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Abstract

Background Ischemic heart disease is globally recognized as the cardiovascular
disease with the highest mortality and most common occurrence, leading to
an increasing disease burden among Chinese residents. Analysis of changing
trends and predictions of disease burden is an important focus of healthcare
policy. Objective To comparatively analyze the disease burden and risk fac-
tors of ischemic heart disease in China and globally from 1990-2019, predict its
changing trends, and provide evidence for prevention and treatment efforts for
ischemic heart disease. Methods Based on the Global Burden of Disease 2019
(GBD2019) database, using the Joinpoint log-linear model to analyze trends in
disease burden of ischemic heart disease in China and globally from 1990-2019,
with trend testing, and using R 4.3.0 to forecast the disease burden in China
from 2020-2035. Results From 1990-2019, China’ s age-standardized incidence
rate, age-standardized mortality rate, and age-standardized disability-adjusted
life years (DALY) rate of ischemic heart disease were all lower than global levels,
but overall showed upward trends, while global trends were downward. High in-
cidence, mortality, and DALY rates of ischemic heart disease in both China and
globally occurred predominantly in elderly populations. From 2020-2035, China’
s ischemic heart disease burden is predicted to show an overall declining trend
(average annual percent change (AAPC) of incidence, mortality, and DALY
rates were -0.400, -1.167, and -1.318, respectively, P<0.001), with reductions in
all indicators being greater among male populations than females in both China
and globally. Conclusion The prevention and treatment situation for ischemic
heart disease in China is severe, with the disease burden being particularly heavy
among male and elderly populations; the disease burden attributable to disabil-
ity is substantial; high systolic blood pressure and high low-density lipoprotein
are important risk factors. Future attention should be directed toward the grow-
ing trend of ischemic heart disease burden in China, with focused strengthening
of preventive interventions for male and elderly populations.
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Abstract

Background: Ischemic heart disease is recognized globally as the most common
cardiovascular disease with the highest mortality rate, imposing an increasingly
heavy disease burden on Chinese residents. Analyzing trends and conducting
predictive analyses of disease burden represents an important focus for health-
care policy. Objective: To compare and analyze the disease burden and risk
factors of ischemic heart disease in China and worldwide from 1990 to 2019, pre-
dict future trends, and provide evidence for prevention and treatment efforts.
Methods: Based on the Global Burden of Disease Study 2019 (GBD2019)
database, we employed Joinpoint log-linear models to analyze changing trends
in the disease burden of ischemic heart disease in China and globally from 1990
to 2019, with trend significance testing. Predictions for China’ s ischemic heart
disease burden from 2020 to 2035 were performed using R 4.3.0. Results:
From 1990 to 2019, China’ s standardized incidence rate, standardized mortal-
ity rate, and standardized disability-adjusted life year (DALY rate for ischemic
heart disease were all lower than global levels, yet showed overall upward trends,
while global trends were declining. High incidence, mortality, and DALY rates
for ischemic heart disease in both China and worldwide occurred predominantly
among elderly populations. From 2020 to 2035, China’ s ischemic heart disease
burden is projected to show an overall decline (AAPC for incidence, mortal-
ity, and DALY rates: -0.400, -1.167, and -1.318, respectively; P<0.001), with
greater reductions observed in male populations compared to females in both
China and globally. Conclusion: The situation of ischemic heart disease pre-
vention and control in China is severe, with particularly heavy disease burdens
among male and elderly populations. The burden attributable to disability is
substantial, with high systolic blood pressure and high low-density lipoprotein
representing important risk factors. Future efforts should focus on the growing
trend of disease burden in China, with strengthened preventive interventions
targeting male and elderly populations.
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Ischemic heart disease (IHD) refers to conditions caused by coronary artery nar-
rowing or occlusion that lead to myocardial ischemia, hypoxia, and even necrosis.
It is recognized globally as the most common cardiovascular disease and ranks
first worldwide in mortality. With socioeconomic development and lifestyle
changes, the prevalence and mortality of ischemic heart disease in China have
continued to rise, making it the second leading public health challenge after lung
cancer. Overall, current domestic and international research on ischemic heart
disease focuses primarily on clinical aspects and treatment, with relatively few
studies examining disease burden. Moreover, existing research adopts narrow
perspectives, often concentrating on single risk factor attribution, local regions,
or special populations. Studies describing and analyzing the overall epidemio-
logical characteristics, population and societal disease burden, and development
trajectories from a longitudinal perspective remain largely absent, despite such
research being fundamental to implementing long-term disease control actions
and facilitating targeted prevention and intervention strategies. Based on this
context, this study analyzes GBD2019 statistics to compare the disease bur-
den, risk factors, and changing trends of ischemic heart disease in China and
worldwide from 1990 to 2019. Additionally, we project future trends to provide
empirical evidence for policy formulation.

1.1 Data Sources

This study utilized data from the Global Burden of Disease 2019 database.
GBD2019 encompasses disease burden assessments for 369 diseases and injuries
and 87 risk factors across 204 countries and territories from 1990 to 2019, pro-
viding standardized and comparable public data.

1.2 Research Methods

Disease burden was measured using indicators including incidence rate, preva-
lence rate, mortality rate, years of life lost (YLL), years lived with disability
(YLD), and disability-adjusted life years (DALY to reflect health impacts and
mortality risks. Incidence rate represents the frequency of new cases and re-
flects disease impact on population health, while mortality rate measures fatal
risk. YLL is calculated by multiplying deaths by standard life expectancy at
each age. YLD is computed by multiplying prevalence by disease-specific dis-
ability weights for mutually exclusive sequelae. DALY, the sum of YLL and
YLD, integrates premature mortality and disability to represent total healthy
life years lost from disease onset to death, measuring both life reduction and
disability extent. This study compiled data on disease burden and risk factors
for ischemic heart disease in China and worldwide from 1990 to 2019. Predic-
tions of standardized rates utilized GBD database population projection data
and corresponding standard population structure data for 2017-2100.
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1.3 Statistical Methods

Data preprocessing was performed using Excel. We described the disease bur-
den and risk factors of ischemic heart disease in China and worldwide through
standardized mortality rates, standardized DALY rates, and other indicators.
Line charts illustrated trends from 1990 to 2019. Considering the data distri-
bution characteristics, we employed log-linear models using Joinpoint 5.0.1 to
analyze changing trends, calculating average annual percentage change (AAPC)
for standardized indicators with significance testing. Bidirectional grouped bar
charts displayed epidemiological status and disease burden by age group and sex
for 1990 and 2019. Using the Bayesian age-period-cohort analysis (BAPC) pack-
age and integrated nested Laplace approximation (INLA) package in R 4.3.0,
we implemented BAPC with INLA algorithms to directly approximate poste-
rior marginal distributions, projecting incidence, mortality, and DALY rates for
China and worldwide from 2020 to 2035. Graphics were generated using the
geplot2 package. Statistical significance was set at P<0.05.

2 Results

2.1 Epidemiological Status of Ischemic Heart Disease in China and
Worldwide, 1990-2019

2.1.1 Morbidity Trends From 1990 to 2019, both the number of cases and
incidence rate of ischemic heart disease showed upward trends in China and glob-
ally. After age standardization, China’ s standardized incidence rate remained
substantially lower than the global rate but demonstrated an overall upward tra-
jectory, while the global standardized incidence rate showed a declining trend.
In 2019, China’ s standardized incidence rate was 197.39 per 100,000 person-
years compared to 262.39 per 100,000 person-years globally. China’s proportion
of global total cases increased from 10.74% to 16.51%, with its incidence growth
rate exceeding the global rate by more than fivefold. By sex, standardized inci-
dence rates were significantly higher among males than females in both China
and worldwide [FIGURE:1, TABLE:1].

2.1.2 Mortality Trends From 1990 to 2019, both the number of deaths and
mortality rate of ischemic heart disease increased in China and globally. How-
ever, after age standardization, China’ s standardized mortality rate showed
overall growth while the global rate declined substantially. In 1990, China’
s standardized mortality rate was far below the global level, but by 2019 it
reached 116.41 per 100,000 person-years, approaching the global level of 117.95
per 100,000 person-years . The line chart of standardized mortality rates [Fig-
ure 1: see original paper] clearly shows that from 1990 to 2019, standardized
mortality rates for ischemic heart disease were higher among males than females
in both China and worldwide. China’ s standardized mortality rate fluctuated
more substantially than the global rate, particularly among males. Since 2011,
China’s total population and female standardized mortality rates have remained
largely consistent with global levels, while the male rate, after exceeding global
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levels in 2010, has recently declined and gradually converged toward global
levels.

2.2 Comparative Analysis of Disease Burden in China and Worldwide,
1990 and 2019

Overall, global standardized YLL and DALY rates were higher than China’ s,
while global standardized YLD rates were lower than China’ s. From 1990 to
2019, China’ s standardized DALY rate remained essentially unchanged, far
below the global average but showing a slight overall increase, while the global
standardized DALY rate declined. By sex, standardized DALY rates among
males exceeded those among females in both China and worldwide. China’ s
female standardized DALY rate remained stable over the 30-year period, while
the male rate showed notable fluctuations. Global standardized DALY rates
declined steadily among both males and females [FIGURE:2, TABLE:3].

2.3 Age Distribution of Disease Burden in China and Worldwide, 1990
and 2019

Regarding epidemiological status, both incidence and mortality rates of ischemic
heart disease in China and worldwide increased continuously with age, with rates
among elderly populations far exceeding those among younger and middle-aged
adults. In terms of disease burden, DALY rates also increased continuously
with age, with the highest age group exceeding the lowest by more than 300-
fold. Among Chinese populations aged 15-69 years, DALY rates declined, while
rates among those over 70 years increased, with the 85-94 age group showing
nearly 50% growth. Globally, DALY rates declined across all age groups, with
decreases among those over 50 years remaining within 30%$+£$5%. In 1990,
DALY rates across all Chinese age groups were below global averages, but by
2019, Chinese populations over 80 years surpassed global averages, with those
over 90 years exceeding global levels by 1.5-fold [Figure 3: see original paper].

2.4 Risk Factor Comparison in China and Worldwide, 1990 and 2019

Comparing 1990 and 2019, high systolic blood pressure and high low-density
lipoprotein remained the top two risk factors for ischemic heart disease in both
China and worldwide. Particulate matter pollution and smoking ranked third
and fourth in China and remained within the top five globally. Household air
pollution from solid fuels declined in ranking in both China and worldwide from
1990 to 2019. Ambient ozone pollution and high body mass index (BMI) rose
steadily in rankings in both China and worldwide. Compared to global levels,
high sodium diet represented a more significant risk factor affecting the Chinese
population .
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2.5 Projections for Ischemic Heart Disease Prevalence and Burden in
China and Worldwide, 2020-2035

Based on model projections, China’ s incidence rate will show an overall decline
from 2020 to 2035, while global incidence will remain relatively stable with slight
increases. Chinese male incidence is projected to decrease from 236.76 to 217.36
per 100,000 person-years, and Chinese female incidence from 164.86 to 157.44
per 100,000 person-years. Global male incidence will increase from 333.78 to
337.67 per 100,000 person-years, and global female incidence from 199.22 to
203.96 per 100,000 person-years. The number of cases will decrease in China
but increase globally [Figure 4: see original paper].

Regarding mortality, both China and worldwide will maintain declining trends
over the next 15 years, with greater reductions in China. Chinese male mortality
will decrease from 159.02 to 128.34 per 100,000 person-years, and Chinese female
mortality from 96.17 to 78.88 per 100,000 person-years. Global male mortality
will decline from 141.82 to 130.11 per 100,000 person-years, and global female
mortality from 94.73 to 89.08 per 100,000 person-years. Deaths will decrease in
China but remain essentially stable with slight increases globally.

For disease burden, DALY rates will decline overall in both China and world-
wide over the next 15 years, with greater reductions in China. Chinese male
DALY rates will decrease from 2,537.98 to 2,061.23 per 100,000 person-years,
and Chinese female rates from 1,389.01 to 1,066.31 per 100,000 person-years.
Global male DALY rates will increase from 2,289.79 to 2,744.04 per 100,000
person-years, while global female rates will decrease from 1,638.70 to 1,561.18
per 100,000 person-years. DALY values will decrease in China but increase
slightly worldwide. Overall, the magnitude of change in standardized rates is
substantially greater among Chinese males than females, while global sex differ-
ences are smaller. Both China and worldwide will maintain higher standardized
rates among males than females throughout 2020-2035.

3 Discussion

3.1 Severe Prevention and Control Situation in China, Particularly
Heavy Burden Among Males and Elderly

Our findings indicate that although China’ s standardized incidence and mortal-
ity rates for ischemic heart disease in 2019 were lower than global levels, both
indicators showed overall upward trends from 1990 to 2019, while global trends
declined. China’ s standardized YLL, YLD, and DALY rates all demonstrated
upward trends, while global disease burden indicators declined. This suggests
that China’s increasing ischemic heart disease burden relates to growing burdens
from both premature mortality and disability, with disability-related burden be-
ing particularly severe.

By sex, standardized incidence, mortality, and DALY rates among males ex-
ceeded those among females in both China and worldwide. Notably, standard-
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ized incidence and mortality rates among Chinese males have surpassed global
levels and show clear increasing trends. This suggests that China’ s ischemic
heart disease prevention and control situation is severe, with urgent need to
strengthen focus on male populations in disease prevention and control efforts.
Regarding age, high incidence, mortality, and DALY rates concentrate among
elderly populations in both China and worldwide, consistent with previous re-
search identifying elderly populations as high-risk groups for ischemic heart dis-
ease. China has entered a comprehensive aging society, which aligns with the
changing trends in Chinese population indicators before and after standardiza-
tion. Compared with 1990, differences between elderly and younger populations
in incidence, mortality, and DALY rates became more pronounced in China by
2019, while global differences remained relatively smaller. Therefore, China
must strengthen tertiary prevention of ischemic heart disease, improve social se-
curity mechanisms, optimize health resource allocation, and appropriately shift
prevention priorities toward elderly populations.

3.2 High Systolic Blood Pressure and High Low-Density Lipoprotein
as Primary Disease Burden Contributors

Our results show that high systolic blood pressure and high low-density lipopro-
tein remained the top two risk factors contributing to high DALY rates for is-
chemic heart disease in both China and worldwide in 1990 and 2019, confirming
their importance as risk factors consistent with existing research. In recent years,
hypertension prevalence has risen in China, while awareness, treatment, and con-
trol rates remain low. Additionally, low-density lipoprotein cholesterol levels
have increased among Chinese adults. Effective health education, strengthened
self-management and monitoring awareness, enhanced primary healthcare ser-
vices, and improved community health service levels and utilization rates will
help reduce the prevalence of high systolic blood pressure and high low-density
lipoprotein, thereby mitigating their associated disease burden.

Among other top ten risk factors, particulate matter pollution and smoking
remained within the top five in both China and worldwide. Ambient ozone
pollution and high BMI showed rising rankings in both regions. Regarding
dietary factors, high sodium diet, low whole grain diet, and low legume diet
represented major contributors to disease burden, with high sodium diet being
more pronounced in China than globally. Previous studies demonstrate that
environmental particulate matter pollution, gaseous pollutants like ozone, and
smoking exacerbate atherosclerosis risk and increase myocardial burden, with
interrelated effects: high sodium diet, high BMI, and air pollution all increase
hypertension risk, directly and indirectly affecting China’s ischemic heart disease
burden. Therefore, China must implement government-led air pollution control,
guide lifestyle interventions, promote healthy diets with appropriate sodium
restriction, encourage regular moderate-intensity exercise, support smoking ces-
sation and alcohol limitation, and establish effective protection measures against
environmental pollution to build a comprehensive societal prevention network
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for ischemic heart disease.

3.3 Projected Declines in Standardized Incidence, Mortality, and
DALY Rates in China, 2020-2035

Our projections indicate that China’ s standardized incidence, mortality, and
DALY rates will decline from 2020 to 2035, while global levels remain relatively
stable, with only slight increases in standardized incidence and decreases in the
other two indicators. In terms of absolute numbers, China will see reductions
in cases, deaths, and DALY values, while global values will increase slightly.
This demonstrates that China’ s recent prevention and control measures for is-
chemic heart disease have been effective. The development of national essential
public health services, implementation of primary care management pathways,
and improved disease treatment capabilities have somewhat alleviated the heavy
disease burden on Chinese residents. Future policy formulation and implemen-
tation can build upon these experiences to strengthen prevention measures and
maintain effective control of China’ s ischemic heart disease burden.

3.4 Summary

In summary, from 1990 to 2019, China’ s standardized indicators for ischemic
heart disease burden transitioned from being below global averages with certain
gaps to approaching or even surpassing global averages. The disease burden is
particularly heavy among Chinese males and elderly populations. High systolic
blood pressure and high low-density lipoprotein represent the most significant
disease burden contributors. Projections for 2020-2035 indicate declining stan-
dardized incidence, mortality, and DALY rates in both China and worldwide.
Therefore, establishing a robust ischemic heart disease prevention and control
network in China is imperative. This can be achieved through strengthened
health education, improved tertiary prevention, appropriate resource allocation
toward priority populations, and ultimately achieving whole-society participa-
tion to alleviate disease burden among Chinese residents.
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