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Abstract
Background Tobacco exposure (TE) is the major contributor of CVD mortality, but few published studies
on CVD mortality attributable to TE analyzed the possible reasons underlying the long-term trends in
China. Methods The mortality data in China, Japan, USA and World were obtained from GBD 2017. The
joinpoint regression was used to assess the magnitude and direction of trends over time for CVD
mortality, and the age-period-cohort method was used to analyze the temporal trends of CVD mortality by
age, period, and cohort. Results There was a signi�cant downward trend in age-standardized mortality
rate (ASMR) of CVD attributable to smoking in four regions, but China has the smallest decline and the
ASMR in China rose to the �rst rank in 2017. All the net drifts per year in four regions were negative, and
the local drifts were below zero. The longitudinal age curves of the CVD mortality attributable to smoking
increased in four regions and China had the largest increase. The period/cohort RRs indicated a decline,
and China has the smallest decline. We further analyzed the trend of IHD and stroke, and found the
morality, period/cohort RR of IHD in China was always in high level. Conclusions CVD mortality
attributable to TE had declined in four regions, and it was at a high level in China. The proportion of IHD
mortality attributable to TE had been similar to stroke, which had signi�cantly changed the traditional
cognition of CVD composition, and the control measure was not enough for IHD in China.

Introduction
Accompanying economic development and urbanization, the patterns of disease has shifted from
infectious diseases to noncommunicable diseases. As one of noncommunicable diseases,
cardiovascular disease (CVD) is the leading cause of premature morbidity and mortality in the world. In
2017, the estimated 17.8 million people died of CVD, which was the cause of 30% of deaths all over the
world[1]. In China, CVD mortality had increased from 187.58 per 100,000 in 1990 to 309.95 per 100,000 in
2017, and the burden of CVD was also very high, the estimated number of CVD death had almost
doubled, from 2.25 million in 1990 to 4.38 million in 2017[2]. In the world, China has the highest burden
of CVD, China is facing enormous challenges in tackling the burden of CVD [3].

Tobacco exposure (TE) mainly included active smoking and secondhand smoke (SHS). In the world,
nearly 7 million people died from TE, including approximately 6 million among tobacco users and an
estimated 890,000 among nonsmokers exposed to SHS [4]. Long-term smokers lost at least 10 years of
life on average. In the world, over 22000 people die from TE every day (one person dies every 4 seconds).
Smoking is a widely recognized risk factor for premature morbidity and mortality, and adequate
monitoring of smoking levels and trends throughout the world has been challenging. Nearly two-thirds of
smokers in the world were mainly in ten countries, and China accounted for about 30%. In 2017, active
smoking had become the �rst leading risk factor for DALYs and the second risk factor for death in China
[5].

TE caused CVD by atherosclerosis and thrombosis. The mechanism of smoking-induced atherosclerosis
and thrombosis was that oxidative stress mediated by cigarette smoke and/or endogenous oxygen free
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radicals, multiple thrombosis-promoting and anti-�brinolysis effects, lead to intravascular thrombosis
and trigger acute cardiovascular events[6-8]. Eventually, TE can lead to plaque and blood clots, restrict
blood �ow, and lead to heart attack and stroke. Stroke, like heart disease, has a high risk of death, and
survivors of stroke may experience disastrous disabling conditions, such as paralysis or loss of vision or
speech [9-11]. Several epidemiological studies concluded that smoking is a major cause of CVD and
causes one of every four deaths from CVD[12]. SHS also can cause CVD, including heart attack and
stroke. Nonsmokers who breathe SHS at home or at work increase their risk of developing heart disease
by 25–30%. SHS increases the risk for stroke by 20−30%[13]. The World Health Organization (WHO)
considered that TE was the totally avoidable risk factor of CVD[14]. The probability of TE varied by
different age and gender, and the different regions had different tobacco control strategies, so the disease
burden attributable to TE varied among age, sex and regions[15].

Although previous studies had analyzed the disease caused by tobacco exposure, there was a lack of
analysis on the impact of traditional factors (such as age, period and birth cohort), previous studies could
not �nd a good way to reduce the harm of tobacco exposure [16, 17]. In our study, we wanted to �nd the
possible reasons underlying the long-term trends and the differences between age-groups, and compared
CVD mortality attributable to TE in China, Japan, United States (USA) and the world during the period
between 1990 and 2017. The world represents the average level, USA is one of the earliest countries to
implement tobacco control measures, and Japan is our neighboring country, similar race and harm of
smoking to the population. Compared to the above three regions, we hoped to �nd out the gap and
direction of reducing CVD mortality attributable to TE in China.

Methods
Data Source

Data are available at the GBD Data Tool repository and can be accessed at
http://ghdx.healthdata.org/gbd-results-tool. To analyze the status on CVD mortality attributable to TE in
China, we extract the relevant data on CVD mortality, and compared to Japan, USA and the world. In 2017,
ischemic heart disease (IHD) and stroke were top two in mortality rate of all the causes of death in
China[2], so we not only analyzed the changes of CVD attributable to TE by the temporal trend and Age-
Period-Cohort methods, but also analyzed the changes of IHD and stroke, in order to re�ect the impact of
TE on CVD systematically and comprehensively. CVD, IHD and stroke were diagnosed and de�ned based
on the WHO clinical criteria and ICD 9.

Statistical Analysis

(See Statistical Analysis in the Supplementary Files)

Results
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(1) The temporal trend in the age-standardized mortality rate (ASMR) of CVD (including IHD and stroke)
attributable to TE from 1990 to 2017

Smoking: For both sexes, the ASMR of CVD attributable to smoking in China, Japan, USA and world
signi�cantly decreased by 0.4% (95%CI: 0.0%-0.7%), 4.0% (95%CI: 3.7%-4.3%), 4.9% (95%CI: 4.7%-5.1%)
and 2.1% (95%CI: 1.8%-2.4%) per year, respectively (Figure 1). The ASMR of IHD attributable to smoking in
Japan, USA and world signi�cantly decreased by 4.2% (95%CI: 3.9%-4.5%), 5.1% (95%CI: 4.9%-5.3%) and
2.2% (95%CI: 2.0%-2.4%) per year, but increased by 0.6% (95%CI: 0.1%-1.0%) in China (Figure S1); There
were signi�cant downward trends in the ASMR of stroke attributable to smoking in China, Japan, USA
and world. Though China was not the �rst rank in 1990, China was the �rst rank in 2017 (Figure S2). The
change of CVD, IHD and stroke attributable to smoking in male and female was similar to those in both
sexes in each region. The above detailed results were shown in table 1.

Table 1. The temporal trend in mortality rate of CVD, IHD and stroke attributable to smoking in China,
Japan, USA and the world from 1990 to 2017.

Figure 1. The ASMR of CVD attributable to smoking in China, Japan, USA and the world from 1990 to
2017.

Figure S1. The ASMR of IHD attributable to smoking in China, Japan, USA and the world from 1990 to
2017.

Figure S2. The ASMR of stroke attributable to smoking in China, Japan, USA and the world from 1990 to
2017.

Secondhand smoke: For both sexes, the ASMR of CVD attributable to SHS in China, Japan, USA and the
world signi�cantly decreased by 1.2% (95%CI: 0.7%-1.7%), 3.8% (95%CI: 3.5%-4.1%), 3.9% (95%CI:
3.6%-4.2%) and 1.8% (95%CI: 1.5%-2.0%) per year, respectively (Figure S3). The ASMR of IHD attributable
to SHS in Japan, USA and world signi�cantly decreased by 3.8% (95%CI: 3.5%-4.0%), 4.1% (95%CI:
3.8%-4.4%) and 1.6% (95%CI: 1.3%-1.9%) per year, but there was no signi�cant trend change in China
(Figure S4); There were signi�cant downward trends in the ASMR of stroke attributable to SHS in China,
Japan, USA and world  (Figure S5). The change of CVD, IHD and stroke attributable to SHS in male and
female was similar to those in both sexes in each region. The above detailed results were shown in table
S1.

Table S1. The temporal trend in mortality rate of CVD, IHD and stroke attributable to SHS in China, Japan,
USA and the world from 1990 to 2017.

Figure S3. The ASMR of CVD attributable to secondhand smoke in China, Japan, USA and the world from
1990 to 2017.

Figure S4. The ASMR of IHD attributable to secondhand smoke in China, Japan, USA and the world from
1990 to 2017.
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Figure S5. The ASMR of stroke attributable to secondhand smoke in China, Japan, USA and the world
from 1990 to 2017.

(2) The APC analysis in the mortality rate of CVD (including IHD and stroke) attributable to TE from 1990
to 2017

Smoking: For both sexes, in the same birth cohort, the mortality rate of CVD attributable to smoking
rapidly increased 7.38 (95%CI: 6.34, 8.58) per 100,000 in age group 30-34 to 360.15 (95%CI: 338.97,
382.67) per 100,000 in age group 75-79 in China. The similar changes could be observed in Japan, USA
and the world (Figure 2A). The mortality rate of IHD and stroke attributable to smoking also increased
from age group 30-34 to age group 75-79 (Figure S6A and Figure S7A). All the period RRs of CVD and
stroke showed a decreasing trend from 1990 to 2017 in four regions (Figure 2B and Figure S7B). The
period RRs of IHD in Japan, USA and the world also showed a downward trend from 1990 to 2017. In
China, the period RRs of IHD showed a downward trend, and then showed an upward trend (Figure S6B).
All the cohort RRs of CVD and stroke showed a decreasing trend in four regions (Figure 2C and Figure
S7C). The cohort RRs of IHD in Japan, USA and the world also showed a downward trend from 1990 to
2017, but the cohort RRs of IHD showed an upward trend, and then showed a downward trend (Figure
S6C). The effects of age, period and cohort on CVD, IHD and stroke attributable to smoking in male and
female were similar to those in both sexes in each region.

For CVD, the overall net drifts per year in China, Japan, USA and the world were below zero. For IHD, the
overall net drifts per year in Japan, USA and the world were below zero, and 0.01% (95%CI: -0.22%, 0.23%)
in China. For stroke, the overall net drifts per year in China, Japan, USA and the world were below zero. All
the local drift values increased by age groups in China, decreased in Japan and USA, and �uctuated in
the world (Figure S8). The change of CVD, IHD and stroke in male and female was similar to those in both
sexes in each region. The above detailed results were shown in table 2.

Table 2. The net drift value of the mortality rate of CVD, IHD and stroke attributable to smoking.

Figure 2. The APC results of CVD attributable to smoking in China, Japan, USA and the world from 1990
to 2017.

Figure S6. The APC results of IHD attributable to smoking in China, Japan, USA and the world from 1990
to 2017.

Figure S7. The APC results of stroke attributable to smoking in China, Japan, USA and the world from
1990 to 2017.

Figure S8. The local drift with net drift values of the mortality rate of CVD, IHD and stroke attributable to
smoking.

Secondhand smoke: All the results were similar to those of smoking for each disease in each region. The
above detailed results were shown in table S2.
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Table S2. The net drift value of the mortality rate of CVD, IHD and stroke attributable to secondhand
smoke.

Figure S9. The APC results of CVD attributable to secondhand smoke in China, Japan, USA and the world
from 1990 to 2017.

Figure S10. The APC results of IHD attributable to secondhand smoke in China, Japan, USA and the world
from 1990 to 2017.

Figure S11. The APC results of stroke attributable to secondhand smoke in China, Japan, USA and the
world from 1990 to 2017.

Figure S12. The local drift with net drift values of the mortality rate of CVD, IHD and stroke attributable to
secondhand smoke.

Discussion
One in three deaths is attributed to CVD in the world, and TE is the major contributor, causing
approximately 3 million cardiovascular deaths every year in the world [18]. In 2019, WHO reported
estimates of the smoking prevalence for all countries on the global tobacco epidemic [19]. From the
report, we found that compared with other three regions, the smoking prevalence in China had been at
highest level, and the decline of smoking prevalence in China was the smallest, the exposure of second-
hand smoke would also be at a high level. Due to the possibility of TE, sex was one of important
demographic risk factor for CVD [20]. In our results, we found that the mortality rates of CVD, IHD and
stroke attributable to smoking in male were similar to those in both sexes, and the mortality rates of CVD,
IHD and stroke attributable to SHS in female were similar to those in both sexes. It suggested that male
were the main victims of smoking, while women were the main victims of SHS.

Our results showed that there was a signi�cant downward trend in ASMRs of CVD attributable to
smoking from 1990 to 2017 in four regions. Compared to the world, the ASMRs of CVD, IHD and stroke
attributable to smoking had the bigger decline in USA and Japan and the smallest decline in China from
1990 to 2017. We found that the ASMRs of CVD and IHD attributable to smoking rose to the �rst rank by
2017, and the ASMR of stroke remained the �rst rank from 1990 to 2017. All the ASMRs of CVD, IHD and
stroke attributable to smoking in China were higher than those in the world, and the ASMRs of CVD, IHD
and stroke attributable to smoking in Japan and USA were lower than those in the world. In SHS, from
1990 to 2017, the ratio of SHS to smoking in the ASMR of CVD ranged from 1/4 to 1/3 in China.
Compared with other three regions, the ratio of China was highest, SHS exposure caused a serious burden
of CVD in China. A study on SHS found that an almost 40% increase in mortality risk among non-
smoking women whose husbands smoked, and the incidence of heart disease increased [18]. A national
population-based case-control study found that SHS could increase the risk of death by 10% for all
strokes by adjustment for related variables [19]. In 2017, we also found all the ASMRs of CVD, IHD and
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stroke attributable to SHS in China were higher than those in the world, and the results in Japan and USA
were reverse.

In 2017, we found all the ASMRs of CVD, IHD and stroke attributable to TE in China rose to the �rst rank. It
might be caused by the start time of the implementation of tobacco control measures. Tobacco control is
a global health priority for non-communicable diseases. Compared to the world in tobacco control, the
start time of tobacco control in USA and Japan were earlier, while the start time of tobacco control in
China was later[19]. The WHO Framework Convention on Tobacco Control (FCTC) formalized global
commitment by 180 countries, and began to implement in 2005[21]. The United States Congress had
passed the Federal Cigarette Labeling and Advertising Act and the Cigarette Act in 1965 and 1969,
respectively. The Family Smoking Prevention and Tobacco Control Act, which passed in 2007, was stricter
than FCTC[22]. In Japan, the start time of tobacco control was not early in developed countries. In 1978,
the non-governmental movement of tobacco control was launched. In 1985, the tobacco monopoly
system was reformed[22]. In 2010, the cigarette tax raised by a large extent. China signed FCTC, which
came into operation in 2006. China carried out restrictions on the packaging, advertising and ingredients
of tobacco products, for example one cigarette with 15mg tar would be regarded as unquali�ed products
and not allowed to enter the cigarette market[23].

In APC analysis, the longitudinal age curve re�ects the impact of age on the mortality rate of disease. In
our study, the longitudinal age curves of the mortality rate of CVD, IHD and stroke attributable to smoking
increased by age in China, Japan, USA and the world, and China had the largest increasing extent. Before
age 60, the morality rates of CVD, IHD and stroke attributable to smoking were at lower levels and the
slight difference in four regions, and after 60, the difference had become wider. In each age group, the
morality rates of CVD, IHD and stroke attributable to smoking in Japan were at the lowest level. The
similar results were also found in the mortality rate of CVD, IHD and stroke attributable to SHS. Age is an
important factor of CVD, our results might be mainly caused by two reasons: On the one hand, long-term
TE led to vascular damage; on the other hand, physical resistance declined with age [24]. By aging in
China, it suggested that the elderly should be listed as the key persons in the prevention and treatment of
CVD in China in the future, the basic public health services should be optimized for them, and the
screening and management of the elderly should be done well.

In four regions, the period RRs indicated a down trend in the mortality rate of CVD attributable to smoking
from 1990 to 2017. Similarly, the cohort RRs also indicated a down trend in CVD mortality from 1910
birth to 1990 birth. China has the smallest decline in the cohort and period RRs, and the cohort and period
RRs in female had more quickly declining trends than that in male. The changes of the period and cohort
RRs in stroke were similar to CVD, while that in IHD were a little different from CVD. When the period and
cohort RRs indicated a down trend in USA, Japan and the world, the trends of the period and cohort RRs
in China �uctuated. In four regions, all the net drifts were signi�cant and below zero, except the net drift
of IHD in China. All the results of SHS were similar to those of smoking, and all the results of male and
female were also similar to those of both sexes. Compared to USA, there were signi�cant differences in
the morality pattern of CVD in China, the proportion of stroke was higher, and the proportion of IHD was
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lower, the morality pattern of CVD in China was similar to Japan[25]. We could also see the similar
pattern from Tables S3 and S4. In China, because medical conditions had been improved, public health
funding had been increased, and China's early diagnosis and treatment in noncommunicable diseases,
such as CVD and cancer had been well implemented, so the occurrence and death of CVD had been under
the effective control. In particular, there had been a signi�cant improvement in stroke mortality, It might be
due to the larger proportion of CVD is stroke in China, stroke was paid more attention. But our results
re�ected the downtrend in mortality rate of IHD was not obvious. Through comparison, we found that the
mortality rate of IHD decreased in Japan, which is similar to CVD composition in China; the mortality rate
of IHD also decreased in USA, where IHD was the main component of CVD. Based on the actual situation
of country, China should learn from these two countries to explore appropriate measures of CVD and
tobacco control.

There were some limitations in our study. First, GBD 2017 had undergone many modi�cations and
adjustment for data source, collation, and evaluation methods to to ful�l missing data and improve data
quality and comparability, but it is still di�cult to avoid bias. Therefore, the integrity and accuracy of the
data in our study would be affected. Compared to the pool analysis on secondary data, we preferred to
analyze more raw data, which came from GBD 2017. Second, APC model only regarded population as the
unit of observation and analysis, which might lead to ecological fallacy. Therefore, the results of this
study need to be further con�rmed in the future research. Third, we only estimated the effects of age,
period, and cohort on CVD mortality data attributable to tobacco exposure, and made no further analysis
on other risk factors.

Consequently, in China, with economic development and social progress, people had a certain level of
understanding of the dangers of TE, resulting in lower smoking prevalence, and lower exposure to SHS in
public areas, lead to decline in the mortality rate of CVD attributable to TE. Compared to Japan, USA and
the world, we found the mortality rate of CVD in older people was higher, and IHD was not well control.
Therefore, China should strengthen tobacco control measures in two aspects to achieve the goal of
reducing the burden of CVD in the next few years.

List Of Abbreviations
Cardiovascular Disease: CVD

Secondhand smoke: SHS

World Health Organization: WHO

Ischemic heart disease: IHD

Average annual percentage change: AAPC

The age–period–cohort: APC



Page 9/16

Age-standardized mortality rate: ASMR
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    China   Japan   USA   World  

    AAPC (%) 95%CI (%) AAPC (%) 95%CI (%) AAPC (%) 95%CI (%) AAPC (%) 95%CI (%)

CVD both sexes -0.4* (-0.7,0.0) -4.0* (-4.3,-3.7) -4.9* (-5.1,-4.7) -2.1* (-2.4,-1.8)

  male -0.3 (-0.6,0.0) -3.9* (-4.4,-3.5) -4.9* (-5.1,-4.7) -1.8* (-2.2,-1.5)

  female -1.1* (-1.4,-0.7) -5.1* (-5.4,-4.8) -5.0* (-5.2,-4.8) -3.5* (-3.6,-3.4)

IHD both sexes 0.6* (0.1,1.0) -4.2* (-4.5,-3.9) -5.1* (-5.3,-4.9) -2.2* (-2.4,-2.0)

  male 0.7* (0.3,1.0) -4.1* (-4.5,-3.7) -5.1* (-5.3,-4.9) -1.9* (-2.2,-1.7)

  female 0.2 (-0.4,0.8) -5.4* (-5.8,-5.1) -5.2* (-5.4,-5.0) -3.6* (-3.7,-3.4)

stroke both sexes -1.2* (-1.4,0.9) -4.5* (-4.7,-4.2) -4.3* (-4.6,-4.1) -2.0* (-2.2,-1.8)

  male -1.0* (-1.2,-0.8) -4.5* (-4.9,-4.1) -4.1* (-4.3,-3.9) -1.7* (-1.9,-1.5)

  female -2.3* (-2.9,-1.8) -5.4* (-5.8,-5.0) -4.7* (-4.9,-4.4) -3.5* (-3.6,-3.3)

*: statistically significant (p<0.05); AAPC: average annual percent change.

 

 
 
Table 2 The net drift value of the mortality rate of CVD, IHD and stroke attributable to smoking

    China Japan United States Global

    Net Drift
(%/year)

95%CI Net Drift
(%/year)

95%CI Net Drift
(%/year)

95%CI Net Drift
(%/year)

95%CI

CVD both
sexes

-1.049 (-0.837,-1.26) -2.983 (-2.855,-3.11) -4.341 (-4.25,-4.433) -2.126 (-2.085,-2.167)

  male -0.847 (-0.624,-1.071) -2.895 (-2.8,-2.989) -4.359 (-4.256,-4.462) -1.845 (-1.803,-1.888)

  female -2.507 (-1.817,-3.192) -3.774 (-3.458,-4.089) -4.379 (-4.259,-4.499) -3.593 (-3.488,-3.698)

IHD both
sexes

0.005 (0.234,-0.224) -2.982 (-2.835,-3.128) -4.472 (-4.369,-4.576) -2.100 (-2.058,-2.143)

  male 0.198 (0.434,-0.037) -2.890 (-2.771,-3.008) -4.564 (-4.451,-4.676) -1.838 (-1.798,-1.878)

  female -1.323 (-0.709,-1.932) -3.799 (-3.447,-4.149) -4.319 (-4.173,-4.465) -3.420 (-3.315,-3.526)

stroke both
sexes

-1.904 (-1.688,-2.12) -3.665 (-3.521,-3.809) -4.100 (-3.996,-4.203) -2.236 (-2.165,-2.307)

  male -1.684 (-1.45,-1.917) -3.594 (-3.445,-3.744) -3.631 (-3.492,-3.771) -1.901 (-1.823,-1.979)

  female -3.618 (-2.834,-4.395) -4.327 (-4.007,-4.646) -4.688 (-4.533,-4.842) -4.024 (-3.88,-4.167)
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Table S4. The percent of IHD and stroke in CVD attributable to secondhand smoke in China, Japan, USA
and the world from 1990 to 2017.
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Figure 1

The ASMR of CVD attributable to smoking in China, Japan, USA and the world from 1990 to 2017.
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Figure 2

The APC results of CVD attributable to smoking in China, Japan, USA and the world from 1990 to 2017.
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