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ABSTRACT
Objective: This study aims to analyse the burden of ischemic heart disease (IHD) in 
China and other G20 countries from 1990–2021 and predict the burden for the next 
decade.

Methods: Using data from the Global Burden of Disease (GBD) 2021 study, we 
evaluated the age-standardised rates (ASRs) of incidence, prevalence, mortality and 
disability-adjusted life years (DALYs) by estimated annual percentage change (EAPC). 
The Bayesian age-period-cohort (BAPC) model was used to forecast the incidence, 
mortality and DALY rates of IHD in China from 2021–2040.

Results: The ASRs of incidence, mortality and DALYs of IHD in China increased with 
EAPCs of 0.66 (95% CI: 0.50, 0.82), 0.97 (95% CI: 0.63, 1.31) and 0.51 (95% CI: 0.24, 
0.78), respectively. Compared with other G20 countries, China was ranked 14th for the 
ASR of incidence in 1990 and then rose to 7th in 2021. The ASR of prevalence for IHD 
in China jumped from 8th in 1990 to 5th in 2021, and both the ASR of mortality and 
DALYs for IHD in China ranked 7th in 2021. The top five risk factors affecting mortality 
in China in 2021 were high systolic blood pressure, dietary risk, air pollution, high LDL 
cholesterol and tobacco. Over the next 20 years, the ASR of incidence, mortality and 
DALYs for IHD will increase continuously in males.

Conclusion: The burden of IHD is expected to increase steadily in China, highlighting 
the urgency for early monitoring and preventative strategies, particularly focusing on 
the elderly and male populations.
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INTRODUCTION
Ischemic heart disease (IHD) is one of the most common cardiovascular diseases and a 
major threat to public health worldwide. IHD includes acute myocardial infarction, chronic 
stable angina, chronic IHD and associated heart failure (1). Over the past three decades, age-
standardised incidence and mortality rates of IHD have either remained stable or declined in 
countries with a high Socio-Demographic Index (SDI), such as the United States and Australia 
(2). However, there have been large increases in IHD incidence rates in low and middle SDI 
countries (3). It should be noted that China has become the country with the highest number 
of new cases and deaths from IHD each year. A previous study showed an increasing trend 
in the incidence of IHD in China from 1990–2019, with the most significant increases in the 
age-standardised mortality rate (ASMR) and age-standardised disability-adjusted life year 
(DALY) rate (ASDR) (4).

The reasons for the rapidly increasing trends in IHD incidence and mortality are unclear, but 
are likely to be influenced by a combination of modifiable and non-modifiable risk factors such 
as insulin resistance, hypertension, diabetes mellitus, dyslipidaemia and physical inactivity 
(5, 6). However, it is not well understood whether the known risk factors play similar roles in 
contributing to the burden of IHD in China as in other G20 countries. Identifying risk factors is 
also essential towards optimising guidelines for preventing and detecting IHD.

The Group of Twenty (G20) is an international forum for economic cooperation that includes 
a mix of developed and developing countries representing nearly two-thirds of the world’s 
population (7). The burden of disease in the G20 countries is inextricably linked to their 
economic environment and health status (8). Previous studies have shown that the burden 
of IHD varies according to geographical location and socio-economic status (9, 10). However, 
a comprehensive analysis of the burden of disease, long-term trends and attributable 
risk factors for IHD in China and other G20 member countries is not available. A better 
understanding of the current state and future trends in disease burden can promote effective 
prevention and help policy-makers to allocate health resources accurately and efficiently. 
Therefore, in this study, we used data from GBD 2021 to quantify the trends in incidence, 
prevalence, mortality and DALYs of IHD in China and compared these indicators with other 
G20 countries from 1990–2021, as well as the contributions of risk factors. We also projected 
the burden in China to 2040.

METHODS
STUDY DESIGN AND DATA SOURCES

This study is a secondary analysis based on the 2021 GBD dataset, a comprehensive 
database covering incidence, prevalence and mortality of more than 371 diseases and 
injuries in 204 countries and regions. The GBD dataset was launched in 1990 with the aim 
of providing timely, valid and relevant assessments of critical health outcomes. Detailed 
methods for GBD 2021 have been previously documented (11). For this study, the following 
annual information was retrieved from 1990–2021: GBD estimate (cases of death or injury), 
measure (prevalence, incidence, deaths, DALYs), metric (rate, number), location (G20 
countries including Argentina, Australia, Brazil, Canada, China, European Union, France, 
Germany, India, Indonesia, Italy, Japan, Mexico, Republic of Korea, Russian Federation, 
Saudi Arabia, South Africa, Turkey, United Kingdom and United States of America), age (all 
ages, age-standardised, age groups >25–94 years at 5-year intervals), sex (both, female, 
male), year (between 1990–2021).

CASE DEFINITION

IHD is also known as coronary artery disease. IHD includes acute myocardial infarction (MI) and 
chronic IHD (angina and asymptomatic IHD following MI) (12). MI is diagnosed according to the 
third edition of the global definition of MI, and it is included in out-of-hospital sudden cardiac 
death. A diagnosis of angina pectoris can be made using the Rose Angina Questionnaire, a 
definitive diagnosis by a physician, or medical documentation of the use of nitrate medications 
to relieve chest pain (13). In GBD 2021, IHD was defined in accordance with the 10th revision 
of the ICD (codes I20–I21.6).



3Zhang et al.  
Global Heart  
DOI: 10.5334/gh.1424

DATA ANALYSIS

The study retrieved disease burden metrics with 95% uncertainty intervals (UIs), including 
absolute numbers and age-standardised rates (ASR, per 100,000 population) of prevalence, 
incidence, mortality and DALYs, presented as age-standardised prevalence rate (ASPR), 
age-standardised incidence rate (ASIR), ASMR and ASDR. In addition, the estimated annual 
percentage change (EAPC) was calculated to assess the time trends in the burden of IHD 
during the period 1990–2021. The EAPC is a widely accepted measure to quantify the trend 
in age-standardised rates over specific time intervals and was calculated based on the 
regression model fitted to the natural logarithm of the rates (14). The 95% confidence interval 
(CI) was also determined by the linear regression model. If the 95% CI of the corresponding 
EAPC estimate is >0, the age-standardized indicator shows an increasing trend; if <0, it shows 
a decreasing trend; if it includes 0, it shows a stable trend. The Bayesian Age-Period-Cohort 
(BAPC) model is a complex statistical tool that combines prior information about unknown 
parameters with sample information to estimate the posterior distribution and infer these 
unknown parameters (15). It has been shown to be more accurate in predicting disease 
burden. Therefore, we used it in the integrated nested Laplace approximation (INLA) using 
the R packages BAPC and INLA to predict the ASIR, ASMR and ASDR of IHD in China from 2021–
2040. All statistical analyses and data visualizations were performed using R (version 4.3.3) 
and JD_GBDR (V2.24, Jingding Medical Technology Co., Ltd.). P value <0.05 was considered to 
be statistically significant.

ETHICS

The institutional review board granted an exemption for this study, as it utilized publicly 
accessible data that contained no confidential or personally identifiable patient information.

INFORMED CONSENT

Informed consent was not needed.

RESULTS
OVERALL TREND OF ISCHEMIC HEART DISEASE IN CHINA AND OTHER G20 
COUNTRIES

In China, there were 2,301,643.54 (95% UI: 1, 861,968.54–2,792,193.37) incident cases 
of IHD in 1990 and 7,304,573.22 (95% UI: 5,815,313.24–8,949,994.68) cases in 2021, an 
increase of 217.36% from 1990–2021. China’s population has grown over the past three 
decades from around 1.13 billion in 1990 to 1.41 billion in 2021, according to the World Bank 
Group. Meanwhile, the global incidence of IHD will be 31,872,778.18 (95% UI: 26,284,920.94–
38,267,834.30) cases in 2021, increasing from 15,813,618.65 (95% UI: 13,180,529.44–
18,849,478.54) cases in 1990. The ASIR of IHD in China were 315.31 (95% UI: 255.53–382.49) 
in 1990 and 365.67 (95% UI: 293.32–440.07) in 2021 per 100,000 population, which were 
lower than the global average of 419.54 (95% UI: 351.07–498.15) in 1990 and 372.90 (95% 
UI: 307.95–444.19) in 2021 per 100,000 population. When compared to G20 countries, 
China was ranked 14th in the ASIR in 1990 and then increased to 7th in 2021 (Table 1). 
IHD accounted for 19,505,463.06 (95% UI: 16,754,811.28–22,537,174.00) prevalent cases 
in 1990 and 63,331,311.50 (95% UI: 53,812,323.83–76,196,537.00) cases in 2021 in China, 
comprising 0.17% of global prevalent cases in 1990 and 24.91% in 2021. The ASPR of IHD in 
China jumped from 8th in 1990 to 5th in 2021 (Table 2). Overall, the number of IHD mortality 
cases in China increased from 547,845.09 in 1990 to 1,956,859.43 in 2021, an increase of 
257.19%. During the same period, the ASMR in China increased significantly from 94.14 
(95% UI: 84.01–105.89) in 1990 to 110.91 (95% UI: 92.42–128.56) in 2021. Interestingly, 
the G20 countries showed a decrease in ASMR from 1990–2021, with the exception of India 
and Indonesia (Table 3). Similarly, the DALY increased by 161.83% from 13,624,111.86 in 
1990 to 35,672,627.04 in 2021. The ASDR in China in 1990 was 1,771.13 (95%UI 1,574.76–
1,990.67), but in 2019 China’s ASDR increased to 1,856.51 (95%UI 1,548.73–2,159.82), 
showing an upward trend compared with most of the G20 countries (Table 4).



LOCATION CASES (95% UI) AGE-STANDARDIZED INCIDENCE RATE, PER 100 
000 (95% UI)

1990 2021 1990–2021
CHANGE (%)

1990 2021 1990–2021
EAPC(95% CI)

Global 15813618.65
(13180529.44, 18849478.54)

31872778.18
(26284920.94, 38267834.30)

101.55
(98.87, 104.39)

419.54
(351.07, 498.15)

372.90
(307.95, 444.19)

–0.44
(–0.47, –0.41)

China 2301643.54
(1861968.54, 2792193.37)

7304573.22
(5815313.24, 8949994.68)

217.36
(202.99, 235.54)

315.31
(255.53, 382.49)

365.67
(293.32, 440.07)

0.66
(0.50, 0.82)

Argentina 110811.76
(97236.50, 128208.93)

135407.29
(115179.33, 160520.07)

22.20
(13.90, 31.04)

357.69
(315.71, 410.38)

243.87
(207.22, 291.57)

–1.61
(–1.89, –1.33)

Australia 65818.16
(58075.69, 74535.04)

94563.21
(77489.08, 114340.96)

43.67
(28.11, 61.46)

344.16
(305.95, 389.10)

213.72
(176.25, 262.25)

–1.43
(–1.82, –1.05)

Brazil 176403.78
(147670.15, 209651.27)

420771.58
(341548.72, 505774.15)

138.53
(127.34, 149.74)

197.12
(163.41, 234.79)

167.57
(136.27, 200.40)

–0.37
(–0.45, –0.29)

Canada 128768.69
(113261.44, 149684.38)

146396.51
(123174.69, 174147.54)

13.69
(4.32, 25.89)

397.51
(349.10, 463.63)

204.24
(170.67, 245.09)

–2.65
(–2.90, –2.40)

European 
Union

2093991.53
(1890015.76, 2353146.47)

1981694.26
(1734015.05, 2269780.24)

–5.36
(–9.49, –1.25)

352.76
(317.87, 392.91)

207.49
(179.16, 242.53)

–1.90
(–2.03, –1.77)

France 233422.28
(209001.93, 261151.14)

249807.82
(214444.42, 294830.86)

7.02
(–4.44, 20.56)

283.69
(256.56, 314.88)

176.27
(147.06, 213.19)

–0.98
(–1.20, –0.77)

Germany 551176.49
(505918.16, 601471.06)

441721.75
(391901.28, 505338.72)

–19.86
(–28.10, –9.94)

432.87
(399.23, 469.58)

223.88
(195.43, 261.15)

–2.34
(–2.45, –2.24)

India 2704532.05
(2148026.31, 3347899.60)

6849890.32
(5528403.36, 8331623.25)

153.27
(145.59, 161.95)

607.77
(484.82, 748.75)

585.23
(470.56, 713.17)

–0.14
(–0.23, –0.06)

Indonesia 211687.37
(168424.18, 260333.64)

582119.57
(463533.37, 718983.05)

174.99
(168.63, 180.91)

240.21
(192.05, 295.20)

270.65
(215.27, 331.46)

0.61
(0.50, 0.71)

Italy 227442.28
(178385.67, 281938.49)

226379.46
(187770.03, 263972.40)

–0.47
(–8.76, 9.97)

262.22
(206.08, 325.30)

166.39
(138.51, 194.88)

–1.71
(–1.81, –1.62)

Japan 150408.68
(118335.29, 188174.43)

358364.99
(279728.98, 453220.78)

138.26
(111.67, 168.37)

91.85
(72.89, 114.39)

90.63
(71.46, 113.97)

–0.30
(–0.47, –0.12)

Mexico 146333.26
(117620.58, 178933.75)

412013.58
(329516.20, 507005.80)

181.56
(174.10, 190.11)

350.94
(278.60, 435.25)

329.42
(261.01, 403.11)

–0.30
(–0.37, –0.24)

Republic of 
Korea

50995.36
(43011.51, 60717.02)

88757.79
(73096.64, 107551.37)

74.05
(55.76, 94.14)

207.36
(179.12, 241.59)

96.28
(79.26, 116.32)

–2.18
(–2.59, –1.77)

Russian 
Federation

1226018.72
(986689.42, 1484619.58)

1719384.92
(1372804.25, 2108619.52)

40.24
(31.88, 48.06)

741.29
(599.61, 898.59)

727.97
(586.20, 880.94)

–0.35
(–0.66, –0.03)

Saudi 
Arabia

50790.91
(41793.15, 61699.52)

202757.82
(167092.42, 247500.47)

299.20
(266.89, 340.58)

877.87
(719.09, 1065.04)

920.14
(777.97, 1085.34)

0.16
(0.04, 0.28)

South 
Africa

85209.09
(67282.25, 106271.37)

172647.18
(136318.87, 217054.32)

102.62
(96.61, 108.07)

419.96
(329.42, 528.11)

380.13
(300.49, 471.61)

–0.52
(–0.62, –0.43)

Turkey 287173.65
(248897.84, 339689.62)

621078.92
(527076.81, 740295.19)

116.27
(95.59, 138.03)

824.26
(718.28, 963.21)

665.07
(568.25, 784.58)

–0.75
(–0.87, –0.64)

United 
Kingdom

258729.50
(208292.78, 318199.59)

176843.92
(143926.41, 213528.89)

–31.65
(–35.87, –26.82)

287.52
(232.83, 354.16)

141.62
(115.22, 170.01)

–2.12
(–2.49, –1.76)

United 
States of 
America

1452572.29
(1131039.12, 1825893.46)

967989.81
(814312.97, 1134211.96)

–33.36
(–39.52, –25.08)

461.63
(361.24, 582.38)

170.36
(143.90, 197.67)

–3.66
(–3.95, –3.37)

Table 1 Incidence of ischemic heart disease in G20 countries and temporal trends from 1990 to 2021.

G20: Group of 20, UI: Uncertainty interval, EAPC: Estimated annual percentage change, CI: Confidence interval.



(Contd.)

LOCATION CASES (95% UI) AGE-STANDARDIZED PREVALENCE 
RATE, PER 100 000 (95% UI)

1990 2021 1990–2021
CHANGE (%)

1990 2021 1990–2021
EAPC  
(95% CI)

Global 112169488.40
(99416740.98, 
125730168.70)

254276267.90
(221446458.10, 
295493092.70)

126.69
(117.83, 
136.62)

2904.72
(2575.99, 
3248.10)

2946.38
(2572.69, 
3424.32)

0.00
(–0.03, 
0.03)

China 19505463.06
(16754811.28, 
22537174.00)

63331311.50
(53812323.83, 
76196537.00)

224.68
(208.12, 
245.47)

2526.44
(2189.97, 
2914.97)

3042.35
(2601.68, 
3629.87)

0.64
(0.56,  
0.72)

Argentina 638248.00
(583732.87, 
701214.99)

932786.44
(837288.33, 
1049343.95)

46.15
(37.57, 
54.96)

1977.98
(1811.70, 
2166.45)

1666.56
(1499.65, 
1871.35)

–0.73
(–0.83, 

–0.64)

Australia 438617.93
(407006.55, 
476441.50)

847760.59
(760154.86, 
952136.02)

93.28
(76.44, 
108.90)

2247.86
(2092.46, 
2437.69)

1877.69
(1685.68, 
2103.19)

–0.65
(–0.85, 

–0.44)

Brazil 1724721.45
(1475061.00, 
1976421.82)

4966552.33
(4177586.92, 
5843929.62)

187.96
(175.62, 
201.95)

1954.18
(1672.80, 
2253.55)

1976.74
(1669.26, 
2325.71)

0.07
(0.04,  
0.10)

Canada 742086.71
(684174.01, 
806721.39)

1105820.17
(1000313.19, 
1252450.95)

49.01
(39.60, 
58.73)

2267.31
(2093.18, 
2463.98)

1544.09
(1400.94, 
1734.92)

–1.48
(–1.63, 

–1.34)

European 
Union

14156038.48
(12731179.84, 
15687865.33) 

17292412.64
(15335809.23, 
19574701.89)

22.16
(17.24, 
28.03)

2348.86
(2116.10, 
2596.35)

1855.83
(1644.65, 
2094.96) 

–0.93 
(–1.01, 

–0.86)

France 1614378.54
(1467211.54, 
1788197.60)

2180522.62
(1942324.60, 
2473239.35)

35.07
(25.31, 
45.93)

1959.02
(1790.62, 
2161.32)

1595.12
(1425.27, 
1801.50)

–0.78
(–0.88, 

–0.68)

Germany 3101107.62
(2833708.93, 
3409588.35)

3151797.82
(2791317.00, 
3549641.44)

1.63
(–4.26,  
8.69)

2442.44
(2243.92, 
2676.81)

1683.17
(1496.00, 
1900.56)

–1.28
(–1.34, 

–1.21)

India 17867820.10
(15107259.55, 
20818190.22)

51933273.32
(43141707.52, 
62567272.58)

190.65
(176.16, 
207.47)

4110.85
(3518.51, 
4788.48)

4458.18
(3744.48, 
5412.76)

0.27
(0.25,  
0.28)

Indonesia 1842025.57
(1574670.90, 
2126112.82)

5158083.01
(4325307.05, 
6144843.95)

180.02
(166.62, 
193.01)

2085.58
(1796.26, 
2404.55)

2349.89
(1998.83, 
2782.38)

0.50
(0.46,  
0.54)

Italy 1682045.64
(1429035.51, 
1944088.91)

2109380.70
(1762593.05, 
2505110.62)

25.41
(19.46, 
31.57)

1887.10
(1615.66, 
2179.93)

1544.57
(1296.30, 
1834.07)

–0.88
(–0.97, 

–0.80)

Japan 1590718.02
(1362924.60, 
1845351.10)

2918517.07
(2466761.27, 
3474093.52)

83.47
(66.73, 
100.04)

943.84
(811.03, 
1090.14)

802.34
(686.82, 
938.16)

–0.77
(–0.88, 

–0.67)

Mexico 1163203.38
(1006940.36, 
1337844.20)

3513288.55
(2974794.29, 
4204715.90)

202.04
(188.56, 
217.47)

2798.08
(2417.87, 
3240.52)

2797.04
(2384.64, 
3344.04)

–0.08
(–0.12, 

–0.03)

Republic of 
Korea

304843.32
(279161.93, 
336172.44)

788589.59
(697856.86, 
892037.47)

158.69
(142.00, 
176.90)

1118.13
(1028.29, 
1232.87)

841.83
(748.12, 
948.82)

–1.12
(–1.25, 

–0.99)

Russian 
Federation

8242544.07
(7192086.29, 
9399669.62)

12624157.82
(10898100.28, 
14905229.20)

53.16
(46.01, 
60.62)

4758.48
(4182.91, 
5385.01)

5279.14
(4568.46, 
6189.43)

0.23
(0.12,  
0.34)

Saudi Arabia 344962.97
(321903.79, 
370003.13)

1407289.37
(1272028.51, 
1545986.29)

307.95
(285.53, 
332.54)

6267.77
(5855.70, 
6718.94)

7341.64
(6747.53, 
7966.80)

0.59
(0.54,  
0.64)

South Africa 599803.54
(513181.53, 
695631.29)

1283629.91
(1076863.48, 
1532287.96)

114.01
(104.31, 
124.61)

3009.73
(2580.12, 
3500.90)

2839.86
(2396.41, 
3389.41)

–0.31
(–0.38, 

–0.24)

Table 2 Prevalence of ischemic 
heart disease in G20 countries 
and temporal trends from 
1990 to 2021.

G20: Group of 20, UI: 
Uncertainty interval, EAPC: 
Estimated annual percentage 
change, CI: Confidence interval.
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LOCATION CASES (95% UI) AGE-STANDARDIZED PREVALENCE 
RATE, PER 100 000 (95% UI)

1990 2021 1990–2021
CHANGE (%)

1990 2021 1990–2021
EAPC  
(95% CI)

Turkey 2046513.35
(1921458.97, 
2196549.85)

5015695.28
(4562044.65, 
5507294.31)

145.08
(129.89, 
159.57)

6090.46
(5727.54, 
6507.62)

5365.86
(4895.52, 
5874.65)

–0.55
(–0.61, 

–0.50)

United 
Kingdom

1755046.17
(1523281.49, 
2014513.46)

1702773.46
(1453038.01, 
2001056.49)

–2.98
(–7.44,  
2.33)

1953.27
(1692.63, 
2228.79)

1363.38
(1162.34, 
1599.93)

–1.45
(–1.63, 

–1.27)

United States 
of America

9341215.83
(7880209.71, 
10980078.81)

8655573.75
(7305087.14, 
10307536.66)

–7.34
(–11.90, 

–1.84)

2912.81
(2469.35, 
3410.96)

1488.78
(1263.92, 
1756.36)

–2.57
(–2.76, 

–2.38)

(Contd.)

LOCATION CASES (95% UI) AGE-STANDARDIZED MORTALITY 
RATE, PER 100 000 (95% UI)

1990 2021 1990–2021
CHANGE (%)

1990 2021 1990–2021
EAPC 
(95% CI)

Global 5367136.58
(5076403.86, 
5562773.87)

8991636.68
(8264123.21, 
9531130.17)

67.53
(58.76, 
75.87)

158.90
(148.14, 
165.30)

108.73
(99.60, 
115.38)

–1.30
(–1.34, 

–1.26)

China 547845.09
(486106.46, 
617005.67)

1956859.43
(1634477.57, 
2280131.16)

257.19
(196.40, 
335.87)

94.14
(84.01, 
105.89)

110.91
(92.42, 
128.56)

0.97
(0.63,  
1.31)

Argentina 46663.19
(44422.94, 
48177.52)

35109.80
(32241.92, 
37063.90)

–24.76
(–28.75, 

–21.25)

158.80
(149.31, 
164.64)

60.79
(55.95, 
64.11)

–2.68
(–2.87, 

–2.50)

Australia 32990.15
(30571.98, 
34270.32)

23031.87
(19557.67, 
24978.12)

–30.19
(–36.36, 

–26.04)

175.07
(160.93, 
182.55)

44.08
(37.95, 
47.53)

–4.68
(–4.80, 

–4.56)

Brazil 105307.12
(100047.13, 
108323.43)

157550.11
(144833.10, 
165499.38)

49.61
(42.63, 
56.02)

136.61
(127.24, 
141.52)

64.01
(58.63, 
67.35)

–2.32
(–2.41, 

–2.22)

Canada 50105.55
(46274.45, 
51988.65)

41493.63
(36498.59, 
44418.75)

–17.19
(–22.65, 

–13.96)

156.66
(143.99, 
162.88)

51.12
(45.43, 
54.44)

–3.88
(–4.04, 

–3.72)

European 
Union

1010274.38
(942751.82, 
1041504.02)

744989.27
(653289.45, 
794950.53) 

–26.26
(–31.20, 

–23.24)

168.750
(156.699, 
174.456)

64.652
(57.527, 
68.531)

–3.303
(–3.387, 

–3.220)

France 74095.08
(68294.19, 
77384.55)

56002.42
(47365.54, 
60965.03)

–24.42
(–31.49, 

–20.09)

84.26
(77.70, 
87.99)

29.87
(25.89, 
32.30)

–3.48
(–3.61, 

–3.35)

Germany 254432.16
(233570.91, 
265106.53)

150616.94
(129273.89, 
163023.29)

–40.80
(–45.92, 

–37.72)

192.40
(176.05, 
200.95)

63.67
(55.51, 
68.32)

–3.72
(–3.84, 

–3.61)

India 571504.96
(511213.90, 
624257.48)

1632881.84
(1487219.38, 
1788197.88)

185.72
(150.37, 
227.51)

137.87
(121.54, 
151.08)

151.17
(137.46, 
165.08)

0.48
(0.30,  
0.66)

Indonesia 89011.81
(76060.38, 
101756.30)

276493.65
(229238.18, 
322155.06)

210.63
(148.12, 
285.88)

102.96
(85.94, 
119.91)

143.25
(119.34, 
163.30)

1.19
(1.09,  
1.29)

Italy 94745.72
(86023.99, 
99143.84)

85030.62
(70074.59, 
92946.70)

–10.25
(–18.86, 

–5.76)

108.50
(97.93, 
113.85)

44.27
(37.56, 
47.75)

–3.04
(–3.14, 

–2.94)

Japan 102221.70
(92558.19, 
106893.75)

123164.00
(99194.64, 
136240.43)

20.49
(6.95, 28.20)

66.69
(59.50, 
70.22)

25.36
(21.70, 
27.29)

–2.95
(–3.18, 

–2.72)

Table 3 Mortality of ischemic 
heart disease in G20 countries 
and temporal trends from 
1990 to 2021.

G20: Group of 20, UI: 
Uncertainty interval, EAPC: 
Estimated annual percentage 
change, CI: Confidence interval.
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LOCATION CASES (95% UI) AGE-STANDARDIZED MORTALITY 
RATE, PER 100 000 (95% UI)

1990 2021 1990–2021
CHANGE (%)

1990 2021 1990–2021
EAPC 
(95% CI)

Mexico 38261.91
(36879.95, 
38955.55)

129103.48
(114982.51, 
143052.14)

237.42
(204.25, 
271.86)

113.39
(108.31, 
115.87)

113.21
(100.89, 
125.20)

–0.10
(–0.37, 0.18)

Republic of 
Korea

12338.69
(10729.60, 
14137.60)

25415.44
(20651.61, 
29168.94)

105.98
(77.06, 
138.93)

60.15
(51.83, 
68.91)

28.27
(22.87, 
32.57)

–3.03
(–3.31, 

–2.74)

Russian 
Federation

482850.75
(462864.86, 
492436.80)

512524.27
(470911.59, 
551237.97)

6.15
(–0.83, 13.27)

311.27
(294.21, 
318.67)

212.91
(195.61, 
229.02)

–1.61
(–2.12, 

–1.10)

Saudi Arabia 11469.22
(8755.15, 
14415.79)

32329.67
(26303.88, 
39773.79)

181.88
(105.51, 
306.28)

225.52
(174.28, 
279.62)

185.90
(158.13, 
219.08)

–0.72
(–0.92, 

–0.51)

South Africa 13911.29
(11672.35, 
15652.43)

30300.97
(27568.30, 
32899.92)

117.82
(97.51, 
147.85)

74.43
(61.29, 
84.33)

78.04
(71.05, 
84.66)

0.00
(–0.40, 0.41)

Turkey 61298.30
(54354.67, 
68192.65)

112054.57
(92076.78, 
131673.92)

82.80
(48.99, 
119.78)

204.65
(180.71, 
228.18)

133.38
(109.89, 
155.94)

–1.29
(–1.60, 

–0.97)

United 
Kingdom

184357.71
(173164.20, 
189356.76)

76354.24
(67535.95, 
80433.70)

–58.58
(–61.06, 

–57.34)

196.49
(184.68, 
201.92)

52.11
(46.86, 
54.65)

–4.67
(–4.86, 

–4.48)

United 
States of 
America

594729.09
(534528.60, 
623663.90)

493222.04
(432450.65, 
527138.63)

–17.07
(–20.15, 

–14.93)

179.83
(162.05, 
188.39)

78.92
(69.93, 
83.85)

–3.01
(–3.16, 

–2.85)

(Contd.)

LOCATION CASES (95% UI) AGE-STANDARDIZED DALY RATE, 
PER 100 000 (95% UI)

1990 2021 1990–2021
CHANGE (%)

1990 2021 1990–2021
EAPC 
(95% CI)

Global 119162957.30
(114547786.90, 
123454733.00)

188360557.30
(177036930.40, 
198154476.60)

58.07
(49.50, 
66.45)

3107.61
(2966.50, 
3222.67)

2212.16
(2075.54, 
2327.61)

–1.20
(–1.25, 

–1.15)

China 13624111.86
(12056605.55, 
15466092.35)

35672627.04
(29920272.75, 
41738945.76)

161.83
(112.90, 
223.36)

1771.13
(1574.76, 
1990.67)

1856.51
(1548.73, 
2159.82)

0.51
(0.24,  
0.78)

Argentina 951849.68
(921724.72, 
978424.58)

659381.08
(620826.60, 
690368.78)

–30.73
(–33.73, 

–27.66)

3045.51
(2935.24, 
3135.27)

1179.87
(1113.64, 
1234.14)

–2.74
(–2.91, 

–2.58)

Australia 612460.76
(578633.78, 
632274.49)

356731.81
(318531.19, 
379798.16)

–41.75
(–45.60, 

–38.77)

3168.21
(2983.34, 
3273.46)

768.62
(696.10, 
814.23)

–4.78
(–4.93, 

–4.63)

Brazil 2626269.58
(2536094.83, 
2689422.79)

3713582.76
(3497727.16, 
3865675.69)

41.40
(36.13, 
46.96)

2916.95
(2791.89, 
2996.12)

1469.72
(1380.14, 
1530.27)

–2.16
(–2.24, 

–2.09)

Canada 929566.80
(881760.23, 
956834.54)

673922.76
(612998.87, 
710472.29)

–27.50
(–31.46, 

–24.85)

2886.93
(2735.29, 
2972.96)

922.52
(849.26, 
968.23)

–3.88
(–4.03, 

–3.73)

European 
Union

18823858.58
(18002268.61, 
19273994.03)

11627757.69
(10603987.65, 
12278527.32)

–38.23
(–41.68, 

–35.85)

3182.76
(3041.70, 
3259.52)

1167.52
(1080.19, 
1226.80)

–3.47
(–3.56, 

–3.38)

France 1265075.45
(1190602.88, 
1315058.77)

841382.13
(745327.47, 
909860.04)

–33.49
(–38.33, 

–29.80)

1519.29
(1434.08, 
1575.77)

555.98
(503.45, 
597.26)

–3.36
(–3.46, 

–3.25)

Germany 4427915.18
(4180700.20, 
4575610.71)

2250722.06
(1988200.08, 
2398480.24)

–49.17
(–52.95, 

–46.89)

3470.96
(3277.21, 
3583.26)

1096.63
(993.52, 
1160.04)

–3.86
(–3.98, 

–3.74)

Table 4 Disability-adjusted life 
years of ischemic heart disease 
in G20 countries and temporal 
trends from 1990 to 2021.

G20: Group of 20, UI: 
Uncertainty interval, EAPC: 
Estimated annual percentage 
change, CI: Confidence 
interval, DALY, Disability-
adjusted life years.
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LOCATION CASES (95% UI) AGE-STANDARDIZED DALY RATE, 
PER 100 000 (95% UI)

1990 2021 1990–2021
CHANGE (%)

1990 2021 1990–2021
EAPC 
(95% CI)

India 16765036.26
(15156253.18, 
18285253.38)

41316678.39
(37458752.56, 
45305507.28)

146.45
(115.61, 
184.29)

3321.51
(2980.30, 
3628.90)

3400.03
(3098.47, 
3720.83)

0.18
(0.06,  
0.30)

Indonesia 2602187.39
(2270109.54, 
2942989.62)

7347522.27
(6101893.28, 
8695819.81)

182.36
(123.55, 
249.41)

2420.31
(2079.08, 
2751.00)

3043.08
(2527.28, 
3544.71)

0.87
(0.77,  
0.97)

Italy 1730943.85
(1627559.99, 
1788916.04)

1194535.48
(1035883.32, 
1282895.98)

–30.99
(–36.39, 

–28.01)

1988.69
(1868.54, 
2056.66)

747.14
(673.73, 
791.65)

–3.32
(–3.40, 

–3.25)

Japan 1848886.15
(1727631.33, 
1913031.12)

1803042.97
(1556452.86, 
1940530.38)

–2.48
(–10.13, 
2.22)

1141.16
(1058.45, 
1184.99)

502.25
(460.02, 
526.29)

–2.51
(–2.66, 

–2.37)

Mexico 832032.19
(811517.00, 
845792.79)

2626717.04
(2336523.15, 
2939559.09)

215.70
(182.06, 
250.77)

2050.57
(1986.67, 
2089.13)

2125.69
(1892.12, 
2373.05)

–0.03
(–0.30, 
0.23)

Republic of 
Korea

297271.06
(258621.90, 
336200.60)

424498.34
(362480.24, 
475146.80)

42.80
(25.34, 
62.76)

1084.12
(948.59, 
1232.98)

470.99
(402.59, 
526.79)

–3.26
(–3.52, 

–3.00)

Russian 
Federation

10020381.70
(9747362.61, 
10188133.54)

9631666.32
(8865971.18, 
10363140.76)

–3.88
(–10.54, 
3.01)

5901.48
(5703.59, 
6010.77)

4082.19
(3760.50, 
4389.11)

–1.75
(–2.34, 

–1.15)

Saudi 
Arabia

308806.62
(233829.26, 
392612.54)

1075688.88
(851631.30, 
1338612.93)

248.34
(149.43, 
412.45)

4888.39
(3749.14, 
6143.97)

4219.77
(3530.63, 
5082.93)

–0.42
(–0.65, 

–0.20)

South Africa 358547.87
(315697.05, 
396157.61)

712623.05
(653012.88, 
778831.81)

98.75
(80.86, 
118.87)

1647.75
(1419.91, 
1832.50)

1568.46
(1435.50, 
1705.97)

–0.28
(–0.68, 
0.13)

Turkey 1477735.15
(1299333.12, 
1653583.77)

2187118.64
(1808029.13, 
2591481.17)

48.00
(19.23, 
80.44)

4255.11
(3773.12, 
4724.64)

2419.28
(2008.07, 
2856.99)

–1.92
(–2.16, 

–1.67)

United 
Kingdom

3430621.38
(3292789.25, 
3498042.69)

1273352.28
(1174184.97, 
1329582.17)

–62.88
(–64.42, 

–61.92)

3846.95
(3702.17, 
3918.72)

983.93
(921.73, 
1021.77)

–4.76
(–4.97, 

–4.56)

United 
States of 
America

10780285.70
(10063311.90, 
11136811.70)

8751736.16
(8013896.50, 
9182127.60)

–18.82
(–20.94, 

–16.94)

3395.99
(3185.06, 
3501.20)

1527.33
(1412.25, 
1595.15)

–2.90
(–3.05, 

–2.74)

Table 5 Predictions of 
incidence, mortality, and 
Disability-adjusted life years 
of ischemic heart disease in 
China stratified by gender 
from 2022 to 2040.

EAPC: Estimated annual 
percentage change, CI: 
Confidence interval, DALY: 
Disability-adjusted life years.

YEAR AGE-STANDARDIZED 
INCIDENCE RATE, PER 
100 000 (95% CI)

AGE-STANDARDIZED 
MORTALITY RATE, PER 
100 000 (95% CI)

AGE-STANDARDIZED DALY 
RATE, PER 100 000 (95% CI)

MALE FEMALE MALE FEMALE MALE FEMALE

2022 729.96
(703.03, 
756.89)

580.78
(557.20, 
604.37)

263.99
(247.71, 
280.28)

148.22
(139.55, 
156.88)

4400.65
(4154.59, 
4646.70)

2329.64
(2202.32, 
2456.96)

2023 734.00
(700.31, 
767.69)

584.44
(555.32, 
613.55)

 264.71
(244.71, 
284.72)

146.49
(135.78, 
157.20)

4409.27
(4098.06, 
4720.49)

2294.27
(2135.69, 
2452.84)

2024 738.03
(698.32, 
777.74)

588.11
(554.01, 
622.22)

265.26
(241.94, 
288.58)

144.62
(132.19, 
157.05)

4416.53
(4048.53, 
4784.53)

2257.58
(2073.20, 
2441.95)

2025 742.03
(696.74, 
787.33)

591.81
(553.04, 
630.58)

265.65
(239.28, 
292.02)

142.62
(128.69, 
156.54)

4422.68
(4002.87, 
4842.49)

2219.80
(2013.16, 
2426.44)

2026 746.10
(695.49, 
796.72)

595.59
(552.35, 
638.83)

265.88
(236.65, 
295.11)

140.52
(125.26, 
155.78)

4427.97
(3959.62, 
4896.32)

2181.36
(1955.01, 
2407.70)

(Contd.)
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TEMPORAL TRENDS FOR ISCHEMIC HEART DISEASE BURDEN OVER TIME IN 
CHINA AND OTHER G20 COUNTRIES

With the exception of China, Indonesia and Saudi Arabia, the ASIR for IHD decreased in all other 
G20 countries between 1990–2021. In China, the ASIR for IHD showed an increasing trend with 
an EAPC of 0.66 (95% CI: 0.50–0.82) (Table 1). In terms of ASPR for IHD during the period 1990–
2021, Brazil, China, India, Indonesia, Saudi Arabia and the Russian Federation had increasing 
trends, whereas decreasing trends were observed in Australia, Argentina, Canada, France, 
Germany, Italy, Japan, South Africa, Turkey, the European Union, the United States of America 
and the United Kingdom (Table 2). The ASMR decreased in all G20 countries except China, India 
and Indonesia (Table 3). The ASDR of IHD increased in China (EAPC = 0.51, 95% CI: 0.24–0.78), and 
China’s upward trend ranked second in the G20 countries after Indonesia (Table 4).

YEAR AGE-STANDARDIZED 
INCIDENCE RATE, PER 
100 000 (95% CI)

AGE-STANDARDIZED 
MORTALITY RATE, PER 
100 000 (95% CI)

AGE-STANDARDIZED DALY 
RATE, PER 100 000 (95% CI)

MALE FEMALE MALE FEMALE MALE FEMALE

2027 750.27
(694.51, 
806.03)

599.46
(551.89, 
647.04)

265.98
(234.01, 
297.93)

138.35
(121.88, 
154.82)

4432.54
(3917.90, 
4947.17)

2142.37
(1898.33, 
2386.42)

2028 754.48
(693.71, 
815.25)

603.38
(551.56, 
655.20)

265.94
(231.37, 
300.52)

136.08
(118.52, 
153.65)

4436.44
(3877.34, 
4995.54)

2102.78
(1842.76, 
2362.79)

2029 758.68
(693.00, 
824.35)

607.30
(551.30, 
663.30)

265.80
(228.72, 
302.89)

133.72
(115.16, 
152.27)

4439.75
(3837.66, 
5041.84)

2062.46
(1788.02, 
2336.90)

2030 762.85
(692.33, 
833.36)

611.22
(551.09, 
671.34)

265.61
(226.09, 
305.14)

131.27
(111.81, 
150.72)

4442.98
(3798.98, 
5086.97)

2021.63
(1734.12, 
2309.13)

2031 767.04
(691.73, 
842.34)

615.18
(550.95, 
679.40)

265.42
(223.51, 
307.33)

128.77
(108.50, 
149.04)

4446.65
(3761.49, 
5131.82)

1980.69
(1681.28, 
2280.09)

2032 771.28
(691.20, 
851.35)

619.17
(550.86, 
687.49)

265.24
(220.98, 
309.49)

126.25
(105.23, 
147.27)

4451.06
(3725.17, 
5176.96)

1939.75
(1629.48, 
2250.01)

2033 775.51
(690.69, 
860.34)

623.16
(550.76, 
695.56)

265.11
(218.54, 
311.68)

123.71
(102.01, 
145.41)

4456.39
(3690.11, 
5222.66)

1898.92
(1578.78, 
2219.06)

2034 779.72
(690.16, 
869.28)

627.11
(550.64, 
703.58)

265.06
(216.20, 
313.93)

121.16
(98.85, 
143.48)

4462.64
(3656.24, 
5269.05)

1858.20
(1529.11, 
2187.29)

2035 783.87
(689.59, 
878.15)

631.03
(550.48, 
711.57)

265.14
(213.98, 
316.29)

118.62
(95.74, 
141.50)

4470.05
(3623.56, 
5316.53)

1817.74
(1480.55, 
2154.94)

2036 787.98
(688.98, 
886.98)

634.93
(550.31, 
719.55)

265.31
(211.87, 
318.76)

116.10
(92.71, 
139.49)

4478.65
(3591.98, 
5365.32)

1777.79
(1433.23, 
2122.35)

2037 792.07
(688.34, 
895.80)

638.81
(550.10, 
727.53)

265.53
(209.80, 
321.26)

113.59
(89.74, 
137.44)

4488.10
(3561.03, 
5415.17)

1738.20
(1386.98, 
2089.43)

2038 796.08
(687.62, 
904.55)

642.64
(549.82, 
735.46)

265.74
(207.74, 
323.73)

111.07
(86.82, 
135.33)

4497.98
(3530.39, 
5465.58)

1698.95
(1341.77, 
2056.14)

2039 800.02
(686.81, 
913.23)

646.39
(549.45, 
743.32)

265.93
(205.68, 
326.18)

108.55
(83.94, 
133.16)

4508.04
(3499.78, 
5516.29)

1659.95
(1297.51, 
2022.40)

2040 803.86
(685.90, 
921.81)

650.05
(549.00, 
751.11)

266.17
(203.67, 
328.67)

106.03
(81.11, 
130.96)

4518.48
(3469.27, 
5567.69)

1621.28
(1254.21, 
1988.35)

2022–2040
EAPC
(95% CI)

0.73
(0.56, 
0.91)

0.57
(0.42,  
0.72)

1.41
(1.05,  
1.77)

0.51
(0.16,  
0.85) 

0.99
(0.70,  
1.27)

–0.09
(–0.37,  
0.19) 
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AGE AND SEX DISTRUBTION FOR ISCHEMIC HEART DISEASE BURDEN IN 
CHINA AND OTHER G20 COUNTRIES

Figure 1 illustrates the incidence and deaths numbers and rates for IHD in different age groups 
and genders in 2021. The incidence of IHD from China increases with age up to the 70–74 age 
group, where it peaks and then gradually declines. Both males and females exhibit this trend 
(Figure 1A). The number of mortality increased with age in both sexes and peaked in the 80–84 
and 85–89 age groups (Figure 1B). For G20 countries, the highest number of incidence peaking at 
age subgroups 65–69 years and 70–74 years (Figure 1C). For both sexes, the highest number of 
mortality occurrs in the age subgroups 80–84 years (Figure 1D). From 1990–2021, the ASIR, ASPR, 
ASMR and ASDR in China show an upward trend compared to other G20 countries, with the over-
80 age group showing the most significant upward trend (Supplementary Figure 1A–D).

RISK FACTORS FOR MORTALITY OF ISCHEMIC HEART DISEASE IN CHINA AND 
OTHER G20 COUNTRIES

Although mortality from IHD in China was attributed to various individual risk factors, the top 
five risk factors in 2021 were high systolic blood pressure (57.26% (95% UI: 43.44–73.48)), 
dietary risks (44.26% (95% UI: 1.17–75.22)), air pollution (38.55%(95%UI:28.00–49.60)), high 
LDL cholesterol (29.04% (95%UI:18.00–42.02)), and tobacco (26.33% (95%UI: 19.84–33.55)) 
(Figure 2A). For G20 countries, the leading risk factors in 2021 were high systolic blood pressure 
(51.47% (95% UI: 40.95–61.05)), high LDL cholesterol (29.65% (95% UI: 19.83–40.06)), air 
pollution (26.29% (95% UI: 19.49–33.17)), tobacco (19.15% (95% UI: 15.75–22.79)), and 
impaired kidney function (15.45% (95% UI: 10.56–19.85)) (Figure 2B).

PREDICTIONS OF INCIDENCE, MORTALITY AND DALYS OF ISCHEMIC HEART 
DISEASE IN CHINA FROM 2020 TO 2040

We used the BAPC model to fit the ASIR, ASMR and ASDR of IHD stratified by sex from 1990–2021 
and to predict them in 2040. By 2040, the ASIR in men will increase to 803.86 (95% CI: 685.90–
921.81) per 100,000 population with an EAPC of 0.73 (95% CI: 0.56–0.91) (Table 5, Figure 3A). 
The ASIR for women will reach 650.05 (95% CI: 549.00–751.11) per 100,000 population, which 

Figure 1 The age distribution 
for incidence and mortality 
of ischemic heart disease in 
China and G20 countries. (A) 
Age distribution of incidence 
in China for genders. (B) Age 
distribution of mortality in 
China for genders. (C) Age 
distribution of incidence in the 
G20 countries for genders. (D) 
Age distribution of mortality in 
the G20 countries for genders. 
G20: Group of Twenty.
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means a slight increase with an EAPC of 0.57 (95% CI: 0.42–0.72) (Table 5, Figure 3B). Men are 
expected to experience a steeper increase in ASMR than women over the period 2022–2040, with 
EAPCs of 1.41 (95% CI: 1.05–1.77) and 0.51 (95% CI: 0.16–0.85), respectively (Table 5, Figure 3C, D). 
Meanwhile, the rate of increase in the ASDR will be higher for men with an EAPC of 0.99 (95% CI: 
0.70–1.27) than for women with an EAPC of –0.09 (95% CI: –0.37–0.19) (Table 5, Figure 3E, F).

DISCUSSION
IHD is emerging as a major global health challenge, characterised by increasing incidence 
and mortality. The GBD study allows us to examine the burden of disease, predict and 
compare disease trends (16). In our study, we first examined and compared the trend of 
IHD in incidence, prevalence, mortality and DALYs in China and the G20 countries, taking 
into account different age groups and sexes. We have also made projections for the next 
two decades. These findings have the potential to inform resource allocation strategies and 
the development of effective interventions. We found that the decline in ASIR and ASPR 
over the past 30 years occurred in most G20 countries, which is consistent with previous 
studies (17, 18). From 1990–2021, the incidence, prevalence, mortality and DALYs of IHD 
increased in China. In fact, the estimated number of incident and prevalent IHD cases in 
2021 was 7304573.22 and 63331311.50, accounting for 22.92% and 24.91% of all IHD 

Figure 2 Attributable age-
standardized mortality rates 
by ischemic heart disease 
risk factors in China and G20 
countries in 2021. (A) China; 
(B) G20 countries. G20: Group 
of Twenty.



cases worldwide, respectively. Compared with global averages and other members of the 
G20, the ASIR and ASPR of IHD in China increased significantly over the study period, with 
an EAPC of 0.66 (95% CI: 0.50–0.82) and 0.64 (95% CI: 0.56–0.72), respectively. The reasons 
for this increase in IHD are unclear. One possible hypothesis is that early life exposure to 
established risk factors for cardiovascular disease, including a westernised diet, high body 
mass index (BMI) and physical inactivity may lead to genetic and epigenetic changes in lipid 
modification, inflammation and vasomotor dysfunction (19, 20). Our results showed that 
the proportion of IHD mortality attributable to dietary risk factors in China was 44.26% in 
2021, so the increase in incidence rate is mainly due to increased exposure to risk factors. 
We also found that air pollution and tobacco use were the top five risk factors for IHD in 
2021. Air pollution and smoking have been associated with an increased risk of IHD in a 
dose-dependent manner in many epidemiological studies (21).

High systolic blood pressure and dietary factors are the major risk factors for IHD in China. 
Accordingly, the Chinese government and public health institutions have issued a series of 
control and prevention strategies and policies, such as Healthy China 2030, which aims to adopt 
the most relevant health policies or strategies to improve the overall health of the Chinese 
population between 2016–2030 (22). The Chinese Centre for Disease Control and Prevention 
(China CDC) has run several campaigns on non-communicable diseases, such as promoting 
salt reduction, weight loss and increased physical activity. Air pollution is the third leading 
cause of death from IHD in China. Tackling air pollution has become a priority for the Chinese 
government. The State Council issued a National Action Plan for Air Pollution Prevention and 
Control in 2013, identifying ten detailed strategies and measures for implementation, involving 
all relevant government agencies (23). Although some progress has been made in China, IHD 
mortality rates are still increasing, suggesting that there is room for Chinese policymakers to 
improve IHD prevention and reduce the burden of disease.

In addition, age differences have a significant impact on the burden of IHD. In our study, the 
age-specific rates of incidence, prevalence, mortality and DALYs gradually increased with age. 
The high burden of IHD in the elderly may be related to their physical health, related chronic 
diseases and poor immunity. Therefore, it is advisable to prioritise individuals aged ≥65 years as 
a key population group for the prevention, early detection and management of IHD.

Figure 3 The temporal trends in 
the age-standardized rates for 
incidence, mortality, and DALY 
of ischemic heart disease from 
1990–2021 and projections 
from 2022–2040 in China, 
stratified by gender. (A) The 
temporal trends in the age-
standardized incidence rate of 
ischemic heart disease from 
1990–2021 and projections 
from 2022 to 2040 in males. 
(B) The temporal trends in the 
age-standardized incidence rate 
of ischemic heart disease from 
1990–2021 and projections 
from 2022 to 2040 in females. 
(C) The temporal trends in the 
age-standardized mortality rate 
of ischemic heart disease from 
1990–2021 and projections 
from 2022 to 2040 in males. 
(D) The temporal trends in the 
age-standardized mortality rate 
of ischemic heart disease from 
1990–2021 and projections 
from 2022 to 2040 in females. 
(E) The temporal trends in the 
age-standardized DALY rate of 
ischemic heart disease from 
1990–2021 and projections 
from 2022–2040 in males. (F) 
The temporal trends in the 
age-standardized DALY rate of 
ischemic heart disease from 
1990–2021 and projections 
from 2022–2040 in females. 
DALY: Disability-adjusted life 
years.
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From 1990 to 2021, the trends in ASMR and ASDR due to IHD showed similar patterns to those 
of ASIR and ASPR in the G20 countries. In contrast to the increasing trends of ASMR and ASDR 
in China, ASMR and ASDR due to IHD decreased or increased at a relatively low rate in most G20 
countries. This is in line with a recent study which found that mortality rates from IHD showed 
a downward trend in high SDI countries, particularly Australia, France, Germany, Japan and 
the United Kingdom (24). Continued progress in early detection and effective treatment of IHD 
may explain the improvement in ASMR and ASDR. China has initiated some population-based 
cardiovascular disease screening programmes, such as a large-scale screening of high-risk 
populations in the Kailuan Cohort Study, which started in 2006, and the China-PAR project, both 
of which are effectively curbing the significant increasing trend of atherosclerotic cardiovascular 
disease in China (25, 26).

However, according to the forecast results of the BAPC model, the ASIR, ASMR and ASDR of 
IHD in China will continue to increase over the next 20 years. In addition, men will experience 
higher levels of ASIR, ASMR and ASDR and will have a more pronounced increasing trend in 
the rates compared to women. Therefore, promising approaches to optimise prevention and 
early detection of IHD, including screening of high-risk populations such as young adults with a 
family history of IHD in first-degree relatives, should be emphasized.

Our study used the latest data from the GBD study to analyse the burden of IHD in China and other 
G20 countries, comparing it by sex and region. This analysis provides valuable data references 
for IHD prevention and control efforts. However, the study has several limitations. First, the data 
provided in GBD 2021 were based on estimates and mathematical modelling, which may affect 
the accuracy and reliability of the burden estimates. Second, several types of IHD, such as acute 
myocardial infarction, chronic stable angina, chronic IHD and heart failure were not available in 
the GBD database for the analysis of IHD burden by subtype. Third, our analysis of the burden of 
IHD is at a regional and national level, without further analysis of the complex interplay between 
genetic and environmental factors contributing to the development of IHD.

CONCLUSION
This study provides a comprehensive and in-depth analysis of the burden and long-term trends 
of IHD in China and other G20 countries. The ASIR, ASPR, ASMR and ASDR of IHD increased 
in China from 1990–2021. There was considerable variation in these rates among the G20 
countries. High systolic blood pressure, dietary risks, air pollution, high LDL cholesterol and 
tobacco were the leading risk factors for IHD mortality in 2021. The burden of IHD in China is 
projected to increase continuously over the next 20 years.

DATA ACCESSIBILITY STATEMENT
The original contributions presented in this study are included in the article/supplementary 
material, further inquiries can be directed to the corresponding authors.

ADDITIONAL FILE
The additional file for this article can be found as follows:

•	 Supplementary Figure 1. The age-standardized rates of prevalent cases (A), incidence 
(B), mortality (C), and DALYs (D) trends due to ischemic heart disease in China and G20 
countries from 1990–2021. DALYs: disability-adjusted life-years; G20: group of twenty. 
DOI: https://doi.org/10.5334/gh.1424.s1

ACKNOWLEDGEMENTS
This study was generously supported by Jingding Medical Tech and we would like to thank 
them. In particular, we thank them for providing authorisation and technical support for the 
JD_GBDR software. The team at Jingding Medical Tech provided invaluable assistance in data 
processing and improving analysis speed, which greatly contributed to the efficient completion 
of this study. We would like to express our sincere appreciation to Jingding Medical Tech for 
their significant contribution.

https://doi.org/10.5334/gh.1424.s1


14Zhang et al.  
Global Heart  
DOI: 10.5334/gh.1424

FUNDING INFORMATION
This research was funded by the Anhui Provincial Natural Science Foundation (2208085MH 196), 
the Natural Science Research Project of the Anhui Educational Committee (2023 AH040401) 
and Mass Spectrometry Key Technology R&D and Clinical Application of Anhui Province Jointly 
Constructed Discipline Key Experiments (2023ZPLH01).

COMPETING INTERESTS
The authors have no competing interests to declare.

AUTHOR CONTRIBUTIONS
BuChun Zhang, Chun Xiao: conceived the idea of the study, drafted the manuscript. Yi Zhang, 
Hui Li, JingHan Chu, ShuaiShuai Ye: methodology, data analysis, and drew the figures. All 
authors have read and agreed to the published version of the manuscript.

Yi Zhang and Hui Li contributed equally to this work and share first authorship.

AUTHOR AFFILIATIONS
Yi Zhang, MD  orcid.org/0009-0003-0404-0464 
Department of Cardiology, The First Affiliated Hospital of USTC, Division of Life Sciences and Medicine, 
University of Science and Technology of China, Anhui Hefei, 230001, China; Graduate School, Wannan 
Medical College, Anhui Wuhu, 241002, China

Hui Li, MD  orcid.org/0009-0001-6153-4095 
Graduate School, Wannan Medical College, Anhui Wuhu, 241002, China

JingHan Chu, BA  orcid.org/0009-0002-7964-1347 
School of Medical Technology, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China

ShuaiShuai Ye, MD  orcid.org/0009-0006-4323-0326 
Graduate School, Wannan Medical College, Anhui Wuhu, 241002, China

Chun Xiao, MD  orcid.org/0000-0001-7732-0449 
Department of Cardiology, Third People’s Hospital of Huizhou, Guangzhou Medical University, Guangdong 
516002, China

BuChun Zhang, MD, PhD, FACC  orcid.org/0000-0002-3528-0730 
Department of Cardiology, The First Affiliated Hospital of USTC, Division of Life Sciences and Medicine, 
University of Science and Technology of China, Anhui Hefei, 230001, China

REFERENCES
1.	 Sun J, Qiao Y, Zhao M, Magnussen CG, Xi B. Global, regional, and national burden of cardiovascular 

diseases in youths and young adults aged 15–39 years in 204 countries/territories, 1990–2019: a 

systematic analysis of Global Burden of Disease Study 2019. BMC Med. 2023;21(1):222. DOI: https://

doi.org/10.1186/s12916-023-02925-4

2.	 Safiri S, Karamzad N, Singh K, Carson-Chahhoud K, Adams C, Nejadghaderi SA, Almasi-Hashiani A, 
Sullman MJM, Mansournia MA, Bragazzi NL, Kaufman JS, Collins GS, Kolahi AA. Burden of ischemic 

heart disease and its attributable risk factors in 204 countries and territories, 1990–2019. Eur J Prev 

Cardiol. 2022;29(2):420–431. DOI: https://doi.org/10.1093/eurjpc/zwab213

3.	 GBD 2021 Fertility and Forecasting Collaborators. Global fertility in 204 countries and territories, 

1950–2021, with forecasts to 2100: a comprehensive demographic analysis for the Global Burden 

of Disease Study 2021. Lancet. 2024;403(10440):2057–2099. DOI: https://doi.org/10.1016/S0140-

6736(24)00550-6

4.	 Zhu M, Jin W, He W, Zhang L. The incidence, mortality and disease burden of cardiovascular diseases 

in China: a comparative study with the United States and Japan based on the GBD 2019 time trend 

analysis. Front Cardiovasc Med. 2024;11:1408487. DOI: https://doi.org/10.3389/fcvm.2024.1408487

5.	 Sucato V, Coppola G, Manno G, Vadalà G, Novo G, Corrado E, Galassi AR. Coronary Artery Disease 

in South Asian Patients: Cardiovascular Risk Factors, Pathogenesis and Treatments. Curr Probl Cardiol. 

2023;48(8):101228. DOI: https://doi.org/10.1016/j.cpcardiol.2022.101228

6.	 Aminorroaya A, Saeedi Moghaddam S, Tavolinejad H, Aryan Z, Heidari B, Ebrahimi H, Naderian M, 
Shobeiri P, Ghanbari A, Rezaei N, Malekpour MR, Haghshenas R, Rezaei N, Larijani B, Farzadfar 
F. Burden of Ischemic Heart Disease and Its Attributable Risk Factors in North Africa and the Middle 

East, 1990 to 2019: Results From the GBD Study 2019. J Am Heart Assoc. 2024;13(2):e030165. DOI: 

https://doi.org/10.1161/JAHA.123.030165

https://orcid.org/0009-0003-0404-0464
https://orcid.org/0009-0003-0404-0464
https://orcid.org/0009-0001-6153-4095
https://orcid.org/0009-0001-6153-4095
https://orcid.org/0009-0002-7964-1347
https://orcid.org/0009-0002-7964-1347
https://orcid.org/0009-0006-4323-0326
https://orcid.org/0009-0006-4323-0326
https://orcid.org/0000-0001-7732-0449
https://orcid.org/0000-0001-7732-0449
https://orcid.org/0000-0002-3528-0730
https://orcid.org/0000-0002-3528-0730
https://doi.org/10.1186/s12916-023-02925-4
https://doi.org/10.1186/s12916-023-02925-4
https://doi.org/10.1093/eurjpc/zwab213
https://doi.org/10.1016/S0140-6736(24)00550-6
https://doi.org/10.1016/S0140-6736(24)00550-6
https://doi.org/10.3389/fcvm.2024.1408487
https://doi.org/10.1016/j.cpcardiol.2022.101228
https://doi.org/10.1161/JAHA.123.030165


15Zhang et al.  
Global Heart  
DOI: 10.5334/gh.1424

TO CITE THIS ARTICLE:
Zhang Y, Li H, Chu J, Ye S, 
Xiao C, Zhang B. Trends 
and Projections of Burden 
of Ischemic Heart Disease 
in China Versus Other G20 
Countries: A Comparative 
Study Based on the 2021 
Global Burden of Disease 
Database. Global Heart. 2025; 
20(1): 37. DOI: https://doi.
org/10.5334/gh.1424

Submitted: 29 December 2024 
Accepted: 20 March 2025 
Published: 03 April 2025

COPYRIGHT:
© 2025 The Author(s). This is an 
open-access article distributed 
under the terms of the Creative 
Commons Attribution 4.0 
International License (CC-BY 
4.0), which permits unrestricted 
use, distribution, and 
reproduction in any medium, 
provided the original author 
and source are credited. See 
http://creativecommons.org/
licenses/by/4.0/.

Global Heart is a peer-reviewed 
open access journal published 
by Ubiquity Press.

7.	 Dieleman JL, Cowling K, Agyepong IA, Alkenbrack S, Bollyky TJ, Bump JB, et al. The G20 and 

development assistance for health: historical trends and crucial questions to inform a new era. 

Lancet. 2019 Jul 13;394(10193):173–183. DOI: https://doi.org/10.1016/S0140-6736(19)31333-9

8.	 McBride B, Hawkes S, Buse K. Soft power and global health: the sustainable development goals 

(SDGs) era health agendas of the G7, G20 and BRICS. BMC Public Health. 2019;19(1):815. DOI: https://

doi.org/10.1186/s12889-019-7114-5

9.	 Yun B, Park H, Choi J, Oh J, Sim J, Kim Y, Lee J, Yoon JH. Inequality in Mortality and Cardiovascular 

Risk Among Young, Low-Income, Self-Employed Workers: Nationwide Retrospective Cohort Study. 

JMIR Public Health Surveill. 2024;10:e48047. DOI: https://doi.org/10.2196/48047

10.	 Wang L, Ma N, Wei L. Global burden of ischemic heart disease attributable to high sugar-sweetened 

beverages intake from 1990 to 2019. Nutr Metab Cardiovasc Dis. 2023;33(6):1190–1196. DOI: https://

doi.org/10.1016/j.numecd.2023.03.009

11.	 GBD 2021 Rheumatoid Arthritis Collaborators. Global, regional, and national burden of rheumatoid 

arthritis, 1990–2020, and projections to 2050: a systematic analysis of the Global Burden of Disease Study 

2021. Lancet Rheumatol. 2023;5(10):e594–e610. DOI: https://doi.org/10.1016/S2665-9913(23)00211-4

12.	 Pastena P, Frye JT, Ho C, Goldschmidt ME, Kalogeropoulos AP. Ischemic cardiomyopathy: 

epidemiology, pathophysiology, outcomes, and therapeutic options. Heart Fail Rev. 2024;29(1): 

287–299. DOI: https://doi.org/10.1007/s10741-023-10377-4

13.	 Al-Lamee RK. Angina pectoris 2023: With and without obstructive coronary artery disease: 

Epidemiology, diagnosis, prognosis, and treatment. Vascul Pharmacol. 2024;155:107285. DOI: 

https://doi.org/10.1016/j.vph.2024.107285

14.	 Liang Y, Zhang N, Wang M, Liu Y, Ma L, Wang Q, Yang Q, Liu X, Zhou F, Wei Y. Distributions and 

Trends of the Global Burden of Colorectal Cancer Attributable to Dietary Risk Factors over the Past 30 

Years. Nutrients. 2023;16(1):132. DOI: https://doi.org/10.3390/nu16010132

15.	 Lin Y, Jiang B, Cai Y, Luo W, Zhu X, Lin Q, Tang M, Li X, Xie L. The Global Burden of Glaucoma: 

Findings from the Global Burden of Disease 2019 Study and Predictions by Bayesian Age-Period-

Cohort Analysis. J Clin Med. 2023;12(5):1828. DOI: https://doi.org/10.3390/jcm12051828

16.	 Zhang L, Tong Z, Han R, Guo R, Zang S, Zhang X, Yuan R, Yang Y. Global, Regional, and National 

Burdens of Ischemic Heart Disease Attributable to Smoking From 1990 to 2019. J Am Heart Assoc. 

2023;12(3):e028193. DOI: https://doi.org/10.1161/JAHA.122.028193

17.	 Guan C, Wu S, Xu W, Zhang J. Global, regional, and national burden of ischaemic heart disease and its 

trends, 1990–2019. Public Health. 2023;223:57–66. DOI: https://doi.org/10.1016/j.puhe.2023.07.010

18.	 Vancheri F, Tate AR, Henein M, Backlund L, Donfrancesco C, Palmieri L, Strender LE. Time trends 

in ischaemic heart disease incidence and mortality over three decades (1990–2019) in 20 Western 

European countries: systematic analysis of the Global Burden of Disease Study 2019. Eur J Prev 

Cardiol. 2022;29(2):396–403. DOI: https://doi.org/10.1093/eurjpc/zwab134

19.	 Cheng P, Wirka RC, Shoa Clarke L, Zhao Q, Kundu R, Nguyen T, Nair S, Sharma D, Kim HJ, Shi H, Assimes 
T, Brian Kim J, Kundaje A, Quertermous T. ZEB2 Shapes the Epigenetic Landscape of Atherosclerosis. 

Circulation. 2022;145(6):469–485. DOI: https://doi.org/10.1161/CIRCULATIONAHA.121.057789

20.	 Schnitzler GR, Kang H, Fang S, Angom RS, Lee-Kim VS, Ma XR, et al. Convergence of coronary artery 

disease genes onto endothelial cell programs. Nature. 2024;626(8000):799–807. DOI: https://doi.

org/10.1038/s41586-024-07022-x

21.	 Mallah MA, Soomro T, Ali M, Noreen S, Khatoon N, Kafle A, Feng F, Wang W, Naveed M, Zhang 
Q. Cigarette smoking and air pollution exposure and their effects on cardiovascular diseases. Front 

Public Health. 2023;11:967047. DOI: https://doi.org/10.3389/fpubh.2023.967047

22.	 Tan X, Liu X, Shao H. Healthy China 2030: A Vision for Health Care. Value Health Reg Issues. 

2017;12:112–114. DOI: https://doi.org/10.1016/j.vhri.2017.04.001

23.	 Huang J, Pan X, Guo X, Li G. Health impact of China’s Air Pollution Prevention and Control Action 

Plan: an analysis of national air quality monitoring and mortality data. Lancet Planet Health. 

2018;2(7):e313–e323. DOI: https://doi.org/10.1016/S2542-5196(18)30141-4

24.	 Shi H, Xia Y, Cheng Y, Liang P, Cheng M, Zhang B, Liang Z, Wang Y, Xie W. Global Burden of Ischemic 

Heart Disease from 2022 to 2050: Projections of Incidence, Prevalence, Deaths, and Disability-Adjusted Life 

Years. Eur Heart J Qual Care Clin Outcomes. 2024;qcae049. DOI: https://doi.org/10.1093/ehjqcco/qcae049

25.	 Wang L, Lee Y, Wu Y, Zhang X, Jin C, Huang Z, Wang Y, Wang Z, Kris-Etherton P, Wu S, Gao X. A 

prospective study of waist circumference trajectories and incident cardiovascular disease in China: the 

Kailuan Cohort Study. Am J Clin Nutr. 2021;113(2):338–347. DOI: https://doi.org/10.1093/ajcn/nqaa331

26.	 Yang X, Li J, Hu D, Chen J, Li Y, Huang J, Liu X, Liu F, Cao J, Shen C, Yu L, Lu F, Wu X, Zhao L, Wu X, 
Gu D. Predicting the 10-Year Risks of Atherosclerotic Cardiovascular Disease in Chinese Population: 

The China-PAR Project (Prediction for ASCVD Risk in China). Circulation. 2016;134(19):1430–1440. DOI: 

https://doi.org/10.1161/CIRCULATIONAHA.116.022367

https://doi.org/10.5334/gh.1424
https://doi.org/10.5334/gh.1424
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(19)31333-9
https://doi.org/10.1186/s12889-019-7114-5
https://doi.org/10.1186/s12889-019-7114-5
https://doi.org/10.2196/48047
https://doi.org/10.1016/j.numecd.2023.03.009
https://doi.org/10.1016/j.numecd.2023.03.009
https://doi.org/10.1016/S2665-9913(23)00211-4
https://doi.org/10.1007/s10741-023-10377-4
https://doi.org/10.1016/j.vph.2024.107285
https://doi.org/10.3390/nu16010132
https://doi.org/10.3390/jcm12051828
https://doi.org/10.1161/JAHA.122.028193
https://doi.org/10.1016/j.puhe.2023.07.010
https://doi.org/10.1093/eurjpc/zwab134
https://doi.org/10.1161/CIRCULATIONAHA.121.057789
https://doi.org/10.1038/s41586-024-07022-x
https://doi.org/10.1038/s41586-024-07022-x
https://doi.org/10.3389/fpubh.2023.967047
https://doi.org/10.1016/j.vhri.2017.04.001
https://doi.org/10.1016/S2542-5196(18)30141-4
https://doi.org/10.1093/ehjqcco/qcae049
https://doi.org/10.1093/ajcn/nqaa331
https://doi.org/10.1161/CIRCULATIONAHA.116.022367

