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ORIGINAL RESEARCH

Global, Regional, and National Burdens 
of Ischemic Heart Disease Attributable to 
Smoking From 1990 to 2019
Liang Zhang, MD; Zhuang Tong , MCS; Ruizheng Han , MD; Ruiming Guo, PhD; Suhua Zang, MD;  
Xin Zhang, PhD; Ruixia Yuan , PhD; Yang Yang , PhD

BACKGROUND: This study was conducted to estimate the distribution of and changes in the global disease burden of ischemic 
heart disease attributable to smoking between 1990 and 2019.

METHODS AND RESULTS: Data used in this study come from the GBD 2019 (Global Burden of Disease Study 2019). Age-
standardized rates and estimated annual percentage change of age-standardized rates were used to describe this burden 
and its changing trend. Pearson’s correlation coefficient was used to evaluate the correlation between the sociodemographic 
index and changing trend. From 1990 to 2019, the burden of ischemic heart disease attributable to smoking has shown a 
downward trend globally; estimated annual percentage changes of age-standardized mortality rates and age-standardized 
disability-adjusted life-years rates were −2.012 (95% CI, −2.068 to −1.956) and −1.907 (95% CI, −1.975 to −1.838). Nineteen 
countries experienced an increase in disease burden, and the changes in 17 countries were not statistically significant. In 
addition, this burden was higher in men and older age groups. Estimated annual percentage change of the age-standardized 
rates of this burden were negatively correlated with the sociodemographic index.

CONCLUSIONS: Although the burden of ischemic heart disease attributable to smoking has decreased in >80% of countries or 
regions in the past 30 years, it has remained a significant issue in low- and middle-income countries, particularly among men and 
elderly populations. Therefore, active tobacco control measures, focusing on key populations, are required to reduce the associ-
ated burden of ischemic heart disease, especially in those countries or regions with increasing prevalence and disease burden.

Key Words: global disease burden ■ ischemic heart disease ■ smoking ■ spatiotemporal trends

Ischemic heart disease (IHD) is a common cardiovas-
cular disease1 and is considered a significant threat 
to sustainable development in the 21st century.2 

According to the World Health Organization, IHD led to 
8.9 million deaths in 2019, accounting for 16% of total 
deaths worldwide. Since 2000, IHD has seen the largest 
increase in mortality globally, and it is associated with 
a significant disability. Global burden of disease data3 
show that IHD has led to the loss of >182 million disability-
adjusted life-years (DALYs) and >176 million years of life 
because of premature mortality in 2019 alone. Thus, 

effective prevention and control of IHD is an important 
global public health challenge.

The risk factors of IHD include genetic factors, en-
vironmental factors, and behavioral factors, among 
which smoking is one of the most important.4,5 In a 
large prospective cohort study6 of Black adults with 
a median follow-up of >10 years, current smokers 
had a 2-fold increased risk of coronary heart disease. 
Compared with never-smokers, current smokers with 
stable coronary artery disease have significantly in-
creased risk of future cardiovascular events, including 
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death.7 In patients with coronary heart disease under-
going interventional therapy, smoking was the stron-
gest and the only modifiable risk factor found to be 
associated with mortality after coronary revasculariza-
tion.8 Moreover, continued smoking after coronary re-
vascularization significantly increased the risk of death, 
with 16.6% of mortality being attributable to smoking.

The World Health Organization proposes that a 
comprehensive population-wide approach to to-
bacco control is a “best buy” or cost-effective inter-
vention for cardiovascular disease prevention, even 
in low-resource settings. Therefore, it is important to 
understand the distribution of IHD disease burden 

attributable to smoking in the global population. In this 
study, we analyzed the distribution of and changes in 
the global disease burden of IHD attributable to smok-
ing between 1990 and 2019 using publicly available 
databases.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Data
Data used in this study come from the GBD 2019 
(Global Burden of Disease Study 2019). The GBD 2019 
database provides information relating to deaths and 
health losses attributable to 369 diseases, injuries, 
and impairments and 87 risk factors in 204 coun-
tries and territories around the world from 1990 to 
2019.9 The spatial range was divided into 4 levels10,11: 
global, sociodemographic, epidemiologic similarity 
and geographic proximity, and individual countries 
or regions. For the second category, the sociodemo-
graphic index (SDI), a composite indicator that meas-
ures per-capita income, average education level, and 
total fertility rate, was used to divide countries and 
regions into 5 super regions: low, low-middle, middle, 
high-middle, and high SDI. The third category, based 
on epidemiologic similarity and geographic proximity, 
divided the world into 21 geographic regions, such 
as East Asia, Australasia, and Central Europe. The 
fourth category included 204 separate countries or 
regions.

Data Availablility Statement
The data underlying this article are available in GBD 
2019 data, at https://vizhub.healt​hdata.org/gbd-resul​ts/.

Definition of Smoking Exposure
According to the GBD 2019 Risk Factors Collaborators,12 
to calculate the burden of disease attributable to risk 
factors, GBD 2019 uses a rule-based synthesis of 
evidence to provide comparable quantification of risk 
over time and across populations. There were 6 ana-
lytical steps: (1) include 560 risk-outcome pairs that 
met criteria for convincing or probable evidence on the 
basis of research studies; (2) estimate relative risks; (3) 
estimate levels of exposure in each age-sex-location-
year included in the study; (4) determine the theoretical 
minimum risk exposure level; (5) compute attribut-
able deaths, years of life lost, years of healthy life lost 
because of a disability, and DALYs by multiplying 
population attributable fractions by the relevant out-
come quantity for each age-sex-location-year; and (6) 

CLINICAL PERSPECTIVE

What Is New?
•	 Smoking is one of the risk factors for ischemic 

heart disease (IHD), but studies on the distribu-
tion and change of the disease burden of IHD 
attributable to smoking are lacking.

•	 This study describes the distribution of IHD 
burden attributable to smoking in 2019 and 
analyzes the trends of this burden at global, re-
gional, and national levels from 1990 to 2019.

What Are the Clinical Implications?
•	 The burden of IHD attributable to smoking de-

creased in >80% of countries or regions around 
the world from 1990 to 2019.

•	 The burden of IHD attributable to smoking has 
remained a significant issue in low- and middle-
income countries, particularly among men and 
elderly populations.

•	 Active tobacco control measures are required 
to reduce the associated burden of IHD, espe-
cially in those countries or regions with increas-
ing prevalence and disease burden.

Nonstandard Abbreviations and Acronyms

ASDR	 age-standardized disability-adjusted 
life-years rate

ASMR	 age-standardized mortality rate
ASR	 age-standardized rate
DALYs	 disability-adjusted life-years
EAPC	 estimated annual percentage change
GBD 2019	 Global Burden of Disease Study 

2019
IHD	 ischemic heart disease
SDI	 sociodemographic index
UI	 uncertainty interval

https://vizhub.healthdata.org/gbd-results/
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estimate population-attributable fractions and attribut-
able burden for combinations of risk factors and take 
into account mediation of different risk factors through 
other risk factors. Smoking exposure was defined as 
current or previous use of any tobacco product, ex-
cluding electronic cigarettes or vaporizers. For current 
smokers, exposure was estimated using 2 continu-
ous measures: the number of cigarettes smoked per 
day and the cumulative number of cigarettes smoked 
annually. For those who have quit smoking, exposure 
was estimated using the number of years elapsed 
since quitting.

Statistical Analysis
In this study, the disease burden of IHD attributable to 
smoking focused on deaths and DALYs. Methods for 
calculating mortality (deaths (n) × 100 000/population) 
and DALYs (the sum of years of life lost because of 
premature mortality and years lived with disability) 
have been described previously by global burden of 
disease.13,14 GBD 2019 used population data from the 
World Population Prospects 2012 revision for stand-
ardization.12 Use of age-standardized rates (ASRs) and 
its 95% uncertainty interval (UI) removes the effects of 
variable age distributions across different populations 
and different time periods, ensuring comparability.15 
Therefore, IHD burden attributable to smoking in dif-
ferent regions was described using age-standardized 
mortality rates (ASMRs) and age-standardized DALY 
rates (ASDRs).

Trends in the disease burden of IHD attributable 
to smoking are described using percentage change 
and estimated annual percentage change (EAPC). 
The natural logarithm of ASRs was fitted to a regres-
sion line model: ln (ASR)=α+βx+ɛ, where x=calendar 
year. EAPC and its 95% CI were derived from the re-
gression model: y=100×(exp (β)−1), where y=EAPC.16 
When the lower limit of the 95% CI of the EAPC was 
>0, ASRs were considered to increase over the ob-
servation period. Conversely, ASRs were assumed to 
have decreased when the upper limit of the 95% CI of 
the EAPC was <0. When the 95% CI contained both 
positive and negative values, ASRs were considered 
stable. Pearson correlation coefficients were used to 
evaluate the correlation between SDI and disease bur-
den and any trends therein. A 2-sided P value <0.05 
was considered statistically significant. All of the sta-
tistical analyses were performed using R software 
version 4.1.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

Ethical Approval and Consent to 
Participate
Not applicable.

RESULTS
Global Burden of IHD Attributable to 
Smoking From 1990 to 2019
In 2019, smoking-related IHD led to >1.68 million deaths 
and to 43 452 750.84 DALYs globally. Compared with 
1990, the burden of IHD attributable to smoking has 
increased in terms of absolute numbers. However, 
when we adjusted for the effects of time and age struc-
tures within the populations, the burden was found to 
decrease. The ASMR per 100 000 people of IHD at-
tributable to smoking decreased from 35.59 (95% UI, 
33.93–37.18) in 1990 to 20.52 in 2019 (95% UI, 18.99–
22.03) (EAPC, −2.012 [95% CI, −2.068 to −1.956]). 
Correspondingly, ASDRs per 100 000 people decreased 
from 872.16 in 1990 to 519.48 in 2019 (EAPC, −1.907 
[95% CI, −1.975 to −1.838]). These findings indicate that 
the global burden of IHD attributable to smoking has 
significantly decreased from 1990 to 2019.

Detailed results are provided in Tables 1 and 2.

Global Burden of IHD Attributable to 
Smoking by Sex and Age
In 2019, the global burden of IHD attributable to smok-
ing was higher in men than in women. In absolute 
terms, this burden led to 1.357 million deaths in men, 
significantly more than in women (≈325 000 deaths). 
Similarly, DALYs were higher for men (36 251 278.37) 
than for women (7 201 472.47). The ASMRs per 100 000 
people of IHD attributable to smoking in women and 
men were 7.41 (95% UI, 6.63–8.19) per 100 000 and 
35.47 (95% UI, 32.54–38.43) per 100 000, respectively 
(EAPC, −3.029 [95% CI, −3.117 to −2.942]) and −1.794 
[95% CI, −1.856 to −1.732]. ASDRs per 100 000 peo-
ple were 165.10 (95% UI: 148.77–181.95) per 100 000 
and 900.23 (95% UI, 828.14–978.01) per 100 000 in 
women and men, respectively (EAPC, −2.858 [95% 
CI, −2.948 to −2.768] and −1.634 [95% CI, −1.720 to 
−1.549]). Overall, from 1990 to 2019, the global burden 
of disease attributable to smoking trended downward 
in both sexes. However, women have experienced a 
more pronounced decrease. Detailed results are pro-
vided in Tables 1 and 2.

The GBD 2019 study divided those aged >30 years 
into 5-year age groups. Using these stratified data, we 
examined how the burden of IHD attributable to smok-
ing changed in different age groups from 1990 to 2019. 
With increasing age, the mortality of IHD attributable 
to smoking gradually increased, reaching 192.01 (95% 
UI, 167.98–210.88) per 100 000 in individuals aged 
≥80 years. The number of DALYs peaked for those aged 
70 years old. Different age groups experienced a down-
ward trend in the burden of IHD attributable to smok-
ing from 1990 to 2019, with those aged 65 to 69 years 
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experiencing the most significant decrease. The EAPCs 
in ASMR and ASDR were −2.34 (95% CI, −2.46 to −2.21) 
and −2.30 (95% CI, −2.42 to −2.18), respectively.

Detailed results are provided in Figures 1 and 2.

The Burden of IHD Attributable to 
Smoking by SDI Super-Region
The burden of IHD attributable to smoking varied with 
SDI-defined super-regions. In 2019, this burden was 
greatest in countries with high-middle SDI, with an 
ASMR and ASDR per 100 000 people of 25.31 (95% 
UI, 23.19–27.43) and 628.50 (95% UI, 578.19–683.61), 
respectively. Conversely, the least burden was seen 
in high-SDI countries, where ASMR and ASDR per 
100 000 people were 13.31 (95% UI, 12.40–14.19) and 
334.86 (95% UI, 316.06–355.50), respectively. Over 
time, the 5 SDI super-regions had downward trending 
IHD burdens attributable to smoking. The most sig-
nificant decrease was seen in low–middle-SDI coun-
tries, with EAPCs in ASMR and ASDR of −4.441 (95% 
CI, −4.633 to −4.248) and −4.097 (95% CI, −4.277 to 
−3.916), respectively. In contrast, high-SDI countries 
experienced the least change over time, with EAPCs in 
ASMR and ASDR of −0.450 (95% CI, −0.559 to −0.559) 
and −0.586 (95% CI, −0.679 to −0.493), respectively.

The burdens of IHD attributable to smoking in the 
other SDI super-regions are shown in Table 1.

Burden of IHD Attributable to Smoking by 
Geographic Super-Region
In 2019, across all 21 geographic super-regions, regions 
with ASMRs for IHD attributable to smoking of <10 per 
100 000 people included Andean Latin America, high-
income Asia Pacific, high-income Australasia, Western 
sub-Saharan Africa, Central sub-Saharan Africa, and 
Eastern sub-Saharan Africa. Correspondingly, the 
ASDRs for these areas were ≈200 per 100 000 people. 
Conversely, the most severe burden of IHD attributable 
to smoking occurred in Eastern Europe, Central Asia, 
and Oceania.

From 1990 to 2019, East Asia was the only super-
region to show an upward trend in smoking-related IHD 
burden, with EAPCs in ASMR and ASDR of 0.699 (95% 
CI, 0.451–0.948) and 0.309 (95% CI, 0.117–0.503), re-
spectively. The other geographic super-regions trended 
downward to varying degrees, with high-income 
Australasia, Western Europe, high-income Asia Pacific, 
and high-income North America experiencing the most 
significant decreases in disease burden.

Burden of IHD Attributable to Smoking by 
Country
In both 1990 and 2019, the burden of IHD attributable 
to smoking was extremely variable among countries. C

h
ar

ac
te

ri
st

ic
s

19
9

0
20

19
E

A
P

C
s 

(1
9

9
0

–2
01

9)

N
o

. (
95

%
 U

I)
A

S
D

R
 (9

5%
 U

I)
N

o
. (

95
%

 U
I)

A
S

D
R

 (9
5%

 U
I)

N
o

. (
95

%
 C

I)

N
or

th
 A

fr
ic

a 
an

d 
M

id
d

le
 

E
as

t
15

8 
90

2 
(1

37
 5

23
–1

85
 5

13
)

15
90

.7
1 

(1
46

1.
38

–1
73

6.
85

)
4 

49
7 

21
2 

(3
 8

59
 7

61
– 

5 
31

1 
81

3)
92

9.
95

 (8
02

.0
4

–1
09

2.
35

)
−

2.
13

7 
(−

2.
25

4 
to

 −
2.

01
9)

S
ou

th
 A

si
a

30
4 

34
3 

(2
59

 8
32

–3
52

 4
61

)
76

1.
77

 (6
70

.3
8

–8
48

.1
9)

8 
77

3 
41

4 
(7

 5
01

 8
63

–1
0 

18
5 

53
8)

57
3.

98
 (4

90
.5

9
–6

66
.6

7)
−

0.
91

6 
(−

1.
04

1 
to

 −
0.

79
0)

C
en

tr
al

 s
ub

-S
ah

ar
an

 
A

fr
ic

a
44

52
 (3

33
5.

41
–5

82
8.

38
)

33
2.

76
 (2

74
.4

9
–4

02
.9

3)
13

9 
65

7 
(1

02
 9

85
– 

18
3 

32
2)

21
6.

22
 (1

62
.5

9
–2

82
.7

1)
−1

.6
91

 (−
1.

78
5 

to
 −

1.
59

7)

E
as

te
rn

 s
ub

-S
ah

ar
an

 
A

fr
ic

a
12

 9
27

 (1
0 

16
0.

26
–1

6 
08

3.
18

)
27

7.
06

 (2
35

.4
9

–3
17

.4
5)

37
7 

91
9 

(2
96

 4
49

– 
47

0 
48

4)
20

6.
34

 (1
63

.8
6

–2
55

.5
0)

−1
.1

73
 (−

1.
29

8 
to

 −
1.

04
8)

S
ou

th
er

n 
su

b
-S

ah
ar

an
 

A
fr

ic
a

71
19

 (6
30

6.
89

–7
94

4.
29

)
57

0.
83

 (5
10

.1
4

–6
36

.8
3)

20
0 

55
8 

(1
77

 2
44

– 
22

4 
47

2)
32

7.
40

 (2
89

.5
7–

36
5.

55
)

−
2.

12
2 

(−
2.

62
1 

to
 −

1.
62

1)

W
es

te
rn

 s
ub

-S
ah

ar
an

 
A

fr
ic

a
12

 8
73

 (1
0 

40
8.

64
–1

5 
64

3.
21

)
22

3.
65

 (1
82

.2
9

–2
78

.9
4)

37
6 

05
2 

(3
03

 4
19

– 
46

3 
32

3)
17

6.
17

 (1
42

.4
6

–2
15

.4
1)

−
0.

78
8 

(−
0.

91
1 

to
 −

0.
66

4)

A
S

D
R

 in
d

ic
at

es
 a

ge
-s

ta
nd

ar
d

iz
ed

 D
A

LY
; D

A
LY

s,
 d

is
ab

ili
ty

-a
d

ju
st

ed
 li

fe
-y

ea
r;

 E
A

P
C

, e
st

im
at

ed
 a

nn
ua

l p
er

ce
nt

ag
e 

ch
an

ge
; I

H
D

, i
sc

he
m

ic
 h

ea
rt

 d
is

ea
se

; a
nd

 U
I, 

un
ce

rt
ai

nt
y 

in
te

rv
al

.

Ta
b

le
 2

. 
(C

o
n

ti
n

u
e

d
)



J Am Heart Assoc. 2023;12:e028193. DOI: 10.1161/JAHA.122.028193� 7

Zhang et al� The Burden of IHD Attributable to Smoking

In 2019, ASRs of smoking-related IHD burden varied 
as much as 50-fold between countries, with ASMRs 
per 100 000 people ranging from 2.43 (95% UI, 1.69–
3.38) in Peru to 118.14 (95% UI, 93.74–144.71) in the 
Solomon Islands. Concomitantly, ASDRs per 100 000 
people ranged from 62.12 (95% UI, 43.48–85.92) in 
Peru to 3522.84 (95% UI, 2765.79–4375.83) in the 
Solomon Islands. Although ASMR and ASDR values 
are not the highest globally, China, India, and the 
Russian Federation had the greatest absolute number 
of deaths and DALYs attributable to smoking-related 
IHD because of their large populations. Detailed results 
are provided in Figure 3.

Over the 3 decades from 1990 to 2019, significant 
changes have occurred in the burden of IHD attribut-
able to smoking in different countries. Figure 4 shows 
the trends of each country. In 17 countries/regions, in-
cluding Egypt, Afghanistan, Pakistan, Kenya, Uganda, 
and Zimbabwe, the changes in ASMRs were not statis-
tically significant, and the 95% CIs of the EAPCs were 
centered around 0, suggesting stable levels of disease 
burden. In contrast, 19 countries experienced an in-
crease in disease burden, of which Uzbekistan and the 
Philippines had the most significant growth, with EAPCs 
in ASMRs >2. The remaining countries trended down-
ward, with the most significant decreases occurring 

Figure 1.  Age-specific rate of global IHD deaths (A) and DALYs (B) attributable to smoking in 2019.
DALYs indicates disability-adjusted life-years; and IHD, ischemic heart disease.

Figure 2.  EAPCs in age-specific rate of deaths (A) and DALYs (B) of IHD attributable to smoking by age group from 1990 to 2019.
DALYs indicates disability-adjusted life-years; EAPC, estimated annual percentage change; and IHD, ischemic heart disease.
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in Israel, the Netherlands, Denmark, Australia, Ireland, 
and Norway, where the EAPCs in ASMRs were all <−6. 
Generally, the ASDR trends mirrored the ASMR trends.

Correlations Between the SDI and EAPCs 
in ASRs
The correlation between SDI and EAPCs in ASRs was 
estimated using a scatter plot (Figure S1). Pearson cor-
relation analysis showed that the EAPCs in the ASRs of 
IHD attributable to smoking significantly negatively cor-
related with SDI (ρ1=−0.573, ρ1<0.001 and ρ2=−0.574, 
p2<0.001, respectively).

DISCUSSION
This study describes the distribution of IHD burden at-
tributable to smoking in 2019 and analyzes the trends in 
this burden at global, regional, and national levels from 
1990 to 2019. Globally, the burden of IHD attributable to 
smoking has increased in terms of absolute numbers, 
particularly in countries with large populations. As of 
2019, countries in Eastern Europe, North Africa, North 
Asia, Central Asia, and South Asia have the greatest 
burden of IHD attributable to smoking, whereas coun-
tries in Europe, the Americas, and Oceania have a 
relatively light burden. In the past 3 decades, although 
this burden has shown a downward trend globally, this 
trend is dominated by countries in Northern Europe, 
Oceania, and North America. In contrast, some coun-
tries in East Asia, Southeast Asia, West Asia, Central 
Asia, and Africa have increased levels of disease bur-
den. Finally, the burden of IHD attributable to smoking 
was higher in men and older age groups.

Smoking is a known risk factor for a variety of dis-
eases, especially chronic noncommunicable diseases 

such as IHD.17,18 Smoking-induced inflammation, im-
paired endothelial function, platelet dysfunction, in-
creased oxidative stress, and atherosclerosis are all 
related to the development of IHD.19,20 Most countries 
have implemented active tobacco control measures 
to prevent IHD at the population level. In 2005, the 
World Health Organization Framework Convention on 
Tobacco Control, came into force for state parties.21 
Following the implementation of a series of key mea-
sures, including price and tax controls, smoking bans 
in public places, efforts to increase public awareness 
of the dangers of tobacco, and increased international 
exchange and cooperation, the prevalence of smoking 
has generally decreased globally. In 2015, the mean 
smoking prevalence across 126 countries was 22.18%, 
down 2.55 percentage points from 2005.22 However, 
the emphasis on tobacco control and the implementa-
tion of tobacco control measures has not been consis-
tent across countries and regions, resulting in variable 
success.

The results of the correlation analysis suggested 
that the higher the SDI reflecting the socioeconomic 
development level of a country or region, the more 
obvious the decreasing trend of IHD burden attribut-
able to smoking might be. This may be influenced by 
factors such as tobacco control efforts, medical re-
source allocation, and access to health interventions. 
High-income countries have had the greatest success 
in reducing tobacco consumption and the burden of 
tobacco-related diseases thanks to strong regulatory 
frameworks.23 In China, some progress has been made 
in tobacco control in recent years; however, the current 
population smoking rate is higher than the world aver-
age. Only by actively implementing additional tobacco 
control measures and significantly increasing tobacco 
taxes will the goal of reducing smoking prevalence to 

Figure 3.  ASMRs (A) and ASDRs (B) of IHD attributable to smoking by country in 2019.
ASDR indicates age-standardized DALYs rate; ASMR, age-standardized mortality rate; and IHD, ischemic heart disease.
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20% of the population by 2030 be achieved.24 In addi-
tion, countries or regions with higher economic levels 
are more likely to have adequate medical resources 
and effective public health services, such as health ed-
ucation and health intervention, which are crucial for 
reducing the disease burden of IHD.25 These factors 
may explain the differences seen in the distribution of 
and changing trends in the burden of IHD attributable 
to smoking in different countries or regions.

The burden of IHD attributable to smoking is much 
higher among men than among women, perhaps be-
cause men experience a higher risk of mortality from 
IHD. In 2019, IHD was the leading cause of death 
among men in 146 countries, whereas for women, this 
was the case in only 98 countries. Additionally, the risk 
of death from IHD for men is as high as 20% in some 
countries.26 However, smoking rates among men are 
generally higher than those among women. In 2019, 
the age-standardized prevalence of smoking among 
people aged ≥15 years in 204 countries and regions 
around the world was 32.7% for men and only 6.62% 
for women, with 151 countries reporting a smoking 
prevalence of >20% among men.27 This suggests that 
we should pay close attention to the risk of IHD in men 
who smoke. However, tobacco use among women is 
increasingly complex, especially in low- and middle-
income countries, because of a combination of factors, 
including tobacco marketing, globalization, and the 
changing social status of women.28,29 Moreover, there 
are inherent sex-related differences in the complex rela-
tionship between angina pectoris, atherosclerosis, and 
ischemia, meaning that both the diagnosis and treat-
ment of IHD should fully consider sex-specific factors.30

Both the age distribution and changing characteris-
tics of IHD burden attributable to smoking suggest that 

we should pay more attention to the prevention of IHD 
in elderly smokers. Cardiovascular disease is the lead-
ing cause of death and major disability in adults aged 
≥75 years.31 The risk factors for IHD, such as hyperten-
sion, diabetes, and dyslipidaemia, are more prevalent 
in the elderly,32 and elderly individuals are more likely 
to have comorbidities. However, good mental health 
and social support are critical factors influencing the 
development of IHD,33 both of which are generally 
lacking in elderly populations.34 The accelerated aging 
process seen in smokers might also further exacerbate 
the IHD burden, especially in high-income countries. 
Therefore, it is important to improve control of IHD 
risk factors, such as smoking, and actively promote 
the implementation of cardiac rehabilitation programs 
in elderly populations. In addition, prospective stud-
ies using real-world data should be conducted to as-
sess the risk of IHD in smokers, especially in low- and 
middle-income countries.

There is currently a lack of population-level research 
on the burden of IHD attributable to smoking, partic-
ularly in terms of the changing characteristics of this 
burden in countries or regions with different socioeco-
nomic development levels. Therefore, this study may 
have significance for further promoting the implemen-
tation of tobacco control strategies and improving the 
health management of key populations with IHD. This 
fits with the Sustainable Development Goals for good 
health and well-being.35 However, our findings must be 
interpreted in the context of several limitations. First, 
the data are derived from public databases, and data 
relating to smoking habits are self-reported, poten-
tially resulting in an underestimation of smoking prev-
alence, particularly in female populations. Second, the 
databases used assess exposure to only traditional 

Figure 4.  EAPCs in ASMRs (A) and age-standardized DALYs (B) of IHD attributable to smoking by country from 1990 to 2019.
ASMR indicates age-standardized mortality rate; DALYs, disability-adjusted life-years; EAPC, estimated annual percentage change; 
and IHD, ischemic heart disease.
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smoking tobacco products and do not include emerg-
ing tobacco products, such as electronic cigarettes, 
the health effects of which are becoming increasingly 
apparent. Third, only the burden of IHD attributable to 
smoking was analyzed, as data relating to secondhand 
smoke exposure were not available.

CONCLUSIONS
Although the burden of IHD attributable to smoking has 
decreased in >80% of countries or regions in recent 
years, it has remained a significant issue in low- and 
middle-income countries, particularly among men and 
elderly populations. Therefore, active tobacco control 
measures, focusing on key populations, are required 
to reduce the associated burden of IHD, especially in 
those countries or regions with increasing prevalence 
and disease burden.

ARTICLE INFORMATION
Received September 16, 2022; accepted December 26, 2022.

Affiliations
Department of cardiovascular surgery (L.Z., R.G., S.Z., X.Z.) and Clinical Big 
Data Center (Z.T., R.Y.), The First Affiliated Hospital of Zhengzhou University, 
China; Department of Ultrasound, The Third Affiliated Hospital of Zhengzhou 
University, China (R.H.); and Clinical Systems Biology Research Laboratories, 
The First Affiliated Hospital of Zhengzhou University, China (Y.Y.).

Acknowledgments
The authors thank all the people who contributed to the GBD 2019 study.

Sources of Funding
This work was supported by grants from Medical Science and 
Technology Research Plan Joint Construction Project of Henan Province 
(LHGJ20190223).

Disclosures
None.

Supplemental Material
Figure S1

REFERENCES
	 1.	 Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, 

Ahmed M, Aksut B, Alam T, Alam K, et al. Global, regional, and national 
burden of cardiovascular diseases for 10 causes, 1990 to 2015. J Am 
Coll Cardiol. 2017;70:1–25. doi: 10.1016/j.jacc.2017.04.052

	 2.	 India State-Level Disease Burden Initiative CVD Collaborators. The 
changing patterns of cardiovascular diseases and their risk factors in the 
states of India: the global burden of disease study 1990-2016. Lancet 
Glob Health. 2018;6:e1339–e1351. doi: 10.1016/S2214-109X(18)30407-8

	 3.	 Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour 
LM, Barengo NC, Beaton AZ, Benjamin EJ, Benziger CP, et al. Global 
burden of cardiovascular diseases and risk factors, 1990-2019: update 
from the GBD 2019 study. J Am Coll Cardiol. 2020;76:2982–3021. doi: 
10.1016/j.jacc.2020.11.010

	 4.	 Malakar AK, Choudhury D, Halder B, Paul P, Uddin A, Chakraborty S. A 
review on coronary artery disease, its risk factors, and therapeutics. J 
Cell Physiol. 2019;234:16812–16823. doi: 10.1002/jcp.28350

	 5.	 Tzoulaki I, Elliott P, Kontis V, Ezzati M. Worldwide exposures to car-
diovascular risk factors and associated health effects: current 

knowledge and data gaps. Circulation. 2016;133:2314–2333. doi: 
10.1161/CIRCULATIONAHA.115.008718

	 6.	 Oshunbade AA, Kassahun-Yimer W, Valle KA, Hamid A, Kipchumba 
RK, Kamimura D, Clark DR, White WB, Defilippis AP, Blaha MJ, et al. 
Cigarette smoking, incident coronary heart disease, and coronary ar-
tery calcification in black adults: the Jackson heart study. J Am Heart 
Assoc. 2021;10:e17320. doi: 10.1161/JAHA.120.017320

	 7.	 Bouabdallaoui N, Messas N, Greenlaw N, Ferrari R, Ford I, Fox KM, 
Tendera M, Naidoo DP, Hassager C, Gabriel SP, et al. Impact of 
smoking on cardiovascular outcomes in patients with stable cor-
onary artery disease. Eur J Prev Cardiol. 2021;28:1460–1466. doi: 
10.1177/2047487320918728

	 8.	 Aittokallio J, Palmu J, Niiranen T. Smoking is the strongest modifiable 
risk factor for mortality post coronary revascularisation. Eur J Prev 
Cardiol. 2020;27:2308–2310. doi: 10.1177/2047487319894883

	 9.	 Global burden of 369 diseases and injuries in 204 countries and ter-
ritories, 1990-2019: a systematic analysis for the global burden of 
disease study 2019. Lancet. 2020;396:1204–1222. doi: 10.1016/
S0140-6736(20)30925-9

	10.	 Global, regional, and national comparative risk assessment of 84 be-
havioural, environmental and occupational, and metabolic risks or 
clusters of risks for 195 countries and territories, 1990-2017: a sys-
tematic analysis for the global burden of disease study 2017. Lancet. 
2018;392:1923–1994. doi: 10.1016/S0140-6736(18)32225-6

	11.	 Global, regional, and national disability-adjusted life-years (DALYs) 
for 359 diseases and injuries and healthy life expectancy (HALE) for 
195 countries and territories, 1990-2017: a systematic analysis for the 
global burden of disease study 2017. Lancet. 2018;392:1859–1922. doi: 
10.1016/S0140-6736(18)32335-3

	12.	 Global burden of 87 risk factors in 204 countries and territories, 1990-
2019: a systematic analysis for the global burden of disease study 2019. 
Lancet. 2020;396:1223–1249. doi: 10.1016/S0140-6736(20)30752-2

	13.	 Murray CJ, Acharya AK. Understanding DALYs (disability-
adjusted life years). J Health Econ. 1997;16:703–730. doi: 10.1016/
s0167-6296(97)00004-0

	14.	 Global, Regional, and National Cancer Incidence, Mortality, Years of 
Life Lost, Years Lived with Disability, and Disability-Adjusted Life-Years 
for 29 Cancer Groups. To 2017: a systematic analysis for the global 
burden of disease study. JAMA Oncol. 1990;2019(5):1749–1768. doi: 
10.1001/jamaoncol.2019.2996

	15.	 Brillinger DR. The natural variability of vital rates and associated statis-
tics. Biometrics. 1986;42:693–734. doi: 10.2307/2530689

	16.	 Hankey BF, Ries LA, Kosary CL, Feuer EJ, Merrill RM, Clegg LX, 
Edwards BK. Partitioning linear trends in age-adjusted rates. Cancer 
Causes Control. 2000;11:31–35. doi: 10.1023/a:1008953201688

	17.	 Wikstrom K, Lindstrom J, Harald K, Peltonen M, Laatikainen T. Clinical 
and lifestyle-related risk factors for incident multimorbidity: 10-year 
follow-up of Finnish population-based cohorts 1982-2012. Eur J Intern 
Med. 2015;26:211–216. doi: 10.1016/j.ejim.2015.02.012

	18.	 Freisling H, Viallon V, Lennon H, Bagnardi V, Ricci C, Butterworth AS, 
Sweeting M, Muller D, Romieu I, Bazelle P, et al. Lifestyle factors and risk 
of multimorbidity of cancer and cardiometabolic diseases: a multinational 
cohort study. BMC Med. 2020;18:5. doi: 10.1186/s12916-019-1474-7

	19.	 Barua RS, Ambrose JA, Srivastava S, Devoe MC, Eales-Reynolds LJ. 
Reactive oxygen species are involved in smoking-induced dysfunc-
tion of nitric oxide biosynthesis and upregulation of endothelial nitric 
oxide synthase: an in vitro demonstration in human coronary artery 
endothelial cells. Circulation. 2003;107:2342–2347. doi: 10.1161/01.
CIR.0000066691.52789.BE

	20.	 Gallucci G, Tartarone A, Lerose R, Lalinga AV, Capobianco AM. 
Cardiovascular risk of smoking and benefits of smoking cessation. J 
Thorac Dis. 2020;12:3866–3876. doi: 10.21037/jtd.2020.02.47

	21.	 Roemer R, Taylor A, Lariviere J. Origins of the WHO framework con-
vention on tobacco control. Am J Public Health. 2005;95:936–938. doi: 
10.2105/AJPH.2003.025908

	22.	 Gravely S, Giovino GA, Craig L, Commar A, D’Espaignet ET, Schotte 
K, Fong GT. Implementation of key demand-reduction measures of the 
WHO framework convention on tobacco control and change in smoking 
prevalence in 126 countries: an association study. Lancet Public Health. 
2017;2:e166–e174. doi: 10.1016/S2468-2667(17)30045-2

	23.	 Smith CE, Hill SE, Amos A. Impact of population tobacco control inter-
ventions on socioeconomic inequalities in smoking: a systematic review 
and appraisal of future research directions. Tob Control. 2021;30:e87–
e95. doi: 10.1136/tobaccocontrol-2020-055874

https://doi.org//10.1016/j.jacc.2017.04.052
https://doi.org//10.1016/S2214-109X(18)30407-8
https://doi.org//10.1016/j.jacc.2020.11.010
https://doi.org//10.1002/jcp.28350
https://doi.org//10.1161/CIRCULATIONAHA.115.008718
https://doi.org//10.1161/JAHA.120.017320
https://doi.org//10.1177/2047487320918728
https://doi.org//10.1177/2047487319894883
https://doi.org//10.1016/S0140-6736(20)30925-9
https://doi.org//10.1016/S0140-6736(20)30925-9
https://doi.org//10.1016/S0140-6736(18)32225-6
https://doi.org//10.1016/S0140-6736(18)32335-3
https://doi.org//10.1016/S0140-6736(20)30752-2
https://doi.org//10.1016/s0167-6296(97)00004-0
https://doi.org//10.1016/s0167-6296(97)00004-0
https://doi.org//10.1001/jamaoncol.2019.2996
https://doi.org//10.2307/2530689
https://doi.org//10.1023/a:1008953201688
https://doi.org//10.1016/j.ejim.2015.02.012
https://doi.org//10.1186/s12916-019-1474-7
https://doi.org//10.1161/01.CIR.0000066691.52789.BE
https://doi.org//10.1161/01.CIR.0000066691.52789.BE
https://doi.org//10.21037/jtd.2020.02.47
https://doi.org//10.2105/AJPH.2003.025908
https://doi.org//10.1016/S2468-2667(17)30045-2
https://doi.org//10.1136/tobaccocontrol-2020-055874


J Am Heart Assoc. 2023;12:e028193. DOI: 10.1161/JAHA.122.028193� 11

Zhang et al� The Burden of IHD Attributable to Smoking

	24.	 Goodchild M, Zheng R. Tobacco control and healthy China 2030. Tob 
Control. 2019;28:409–413. doi: 10.1136/tobaccocontrol-2018-054372

	25.	 Gupta R, Wood DA. Primary prevention of ischaemic heart disease: pop-
ulations, individuals, and health professionals. Lancet. 2019;394:685–
696. doi: 10.1016/S0140-6736(19)31893-8

	26.	 NCD Countdown 2030 collaborators. NCD countdown 2030: path-
ways to achieving sustainable development goal target 3.4. Lancet. 
2020;396:918–934. doi: 10.1016/S0140-6736(20)31761-X

	27.	 GBD 2019 Tobacco Collaborators. Spatial, temporal, and demographic 
patterns in prevalence of smoking tobacco use and attributable dis-
ease burden in 204 countries and territories, 1990-2019: a system-
atic analysis from the global burden of disease study 2019. Lancet. 
2021;397:2337–2360. doi: 10.1016/S0140-6736(21)01169-7

	28.	 Feeny E, Dain K, Varghese C, Atiim GA, Rekve D, Gouda HN. 
Protecting women and girls from tobacco and alcohol promotion. BMJ. 
2021;374:n1516. doi: 10.1136/bmj.n1516

	29.	 Amos A, Greaves L, Nichter M, Bloch M. Women and tobacco: a call for 
including gender in tobacco control research, policy and practice. Tob 
Control. 2012;21:236–243. doi: 10.1136/tobaccocontrol-2011-050280

	30.	 Reynolds HR, Shaw LJ, Min JK, Spertus JA, Chaitman BR, Berman 
DS, Picard MH, Kwong RY, Bairey-Merz CN, Cyr DD, et al. Association 
of sex with severity of coronary artery disease, ischemia, and symp-
tom burden in patients with moderate or severe ischemia: second-
ary analysis of the ISCHEMIA randomized clinical trial. JAMA Cardiol. 
2020;5:773–786. doi: 10.1001/jamacardio.2020.0822

	31.	 Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG, 
Holmes DR Jr, Jaffe AS, Jneid H, Kelly RF, Kontos MC, et al. 2014 AHA/

ACC guideline for the management of patients with non-ST-elevation 
acute coronary syndromes: a report of the American College of 
Cardiology/American Heart Association task force on practice guidelines. 
Circulation. 2014;130:e344–e426. doi: 10.1161/CIR.0000000000000134

	32.	 Fleg JL, Forman DE, Berra K, Bittner V, Blumenthal JA, Chen MA, 
Cheng S, Kitzman DW, Maurer MS, Rich MW, et al. Secondary pre-
vention of atherosclerotic cardiovascular disease in older adults: a 
scientific statement from the American Heart Association. Circulation. 
2013;128:2422–2446. doi: 10.1161/01.cir.0000436752.99896.22

	33.	 Ambrosetti M, Abreu A, Corra U, Davos CH, Hansen D, Frederix I, Iliou 
MC, Pedretti RF, Schmid JP, Vigorito C, et al. Secondary prevention through 
comprehensive cardiovascular rehabilitation: From knowledge to implemen-
tation. 2020 update. A position paper from the secondary prevention and 
rehabilitation section of the European Association of Preventive Cardiology. 
Eur J Prev Cardiol. 2020;28:460–495. doi: 10.1177/2047487320913379

	34.	 Piepoli MF, Corra U, Benzer W, Bjarnason-Wehrens B, Dendale 
P, Gaita D, Mcgee H, Mendes M, Niebauer J, Zwisler AD, et al. 
Secondary prevention through cardiac rehabilitation: from knowledge 
to implementation. A position paper from the cardiac rehabilitation 
section of the European Association of Cardiovascular Prevention 
and Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2010;17:1–17. doi: 
10.1097/HJR.0b013e3283313592

	35.	 GBD 2017 SDG Collaborators. Measuring progress from 1990 to 2017 
and projecting attainment to 2030 of the health-related sustainable de-
velopment goals for 195 countries and territories: a systematic analysis 
for the global burden of disease study 2017. Lancet. 2018;392:2091–
2138. doi: 10.1016/S0140-6736(18)32281-5

https://doi.org//10.1136/tobaccocontrol-2018-054372
https://doi.org//10.1016/S0140-6736(19)31893-8
https://doi.org//10.1016/S0140-6736(20)31761-X
https://doi.org//10.1016/S0140-6736(21)01169-7
https://doi.org//10.1136/bmj.n1516
https://doi.org//10.1136/tobaccocontrol-2011-050280
https://doi.org//10.1001/jamacardio.2020.0822
https://doi.org//10.1161/CIR.0000000000000134
https://doi.org//10.1161/01.cir.0000436752.99896.22
https://doi.org//10.1177/2047487320913379
https://doi.org//10.1097/HJR.0b013e3283313592
https://doi.org//10.1016/S0140-6736(18)32281-5


 

SUPPLEMENTAL MATERIAL 
 

 



Figure S1. Scatter plot-the correlations between the SDI and EAPCs of ASRs. 

 

 

 

SDI: sociodemographic index，EAPC: Estimated Annual Percentage Change, ASRs: 

age-standardized rates. 
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