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A b s t r a c t

Introduction: Smoking increases the risk of various cardiovascular diseas-
es, including ischemic heart disease (IHD). This study aimed to assess the 
impact of age, period, and cohort on long-term trends in IHD mortality in 
China, India, Indonesia, the United States, and Russia, the five countries 
with the highest number of smokers, from 1990 to 2019. 
Material and methods: The data were obtained from the Global Burden of 
Disease (GBD) Study 2019, and the age-standardized mortality rate (ASMR) 
was calculated. Joinpoint regression analysis was used to assess the mag-
nitude and direction of trends in smoking-attributable mortality from IHD. 
Age-period-cohort (APC) studies were used to estimate net drift (estimated 
annual percentage change (EAPC)s), local drift (age-specific EAPCs), and in-
dependent trends in age, period, and cohort effects. 
Results: The analysis revealed a significant downward trend in ASMRs attrib-
utable to IHD as a result of smoking in the United States, India, and Russia. 
Indonesia and China showed an upward trend. Age effects were increasing 
for both country and sex, with China showing the most significant increase 
in the older age group; period effects were decreasing in all countries except 
Indonesia, and cohort effects were increasing only in Indonesia and China.
Conclusions: From 1990 to 2019, mortality from IHD caused by smoking 
showed a downward trend in these five countries. However, the pattern of 
increased mortality from IHD in women caused by smoking warrants further 
study.

Key words: ischemic heart disease, smoking, joinpoint regression model, 
age-period-cohort analysis.

Introduction

Non-communicable diseases (NCDs) have become the leading cause 
of death and disability worldwide, and cardiovascular disease (CVD) is 
the leading cause of the burden of NCDs [1]. Among CVDs, ischemic heart 
disease (IHD) is the most common and a major threat to sustainable de-
velopment in the 21st century [2, 3]. Population growth and aging have 
led to an increased global burden of IHD [4]. In 2010, the international 
number of people with IHD was 7 million, a 35% increase since 1990 [5]. 
By 2019, the total number of deaths due to IHD had reached 9.14 mil-
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lion globally, accounting for 49.2% of CVD-related 
deaths [6]. 

Smoking is the most harmful form of tobacco 
use [7]. At the same time, smoking is widely recog-
nized as a risk for premature morbidity and mor-
tality, and it has been challenging to adequately 
detect levels and trends in smoking worldwide [8]. 
In 2019, there were 1.14 billion current smokers 
globally. The ten countries with the highest num-
ber of smokers (accounting for nearly two-thirds 
of the global smoking population) were China, In-
dia, Indonesia, the United States, Russia, Bangla-
desh, Japan, Turkey, Vietnam, and the Philippines 
[9]. Smoking can lead to 36 health consequences, 
and IHD is the health consequence of smoking 
that killed the most men and women in 2019 [10].

As the top 5 countries with the highest number 
of smokers globally, China, India, Indonesia, the 
United States, and Russia face a higher burden of 
smoking-induced IHD. However, existing research 
has focused on a macroscopic perspective or com-
parison with other countries with similar charac-
teristics, without specifically analyzing the trends 
and characteristics of ischemic heart disease mor-
tality in high-smoking countries [11–16]. None of 
the existing studies of IHD mortality due to smok-
ing considered cumulative health risks since birth. 
None of them comprehensively analyzed the pos-
sible reasons behind long-term trends. 

Our study utilized data from the Global Burden 
of Disease (GBD) study 2019 (GBD 2019) to ad-
dress this knowledge gap, employing a  joinpoint 
regression model and age-period-cohort (APC) 
analysis. We examined the impact of age, period, 
and cohort effects on smoking-attributable IHD 
mortality in the five countries with the highest 
number of smokers from 1990 to 2019: China, In-
dia, Indonesia, the United States, and Russia. Our 
analysis also allowed us to quantify the individual 
effects of age, period, and birth cohort. By exam-
ining the trends in smoking-induced IHD mortali-
ty in these five countries, it is possible to predict 
the future development of trends under different 
conditions more accurately. The findings of this re-
search will aid governments in devising targeted 
strategies to mitigate the burden of preventable 
smoking-attributable IHD deaths.

Material and methods

Data sources

The data used in this study are from GBD 2019. 
The GBD 2019 database provides information on 
deaths and health losses due to 369 diseases, in-
juries, and defects and 87 risk factors in 204 coun-
tries and territories around the globe from 1990 
to 2019 [17]. GBD 2019 used population data 
from the 2012 World Population Prospects Revi-

sion (WPPR) for standardization, and the use of 
age-standardized rates (ASRs) and their 95% un-
certainty intervals (UIs) eliminated the effects of 
variable age distributions across populations and 
periods, ensuring comparability [18]. Age-stan-
dardized rates have been shown to be relatively 
stable over a given period [19].

Definition of smoking

According to the GBD 2019 Risk Factors Collab-
orators, to calculate the burden of disease attrib-
utable to risk factors, GBD 2019 uses a rule-based 
synthesis of evidence to provide comparable risk 
quantification over time and across populations. 
Cigarette smoking was defined as current or pri-
or use of tobacco products, excluding e-cigarettes 
and vaporizers. Exposure was estimated using 
two continuous indicators for current smokers: 
the number of cigarettes smoked daily and the 
cumulative number of cigarettes smoked yearly. 
For those who had quit smoking, exposure was 
estimated based on the number of years since 
quitting smoking [10]. 

Statistical analysis

Joinpoint regression analysis

Determining changes in secular trends is criti-
cal to analyzing disease mortality data, and join-
point regression analysis describes continuous 
changes in the slope of the overall mortality trend 
through permutation analysis [20]. Joinpoint re-
gression analysis has been used extensively in 
previous studies of trends in cardiovascular dis-
ease [21]. In our study, using Joinpoint software 
(version 4.9.1.0) to calculate average percent 
changes (APCs), average annual percent changes 
(AAPCs), and the corresponding 95% confidence 
intervals (CIs) for disease-specific mortality rates, 
it was possible to analyze the magnitude and di-
rection of difference in IHD mortality attributable 
to smoking over a 30-year period [22]. All analyses 
were performed with p < 0.05 as the level of sta-
tistical significance.

Age-period-cohort analysis

The age-period-cohort model was developed 
based on the Poisson distribution to simultane-
ously estimate the net effect of age, period, and 
cohort on the trend of IHD deaths [20]. APC analy-
ses to isolate and statistically estimate the differ-
ential effects of age, period, and cohort have been 
widely used to explore social change, disease eti-
ology, aging, and demographic processes and dy-
namics [23]. The longitudinal age curve represents 
the age relative risk versus a reference age group 
in a  reference cohort adjusted for period varia-
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tions. The period (or cohort) rate ratios (RR) indi-
cate the cohort (or period) relative risk adjusted 
for age and nonlinear period (or cohort) effects in 
a cohort (or period) versus the reference one [14].

For APC analyses, to avoid overlapping messages 
in neighboring queues, mortality, and demograph-
ic data were categorized into consecutive 5-year 
age groups, consecutive 5-year periods from 1990 
to 2019, and associated consecutive 5-year birth 
cohorts. The reference groups for all APC analyses 
were the center age group, period, and birth cohort. 
Because smoking-attributable deaths in those aged 
< 30 years were rare in GBD 2019, and individuals 
> 80 years were recorded as only one group in the 
GBD database, they were not considered in the APC 
model. We used the R-based web tool supported 
by the Division of Cancer Epidemiology and Ge-
netics at the US National Cancer Institute (http://
analysistools.nci.nih.gov/apc/) to conduct the APC 
analysis. To a certain extent, the reduction of con-
founding factors and biases has been achieved. For 
the existing limitations of the classic APC model, it 
is anticipated that more rigorous methods will be 
employed to address them. The Wald c2 test was 
used to test the significance of the estimable func-
tion. A two-sided p-value of less than 0.05 was con-
sidered significant.

Results

Trends in ASMRs of IHD attributable  
to smoking

We found an overall downward trend in mor-
tality attributable to smoking globally over more 
than 30 years, with mortality rates declining from 
58.19/100,000 and 16.89/100,000 in 1990 to 
35.47/100,000 and 7.41/100,000 in 2019 for both 
men and women, representing average annual 
declines of 1.7% and 2.8%, respectively. ASMR for 
IHD due to smoking declined significantly by 1.1% 
(95% CI: –1.5%, –0.8%) and 3.5% (95% CI: –3.7%, 
–3.3%) per year in India and the United States, re-
spectively, with both their male and female mor-
tality due to smoking showing a consistent down-

ward trend. However, significant increases were 
observed in both China and Indonesia, with sub-
stantial increases of 0.4% (95% CI: 0.2%, 0.5%) 
and 0.8% (95% CI: 0.7%, 0.9%), respectively, and 
in China, it is noteworthy that the proportionate 
increase in the number of smoking deaths among 
females exceeded that of males even. The change 
in the number of deaths from IHD attributable to 
smoking in Russia was insignificant. IHD attribut-
able to smoking declined by 0.5% (95% CI: –1.3%, 
1.2%) per year in Russian men but maintained an 
increasing rate of 0.6% per year in women.

Using data on age-standardized rates of GBD in 
China, India, Indonesia, the United States, Russia, 
and globally from 1990–2019, the results of the 
joinpoint regression analyses are shown explicitly 
in Table I  and Figure 1. Only China and Indone-
sia had AAPCs greater than 0, at 0.5% (95% CI:  
0.0%, 1.1%) and 0.8% (95% CI: 0.6%, 1.0%), 
while India, the United States, and Russia had 
AAPCs of less than 0, at –0.8% (95% CI: –1.1%, 
0.4%), –3.6% (95% CI: –3.8%. –3.4%) and –0.4% 
(95% CI: –1.4%, 0.6%). Age-standardized mor-
tality rates for IHD attributable to smoking in 
China, Indonesia, and Russia all showed an in-
creasing and then decreasing trend. In contrast, 
India and the United States both showed con-
tinuing decreasing trends. China had an annual 
decrease in age-standardized mortality from IHD 
due to smoking of 0.8% (95% CI: –1.3%, –0.3%) in 
2005–2019, and close to this in this period were 
India, which had an APC of –0.5% in 2004–2019  
(95% CI: –0.8%, –0.3%) and Russia 2005–2019 
with an APC of –3.4% (95% CI: –4.1%, –2.7%), with 
Indonesia and the U.S. closer in the last period, In-
donesia for 2010–2019 having an APC of –0.2% 
(95% CI:–0.6%, –0.2%) and the U.S. for 2011–2019 
having an APC of –1.5% (95% CI:–2.0%, –1.0%).

APC analysis

Net drift represents the overall annual percent-
age change over the entire study period. Local 
drift represents the annual percentage change in 
mortality for each age group relative to net drift 

Table I. Joinpoint regression analysis of trends in mortality from ischemic heart disease due to smoking in China, 
India, Indonesia, the United States, Russia, and globally, 1990–2019

Parameter Total study 
period

Period 1 Period 2 Period 3

AAPC (95% CI) Years APC (95% CI) Years APC (95% CI) Years APC (95% CI)

China 0.5 (0.0, 1.1) 1990–1998 0.2 (–1.1, 1.6) 1998–2005 3.6 (2.0, 5.3)* 2005–2019 –0.8 (–1.3, –0.3)*

India –0.8 (–1.1, –0.4)* 1990–1998 –0.1 (–0.8, 0.6) 1998–2004 –2.2 (–3.5, –1.0)* 2004–2019 –0.5 (–0.8, –0.3)*

Indonesia 0.8 (0.6, 1.0)* 1990–1998 0.4 (–0.0, 0.9) 1998–2010 1.9 (1.6, 2.1)* 2010–2019 –0.2 (–0.6, 0.2)

USA –3.6 (–3.8, –3.4)* 1990–2002 –3.7 (–3.9, –3.5)* 2002–2011 –5.4 (–5.8, –5.0)* 2011–2019 –1.5 (–2.0, –1.0)*

Russia –0.4 (–1.4, 0.6) 1990–1993 9.5 (0.6, 19.2)* 1993–2005 0.8 (–0.1, 1.7) 2005–2019 –3.4 (–4.1, –2.7)*

Global –2.1 (–2.7, –1.5)* 1990–1993 –1.0 (–5.8, 4.1) 1993–2003 –2.1 (–3.0, –1.2)* 2003–2019 –2.3 (–2.8, –1.8)*

AAPC – average annual percentage change, APC – annual percentage change, CI – confidence interval. *P < 0.05 is a trend change.
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Figure 1. Trends in ischemic heart disease mortality in China (A), India (B), Indonesia (C), the United States (D), 
Russia (E) and globally (F), 1990–2019
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(Table II). Trends in net and local drift for the five 
countries and globally are shown in Figure 2. The 
Wald c2 test shows that the trends are all statis-
tically significant. Women showed more of an up-

ward trend in local drift compared to men. Spe-
cifically, both net and local drift were less than 0 
globally throughout the study period, with a net 
drift of –1.60 % (95% CI: –1.65%, –1.55%) for men 
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globally and –2.81% (95% CI: –2.90%, –2.72%) 
for women globally. Also with a net drift that was 
less than 0 was a net drift rate of –3.62% for men 
in the United States (95% CI: –3.74%, –3.49%), 
U.S. females with a net drift of –3.05% (95% CI: 
–3.19%, –2.90%), Russian males with a net drift 
of –1.42% (95% CI: –1.59%, –1.25%), Russian fe-
males with a net drift of 0.008% (95% CI: –0.28%, 
–0.27%), Indian males with a net drift of 0.27%), 
Indian male net drift rate of –0.87% (95% CI: 
–1.04%, –0.71%), and Indian females with a net 
drift rate of –1.25% (95% CI: –1.57%, –0.92). 
The net drift rate for Chinese males was 0.20%  
(95% CI: 0.04%, 0.35%), for Chinese females 
the net drift rate was –0.62% (95% CI: –0.96%, 
–0.28%), there was a  net drift rate of 0.63%  
(95% CI: 0.21%, 1.06%) for Indonesian males, and 
a net drift rate of 0.53% (95% CI: 0.31%, 0.75%) 
for Indonesian females. 

Estimates of age, period, and cohort effects 
on mortality from IHD due to smoking are given 
in Figure 3. As can be seen from the figure, IHD 
mortality due to smoking tends to increase with 
age in all countries. It is also evident from the val-
ues in the vertical scale that IHD mortality due to 
smoking is much higher in males than in females 
in all age groups. The increase was faster in older 
participants than younger participants, especially 
in the male population aged greater than or equal 
to 65 years (3-D). In contrast, this phenomenon in 
women occurs in the more youthful group older 
than or equal to 55 (3-G). For IHD mortality due 
to smoking, China had the lowest mortality rate 
in all ages in the interval less than 69 years, and 
over 69 years, the United States had the lowest. 
Russia had the highest risk of death at all ages, 
increasing most rapidly with age.

The period effect of smoking-related IHD mor-
tality has declined globally since 2004. Expressly, 
period-to-period IHD mortality due to smoking de-
clined globally in the United States, Russia, India, 
and men, while it increased in China and Indone-
sia. Although overall, only Indonesian, and Rus-
sian females showed increases, after 2014, only 
Indonesian females showed an increase, while 
females in the rest of the countries showed a sig-
nificant decrease.

The cohort effect on IHD mortality due to 
smoking showed a decreasing pattern in the Unit-
ed States, India, Russia, and globally, and an in-
creasing trend in Indonesia and China. The same 
trend was observed in both males and females. 
However, the cohort effect of smoking-caused 
IHD mortality among males in Indonesia showed 
a clear downward trend from 1955 to 1984 and 
an apparent and substantial increase after 1985. 
Globally, the cohort effect of smoking-related IHD 
mortality was higher for females than males (Fig-
ure 3).
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Discussion

This study explored the temporal trends in 
smoking-attributable IHD mortality in China, In-
dia, Indonesia, the United States, and Russia from 
1990 to 2019 with the help of joinpoint regression 
analysis and APC analysis. Against the backdrop of 
a worldwide decline in mortality from smoking-at-
tributable IHD, more than half of the five countries 
have experienced an upward trend, even among 
females in four countries, suggesting that actions 
taken by the five countries to combat smoking 
have been less than adequate and that there is 
room for improvement.

Age effects

The longitudinal age profile of IHD mortality 
due to smoking increased with age, especially in 
participants aged 65 years or older. The increase 
was much higher in Russia than in the other coun-
tries studied, with the highest mortality rates for 
all ages. Russia has one of the highest proportions 
of smokers among its inhabitants worldwide. Also, 

it has many passive smokers due to socially toler-
ant attitudes toward smoking [24]. China and In-
donesia also have high mortality rates, especially 
in the older age groups. China has the lowest mor-
tality rates until age 65 but shows a significant and 
sudden increase after age 65, with the most sig-
nificant increase occurring at ages greater than or 
equal to 75 years. This may be because the fertility 
peaks of the 1950s and 1970s exacerbated Chi-
na’s aging process [25]. The increase in IHD deaths 
attributable to smoking among people aged ≥ 65 
years in the United States and India, which are also 
populous countries and have the most significant 
number of elderly people, was smaller and lower 
than the global mortality rate, which may be relat-
ed to the initiatives of both countries to prohibit 
smoking in public places strictly. The results of the 
present study may be due to two reasons: firstly, 
long-term smoking behavior leads to cardiovascu-
lar damage, which increases the risk of IHD deaths, 
and secondly, the body’s resistance also decreases 
with age. Therefore, it is necessary to implement 
strict smoking control measures and encourage 

Figure 2. Local and Net drift in ischemic heart dis-
ease mortality rates (A), sex differences (male (B), 
female (C)) in China, India, The United States, Rus-
sia and globally, 1990–2019
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Figure 3. Parameter estimates of the effect of age, period, and cohort on mortality from smoking-indeuced isch-
emic heart disease (IHD) in China, India, Indonesia, the United States, and Russia, 1990 to 2019
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smoking cessation as early as possible. By reduc-
ing the proportion of smokers, the implementation 
of smoking bans in public places can significantly 
reduce the intake of secondhand smoke. Relevant 
studies have found that age is an important pre-
dictor of smoking cessation rates in Japan. The 
50–60 age group in Japan has the slowest decline 
in mortality rates due to smoking, while the mor-
tality rates of young and elderly people have de-
clined more rapidly. This is related to the changing 
health perceptions and smoking cessation behav-
iors among elderly people in Japan. According to 
the United Nations’ World Ageing 2019, greater 
emphasis should be placed on controlling smok-
ing, aiming to reduce premature deaths caused by 
non-communicable diseases by one-third through 
prevention and treatment [14].

Period effects

Our findings show that the period effect of 
mortality from IHD due to smoking declined over 

time, except in Indonesia. This phenomenon has 
been attributed to improvements in health care, 
health policy announcements, economic influenc-
es, increased life expectancy, and improvements 
in lifestyle and metabolic factor profiles among 
younger populations. The downward trend is most 
pronounced in the United States, partly due to 
its well-developed health care and somewhat be-
cause it has been fighting tobacco control for half 
a century since the White Paper on the Harmful Ef-
fects of Tobacco in 1964 [26]. The downward trend 
is more pronounced in India, where the Global 
Adult Tobacco Survey also found that tobacco 
consumption was relatively low in 2009–2010 and 
2016–2017. The type of residence and occupation 
mainly influenced the decline in tobacco con-
sumption. The expected inverse relationship be-
tween educational attainment and smoking was 
also found in existing studies; as the level of ed-
ucation increases, the level of smoking decreases, 
and the effect of education on smoking was more 
substantial in 2016–2017 than in 2009–2010. In-
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dia, meanwhile, was the first of the five countries 
to take effective tobacco control measures, except 
for the U.S. In addition to high penalties, India has 
made it mandatory to print 85 percent of graphic 
health warnings on all tobacco product packaging 
[27]. China’s period effect has shown an upward 
trend since 1990, probably due to the rapid eco-
nomic development that has changed people’s 
lifestyles. Still, there has also been a  significant 
decline following a  slight increase after 2009. 
2012 saw the release of China’s first authoritative 
report issued by the government that systemat-
ically described the health risks of smoking, the 
China Smoking Hazardous to Health Report, which 
the World Health Organization hailed as “an im-
portant milestone in the history of public health 
in China.” [28]. Russia has also seen significant 
declines, with the implementation of an effective 
tobacco control strategy since 2008 that has re-
sulted in a  steady, high-level decline in smoking 
prevalence among men and women with relatively 
high levels of education over several decades [29]. 
Indonesia is the only country with a significant up-
ward trend. It also has one of the highest smok-
ing prevalence rates in the world. Although the 
Indonesian government has implemented some 
tobacco control policies since 2007, there is less 
effective evidence of the positive impact of such 
policies. Instead, studies have found that cigarette 
consumption in Indonesia has increased differen-
tially among different socio-demographic groups 
[30]. In addition, we observed that the period ef-
fect is more pronounced for women than men. In 
particular, smoking prevalence among women in 
low- and middle-income countries is increasing 
alarmingly [31]. The increase in the number of 
female smokers is recognized as a global health 
challenge [32]. From a  global perspective, be-
tween 1990 and 2019, the prevalence of smoking 
among males aged 15 and above significantly de-
creased in 135 countries (33%), while for females, 
this decrease was observed in only 68 countries 
(33%) [10]. As attitudes change with the times, 
smoking is considered a sign of individuality and 
group identity [33, 34]. The number of women 
living alone is increasing and without the influ-
ence of family, their willingness to quit smoking 
is lower [35]. In addition, smoking reduces hunger, 
which makes more women continue to smoke to 
control their weight [36]. Also being in a social en-
vironment that is more susceptible to anxiety and 
depression is a barrier to quitting [37]. A study in 
China found that in 1990, the focus of female to-
bacco control was passive smoking, but in 2017, 
smoking and passive smoking became equally 
crucial for female tobacco control [38]. There is 
less research on risk factors for female-specific 
IHD, and related studies have found that passive 

smokers are more likely to develop IHD, so public 
health interventions and policy development tar-
geting the female population are necessary [39, 
40]. We have observed that with the improvement 
of living conditions, modern individuals are more 
focused on present feelings, overlooking the var-
ious serious health consequences that smoking 
may bring. The government should actively pro-
mote smoking ban policies; in addition to increas-
ing tax efforts and health promotion education, 
it should expand into more media, such as the 
Internet and the implementation of anti-smoking 
activities, to enhance people’s awareness of the 
harmful effects of smoking. A study conducted in 
South Korea revealed that individuals who were 
exposed to anti-smoking advertisements both 
online and offline were found to be more willing 
to quit smoking compared to those who had not 
attempted to quit [41].

Cohort effects

Cohort RRs reflect the impact of changes in 
socioeconomic status or risk factors on people 
born in different years. In our study, most coun-
tries reported a downward trend, suggesting a re-
duced risk of IHD deaths attributable to smok-
ing among younger generations. The downward 
trend was most pronounced in the United States, 
whereas China had an upward trend after 1975. 
In the 1915–1989 birth cohort, India’s cohort 
RRs declined significantly, while Russia’s cohort 
RRs maintained a  declining trend except for the 
1925–1945 cohort RRs, which rose or carried rel-
atively high values. A  study in Russia found no 
correlation between economic indicators and the 
probability of smoking but between deteriorating 
social conditions and more northern and colder 
geography, where females with less education or 
qualifications and older people were more likely to 
smoke [42]. A  related study examined European 
countries. A  related study examining persistent 
smoking behavior among older adults in Europe-
an countries found that women, particularly those 
with low levels of education, were more likely 
to be persistent smokers [43]. The same results 
were obtained in Indonesia, where the overall up-
ward trend was most pronounced, where the co-
hort RRs maintained a steady upward trend from 
1910 to 1982 but showed a downward trend from 
1985 to 1989, and where, as the world’s worst 
tobacco-using country, about 51.3% of adults and 
66.2% of adolescents aged 13–15 years are regu-
larly exposed to secondhand smoke [44]. Consid-
ering Indonesia’s high exposure to secondhand 
smoke, passive smokers support more rigorous 
tobacco control [45], which could also serve as 
an essential basis for effective tobacco control in 
Indonesia. An Indian study concluded that it was 
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necessary to raise taxes on tobacco products to 
reduce their use [46]. It would be more efficient 
to tailor cessation strategies to the distinctive 
characteristics of the smoking population. The 
dissemination of knowledge about the dangerous 
consequences of smoking should be strengthened 
for people with low levels of education. Family and 
school-based education should be strengthened 
for adolescents, as early exposure to smoking in-
creases the likelihood of smoking and addiction 
in adulthood, with serious adverse effects. From 
a global public health perspective, increasing the 
depth and breadth of compulsory education and 
emphasizing early preventive and control mea-
sures for youth tobacco use would have a  pro-
found impact on reducing the global burden of 
premature deaths caused by tobacco use.

Our study also has some limitations. First, al-
though period and cohort effects were estimated, 
our age, period, and cohort analyses were based on 
established data based on GBD 2019, not self-cal-
culated data. Second, data on smoking were self-re-
ported, which may have led to underestimation in 
countries with lower social acceptance of smoking, 
particularly among Asian women. Changes in diag-
nostic criteria and reporting standards during the 
study period could also have biased our results. 
Third, the scope of this study focused on smoking 
tobacco and did not include other forms of harm 
caused. Fourth, this study is based on country/re-
gion-level data from the GBD website and lacks in-
dividual data for further detailed analysis [47]. Fifth, 
our study has limitations as described in GBD 2019.

In conclusion, we found that the mortality 
trends in these five countries differed significant-
ly and that aggressive anti-smoking policies were 
necessary. It is also important to consider the in-
creased mortality from IHD among women due to 
smoking. Given the crucial role of women in the 
family and society, it is more beneficial to soci-
ety to pay attention to their physical and mental 
health needs.
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