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China during 1990–2019 based
on the Global Burden of Disease
2019 report: A systematic
analysis

Yanting Li and Jun Zhang*

Department of Endocrinology and General Medicine, The First Hospital of Fangshan District, Beijing,

China

Objective: The aim of this study was to identify the disease burden and risk

factors of ischemic heart disease (IHD) in China, during 1990–2019, through

a systematic analysis using the Global Burden of Disease (GBD) 2019 report in

order to provide first-hand information for primary and secondary prevention

of IHD in China.

Methods: Data on the rates of incidence, death, years of life lost (YLLs), years

livedwith disability (YLDs), and disability-adjusted life years (DALYs) of IHDwere

obtained from GBD2019 to determine the disease burden and risk factors of

IHD in China.

Results: The rates of incidence, death, YLLs, YLDs, and DALYs of IHD in China

increased at di�erent levels during 1990–2019. The annual rate of change in

incidence, death, YLLs, YLDs, and DALYs of IHD were 1.31%, 1.57%, 0.93%,

1.14%, and 0.94%, respectively. In 2019, the YLDs of IHD in Chinese women

were higher, while the rates of incidence and death, YLLs, and DALYs were

lower in Chinese women than in Chinese men. The disease burden of IHD had

significant age di�erences, and people aged ≥70 years had the highest disease

burden. A total of 24 risk factors were associated with the rates of death and

DALYs of IHD, and the five most significant risk factors were high systolic blood

pressure, high LDL cholesterol (LDL-C), smoking, ambient particulate matter

pollution, and intake of a high-sodium diet. From 1990 to 2019, a high annual

rate of change in IHD-related deaths and DALYs was observed due to ambient

particulate matter pollution, high body mass index (BMI), and intake of a diet

high in processed meat.

Conclusion: The results of the study revealed that the disease burden of

IHD in China was on the rise, especially in people aged ≥70 years. The main

disease burden of IHD in male patients was premature death and that in female

patients was disability. Environmental, behavioral, and metabolic factors were

considered the three main risks of the disease burden of IHD, with metabolic

factors having the greatest impact. Therefore, periodic health check-ups and

high-risk factor interventions for key populations should be strengthened from

the grassroots level, which are conducive to further reducing the disease

burden of IHD in China.
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Introduction

Ischemic heart disease (IHD), also referred to as coronary

atherosclerotic heart disease, is a major chronic and fatal non-

communicable disease, but the preferred management approach

for this disease has not been well-defined (1, 2). Ischemic heart

disease is one of the major contributors to cardiovascular disease

(CVD)-related disease burden, which has been proven to be

the leading cause of death in both developed and developing

countries (3). Based on the Global Burden of Disease (GBD)

2019 report, the total number of deaths due to IHD reached 9.14

million in 2019 worldwide, accounting for 49.2% of CVD-related

deaths (4). Except for life metrics such as disability-adjusted life

years (DALYs), IHD has an enormous impact on productive life

years (PLYs). Researchers projected that, by 2030, 8,100 people

aged 45–64 years will be out of the labor force due to IHD

in Australia, and there will be a 35% increase in government’s

welfare payments (5).

Currently, IHD has become a serious public health problem

in China (6–8). In China, from 1990 to 2019, with the rapid

development of the economy and social background, food

consumption patterns, and lifestyles of people have changed

dramatically. The most common feature is that the plant-based

Eastern diet is gradually replaced by the unhealthy Western

type of diet characterized by animal-based foods and foods

with high added sugar (9). It has been reported that many

known controllable risk factors contribute to IHD, such as

hypertension, smoking, high LDL cholesterol (LDL-C), excessive

sodium intake, and insufficient intake of nuts and seeds (3).

Moreover, a survey conducted in the Hexi Corridor, Northwest

China, showed that sandstorm weather is a risk factor for

mortality in patients with IHD (10). In pursuit of better primary

and secondary prevention of IHD, in this study, the current

status and changing trends for the disease burden and risk

factors of IHD in China were analyzed by using the GBD2019

data. The IHD-related rates of death and DALYs attributed

to environmental, behavioral, and metabolic risk factors were

assessed to propose more targeted strategies for IHD prevention

in China.

Methods

Data sources

As a retrospective study, data were obtained from GBD2019,

including the disease burden and risk factors of IHD in China.

The GBD2019 database (http://ghdx.healthdata.org/gbdresults-

tool) is created by the Institute for Health Measurement and

Evaluation and the University ofWashington, covering a total of

86,249 standardized data sources worldwide. The death data of

various diseases were evaluated by coding the diseases according

to the 10th edition of the International Classification of Diseases

(ICD-10), and the coding range of IHD was I20–I25 (11). The

death data of IHD in China were mainly derived from Disease

Surveillance Points (DSPs), the Maternal and Child Surveillance

System, and the Chinese Centers for Disease Control and

Prevention’s (CDC) cause-of-death-reporting system (12). Data

on risk factors and disability disease burden were mainly derived

from relevant monitoring and surveys over the years, as well as

through a systematic review of relevant literature. Population

data are mainly obtained from previous censuses (13). All the

aforementioned data can be queried from the GBD Global

Health Data Exchange Index (http://ghdx.healthdata.org/gbd-

2019/data-input-sources; https://www.healthdata.org/).

Risk factor classification

According to GBD2019, risk factors can be divided

into environmental, behavioral, and metabolic risk factors.

Environmental risk factors include ambient particulate matter

pollution, household air pollution from solid fuels, and lead

exposure. Behavioral risk factors include smoking; secondhand

smoke; intake of a diet low in whole grains, vegetables, fruits,

legumes, fiber, nuts and seeds, seafood omega-3 fatty acids,

and polyunsaturated fatty acids; and intake of a diet high in

processed meat, sugar-sweetened beverages, trans fatty acids,

and sodium, as well as low physical activity and alcohol use.

Metabolic risk factors include high systolic blood pressure, high

fasting plasma glucose, high LDL-C, high body-mass index

(BMI), and kidney dysfunction (14).

Statistics

First, the rates of incidence, death, years of life lost (YLLs),

years lived with disability (YLDs), and DALYs were used to

describe the disease burden of IHD in different gender and age

groups in China. Second, the death rate and DALYs attributed to

24 controllable risk factors for IHD were also analyzed. Finally,

the changing trends in IHD-related risk factors from 1990 to

2019 were assessed with the annual rate of change caused by

death andDALYs. Statistical analysis has been explained in detail

in previous studies (15).

The rate of incidence can be defined as the frequency of

new cases of a disease in a specified population within a given

period. The rate of incidence can be used to reflect the effect

of this disease on the population, which can be represented as

follows: rate of incidence= the number of new cases/the number

of exposures during the same period. The death rate is the ratio

of the number of dead individuals in a specified period (usually 1

year) in a given region to the average population size during the

same period represented as follows: Death rate= the number of

dead individuals per unit time/average population size per unit

time× 1,000%. YLLs represent years of life lost due to premature
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TABLE 1 Disease burden of IHD in various age-groups in China, in 2019 (1/100,000).

Age (years) Incidence Death YLLs YLDs DALYs

<20 0.86 (0.16–1.93) 0.26 (0.22–0.31) 18.61 (15.43–22.29) 0.07 (0.03–0.15) 18.68 (15.51–22.36)

20–54 80.93 (65.17–99.33) 19.59 (16.14–23.58) 845.47 (698.09–1016.56) 47.84 (29.38–73.73) 893.31 (743.15–21062.71)

55–59 298.50 (205.71–409.16) 82.74 (68.04–99.86) 2682.20 (2205.69–3232.27) 192.43 (118.59–301.76) 2874.63 (2382.08–3435.54)

60–64 412.90 (319.82–523.79) 141.96 (118.01–167.92) 3950.34 (3283.65–4673.16) 278.96 (170.87–430.06) 4229.30 (3549.57–4971.77)

65–69 550.11 (398.74–709.96) 242.19 (204.88–282.77) 5644.85 (4775.18–6591.11) 406.07 (254.71–590.58) 6050.92 (5178.83–6993.22)

70–74 844.76 (670.85–1013.78) 478.36 (411.70–551.14) 9122.24 (7850.92–10508.92) 552.05 (351.14–795.75) 9674.29 (8361.26–11032.98)

75–79 1299.53 (942.76–1780.48) 894.94 (768.15–1018.89) 13491.69 (11576.89–15363.33) 708.70 (441.80–1036.23) 14200.39 (12311.03–16045.1)

≥80 3592.57 (2931.42–4404.11) 2860.87 (2465.16–3205.22) 27314.99 (23602.02–30715.79) 1002.59 (643.34–1457.40) 28317.57 (24571.57–31660.46)

Total 246.09 (216.97–276.97) 131.75 (113.34–149.88) 2309.58 (1974.13–2653.03) 129.05 (85.74–183.36) 2438.63 (2106.15–2786.90)

YLLs, years of life lost; YLDs, years lived with disability; DALYs, disability-adjusted life years.

mortality, which is expressed as follows: YLLs = the longest

possible life expectancy for a person in that age-group – the age

at death. Years of life lost can also be described as years lived

with any short- or long-term health loss, which can be expressed

as follows: YLDs = prevalence × disability weights. Disability

weights are derived from public surveys to reflect the severity

of different cases. Disability-adjusted life years (DALYs) is the

sum of YLLs and YLDs, and it is also a comprehensive indicator

response to the number of lives and quality of life measured

in time.

Results

Disease burden and risk factors of
Chinese IHD in 2019

In 2019, the rates of incidence, death, YLLs, YLDs, and

DALYs of IHD in the Chinese population were 246.06/100,000

[95% uncertainty interval (UI) 216.97–276.97], 131.75/100,000

(95% UI 113.34–149.88), 2309.58/100,000 (95% UI 2249.30–

3392.04), 129.05/100,000 (95% UI 85.74–183.36), and

2438.63/100,000 (95% UI 2106.15–2786.90), respectively

(Table 1 and Figure 1A). All index values increased with

age, with an increase in people aged ≥70 years and a peak

reached in people aged ≥80 years. The rates of incidence,

death, YLLs, YLDs, and DALYs in people aged ≥80 years were

3592.57/100,000 (95% UI 2931.42–4404.11), 2860.87/100,000

(95% UI 2465.16–3205.22), 27314.99/100,000 (95% UI

23602.02–30715.79), 1002.59/100,000 (95% UI 643.34–1457.40),

and 28317.57/100,000 (95%UI 24571.57–31660.46), respectively

(Table 1 and Figure 1B).

In 2019, the rate of YLDs of IHD in Chinese women

[132.08/100,000 (95% UI 87.75–186.90)] were higher than those

in their male counterparts [126.12/100,000 (95% UI 83.29–

182.24)], while the rate of incidence [227.03/100,000 (95%

UI 200.23–256.23)], the rate of death [121.64/100,000 (95%

UI 98.60–145.14)], YLLs [1823.52/100,000 (95% UI 1471.67–

2216.15)], and the rate of DALYs [1955.61/100,000 (95% UI

1601.81–2336.10)] in womenwere lower than those in their male

counterparts (Table 2 and Figure 1A).

Among the controllable risk factors for IHD in 2019,

the metabolic risk was the primary risk factor leading to

IHD-related death [103.34/100,000 (95% UI 86.41–120.40)]

and DALYs [1972.50/100,000 (95% UI 1668.85–2292.02)] in

China. However, the impact of environmental and behavioral

risk factors on IHD also cannot be ignored. The death rates

of IHD caused by environmental and behavioral risk factors

were [45.79/100,000 (95% UI 37.90–53.52)] and [87.17/100,000

(95% UI 72.46–102.61)] in China. The rate of DALYs of

IHD caused by both environmental and behavioral risk

factors were [926.40/100,000 (95% UI 775.96–1088.77)] and

[1741.03/100,000 (95% UI 1464.22–2059.41)]. Compared with

the global trend, the death rates of the three risk factors have

increased in China. For DALYs of IHD, China had a higher

impact on environmental and behavioral risk factors but a

lower impact on the metabolic risk factors than the global

trend (Table 3). Gender and age differences in controllable risk

factors were explored in China. The impact of the controllable

risk factors on the IHD-related death rate and DALYs in men

was higher than that in women, with an age-dependent overall

increase (Table 3).

As shown in Figure 2A, the five most important risk

factors associated with the death of IHD in China were

high systolic blood pressure [68.14/100,000 (95% UI 52.15–

85.57)], high LDL-C [51.56/100,000 (95% UI 36.62–69.06)],

smoking [28.97/100,000 (95% UI 24.25–34.63)], ambient

particulate matter pollution [26.29/100,000 (95% UI 21.20–

31.82)], and high fasting blood glucose [24.02/100,000 (95%

UI 13.62–39.23)]. The five most important risk factors

influencing DALYs of IHD in China were high systolic blood

pressure [1304.37/100,000 (95% UI 1036.44–1590.95)], high

LDL-C [1081.75/100,000 (95% UI 838.09–1359.48)], smoking

[692.44/100,000 (95% UI 577.89–833.66)], ambient particulate
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FIGURE 1

(A) Gender di�erences in disease burden of IHD in China from 1990 to 2019 (1/100,000). (B) Disease burden of IHD in di�erent age-groups in

China from 1990 to 2019 (1/100,000).

matter pollution [569.47/100,000 (95% UI 458.46–692.84)], and

intake of a high-sodium diet [495.28/100,000 (95% UI 222.49–

35.22)] (Figure 2B).

Change trends of disease burden and risk
factors of IHD in China from 1990 to 2019

From 1990 to 2019, the rates of incidence, death, YLLs,

YLDs, and DALYs of IHD in China increased at different

levels. The rate of incidence increased from 106.64/100,000

(95% UI 93.87–120.06) in 1990 to 246.09/100,000 (95% UI

216.97–276.97) in 2019, with an annual rate of change of

1.31% (95% UI 1.22–1.40%). The rate of death increased from

51.34/100,000 (95% UI 45.31–257.34) in 1990 to 131.75/100,000

(95% UI 113.34–149.88) in 2019, with an annual rate of change

of 1.57% (95% UI 1.16–2.06%). The rate of YLLs increased

from 1193.91/100,000 (95% UI 1042.86–1350.43) in 1990 to

2309.58/100,000 (95% UI 2249.30–3392.04) in 2019, with an

annual rate of change of 0.93% (95% UI 0.59–1.37%). The rate

of YLDs increased from 60.18/100,000 (95% UI 40.04–85.99) in

1990 to 129.05/100,000 (95% UI 85.74–183.36) in 2019, with an

annual rate of change of 1.14% (95% UI 1.09–1.20%). The rate
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TABLE 2 Gender di�erences in disease burden of IHD in China in 2019 (1/100,000).

Age (years) Incidence Death YLLs YLDs DALYs

Male 264.44 (233.12–297.94) 141.49 (116.82–168.64) 2777.33 (2249.30–3392.04) 126.12 (83.29–182.24) 2903.46 (2378.47–3523.90)

Female 227.03 (200.23–256.23) 121.64 (98.60–145.14) 1823.52 (1471.67–2216.15) 132.08 (87.75–186.90) 1955.61 (1601.81–2336.10)

Total 246.09 (216.97–276.97) 131.75 (113.34–149.88) 2309.58 (1974.13–2653.03) 129.05 (85.74–183.36) 2438.63 (2106.15–2786.90)

of DALYs increased from 1254.09/100,000 (95% UI 1096.61–

1408.23) in 1990 to 2438.63/100,000 (95% UI 2106.15–2786.90)

in 2019, with an annual rate of change of 0.94% (95% UI 0.62–

1.36%) (Table 4). From 1990 to 2019, the rates of incidence,

death, YLLs, YLDs, and DALYs of IHD in men and women

showed an increasing trend. The annual rate of change for IHD-

related death [1.43% (95% UI 1.34–1.54%)] and YLDs [1.25%

(95% UI 1.19–1.31%)] in women were higher than those in men

[1.22% (95% UI 1.13–1.32%) and 1.05% (95% UI 0.98–1.12%),

respectively] (Table 5). The rates of death, DALYs, and YLLs of

IHD in the Chinese population aged 20–54 years and≥70 years,

as well as the incidence rate of IHD in people aged 20–54 years

and ≥65 years and the rate of YLDs of IHD in people aged ≥20

years, were higher in 2019 than in 1990 (Figure 1B).

As shown in Figure 2A, from 1990 to 2019 in China, the

annual rate of change of five metabolic risk factors for IHD-

related death in China increased, with high BMI (3.3%), high

systolic blood pressure (2.03%), and high fasting blood glucose

(1.99%) showing a higher annual rate of change. As for the 16

behavioral risk factors for death caused by IHD, the annual rate

of change due to intake of a diet low in vegetables (−0.77%) and

fiber (−0.08%) decreased, whereas the remaining 14 behavioral

risk factors led to an increase in the annual rate of change and

an intake of a diet high in processed meat (2.39%), low physical

activity (1.96%), and intake of a diet low in seafood omega-3

fatty acids (1.36%) should be of particular concern. With regard

to environmental risk factors for IHD-related death, household

air pollution from solid fuels (−0.46%) led to a decrease in

the annual rate of change, inconsistent with ambient particulate

matter pollution and lead exposure, and the focus should be

given on ambient particulate matter pollution (4.08%) with a

relatively large change.

Analysis of the annual rate of change for IHD-related DALYs

in China during 1990–2019 showed the annual rate of change

due to the five controllable metabolic risk factors has increased,

with high BMI (2.57%), high systolic blood pressure (1.44%),

and high fasting blood glucose (1.42%) showing a greater annual

rate of change. As for the 16 controllable behavioral risk factors

for IHD-related DALYs, the annual rate of change for intake of a

diet low in vegetables (−0.86%) and fiber (−0.29%), alcohol use

(−0.20%), and intake of a diet low in nuts and seeds (−0.02%)

has declined, whereas the opposite trend was reported for the 12

remaining behavioral risk factors. A diet high in processed meat

(1.79%), low physical activity (1.29%), and smoking (0.90%) had

the most significant increases in the annual rate of change. We

finally analyzed three controllable environmental risk factors

of IHD-related DALYs. The annual rate of change due to

household air pollution from solid fuels (−0.57) has decreased,

but the annual rate of change due to ambient particulate matter

pollution and lead exposure has increased, and the annual rate

of change due to ambient particulate matter pollution (3.06%)

should be of particular concern (Figure 2B).

Discussion

Ischemic heart disease refers to the stenosis or occlusion

of the coronary artery caused by atherosclerosis, resulting in

myocardial hypoxia or necrosis-induced heart disease, which

seriously endangers human health. In 2019, 61.00% of the health

burden of cardiovascular disease in China was found to be

caused by atherosclerotic cardiovascular disease (ASCVD), in

which IHD ranked second after ischemic stroke (13). In 2019,

the rate of YLLs of IHD was 2309.58/100,000, which was 17.89

times higher than the rate of YLDs, indicating that premature

death was the main cause of the disease burden of IHD in China.

In this report, gender differences were found in the disease

burden of IHD in China. The rates of incidence, death, and

DALYs of IHD in Chinese men were higher than those in

women, but the annual rate of change of IHD in death and

YLDs in were higher in women than in men. DALYs of IHD

was mainly caused by premature death in male patients, but

disability in female patients. In addition, the impact of the

controllable risk factors on IHD-related death rate and DALYs

in men was higher than that in women. The reasons for the

higher disease burden of IHD in Chinese men than women may

be heavy social responsibilities and great mental/psychological

pressure faced by men, making them prone to developing

unhealthy living habits such as staying up late, smoking,

excessive drinking, and intake of a high-fat diet. Compared with

women, men are more likely to ignore their health problems and

fail to seek medical treatment in time. Moreover, the protective

effect of estrogen in women can prevent diabetes, protect blood

vessels, and delay atherosclerosis; however, the extent of the

protective effect needs to be supported by further evidence (16).

With the growth of the population and the intensification

of population aging, the absolute number of IHD deaths is

continuously increasing. Furthermore, the incidence of chronic
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TABLE 3 Death rate and DALYs of risk factor-related IHD in China and worldwide in 2019 (1/100,000).

China Global

Risk factors Death DALYs Death DALYs

Environmental factors Total 45.79 (37.90–53.52) 926.40 (775.96–1088.77) 33.81 (29.68–37.99) 767.50 (674.44–860.76)

Behavioral factors Total 87.17 (72.46–102.61) 1741.03 (1464.22–2059.41) 76.21 (66.82–85.71) 1627.07 (1448.62–1803.59)

Metabolic factors Total 103.34 (86.41–120.40) 1972.50 (1668.85–2292.02) 97.28 (86.04–107.42) 1979.10 (1793.06–2155.69)

Sex

Environmental factors Male 51.88 (41.53–62.59) 1149.33 (914.00–1403.05) 39.13 (34.01–44.22) 966.33 (845.18–1090.32)

Female 39.46 (31.43–48.55) 694.75 (553.91–853.57) 28.46 (23.95–32.83) 567.41 (486.56–643.70)

Behavioral factors Male 101.90 (82.99–123.36) 2239.89 (1821.70–2735.89) 88.49 (78.55–98.48) 2094.56 (1877.80–2317.86)

Female 71.86 (54.89–89.83) 1222.66 (945.00–1534.67) 63.85 (53.99–74.20) 1156.62 (996.21–1322.36)

Metabolic factors Male 110.98 (89.13–134.20) 2353.89 (1884.46–2855.03) 105.41 (94.22–116.20) 2404.18 (2171.13–2635.87)

Female 95.40 (75.29–117.03) 1576.19 (1263.85–1916.14) 89.10 (76.60–100.59) 1551.32 (1374.42–1716.45)

Age

Environmental factors <20 0.02 (0.01–0.03) 1.50 (1.00–2.04) 0.02 (0.01–0.03) 1.37 (0.76–1.84)

20–54 9.22 (7.39–11.29) 418.27 (340.85–502.39) 11.33 (9.79–12.93) 504.00 (436.89–571.40)

55–59 36.54 (28.61–45.62) 1259.01 (993.80–1562.09) 55.64 (46.34–65.57) 1847.85 (1536.83–2177.29)

60–64 59.41 (46.54–73.58) 1754.29 (1390.26–2145.18) 81.97 (67.83–96.36) 2341.73 (1929.60–2754.58)

65–69 96.31 (76.50–116.97) 2382.86 (1908.88–2878.55) 116.58 (97.59–135.44) 2808.52 (2352.93–3270.92)

70–74 178.84 (142.76–217.00) 3583.98 (2878.80–4327.81) 172.02 (142.29–203.32) 3391.24 (2819.32–4008.56)

75–79 310.22 (252.03–371.44) 4879.70 (3977.65–5853.99) 256.28 (211.42–300.34) 3988.22 (3298.89–4684.98)

≥80 835.39 (687.47–981.87) 8352.89 (6883.06–9843.81) 520.71 (426.34–616.40) 5075.26 (4187.78–5985.60)

Behavioral factors <20 −0.00 (−0.01 to−0.00) −0.27 (−0.49 to−0.08) −0.00 (−0.01 to−0.00) −0.23 (−0.37 to−0.07)

20–54 16.78 (13.76–20.39) 757.96 (628.84–915.57) 21.81 (19.63–23.96) 962.37 (866.02–1056.68)

55–59 68.03 (54.67–82.91) 2355.04 (1914.90–2867.23) 114.18 (102.37–125.78) 3802.13 (3414.35–4190.16)

60–64 112.97 (92.81–137.03) 3354.40 (2767.52–4037.35) 175.85 (157.73–193.91) 5040.73 (4522.85–5563.22)

65–69 179.54 (147.24–213.89) 4471.68 (3698.05–5321.90) 245.30 (217.45–273.11) 5941.17 (5251.17–6636.79)

70–74 334.06 (274.75–398.55) 6737.98 (5556.98–7961.62) 368.35 (325.38–412.65) 7312.17 (6453.34–8183.30)

75–79 565.94 (465.34–675.20) 8960.71 (7319.75–10611.32) 550.02 (476.85–622.63) 8624.70 (7480.91–9793.45)

≥80 1659.36 (1341.78–1970.60) 16548.56 (13508.20–19651.93) 1393.07 (1140.31–1623.50) 13325.98 (11099.37–15460. 29)

Metabolic factors <20 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00)

20–54 17.46 (14.24–21.16) 793.61 (653.05–946.70) 24.06 (21.67–26.47) 1064.74 (958.99–1173.32)

55–59 72.19 (57.99–87.64) 2508.35 (2027.43–3007.77) 132.56 (120.31–144.15) 4416.04 (4004.15–4796.73)

60–64 120.03 (97.38–145.29) 3576.29 (2924.14–4296.55) 207.25 (189.61–225.58) 5942.72 (5447.08–6464.11)

65–69 195.13 (157.90–234.64) 4875.19 (4002.01–5800.24) 298.69 (269.19–328.98) 7235.87 (6501.62–7995.35)

70–74 370.95 (298.10–447.04) 7501.90 (6061.51–9050.98) 456.40 (402.95–510.01) 9064.12 (8044.83–10122.94)

75–79 696.70 (579.80–821.19) 11055.04 (9264.58–12968.45) 751.17 (665.73–828.34) 11786.17 (10432.58–13007.21)

≥80 2147.08 (1691.02–2566.07) 21248.32 (16919.75–25216.83) 1941.91 (1561.35–2256.69) 18442.87 (15020.66–21345.93)

diseases such as hypertension and diabetes are on the rise.

The improvement of the healthcare level has shown to prolong

the survival period of patients with heart disease. It can be

inferred from the aforementioned results that the incidence and

severity of IHD increase with age (17). Our study also found

age differences in the disease burden of IHD in China, and the

overall trend of the disease burden of IHD due to controllable

risk factors increases with age. This study showed that from

1990 to 2019, the disease burden of IHD in Chinese people aged

≥70 years has significantly increased, with a peak in people aged

≥80 years. The death rate and DALYs of IHD in the Chinese

population aged 20–54 years were higher in 2019 than in 1990,

which is consistent with previous research findings that the rates

of IHD incidence and death in China show an increasing trend

in younger people (18, 19) as a result of overweight, smoking,

abnormal lipid metabolism, high blood uric acid, inflammatory

response, and impaired vascular endothelial function in young

and middle-aged people (20).

In addition to the influence of gender and age, controllable

factors such as hypertension, dyslipidemia, diabetes, smoking,
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FIGURE 2

(A) Death rate of risk factor-related IHD in China in 1990 and 2019 (1/100,000). (B) DALYs of risk factor-related IHD in China in 1990 and 2019

(1/100,000).

and obesity are also closely related to the disease burden of IHD

(21). In this study, GBD2019 data were used to estimate the

changing trends of 24 risk factors attributable to IHD in the

Chinese population, which were divided into three categories:

environmental, behavioral, and metabolic factors. Our results

showed that metabolic risk factors had the greatest impact on

IHD death rate and DALYs in China, followed by environmental

and behavioral risk factors. Compared with the global trends,

the three major risk factors had a higher impact on the death

rate of IHD in China. The impact of environmental and
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TABLE 4 Disease burden (1/100,000) and annual rate of change of IHD in China from 1990 to 2019.

Year Incidence Death YLLs YLDs DALYs

1990 106.64 (93.87–120.06) 51.34 (45.31–257.34) 1193.91 (1042.86–1350.43) 60.18 (40.04–85.99) 1254.09 (1096.61–1408.23)

2019 246.09 (216.97–276.97) 131.75 (113.34–149.88) 2309.58 (2249.30–3392.04) 129.05 (85.74–183.36) 2438.63 (2106.15–2786.90)

1990–2019 1.31% (1.22–1.40%) 1.57% (1.16–2.06%) 0.93% (0.59–1.37%) 1.14% (1.09–1.20%) 0.94% (0.62–1.36%)

TABLE 5 Annual rate of change of gender-specific disease burden of IHD in China from 1990 to 2019.

Sex Incidence Death YLLs YLDs DALYs

Male 1.22% (1.13–1.32%) 1.62% (1.06–2.38%) 1.03 (0.54–1.17%) 1.05% (0.98–1.12%) 1.03% (0.56–1.68%)

Female 1.43% (1.34–1.54%) 1.51% (0.95–2.17%) 0.81% (0.38–1.34%) 1.25% (1.19–1.31%) 0.83% (0.43–1.33%)

behavioral risk factors on DALYs of IHD in China was higher

and that of metabolic risk factors was lower than the global

trend. China is a country with a large population and is a

developing country, with a relatively low economy. Moreover,

in China, the rapid development of the economy has resulted

in environmental damage, and the unbalanced development of

education has resulted in the insufficient awareness of diseases

and behavioral restraint. Furthermore, with the development

of the economy, the diet structure of Chinese people has

changed, characterized by increased intake of protein and fat

and insufficient intake of cereals and vegetables, which resulted

in a higher death rate of IHD in China than globally. However,

the diet structure of people in developed countries is more

inclined to high-fat and high-protein diets, so the DALYs of

IHD caused by metabolic risk factors in China is slightly lower

than that globally. This study reported that among the 24

controllable risk factors, the five most influencing factors were

high systolic blood pressure, high LDL-C, smoking, ambient

particulate matter pollution, and intake of a high-sodium diet.

Blood pressure is significantly related to the progression of

IHD. The higher the blood pressure, the longer the course

of the disease, and the easier it is to develop multivessel,

diffuse, and complex coronary vascular disease (22). High

LDL-C can damage the endothelial cell structure and lead

to lipid infiltration and the formation of atherosclerosis. The

rupture of atherosclerotic plaques can lead to the formation of

microthrombi, which is a risk factor for IHD (23). Smoking can

damage the vascular endothelium, promote platelet adhesion

and aggregation, increase thrombosis, narrow the arterial lumen,

block arterial blood flow, and eventually lead to a variety of

cardiovascular and cerebrovascular diseases (24). Studies have

shown that there is a correlation between ambient particulate

matter pollution and IHD deaths (25). A high-sodium diet can

cause water and sodium retention, predispose to high blood

pressure, and increase the risk of IHD. In this study, from

1990 to 2019, five controllable metabolic risk factors have led to

an increase in the annual rate of change of IHD-related death

and DALYs, with high BMI, high systolic blood pressure, and

high fasting blood glucose showing the highest change. In the

16 controllable behavioral risk factors for IHD-related death,

the annual rate of change caused by intake of a diet low in

vegetables and fiber decreased, whereas that of the remaining

14 behavioral risk factors showed increased, with high intake

of processed meat, low physical activity, and intake of seafood

low in omega-3 fatty acids showing the most obvious change.

The annual rates of change in DALYs for intake of a diet

low in vegetables, fiber, and nuts and seeds, and alcohol use

were decreased, whereas those of the remaining 12 behavioral

risk factors increased, with intake of a diet high in processed

meat, low physical activity, and smoking showing the largest

annual changes. The improved lifestyle and accelerated life

rhythm changed Chinese diet structure. Being overweight is a

consequence of preferring a diet high in processed meat diet

and lack of physical activity. Being overweight and smoking

increased the incidence of IHD, which can further lead to high

risk for recurrent events of kidney dysfunction (26). Moreover,

in China, the rapid development of economy has inevitably

aggravated environmental damage. For the three controllable

environmental risk factors for IHD-related death rate and

DALYs, the annual rate of change caused by household air

pollution from solid fuels decreased in contrary to the other

two environmental risk factors. Among them, the annual rate

of change in the disease burden of IHD caused by ambient

particulate matter pollution was relatively large (24). However,

with the improvement of living standards and educational levels,

Chinese people pay more attention to their health and also

increase the intake of vegetables and fiber. In addition, the using

of natural gas and central heating reduce the environmental

pollution caused by the household air pollution from solid

fuels. The aforementioned positive changes may have a positive
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impact on the primary and secondary prevention of IHD

in China.

Conclusion

Given that China is a country with a large aging population

and that its medical resources are in short supply, periodic

health check-ups and high-risk factor interventions for key

populations should be reinforced from the grassroot level. Based

on GBD2019 data, the burden and risk factors of IHD in

China were analyzed, which not only provide a reference for

IHD prevention formulated by public policymakers but also

alert patients by increasing health education. According to

our analytical data, the following healthy lifestyles can help

strengthen IHD management and prevention: health lectures,

spreading awareness of the danger of smoking, 150min of

aerobic exercise per week, improvement of the unreasonable

diet structure, and promoting trams and bicycles to reduce

environmental pollution. Moreover, due to the increase in

the incidence of IHD in young and middle-aged people,

health education for these populations could help improve

patient compliance with treatment, such as informing about

reasonable diet, exercise, and weight loss, limiting smoking

and alcohol, and reducing the disease burden of IHD

in China.

Data availability statement

The original contributions presented in the study are

included in the article/supplementary material, further inquiries

can be directed to the corresponding author/s.

Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent for

participation was not required for this study in accordance with

the national legislation and the institutional requirements.

Author contributions

YL conceived the idea of the study, drafted the manuscript,

and drew the figures. JZ reviewed and approved the submitted

manuscript version. Both authors contributed to the article and

approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. GBD 2017 Causes of Death Collaborators. Global, regional, and national age-
sex-specificmortality for 282 causes of death in 195 countries and territories, 1980–
2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet.
(2018) 392:1736–88. doi: 10.1016/S0140-6736(18)32203-7

2. Antman EM, Braunwald E. Managing stable ischemic heart disease. N Engl J
Med. (2020) 382:1468–70. doi: 10.1056/NEJMe2000239

3. 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) 234:16812–23. doi: 10.1002/jcp.28350

4. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour
LM, 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

5. Schofield D, Cunich M, Shrestha R, Passey M, Veerman L, Tanton R, et al.
The indirect costs of ischemic heart disease through lost productive life years for
Australia from 2015 to 2030: results from a microsimulation model. BMC Public
Health. (2019) 19:802. doi: 10.1186/s12889-019-7086-5

6. Xie XX, Zhou WM, Lin F, Li XQ, Zhong WL, Lin SG, et al. Ischemic heart
disease deaths, disability-adjusted life years and risk factors in Fujian, China during
1990–2013: data from the Global Burden of Disease Study 2013. Int J Cardiol.
(2016) 214:265–9. doi: 10.1016/j.ijcard.2016.03.236

7. Liu SW, Li YC, Zeng XY, Wang HD, Yin P, Wang LJ, et al.
Burden of cardiovascular diseases in China, 1990–2016: findings from

the 2016 Global Burden Of Disease Study. JAMA Cardiol. (2019)
4:342–52. doi: 10.1001/jamacardio.2019.0295

8. Wang ZQ, Zhang L, Zheng H, Guo WB, Gao Y, Zhao YF, et al. Burden and
trend of ischemic heart disease and colorectal cancer attributable to a diet low in
fiber in China, 1990–2017: findings from the Global Burden of Disease Study 2017.
Eur J Nutr. (2021) 60:3819–27. doi: 10.1007/s00394-021-02556-6

9. Zhai FY, Du SF, Wang ZH, Zhang JG, Du WW, Popkin BM. Dynamics of
the Chinese diet and the role of urbanicity, 1991–2011. Obes Rev. (2014) 15(Suppl
1):16–26. doi: 10.1111/obr.12124

10. Li X, Cai H, Ren XL, He J, Tang J, Xie P, et al. Sandstorm weather
is a risk factor for mortality in ischemic heart disease patients in the Hexi
Corridor, northwestern China. Environ Sci Pollut Res Int. (2020) 27:34099–
106. doi: 10.1007/s11356-020-09616-0

11. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369
diseases and injuries in 204 countries and territories, 1990–2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204–
22. doi: 10.1016/S0140-6736(20)30925-9

12. Zhou MG, Wang HD, Zhu J, Chen WQ, Wang LH, Liu SW, et al.
Cause-specific mortality for 240 causes in China during 1990–2013: a systematic
subnational analysis for the Global Burden of Disease Study 2013. Lancet. (2016)
387:251–72. doi: 10.1016/S0140-6736(15)00551-6

13. Zhang MN, Li MT, Zhi XY, Zhu H, Zhang X, Xie J. Trends of a
burden on atherosclerotic cardiovascular disease and its related risk factors in

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2022.973317
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1056/NEJMe2000239
https://doi.org/10.1002/jcp.28350
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1186/s12889-019-7086-5
https://doi.org/10.1016/j.ijcard.2016.03.236
https://doi.org/10.1001/jamacardio.2019.0295
https://doi.org/10.1007/s00394-021-02556-6
https://doi.org/10.1111/obr.12124
https://doi.org/10.1007/s11356-020-09616-0
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(15)00551-6
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li and Zhang 10.3389/fpubh.2022.973317

China, 1990 to 2019. Zhonghua Liu Xing Bing Xue Za Zhi. (2021) 42:1797–
803. doi: 10.3760/cma.j.cn112338-20201208-01390

14. Wang CR, Meng XF, Wang CP, Liu SW. Trends of burden on
ischemic heart disease and epidemiological transition of related risk factors
in China, 1990–2017. Zhonghua Liu Xing Bing Xue Za Zhi. (2020) 41:1703–
9. doi: 10.3760/cma.j.cn112338-20191018-00743

15. Wang WX, Hu ML, Liu H, Zhang XY, Li HM, Zhou F, et al. Global
Burden of Disease Study 2019 suggests that metabolic risk factors are the leading
drivers of the burden of ischemic heart disease. Cell Metab. (2021) 33:1943.e2–
56.e2. doi: 10.1016/j.cmet.2021.08.005

16. Liu M, Wang W. Analysis of trends and characteristics of mortality of
ischemic heart disease over the age of 35 years old in China, 2004–2011. Zhonghua
Yu Fang Yi Xue Za Zhi. (2014) 48:502–6.

17. Wei DM, Xiao WB, Zhou LH, Guo J, Lu WL, Wang Y. Age-period-cohort
analysis of ischemic heart disease morbidity and mortality in China, 1990–2019.
Circ J. (2022) 86:1437–43. doi: 10.1253/circj.CJ-21-0749

18. He J, Gu DF, Wu XG, Reynolds K, Duan XF, Yao CH, et al. Major causes
of death among men and women in China. N Engl J Med. (2005) 353:1124–
34. doi: 10.1056/NEJMsa050467

19. Peng KG, YuHL. Characteristic analysis of clinical coronary heart disease and
coronary artery disease concerning young and middle-aged male patients.World J
Clin Cases. (2021) 9:7358–64. doi: 10.12998/wjcc.v9.i25.7358

20. Duran M, Elcik D, Murat S, Öksüz F, Çelik IE. Risk factors for coronary
artery disease in young patients with stable angina pectoris. Turk J Med Sci. (2019)
49:993–8. doi: 10.3906/sag-1905-56

21. Kantaria M, Buleishvili M, Kipiani NV, Ormotsadze G, Sanikidze T. Risk-
factors of coronary artery disease (Review). Georgian Med News. (2020) 299:78–82.

22. Escobar E. Hypertension and coronary heart disease. J Hum Hypertens.
(2002) 16(Suppl 1):S61–3. doi: 10.1038/sj.jhh.1001345

23. TrinderM, Francis GA, Brunham LR. Association of monogenic vs polygenic
hypercholesterolemia with risk of atherosclerotic cardiovascular disease. JAMA
Cardiol. (2020) 5:390–9. doi: 10.1001/jamacardio.2019.5954

24. Luiz RA, Satoshi N, Catherine MO. (2017). Heartbeat: Coronary heart
disease, obesity, smoking and long-lasting psychological distress. Heart. 103:644.
doi: 10.1136/heartjnl-2017-311592

25. Wu T, Ma Y, Wu X, Bai M, Peng Y, Cai W, et al. Association
between particulate matter air pollution and cardiovascular disease
mortality in Lanzhou, China. Environ Sci Pollut Res Int. (2019)
26:15262–72. doi: 10.1007/s11356-019-04742-w

26. Filippo OD, D’Ascenzo F, Raposeiras-Roubin S, Abu-Assi E, Peyracchia
M, Bocchino PP, et al. P2Y12 inhibitors in acute coronary syndrome patients
with renal dysfunction: an analysis from the RENAMI and BleeMACS projects.
Eur Heart J Cardiovasc Pharmacother. (2020) 6:31–42. doi: 10.1093/ehjcvp/
pvz048

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2022.973317
https://doi.org/10.3760/cma.j.cn112338-20201208-01390
https://doi.org/10.3760/cma.j.cn112338-20191018-00743
https://doi.org/10.1016/j.cmet.2021.08.005
https://doi.org/10.1253/circj.CJ-21-0749
https://doi.org/10.1056/NEJMsa050467
https://doi.org/10.12998/wjcc.v9.i25.7358
https://doi.org/10.3906/sag-1905-56
https://doi.org/10.1038/sj.jhh.1001345
https://doi.org/10.1001/jamacardio.2019.5954
https://doi.org/10.1136/heartjnl-2017-311592
https://doi.org/10.1007/s11356-019-04742-w
https://doi.org/10.1093/ehjcvp/pvz048
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Disease burden and risk factors of ischemic heart disease in China during 1990–2019 based on the Global Burden of Disease 2019 report: A systematic analysis
	Introduction
	Methods
	Data sources
	Risk factor classification
	Statistics

	Results
	Disease burden and risk factors of Chinese IHD in 2019
	Change trends of disease burden and risk factors of IHD in China from 1990 to 2019

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


