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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 lived with disability (YLDs), and disability-adjusted life years (DALYs) of IHD were 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 different 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 differences, 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 of Washington, 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 and DALYs. 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 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).


TABLE 1 Disease burden of IHD in various age-groups in China, in 2019 (1/100,000).
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FIGURE 1
 (A) Gender differences in disease burden of IHD in China from 1990 to 2019 (1/100,000). (B) Disease burden of IHD in different age-groups in China from 1990 to 2019 (1/100,000).


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 women were lower than those in their male counterparts (Table 2 and Figure 1A).


TABLE 2 Gender differences in disease burden of IHD in China in 2019 (1/100,000).
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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).


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




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 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).


TABLE 4 Disease burden (1/100,000) and annual rate of change of IHD in China from 1990 to 2019.
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TABLE 5 Annual rate of change of gender-specific disease burden of IHD in China from 1990 to 2019.
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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 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, 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 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 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, 150 min 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.
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