,US

Florida,US

Hong Kong, China, all

Subtotal (I-squared = 52.6%, p = 0.061)

Overall (I-squared = 94.6%, p = 0.000)

NOTE: Weights are from random effects analysis

%
IRRs (95% CI)  Weight

0.90 (0.88,0.92) 8.15
0.86 (0.84, 0.88) 8.10
1.01(0.92,1.11) 3.92
0.82(0.71,0.94) 2.33
1.02 (0.99, 1.05) 7.78
0.98 (0.97, 0.99) 8.59
0.88 (0.83, 0.93) 6.01
0.97 (0.92, 1.02) 6.36
0.95 (0.93,0.97) 8.21
0.77 (0.64,0.93) 1.49
0.93 (0.89, 0.97) 60.94

0.90 (0.86, 0.95) 6.48
0.92(0.90, 0.94) 8.17
1.09 (0.95, 1.25) 2.41
0.92(0.90, 0.93) 8.40
0.91(0.91,0.92) 8.67
0.87(0.81,0.94) 4.93
0.91(0.90, 0.93) 39.06

0.93 (0.90, 0.95) 100.00

T
.65

Worse

Fig. 9 Forest plot of random effects meta-analysis of studies examining the effect of smoke-free legislation on AMI mortality stratified by previous
ban in place. Note: studies without prior smoke-related bans were not included

Study
ID

males

Spain, First post-law year, male :
Spain, Second post-law year, male -0:
Massachusetts, male haa
Girona, Spain.male :
Irish,>35,male 'rO-
Flanders, Belgium,<60,male,law1 —0:—
Flanders, Belgium,>60,male,law1 -+
Flanders, Belgium,<60,male,law2 :
Flanders, Belgium,>60,male,law2 —t—
Subtotal (l-squared =58.9%, p =0.013) (>

. |
females :
Spain, First post-law year, female 'YI'
Spain, Second post-law year, female +:
Massachusetts, female -+
Girona, Spain.female —_—

Irish,>35,female
Flanders, Belgium,<60,famale,law1
Flanders, Belgium,>60,famale,law1

%
RR (95% Cl)  Weight

0.90 (0.88, 0.93)11.39
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[32, 39]. The results of the sensitivity analysis showed that
smoke-free legislation resulted in larger effects on AMI
mortality rate within the female group [14, 20] and the
younger people group (aged less than 65) [14, 17, 32]. One
plausible explanation is that prohibiting smoking in the
workplace could reduce the smoking prevalence in work
areas among young working populations [37]. In addition,
the older people are less likely to go to bars and similar
venues, which could lead to smaller relatives risks associ-
ated with secondhand smoke exposure in this age group
people [23]. 35% of females and 33% of males were
exposed to secondhand smoke [40], but the smoking
prevalence among females was relatively lower compared
to that among males. Therefore, after implementing
smoke-free legislation, more females would be protected
from secondhand smoke exposure, which would lead to
fewer women dying of AML

Other smoking control measures after smoke-free le-
gislation also influence the AMI mortality rate. Thach
found that in Hong Kong, the increase in the tobacco
tax strengthened the effectiveness of smoke-free legisla-
tion [23]. McAlister also estimated that the influence of
raising the tobacco tax would be reflected in the smok-
ing prevalence [24].

In this study, several limitations should be noted. First,
we analyzed the change in the AMI mortality rate before
and after implementing smoke-free legislation, but the
causal relationship between them could not be explored.
It was not possible to find a location that was identical
and that did not have smoke-free legislation to include
as a control group when we assessed the effects of
smoke-free legislation on the AMI mortality rate. The
data included in this study were all extracted from time
series data to evaluate the potential effect of smoke-free
legislation.

Second, during subgroup analysis, the comprehen-
siveness of the smoke-free legislation was entered
into the model as an ordinal variable (0 for work-
places only; 1 for workplaces, restaurants and bars)
to test whether comprehensive laws were more bene-
ficial to the considerable decline in the AMI mortal-
ity rate. Hence, the expected decrease in risk per 1%
or per 1l-standard deviation (SD) decrease in the
AMI mortality rate, in the meta-analysis, could not
be calculated.

Third, studies included in this meta-analysis did not
account for the nonlinear trend in the AMI mortality
rate, which might be concern in our estimates. The non-
linear secular trend could be explained by the concomi-
tant effect of other time-varying factors [41], only 2
studies compared models with different specifications of
secular trend and showed that the estimated effect was
attenuated under the condition of nonlinearity in the
secular trend of declining AMI [22, 41] .
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Fourth, inaccuracies might have existed due to the lack
of control for other confounding factors. Some studies
included in this meta-analysis only considered individual
factors, such as sex and age, and few studies have con-
sidered air quality. However, other studies have docu-
mented that environmental factors such as air
temperature, air pressure, and air quality were related to
AMI mortality rates [42—44]. Furthermore, technological
advances in medicine [45] and increases in tobacco taxes
and prices would also influence the AMI mortality rate
[46]. In this meta-analysis, 2 studies did not consider
confounding factors [16, 24].

Despite the methodological limitations of the individ-
ual studies included, the present study still provided evi-
dence-based assessments of the effect of smoke-free
legislation on AMI mortality rates around the world.
These results may provide evidence for promoting
smoke-free legislation in areas that allow indoor and
outdoor smoking.

Conclusion

This study provided evidence that a larger decline in the
AMI mortality rate was found after smoke-free legisla-
tion. Comprehensive laws ending smoking in work-
places, restaurants, and bars, assessment at the regional
level, a study location in Europe, the lack of established
policies prior to the legislation, and smaller sample sizes
were associated with greater effects. However, there was
no difference in the effect of smoke-free legislation on
AMI mortality rates in between the longer follow-up
duration and shorter. Countries should be strongly en-
couraged to introduce more comprehensive smoke-free
legislation applies to both public areas and workplaces.
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