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Objective: To analyze trends in the global burden (GBD) of ischemic heart disease (IHD) over the past 30 years and health inequalities, as well as to predict the trends for the next 25 years.

Methods: Data on the incidence, prevalence, mortality, Disability-Adjusted Life Years (DALYs), and risk factors for IHD were obtained from GBD 2021. Changing global, regional, and national trends from 1990 to 2021 were analyzed, accompanied by decomposition analysis. Potential for improvement was assessed using frontier analysis while conducting a regional risk factor ranking analysis. Joinpoint software and an age-period-cohort model were used to analyze IHD data further. Finally, future IHD trends were analyzed using the prediction models such as the Bayesian age-period-cohort analysis (BAPC) model.

Results: According to GBD 2021, the global incidence of IHD cases was 31,872,778 (201.6%, compared to 1990), with 254,276,268 prevalent cases (226.7%, compared to 1990), 188,360,557 DALYs (158.1%, compared to 1990), and 8,991,637 deaths (167.5%, compared to 1990). Significant changes were noted in Uzbekistan, China, and Indonesia. Male patients outnumbered females, and most were over 60. In 2021, the total amount of IHD was primarily driven by ageing and population growth, with substantial potential for improvement observed in middle and high Socio-Demographic Index (SDI) regions; future attention should also be directed toward occupational risks, air quality, and renal dysfunction’s impact on IHD. The BAPC method showed that the incidence of IHD would reach 56,431,619 cases by 2046. This would be 1.77 times the number of cases in 2021.

Conclusion: From 1990 to 2021, the number of IHD cases in the world and its forecast analysis showed an upward trend, mainly affected by population growth and aging. The disparity of medical burden in areas with low, middle and medium development levels is worsening. The importance of regional rankings of risk factors for IHD has also shifted due to global economic changes over the past 30 years. This study highlights the challenges faced in managing IHD and calls for governments and institutions to adopt multidimensional public health strategies encompassing age, risk factors, gender, and predictive models to address the growing number of cases and other health problems. These findings will guide health policies to effectively control clinical stress in IHD by prioritizing regional risk factors for targeted interventions and individualized prevention for high-risk populations, while also ensuring efficient use of health resources.
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1 Introduction

Ischemic Heart Disease (IHD), a disease that causes reduced myocardial blood flow and a mismatch between oxygen supply and demand of the myocardium, makes it a major contributor to the burden of cardiovascular diseases. According to the World Health Organization, from 2000 to 2021, IHD is the leading cause of death worldwide, accounting for 13% of all deaths worldwide, and is the second leading cause of Disability Adjusted Life Years (DALY) lost globally, with a significant impact on global public health (1). In 2019, the number of deaths due to IHD in China reached 1.874 million, accounting for about 20.5% of the total number of IHD deaths in the world, and the DALY caused by IHD reached 18.8585 million years, accounting for 10.4% of the total number of Daly induced by IHD in the world (2). In the United States, the economic impact is even more pronounced, with projections showing that total direct medical costs for cardiovascular disease, including IHD, are expected to triple from $273 billion in 2010 to $818 billion in 2030 (3). With the global population aging, dietary and metabolic problems, and the prevalence of obesity-related diseases, the disease burden caused by ischemic heart disease will continue to place enormous pressure on the global health and economic system, and the prevention and control of IHD is urgent.

Gender, as an essential biological and sociological variable, has a significant impact on ischemic heart disease. Studies have shown that the incidence of ischemic heart disease is generally higher in men than in women. Still, over time, women tend to lack the protective mechanism of estrogen after menopause. The risk of IHD increases, especially in women over 70 years old, and the incidence of ischemic heart disease gradually approaches the male level (4, 5). In addition, according to the survey (6), the prevalence and incidence rate of ischemic heart disease peaks in the 55–59 age group. The symptoms of older patients are often not typical, easy to miss a diagnosis, and usually accompanied by other diseases such as hypertension, diabetes, and other chronic diseases, the cause of complex, brutal treatment and surgical risk, easy to develop into heart failure, myocardial infarction, and other serious complications. With the acceleration of the pace of social life and the rapid development of the economy, the incidence of metabolic diseases caused by environmental pollution, work pressure, bad habits, and other factors in the young population has increased year by year, becoming an important driving factor for the trend of ischemic heart disease in the younger population (7). The 2019 GBD on the Burden of Disease in young people aged 15–39 shows an increasing prevalence of ischemic heart disease among young people globally (8). A report indicated that the incidence of acute myocardial infarction (AMI) among young people in the United States increased from 34 per 100,000 in 2016 to 68 per 100,000 in 2020 (9). In the face of the increasingly difficult situation of ischemic heart disease, the hierarchical structure of multi-dimensional characteristics such as age, gender, and education and personalized medical programs should be established to implement precise intervention and treatment strategies and regular health screening to reduce the risk of ischemic heart disease.

However, the current situation is that in most countries around the world, patients with ischemic heart disease do not have access to standardized medical care due to inadequate resources and education in the healthcare system. In low - and middle-income countries in North Africa and the Middle East, resource shortages, combined with inefficient public health awareness and healthcare system effectiveness, severely limit the implementation of effective management and prevention measures for ischemic heart disease (10). This is despite higher relative risk values for CVD risk factors in high-income countries; accidents are lower due to improved healthcare systems, better control of risk factors, and timely and effective treatment measures such as empirical drug regimens and percutaneous coronary intervention (11, 12). This disparity highlights the importance of global collaboration and sharing of experience in tackling the growing global epidemic of ischemic heart disease.

GBD 2021 provides annual disease burden estimates for 369 diseases and injuries and 87 risk factors and combinations across 204 countries and regions from 1990 to 2021. The incidence, prevalence, mortality rates, and DALYs in this database effectively reflect trends in disease severity, offering a unique opportunity to assess the long-term trends of various disease burdens globally, regionally, and nationally. Notably, DALY, one of the summary health indicators, represents the sum of years of life lost (YLL) and years lived with disability (YLD). IHD-related YLL was calculated by multiplying the number of deaths in each age group by the standardized life expectancy for that age group. YLD was calculated by multiplying the prevalence of each mutually exclusive sequela by its disability weight. DALY unifies lethal and non-lethal health impairments into the unit of “health years,” transcending the limitations of traditional mortality statistics and providing a comprehensive depiction of the impact of diseases on population health. At present, studies on the epidemiology of ischemic heart disease are limited in India, North Africa, and the Middle East, and many studies have found that a variety of factors such as elevated residual cholesterol levels, blood sugar levels, autoimmune diseases, smoking, and premature birth are closely related to ischemic heart disease (13–16). Although these studies have analyzed ischemic heart disease from various perspectives, they focus on a country or region, risk factors, specific groups, or overall trends in multiple cardiovascular diseases and lack predictive analysis of time trends. Considering that IHD is a chronic and progressive disease with irreversible structural changes and is the outcome of a variety of diseases with many serious complications, early prevention and treatment are crucial. Therefore, it is necessary to comprehensively describe and analyze the overall incidence and change trend of ischemic heart disease from a global perspective, which is helpful for governments and organizations to take targeted measures and formulate programs to reduce the disease burden of ischemic heart disease. Based on data from the GBD 2021, this article analyzes the disease burden of IHD and its development trends over the next 25 years using key indicators such as incidence rate, prevalence rate, mortality rate, and DALY rate from various aspects for the period 1990–2021.



2 Materials and methods


2.1 Data source

The GBD 2021 project comprehensively evaluates and publishes the prevalence of 371 diseases and injuries and 88 risk factors across 204 countries and 21 territories worldwide (17). It estimates incidence rates, prevalence rates, mortality rates, years of life lost, healthy life lost, disability-adjusted life years (DALYs), and other disease frequency and burden indicators by gender and age stratification. IHD was defined based on the International Classification of Diseases-Tenth Revision codes I20 to I25.9. This study extracted the estimated number and age-standardized incidence rate, prevalence, mortality, and disability-adjusted life years (DALYs) of IHD and their 95% uncertainty intervals (UIs) from GBD 2021 for the subsequent data analysis. GBD 2021 uses unidentified aggregated data, and the University of Washington’s Institutional Review Board reviewed and approved the waiver of informed consent.



2.2 Descriptive analysis

Descriptive analyses were performed at various levels: global, regional, and national, to gain a thorough insight into the impact of ischemic heart disease. The case number and age-standardized rates (ASR, ASIR, ASMR, ASDR) of incidence, prevalence, deaths, and disability-adjusted life years (DALYs) associated with IHD were assessed for 1990 and 2021 on a global scale across 21 geographic areas defined by GBD and in 204 countries and territories and classified by gender. Additionally, comparisons were made within five regions categorized by socio-demographic index (SDI) quintiles. The ASR was computed per 100,000 individuals utilizing the subsequent formula:

ASR=∑i=1n(ri·wi)∑i=1nwi×100,000

(ri: the age-specific rate in ith the age group; w: the number of people in the corresponding ith age group among the standard population; A: the number of age groups).



2.3 Trend analysis

Investigating the temporal patterns of diseases is a fundamental aspect of epidemiology and supports advancing more accurate prevention strategies. The trends in age-standardized rates (ASRs) over a designated time frame are indicated by the estimated annual percentage change (EAPC) (18). The EAPC analysis leverages longitudinal data from all years to capture long-term changes in global disease burden indicators (such as incidence and mortality), avoiding biases from comparing only the first and last years. Standardized methods like age-standardized rates ensure comparability across regions, populations, and time periods, supporting evidence-based decisions for identifying high-risk groups, evaluating interventions, and optimizing resource allocation. The EAPC analysis leverages longitudinal data from all years to capture long-term changes in global disease burden indicators (such as incidence and mortality), avoiding biases from comparing only the first and last years. Standardized methods like age-standardized rates ensure comparability across regions, populations, and periods, supporting evidence-based decisions for identifying high-risk groups, evaluating interventions, and optimizing resource allocation. In short, we employed the regression model y = α + βx + ε for these analyses, where y represents ln(ASR), x denotes the time variable, and ε signifies the error term. It was assumed that the natural logarithm of ASR has a linear relationship with time; thus, EAPC is calculated as 100 × [exp(β) − 1] (Ding et al., 2022). We also utilized linear models to determine the 95% confidence intervals (95% CIs) for EAPCs. An increasing trend in ASR was identified if both the EAPC and its lower bound of the 95% CI > 0. Conversely, an ASR was deemed to exhibit a decreasing trend if both the EAPC and its upper limit of the 95% CI < 0.



2.4 Decomposition analysis

Decomposition analysis quantifies the independent contributions of population growth, changes in age structure, and epidemiological variations to the changes in disease burden, revealing underlying causes that a single trend indicator cannot reflect. This provides a scientific basis for precise intervention and policy optimization. Thus, decomposition analysis is employed to recognize the factors linked to the alterations in the absolute quantity of age-related disease burdens (19). It can determine the additive contribution of the effect of the dissimilarities in factors between two groups (populations in 1990 and 2021) to the disparity in their overall disease burden (20). To gain insight into the explanatory factors driving changes in incidence, prevalence, mortality, and DALY rates of IHD from 1990 to 2021, disaggregated analysis was performed by population size, age structure, and epidemiological changes. A detailed method description is provided in the Supplementary methods.



2.5 Frontier analysis

In addition to analyzing the interaction of the three factors of IHD in different regions around the world, we also conduct cutting-edge research to assess the relationship between the burden of IHD and the socio-geographical development of various countries and explore the potential for improvement among countries at the same level of development. We used data from 1990 to 2021 to establish a frontier analysis based on incidence, prevalence, mortality, DALYs, and SDI to understand better the potential gaps that a country or region may achieve and the potential for improvement. Supplementary Table S2 offers a detailed account of the frontier analysis methodology (21). A detailed method description is provided in the Supplementary methods.



2.6 Risk factor analysis

By reviewing the literature, we found that in addition to traditional factors affecting IHD, the risk factors affecting IHD are also changing with the improvement of social development and environmental changes. We learned from the GBD Database website (GHDx)1 query and retrieve SDI, Metabolic factors, behavioral factors, risk factors, dietary risk, high systolic blood pressure, high cholesterol diet, environmental occupational risk, air pollution, particulate matter pollution, tobacco, smoking, low whole grain diet and other risk factors for IHD-related death and DALYs in five regions of the world from 1990 to 2021 by sex (total, male and female). Based on the relative size of the values in the downloaded data table, rankings were established, and a heat map illustrating the areas categorized by risk factors and the Socio-Demographic Index (SDI) was created using the R package “heatmap.”



2.7 Joinpoint analysis

Joinpoint regression analysis has become a core tool for analyzing complex epidemiological patterns due to its ability to accurately identify turning points of trends and quantify dynamic changes at different stages. So, the joinpoint regression analysis was employed to evaluate the epidemiologic data of IHD over the study period. This method segments the timeline into distinct intervals, each featuring a separate regression line, allowing for a nuanced evaluation of trend changes over time (22). This approach outperforms traditional regression models by capturing localized trend fluctuations. It provides an objective basis for phased adjustments of prevention and control strategies across periods, enhancing the interpretation of disease dynamics and the timeliness of policy interventions. We employed the software provided by the United States National Cancer Institute (version4.9.1.0, 2022) for the analysis, focusing on key indicators including annual percentage change (APC), average annual percentage change (AAPC), and 95% confidence intervals (95% CI). Moreover, the average APC (AAPC) for multiple-year periods was estimated using regression coefficients weighted by the span width of each subsegment. The formula of the joinpoint regression model is as follows:

APCi={exp(βi)−1}×100%AAPCi={exp(∑Wiβi∑Wi)−1}×100%

The number and location of joinpoints were determined using the Grid Search Method; in the model, i is the number of segments, βi corresponds to the regression coefficients for each linear segment of the data, and Wi represents the length of each corresponding segment. The Monte Carlo ranking method was used to calculate AAPC and 95% CI, and the overall asymptotic significance level was maintained by Bonferroni correction (23). If the APC/AAPC estimate and the lower bound of its 95% CI are greater than 0, an upward trend is considered over a specific period. Conversely, if the estimated APC/AAPC value and the upper bound of its 95% CI are less than 0, a downward trend is regarded within a specific period. Otherwise, the trend is considered stable.



2.8 Age–period–cohort analysis

We conducted an in-depth investigation into the trends of the burden of ischemic heart disease and its effects on age, period, and birth cohort. We initially inspected the potential two-factor interactions among age, period, and birth cohorts using Stata to achieve this objective. Due to the interaction between age, period, and birth cohort, it proves challenging to determine their actual influence on the risk of onset or epidemic. An age-period-cohort model adopting the intrinsic estimator (IE) approach is employed to solve this problem (24, 25). The age effect clarifies factors such as the impact of aging populations on morbidity and mortality rates. The period effect refers to changes in the risk of diseases and injuries due to objective factors. The cohort effect indicates that different generations have varying levels of exposure to disease risk factors. The APC model can generally be represented as: Y = log (M) = μ + α(age)i + β(period)j + γ(cohort)k + ε. In this equation, M represents the age-standardized rate (asr) of IHD, μ, and ε denote the intercept and random error, respectively. In contrast, α(age)i, β(period)j, and γ(cohort)k represent the effects of age group α, period β, and birth cohort γ. The method furnishes estimated coefficients for age, period, and birth cohort effects. Subsequently, the coefficients are converted into index values to ascertain the relative risk of a specific age, period, or birth cohort epidemiological indicator when compared with all ages, periods, or birth cohorts (26). The study used 17 consecutive 5-year age intervals, ranging from 0–4 years to 95–99 years; it also analyzed six-period effects from 1992–1996 (median 1994) to 2017–2021 (median 2019). Regarding cohort effects, the 30-year study period included data from 26 consecutive birth cohorts, from 1897–1901 (the 1899 cohort) to 2002–2006 (the 2004 cohort).



2.9 Predictive analysis

Through these analyses, we have a preliminary understanding of the changes in ischemic heart disease in the past three decades, and further projections of the burden of ischemic heart disease in the next 25 years are made to formulate public health policies better and allocate medical resources. BAPC forecasting is a Bayesian statistical analysis technique used to predict future events or trends. BAPC forecasting effectively decomposes and estimates age, period, and cohort effects, providing predictions of future events and quantifying uncertainty, while also being flexible in handling complex data structures. Bayesian Age-period-cohort analysis (BAPC) models with integrated nested Laplacian approximations (INLA), with better coverage and accuracy than APC models, were used to predict the global burden of ischemic heart disease over the next 25 years (27). The model structure is a linear Poisson model, which assumes the multiplicative effects of age, period, and cohort variables. The formula for the BAPC model is:

log(λij)=α+μi+βj+γk

In this model, i(1 < i < D) represents time points, j(1 < j < J) denotes age groups, a represents the intercept, μi represents the age effect, ßj represents the period effect, γk represents the cohort effect. We also used the Nordpred package in R software to analyze trends in ischemic heart disease, calculating ASR and patient cases by sex (28). It is a log-linear age-period-cohort model designed to predict the number or rate of new cases, which can mitigate exponential growth and restrict linear trend predictions to accommodate recent trends, demonstrating its effectiveness in forecasting future burden trends. The differential autoregressive moving average (ARIMA) model in the time series model is also used to predict the future trend of ischemic heart disease (29). The ARIMA model integrates autoregression (AR), differencing (I), and moving average (MA) to transform non-stationary time series into stationary ones through differencing, while capturing the autocorrelation of the time series using AR and MA to forecast future trends. The ARIMA model requires that the time series be a random sequence with a mean of zero and exhibit stationarity. Finally, the development trend of IHD in the future is evaluated reasonably by using these three methods.




3 Results


3.1 Descriptive analysis of the burden of IHD at global, regional and country levels

Globally, the case numbers of incidence, prevalence, and DALYs for ischemic heart disease patients have increased. The incidence of cases increased from 15,813,619 (13180529–18,849,479) in 1990 to 31,872,778 (26284921–38,267,834) in 2021 (201.6%). In terms of prevalence, the number of patients increased from 112,169,488 (99416741–125,730,169) in 1990 to 254,276,268 (221446458–295,493,093) in 2021 (226.7%). DALYS changed from 119,162,957 (114547787–123,454,733) in 1990 to 188,360,557 (177036930–198,154,477) in 2021 (158.1%). The number of deaths increased from 5367136.581 (5076403.864–5562773.874) to 8,991,637 (8264123–9,531,130) in 2021 (167.5%). In addition, ASIR declined globally from 419.54 (351.07, 498.17) per 100,000 people in 1990 to 372.9 per 100,000 people in 2021 (Supplementary Table S8). The ASPR increased from 2904.72 per 100,000 people in 1990 to 2946.38 per 100,000 people in 2021 (Supplementary Table S9). ASDR rose from 158.9 per 100,000 people in 1990 to 108.73 per 100,000 people in 2021 (Supplementary Table S10). ASMR dropped from 3,107.61 per 100,000 people in 1990 to 2,212.16 per 100,000 people in 2021 (Supplementary Table S11). We next further captured changes in age-standardized rates of IHD epidemiological measures using the EAPC method.



3.2 Global trend analysis of IHD at global, regional and country levels

Globally, the ASIR for ischemic heart disease has decreased from 1990 to 2021. However, regional trends reveal an increase in ASIR in Central Asia (EAPC, 0.7), East Asia (EAPC, 0.621), and Oceania (EAPC, 0.035) during the same period (Supplementary Table S8). The ASPR has shown a steady upward trend from 1990 to 2021, with significant increases observed in Latin America (EAPC, 0.342), Central Asia (EAPC, 0.237), East Asia (EAPC, 0.614), Eastern Europe (EAPC, 0.204), East Sub-Saharan Africa (EAPC, 0.116), Oceania (EAPC, 0.145), South Asia (EAPC, 0.218), and Southeast Asia (EAPC, 0.166; Supplementary Table S9). Notably, the DALYs for ischemic heart disease have increased in East Asia (EAPC, 0.465), South Asia (EAPC, 0.165), and Sub-Saharan Africa (EAPC, 0.107), contrary to the global trend of declining DALYs (Supplementary Table S11). Moreover, while mortality rates have generally declined in most regions of the world, there has been an increase in death rates in East Asia (EAPC, 0.896), South Asia (EAPC, 0.436), Sub-Saharan Africa (EAPC, 0.266), and West Sub-Saharan Africa (EAPC, 0.024) over the past 30 years (Supplementary Table S10). At the national level, Turkmenistan, Russian Federation, Ukraine, Azerbaijan, Yemen, Afghanistan, Sudan, Morocco, Iraq, Egypt, Syrian Arab Republic, and Uzbekistan consistently rank among the highest in terms of ASR of incidence, prevalence, mortality, and DALYs of IHD in 2021. Portugal, Japan, Chile, Luxembourg, Greece, United Kingdom, Spain, Switzerland, Singapore, Andorra, Norway, Ireland, United States of America, France, and the Netherlands consistently rank among the lowest in terms of incidence, prevalence, mortality, and DALYs of IHD in 2021 (Figure 1; Supplementary Table S1). The highest EAPC of epidemiological indicators of IHD are found in Uzbekistan, China, Indonesia, the Dominican Republic, Honduras, Vietnam, Timor-Leste, Lesotho, the United Republic of Tanzania, Guinea, Djibouti, Eswatini, Egypt, Cape Verde, and Cameroon. Conversely, Portugal, Georgia, Canada, Ireland, New Zealand, Belgium, Germany, the Netherlands, Israel, the United Kingdom, the United States, Norway, Iceland, Australia, Switzerland, Slovenia, and Cyprus exhibit the lowest EAPC values for IHD. According to the classification of regions by the SDI quintiles over the past three decades, the burden in most areas, such as high-SDI regions and high-middle SDI regions, has exhibited a downward trend in terms of epidemiological indicators of IHD (Figure 2; Supplementary Table S2). In contrast, the burdens of incidence and prevalence have slightly increased in middle SDI regions, while the burdens of prevalence, mortality, and disability-adjusted life years (DALYs) have also increased in low-middle SDI regions. Additionally, the burden has slightly increased within low SDI regions (Supplementary Tables S8–S11).
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FIGURE 1
 (A) The ASR of incidence in 1990, 2005, 2021. (B) The ASR of prevalence in 1990, 2005, 2021. (C) The ASR of deaths in 1990, 2005, 2021. (D) The ASR of DALYs in 1990, 2005, 2021. IHD, Ischemic heart disease, DALYs, disability-adjusted life-years.


[image: Four panels (A, B, C, D) each displaying three world maps comparing data for both genders, females, and males. Panel A shows incidence, B shows prevalence, C shows deaths, and D shows Disability-Adjusted Life Years (DALYs). Each map uses a color gradient to indicate the Estimated Annual Percentage Change (EAPC), ranging from negative to positive values.]

FIGURE 2
 (A) The trend in ASR of incidence (EAPC) from 1990 to 2021; (B) The trend in ASR of prevalence (EAPC) from 1990 to 2021; (C) The trend in ASR of deaths (EAPC) from 1990 to 2021; (D) The trend in ASR of deaths (EAPC) from 1990 to 2021. IHD, Ischemic heart disease, DALYs, disability-adjusted life-years, EAPC, estimated annual percentage change.




3.3 Analysis of global disease age accumulation map

By mapping IHD changes across regions and countries, we gained an initial understanding of the overall trend. To further examine the age distribution of IHD over time and support future targeted interventions, we created age-stacked bar charts for the disease. As depicted in Figure 3, the global numbers of incidence, prevalence, mortality, and DALYs of IHD have increased with the passing years. Among them, the accumulated number of male patients each year is far greater than that of female patients. The age groups of 60–64, 65–69, 70–74, 75–79, and 80–84 have relatively larger numbers. Regarding the ASR, the global numbers of incidence, prevalence, mortality, and DALYs of IHD have decreased over the years. Similarly, the accumulated values of male patients each year are much higher than those of female patients, among which 85–89 years old, 90–94 years old, and 95 + age group accounted for the major part of all age groups.

[image: Two panels labeled A and B showing stacked bar charts from 1990 to 2021 for both genders, females, and males. Panel A displays increasing trends for DALYs, deaths, incidence, and prevalence, whereas Panel B focuses on smaller scale data with various trends. Age groups are color-coded from dark blue to light yellow.]

FIGURE 3
 (A) The global age accumulation map of case number of IHD from 1990 to 2021. (B) The global age accumulation map of ASR of IHD from 1990 to 2021.




3.4 Decomposition analysis

To further understand the specific contributions of age structure, population growth, and epidemiological changes to IHD, we disaggregated the five regions divided by SDI and the global IHD data. In 2021, there were 31.87 million incidence cases of IHD worldwide, with 254.27 million cases of prevalence for IHD, which were 201.55 and 226.69% of the data from 1990, respectively. Additionally, in 2021, the number of DALYs and deaths caused by ischemic heart disease were 18.836 million and 5.36 million, which were 158.07 and 59.69% of the data from 1990, respectively. Globally and in most regions, according to SDI, the increase in ischemic heart disease is mainly attributed to population growth and aging. However, in high and middle SDI regions, the impact of aging on incidence (671.69, 71.14%), prevalence (113.11, 56.55%), DALYs (136.1, 154.37%), and mortality (253.46, 131.4%) is more significant. For patients with ischemic heart disease in low SDI regions, the contribution of population growth to incidence, prevalence, DALYs, and mortality is more prominent, respectively, at 113.76, 104.44, 123.1, and 115.44%. Epidemiological changes have a negative overall contribution to the incidence, DALYs, and mortality rates globally and in the five regions according to SDI quintiles and a relatively more minor contribution to the prevalence rates in the five regions (−2.05, −1.33%, −108.15, 6.44, 2.57, 10.77%). Overall, the drivers of ischemic heart disease globally and in most SDI regions are driven by aging and population growth. Moreover, according to the decomposition results, the impact of the three major factors on male and female groups in different regions is significantly different, and the impact on male patients is higher than that on female patients (Figure 4; Supplementary Table S3).

[image: Four segmented bar graphs labeled A, B, C, and D compare the impacts of aging, epidemiological change, and population on different demographics (both, female, male) across various SDI levels (low to high) and globally. Each graph uses color-coded segments: red for aging, blue for epidemiological change, and orange for population, against a range of numbers in tens or hundreds of thousands. Black dots indicate data points in each segment.]

FIGURE 4
 Changes in the incidence (A), prevalence (B), DALYs (C), deaths (D) of IHD according to aging, population growth and epidemiological change from 1990 to 2021 at global level by SDI quintile and by subgroups of sexes.




3.5 Frontier analysis

We conducted a frontier analysis using IHD Data, including ASIR, ASPR, ASMR, and ASDR data from 1990 to 2021 and the SDI data from 2021 to better understand a country’s potential for improving its situation. (Figure 5; Supplementary Table S4). The boundaries represent the countries and regions with the lowest disease burden at a given SDI level. The actual difference is the distance from the borderline, representing the difference between a country’s actual burden and the minimum burden that can be achieved based on its level of development. Dots represent countries and regions, blue dots indicate upward trends, and red dots indicate opposite trends. Overall, with the development of social demography in 2021, the practical differences between countries have increased to a certain extent. Regarding ASIR, The top 10 countries or regions with the most significant difference in effectiveness from the frontier include Uzbekistan, United Arab Emirates, Kuwait, Qatar, Syrian Arab Republic, Oman, Bahrain, Iraq, Egypt, and Lebanon. The top 10 differences between ASPR and frontier values are Kuwait, Saudi Arabia, Qatar, Bahrain, Iraq, Oman, Lebanon, Jordan, Egypt, Libya, etc. In terms of ASMR, the top 10 countries or regions with the most significant difference in effectiveness from the frontier include Nauru, Ukraine, Syrian Arab Republic, Egypt, Turkmenistan, Belarus, Uzbekistan, Vanuatu, Azerbaijan, Afghanistan. In terms of ASDR, The top 10 countries or regions with the most significant difference in effectiveness from the frontier include Nauru, Vanuatu, Egypt, Syrian Arab Republic, Ukraine, Marshall Islands, Turkmenistan, Belarus, Micronesia Federated States of America, Solomon Islands. It indicates that countries or regions in the middle and high SDI regions have greater improvement potential. Subsequently, we conducted a risk factor analysis for different SDI regions and analyzed the ranking changes of IHD risk factors over 30 years.

[image: Four-panel image showing graphs labeled A, B, C, and D. Each panel contains two graphs: the left graph depicts a blue gradient mapping from 1990 to 2021 across different variables, while the right graph displays scattered data points indicating trends of increase or decrease. Axes represent standardized SDI (Sociodemographic Index) against varying y-axis metrics like VSL (Variable Shown as 'vsl'). Panels show changes over time for different countries, marked with a trend color legend distinguishing increase (teal) and decrease (red).]

FIGURE 5
 (A) Frontier analysis based on SDI and Ischemic heart disease incidence rate from 1990 to 2021 and 2021. (B) Frontier analysis based on SDI and Ischemic heart disease prevalence rate from 1990 to 2021 and 2021. (C) Frontier analysis based on SDI and Ischemic heart disease death rate from 1990 to 2021 and 2021. (D) Frontier analysis based on SDI and Ischemic heart disease DALYs rate from 1990 to 2021 and 2021. The frontier is delineated in solid black color.




3.6 Heatmap of risk factor analysis

In 1990, the top five risk factors (except for “all risk factors”) leading to death and disability in IHD patients were metabolic risks, behavioral risks, dietary risks, high systolic blood pressure, and environmental and occupational risks. In high-SDI and high-middle SDI regions, a high-cholesterol diet has supplanted occupational and ecological risks as a significant cause of death among IHD patients, further accentuating regional characteristics. Among the factors that contribute to IHD deaths in low-income SDI regions, the ranking of particulate pollution is ascending gradually. When comparing the heat maps of risk factors categorized by gender, region, and across the years 1990 and 2021, we can discern that women in high SDI areas are more likely to be affected by blood pressure. In high school SDI areas, women are more at risk than men in environmental occupations. In low-SDI and low-middle SDI areas, particulate matter pollution and air pollution are important risk factors for the death and disability of male patients with IHD. By 2021, the significance of the top five risk factors in 1990 will exhibit less fluctuation across most regions. Environmental/occupational risks in areas with low SDI assume an increasingly crucial role in causing death and disability related to IHD. Gender has little effect on the difference in risk factors in different regions. Over the past three decades, the primary risk factors for ischemic heart disease, ranking sixth to tenth among all global populations, mainly consist of a high-cholesterol diet, air pollution, particulate matter pollution, tobacco use, smoking, and environmental particulate matter pollution. We found that renal dysfunction ranks as an emerging risk factor among the important risk factors for ischemic heart disease disability. In the future, government agencies and doctors should pay attention to the risk of ischemic heart disease in addition to individual diet, behavior, and metabolic risk, but also to ambient air quality and renal dysfunction (Figure 6).

[image: Four square heat maps labeled A, B, C, and D present risk ranks for various health factors such as metabolic risks, behavioral risks, and dietary risks for both genders, females, and males. Colors range from red (high risk) to blue (low risk). Factors include smoking, air pollution, and high blood pressure. Each map shows different geographic locations including high income, sub-Saharan Africa, and South Asia, with risk rankings for multiple conditions and behaviors.]

FIGURE 6
 Analysis of risk factors of DALYs and deaths for IHD by global and SDI quintile regions in 1990 (A,C) and 2021 (B,D).




3.7 Joinpoint analysis

We further conducted a joinpoint analysis to capture the key change points and trends at each stage of the epidemiological data of IHD over nearly 30 years, enhance the interpretation of disease dynamics, and provide the basis for future policy adjustments. The node regression analysis results of the IHD load are shown in Figure 7. From 1990 to 2021, the consecutive case numbers of incidence, prevalence, mortality rate, and DALYs for IHD showed a marked upward trend, accompanied by the four prominent ascending cycles of 2015–2019, 2005–2014, 1990–1994, and 1990–1994, which, respectively, had 5, 3, 5 and 4 joinpoints. For ASR, the trends in incidence, prevalence, mortality, and DALYs over the 1990–2021 period differed by node segmentation. Specifically, the incidence decreased significantly from 1995–2000, 2005–2009, 2009–2014, followed by 1990–1995, 2000–2005, and slightly from 2014 to 2021. Compared with other epidemiological indicators, the prevalence rate showed a downward trend followed by an upward trend. It decreased significantly from 1990 to 1996 and 1998 to 2003 and increased dramatically from 2015 to 2021, with no significant change in other years. The mortality rate showed a decreasing trend, with no substantial change from 1990 to 1994, and a significant decrease from 1994 to 1998, 2003 to 2006, followed by 1998 to 2003, 2006 to 2021. The DALYs showed a trend of first increasing and then decreasing, with no change in 1990–1994 and a significant decrease in 1998–2003, followed by 1994–1998, 2003–2007, 2007–2021.

[image: Eight panels labeled A to H display line graphs of ischemic heart disease data with three to four joinpoints. Each graph includes observed data and annual percent change annotations, covering years 1990 to 2021. Panels vary in trends, with some increasing and others decreasing, marked by specific joinpoint years. The graphs include legends detailing statistical significance at the 0.05 level.]

FIGURE 7
 (A) The joinpoint regression analysis on the case number of incidence; (B) the joinpoint regression analysis on the ASR of incidence; (C) the joinpoint regression analysis on the case number of prevalence; (D) the joinpoint regression analysis on the ASR of prevalence; (E) the joinpoint regression analysis on the case number of deaths; (F) the joinpoint regression analysis on the ASR of deaths; (G) the joinpoint regression analysis on the case number of DALYs; (H) the joinpoint regression analysis on the ASR of DALYs; of IHD globally. ASR, age-standardized rate; DALYs, disability-adjusted life-years.




3.8 Age-period-cohort analysis

We first assessed the effects of any two variables in the patient’s age, period, and birth cohort on the epidemiology of ischemic heart disease (Supplementary Figure S1). To address the issue of collinearity among age, period, and cohort, we further employed an age-period-cohort model based on the IE (intrinsic estimator) method to estimate the impact of these factors on the epidemiological trend of IHD. Overall, the APC model analysis shows that ischemic heart disease is affected by age, period, and birth cohort effects, with statistical significance. In the age effect, the incidence and mortality rates of ischemic heart disease generally increase with age, while the prevalence rate shows an upward trend initially and then decreases. Among them, the incidence risk, prevalence risk, and mortality risk for the 15–19 age group were the lowest, with risk values of 0.023 (95%CI, 0.023–0.023), 0.018 (95%CI, 0.018–0.018), and 0.041 (95%CI, 0.040–0.041), respectively. The highest risk of morbidity and mortality was found at age 95 and older, with risk values of 4.808 (4.802–4.815) and 12.864 (12.843–12.885), respectively. The prevalence risk of ischemic heart disease peaked at age 75–79, with a risk value of 3.44 (3.438–3.442), according to model fitting. In the period effect, the incidence risk, prevalence risk, and mortality risk of IHD patients have all shown an upward trend from 1990 to 2021, and the maximum and minimum RR appeared in the sixth-period group (2017–2021) and the first-period group (1992–1996). The former’s incidence, prevalence, and mortality risk are 1.89 times, 2.16 times, and 1.70 times the latter. In the cohort-effect coefficients, the risk of incidence, prevalence, and death of patients with ischemic heart disease decreased with the birth cohort, and the risk values for those born between 1897 and 1901 were 5.476 (95%CI, 5.455–5.497), 5.405 (95%CI, 5.394–5.417), 6.286 (95%CI, 6.260–6.311). The risk values for births from 2002 to 2006 were 0.251 (95%CI, 0.249–0.254), 0.205 (95%CI, 0.204–0.206), and 0.203 (95%CI, 0.2–0.206). The former’s incidence, prevalence, and death were 21.82 times, 26.37 times, and 30.97 times of the latter, respectively (Figure 8; Table 1).

[image: Three line graphs, labeled A, B, and C, show relative risks for IHD using an APC model. Each graph has three panels: age (red), period (green), and cohort (blue). Panel A shows increasing risk with age, stable period, and decreasing cohort risk. Panel B shows peak risk at middle age, stable period, and decreasing cohort risk. Panel C shows sharply decreasing risk with age, stable period, and decreasing cohort risk.]

FIGURE 8
 The effects of age, period, and birth cohort on the relative risk of IHD incidence (A), prevalence (B) and deaths (C). IHD, Ischemic heart disease.



TABLE 1 RRs of IHD incidence, prevalence, and deaths for both sexes due to age, period, and birth cohort effects.


	Factor
	Incidence
	Prevalence
	Deaths



	RR(95CI)
	
p

	RR(95CI)
	
p

	RR(95CI)
	
p


 

 	Age (years)


 	15–19 	0.023(0.023–0.023) 	<0.001 	0.018(0.018–0.018) 	<0.001 	0.041(0.04–0.041) 	<0.001


 	20–24 	0.07(0.07–0.071) 	<0.001 	0.042(0.042–0.042) 	<0.001 	0.068(0.068–0.068) 	<0.001


 	25–29 	0.116(0.116–0.117) 	<0.001 	0.098(0.098–0.098) 	<0.001 	0.098(0.098–0.099) 	<0.001


 	30–34 	0.223(0.223–0.223) 	<0.001 	0.2(0.2–0.2) 	<0.001 	0.165(0.165–0.166) 	<0.001


 	35–39 	0.367(0.367–0.368) 	<0.001 	0.377(0.377–0.378) 	<0.001 	0.254(0.254–0.255) 	<0.001


 	40–44 	0.685(0.684–0.685) 	<0.001 	0.662(0.661–0.662) 	<0.001 	0.416(0.415–0.417) 	<0.001


 	45–49 	1.095(1.095–1.096) 	<0.001 	1.13(1.13–1.131) 	<0.001 	0.62(0.619–0.621) 	<0.001


 	50–54 	1.556(1.555–1.557) 	<0.001 	1.767(1.766–1.767) 	<0.001 	0.898(0.897–0.899) 	<0.001


 	55–59 	2.027(2.026–2.029) 	<0.001 	2.483(2.483–2.484) 	<0.001 	1.245(1.243–1.246) 	<0.001


 	60–64 	2.432(2.43–2.433) 	<0.001 	3.202(3.202–3.203) 	<0.001 	1.669(1.668–1.671) 	<0.001


 	65–69 	2.743(2.742–2.745) 	<0.001 	4.191(4.19–4.192) 	<0.001 	2.199(2.197–2.201) 	<0.001


 	70–74 	3.101(3.099–3.102) 	<0.001 	4.658(4.657–4.659) 	<0.001 	2.95(2.947–2.952) 	<0.001


 	75–79 	3.44(3.438–3.442) 	<0.001 	4.835(4.834–4.836) 	<0.001 	4.047(4.044–4.051) 	<0.001


 	80–84 	3.937(3.935–3.939) 	<0.001 	4.562(4.561–4.564) 	<0.001 	5.817(5.812–5.821) 	<0.001


 	85–89 	4.399(4.396–4.401) 	<0.001 	4.02(4.019–4.021) 	<0.001 	8.309(8.301–8.317) 	<0.001


 	90–94 	4.67(4.667–4.674) 	<0.001 	3.399(3.398–3.4) 	<0.001 	11.179(11.166–11.192) 	<0.001


 	95 plus 	4.808(4.802–4.815) 	<0.001 	2.882(2.88–2.884) 	<0.001 	12.864(12.843–12.885) 	<0.001


 	Period


 	1992 	0.722(0.722–0.723) 	<0.001 	0.681(0.681–0.681) 	<0.001 	0.771(0.77–0.771) 	<0.001


 	1997 	0.829(0.829–0.829) 	<0.001 	0.796(0.796–0.796) 	<0.001 	0.852(0.852–0.853) 	<0.001


 	2002 	0.952(0.952–0.953) 	<0.001 	0.926(0.926–0.927) 	<0.001 	0.958(0.958–0.959) 	<0.001


 	2007 	1.068(1.067–1.068) 	<0.001 	1.079(1.079–1.079) 	<0.001 	1.046(1.045–1.046) 	<0.001


 	2012 	1.201(1.2–1.201) 	<0.001 	1.256(1.256–1.256) 	<0.001 	1.163(1.162–1.163) 	<0.001


 	2017 	1.368(1.367–1.368) 	<0.001 	1.469(1.469–1.47) 	<0.001 	1.307(1.306–1.308) 	<0.001


 	Birth cohort


 	1897–1901 	5.476(5.455–5.497) 	<0.001 	5.405(5.394–5.417) 	<0.001 	6.286(6.26–6.311) 	<0.001


 	1902–1906 	4.326(4.318–4.335) 	<0.001 	4.486(4.482–4.491) 	<0.001 	4.843(4.832–4.854) 	<0.001


 	1907–1911 	3.543(3.538–3.547) 	<0.001 	3.727(3.724–3.729) 	<0.001 	3.97(3.964–3.977) 	<0.001


 	1912–1916 	2.938(2.935–2.941) 	<0.001 	3.121(3.119–3.122) 	<0.001 	3.38(3.376–3.385) 	<0.001


 	1917–1921 	2.426(2.424–2.428) 	<0.001 	2.636(2.635–2.637) 	<0.001 	2.757(2.754–2.761) 	<0.001


 	1922–1926 	2.052(2.051–2.054) 	<0.001 	2.238(2.237–2.238) 	<0.001 	2.349(2.346–2.351) 	<0.001


 	1927–1931 	1.788(1.786–1.789) 	<0.001 	1.951(1.95–1.952) 	<0.001 	2.057(2.055–2.059) 	<0.001


 	1932–1936 	1.524(1.523–1.525) 	<0.001 	1.67(1.669–1.671) 	<0.001 	1.731(1.729–1.732) 	<0.001


 	1937–1941 	1.312(1.311–1.313) 	<0.001 	1.43(1.429–1.43) 	<0.001 	1.45(1.449–1.452) 	<0.001


 	1942–1946 	1.113(1.112–1.114) 	<0.001 	1.211(1.211–1.212) 	<0.001 	1.198(1.196–1.2) 	<0.001


 	1947–1951 	0.945(0.944–0.945) 	<0.001 	1.028(1.028–1.029) 	<0.001 	0.979(0.978–0.98) 	<0.001


 	1952–1956 	0.83(0.829–0.831) 	<0.001 	0.893(0.893–0.893) 	<0.001 	0.851(0.85–0.852) 	<0.001


 	1957–1961 	0.739(0.738–0.739) 	<0.001 	0.776(0.776–0.776) 	<0.001 	0.738(0.737–0.739) 	<0.001


 	1962–1966 	0.659(0.658–0.659) 	<0.001 	0.672(0.672–0.672) 	<0.001 	0.637(0.636–0.639) 	<0.001


 	1967–1971 	0.583(0.582–0.583) 	<0.001 	0.581(0.58–0.581) 	<0.001 	0.527(0.526–0.528) 	<0.001


 	1972–1976 	0.526(0.526–0.527) 	<0.001 	0.505(0.505–0.506) 	<0.001 	0.462(0.46–0.463) 	<0.001


 	1977–1981 	0.474(0.473–0.474) 	<0.001 	0.438(0.438–0.439) 	<0.001 	0.416(0.415–0.417) 	<0.001


 	1982–1986 	0.421(0.421–0.422) 	<0.001 	0.378(0.378–0.379) 	<0.001 	0.366(0.365–0.368) 	<0.001


 	1987–1991 	0.375(0.374–0.376) 	<0.001 	0.329(0.329–0.329) 	<0.001 	0.316(0.315–0.317) 	<0.001


 	1992–1996 	0.327(0.326–0.328) 	<0.001 	0.281(0.281–0.282) 	<0.001 	0.274(0.272–0.275) 	<0.001


 	1997–2001 	0.285(0.284–0.286) 	<0.001 	0.241(0.24–0.241) 	<0.001 	0.24(0.238–0.242) 	<0.001


 	2002–2006 	0.251(0.249–0.254) 	<0.001 	0.205(0.204–0.206) 	<0.001 	0.203(0.2–0.206) 	<0.001





RRs, relative risk; IHD, Ischemic heart disease; CI, confidence interval.
 



3.9 Predictive analysis of the IHD

We used three methods to make cohort projections of ischemic heart disease epidemiology over the next 25 years (2021–2046). Overall, by middle 21st century, although the fluctuation changes predicted by the three methods are different, the number of people with the disease still has an upward trend. As for the standardization rate, the annual standard rate predicted by the three methods is generally quite different. The results of the three methods are described in detail below.


3.9.1 BAPC analysis

The analysis of ischemic heart disease patients predicted to 2046 is shown in the figure. Globally, the case number of incidence of IHD increases slightly with each year, and by 2046 the number of patients is expected to reach 56,431,619 (both, 1.77 times of the number of cases in 2021), 30,294,495 (female, 2.18 times of the number of cases in 2021) and 26,264,574 (male, 1.46 times of the number of cases in 2021). The ASIR of IHD in groups both and male have a downward trend with the years, reaching about 459 per 100,000 population (1.23 times of the ASR in 2021), 476 per 100,000 population, respectively, by 2046 (1.57 times of the ASR in 2021), while the female group has a slight upward trend, reaching about 435 per 100,000 population (0.97 times of the ASR in 2021). The case number of prevalence of IHD increased slightly with the increase of years, and the number of patients is expected to reach 525,590,673 in both (2.07 times of the number of cases in 2021), 275,042,876 in female (2.52 times of the number of cases in 2021) and about 257,865,564 in male (1.77 times of the number of cases in 2021). The ASPR of IHD in groups both and female have a rising trend with the years, reaching 4,325 per 100,000 population (1.47 times of the ASR in 2021), 4,067 per 100,000 population, respectively, by 2046 (1.72 times of the ASR in 2021), while the male group has a steady and slightly decreasing trend, reaching 4,631 per 100,000 population (1.28 times of the ASR in 2021). The number of DALYs of IHD increased slightly with the increase of years, and by 2046, the the number of patients is estimated to reach about 331,439,474 (both, 1.76 times of the number of cases in 2021), 128,863,176 (female, 1.76 times of the number of cases in 2021) and 191,308,407 (male, 1.66 times of the number of cases in 2021). The ASDR of IHD decreased with each year, and estimated to reach about 2,576 per 100,000 population (both, 1.16 times of the ASR in 2021), 1742 per 100,000 population (female, 1.09 times of the ASR in 2021), and 3,383 per 100,000 population (male, 1.17 times of the ASR in 2021). The case number of deaths of IHD increases slightly with each year, and by 2046 the number of patients is expected to reach 17,541,188 (both, 1.95 times of the number of cases in 2021), 7,777,152 (female, 1.95 times of the number of cases in 2021) and 9,292,323 (male, 1.86 times of the ASR in 2021). The ASMR of IHD decreased with each year, and estimated to reach about 112 per 100,000 population (both,1.03 times of the ASR in 2021), 83 per 100,000 population (female, 0.97 times of the ASR in 2021), and 140 per 100,000 population (male, 1.02 times of the ASR in 2021; Figure 9; Supplementary Table S5).

[image: Graphs labeled A to D show trends in case numbers and age-adjusted rates for both genders, female, and male groups from 1990 to 2046. The left panels illustrate increasing case numbers, while the right panels show declining age-adjusted rates. Vertical dashed lines at 2020 indicate a reference year. The charts display projections with shaded confidence intervals, depicting varying trends by group and timeframe.]

FIGURE 9
 Global trends of IHD in ASR of incidence (A), prevalence (B), deaths (C), and DALYs (D) rates from 2021 to 2046 by sex predicted by Arima models. DALYs, Disability-adjusted life years; GBD, Global Burden of Disease; UIs, Uncertainty interval.




3.9.2 Nordpred analysis

Globally, the case number of incidence, prevalence, mortality, and DALYs of IHDs have all increased over the years, with male patients outnumbering female patients, as shown in the figure. Overall, the ASR of incidence, prevalence, mortality, and DALYs for IHD have declined from 1990 to 2021. The predicted ASR of incidence and prevalence increased with the change in 2020. The predicted ASR trend of DALYs for IHD will continue to rise after 2030 (Figure 10; Supplementary Table S6).

[image: Four panels labeled A, B, C, and D show line graphs of adjusted rates and number of cases from 1990 to 2046. Each panel contains two graphs. The left graph shows observed and predicted adjusted rates per 100,000 people by sex: both, female, male. The right graph illustrates the number of cases with shaded prediction intervals. Trends differ across panels, with varying rate and case number trajectories.]

FIGURE 10
 Global trends of IHD in case number and ASR of incidence (A), prevalence (B), deaths (C), and DALYs (D) rates from 2021 to 2046 by sex predicted by Nordpred models. DALYs, Disability-adjusted life years, GBD, Global Burden of Disease, UIs, Uncertainty interval.




3.9.3 Arima analysis

We used the Arima method to predict the ASR of incidence, prevalence, death, and DALYs of IHD in male and female groups. All four prediction models were consistent with the Arima detection, as shown in the figure for details. 2021, with the increase of years, the predicted ASIR value of men will decline after 2021, while that of women will increase, and the standard annual rate of women will exceed that of men by 2046. In terms of ASPR, both genders have seen an increase, and by 2046, the predicted value for females will be higher than that for males. As the years progress, the ASRs for both deaths and DALYs for both genders have decreased. By 2046, the value for males will be greater than that for females, according to the curve’s results (Figure 11; Supplementary Table S7).

[image: Four panels labeled A, B, C, and D, each containing graphs. On the left, line graphs show trends over time for male and female data with shaded areas indicating confidence intervals. On the right of each panel, smaller plots display observed versus fitted values, Q-Q plots, and ACF/PACF charts for both sexes. The graphs illustrate observed and predicted values in different scenarios.]

FIGURE 11
 Global trends of IHD in case number and ASR of incidence (A), prevalence (B), deaths (C), and DALYs (D) rates from 2021 to 2046 by sex predicted by Arima models. DALYs, Disability-adjusted life years, GBD, Global Burden of Disease, UIs, Uncertainty interval.






4 Discussion

This study provides the most recent data on incidence, prevalence, mortality, and DALYs of IHD at global, regional, and country levels from 1990 to 2021 and further utilizes trend analysis, risk factors analysis, frontier analysis, analysis of health inequalities, and predictive analysis to process the data comprehensively. Similar to previous studies, we found that global ASR in Incidence and DALYs of IHD decreased in 2021 compared to 30 years ago and that prevalence and mortality increased slightly. Still, the overall case numbers continued to grow (30). Globally, in 2021, there were 31,872,778 cases of incidence of IHD (201.6%), 254,276,268 cases of prevalence of IHD (226.7%), 18,8,360,557 cases of DALYS of IHD (53.46%), and 5,367,137 deaths of IHD (40.3%) compared to 1990. From the global map of IHD, geographical and economic factors play a crucial role in the distribution and variation of IHD. For example, the incidence is high in Central Asia, East Asia, and Eastern Europe and low in Australia, Central Europe, high-income North America, and Western Europe. Vast geographic differences may be related to various factors, including race, socio-environmental exposure, urbanization, and dietary patterns (31–34). These findings can reference future intervention targets in different countries and regions.

The decomposition analysis shows that the increase in IHD is driven by population growth and aging, both globally and in most regions divided by SDI. In contrast, in high and high-middle SDI regions, it is mainly mediated by aging factors. Due to low fertility and higher levels of quality of care, the increasing older population and longer life expectancy in high, medium, and high SDI regions lead to an increased likelihood of chronic diseases such as ischemic heart disease, which creates more healthcare costs and human resources (35). Population growth has a significant effect on patients with ischemic heart disease in low SDI areas. As the population increases, these areas face challenges such as inadequate health care resources, unhealthy lifestyles, and increased social and family economic pressures, which increase the risk of IHD. Financial globalization has contributed to a further increase in the incidence of ischemic heart disease in these countries, primarily as a result of the adoption of Western dietary concepts and unhealthy lifestyle habits (36). Consequently, it is essential to enhance medical facilities, public health education, and living conditions in these areas to address the health challenges posed by population growth.

Furthermore, the decomposition results indicate that the three primary factors have a greater impact on male patients than female patients across all regions. This disparity may be attributed to higher rates of smoking and alcohol consumption among men, as well as a relatively low emphasis on health screening and adherence to medical recommendations. This requires healthcare professionals to conduct health education based on male and female patients’ different needs and risk factors, implement differentiated management, promote healthy eating, and encourage family members to participate to improve citizens’ heart health. With economic growth and improved living standards, dietary patterns in high-SDI and high-middle SDI regions have shifted from traditional healthy diets to Western fast food, characterized by higher calories, fat, and cholesterol, and processed foods with low nutritional value. This transition has resulted in increased cholesterol intake, contributing to a higher incidence of cardiovascular diseases. High-fat, high-cholesterol diets have been shown to exacerbate lipid disorders, promote the development and progression of atherosclerotic diseases, and lead to the occurrence of adverse events such as ischemic heart disease (37, 38). They are also one of the dietary patterns used in animal models of atherosclerotic disease (39). In addition, in high SDI and middle SDI areas, the rate of hypercholesterolemia in the older population is generally higher, and the metabolism of the older population decreases the digestion and absorption of the high-fat and high-cholesterol diet, increasing the risk of heart disease. Dietary habits of most Western countries have accelerated the rise in the population of ischemic heart disease, setting measures to address this issue. However, interestingly, our observation of the IHD incidence and EAPC map shows that Mediterranean people in Mediterranean countries, such as Slovenia, Cyprus, Spain, France and Greece, have endured relatively less pressure from illness, diet promoted by these countries has been supported by several clinical studies (40–42), including the famous Seven Countries Study by Keys (43), which has shown a reduction in the risk of various events such as ischemic heart disease, myocardial infarction, and stroke. This may be related to lower blood pressure and lipid levels, reduced oxidative stress, endothelial dysfunction, and vascular inflammation, thereby alleviating the degree of atherosclerosis (44, 45). In formulating dietary intervention programs, government agencies should collaborate with experts across diverse fields, including public health, nutrition, and sociology. They must closely monitor changes in dietary patterns in countries within the region, such as increasing the intake of fruits, vegetables, fish, seafood, legumes, and nuts, promoting olive oil in cooking, and encouraging the consumption of antioxidant-rich foods. At the same time, effective intervention strategies should be implemented to reduce the risk of diseases caused by suboptimal dietary habits. In the low-middle SDI regions, particulate matter pollution has become a leading factor contributing to IHD deaths. Research indicates that long-term exposure to particulate matter is significantly associated with an increased incidence of various diseases, including IHD. Particulate matter can induce the accumulation of monocytes in atherosclerotic plaques, trigger oxidative stress cascades, accelerate the early stages of atherosclerosis, and promote coronary artery calcification. These processes increase the risk of heart disease and are strongly associated with mortality and disability from IHD in males (46–48). Energy organizations should enhance air quality monitoring, promote clean energy initiatives, improve public transportation systems, advocate for sustainable urban planning, conduct health education campaigns, foster cross-sectoral collaboration, reduce particulate pollution, and ultimately improve health outcomes for individuals in low SDI regions (49). Regarding gender, women in high-income and high-middle SDI areas exhibit greater susceptibility to blood pressure-related risks associated with environmental occupations. This increased vulnerability may stem from biological differences and familial and occupational pressures (50).

As the global economy expands, disparities in development levels among countries and regions continue to widen. Workers in low SDI areas are predominantly involved in high-risk manual labor occupations, such as mining, construction, and manufacturing. These occupational environments frequently have harmful chemicals, noise, and other health hazards. Prolonged exposure to such factors may elevate the risk of cardiovascular disease (51–53). Furthermore, the healthcare infrastructure in low SDI areas is relatively inadequate. The absence of effective disease prevention and treatment measures hampers the population’s access to timely and appropriate medical services, thereby increasing the disease risk. In the risk factor analysis for 2021, we also found that renal dysfunction had entered the list of important risk factors for disability from ischemic heart disease. Impaired kidney function can disrupt the clotting system, forming thrombosis precursors and thereby increasing the risk of ischemic events (54). The inflammatory process associated with CKD can also lead to endothelial dysfunction and atherosclerosis, increasing the IHD risk (55).

During the period from 1990 to 1994, the increase in mortality and disability rates was primarily due to inadequate medical conditions, insufficient rescue capacity, and a lack of understanding of diseases. Many patients were already in a severe stage of illness by the time of diagnosis, and the lack of effective treatment and rehabilitation measures led to high mortality and disability rates. Between 2005 and 2014, the incidence of cardiovascular diseases increased, which can be attributed to urbanization and economic development. This trend reflects the pressure and adverse effects of economic growth and lifestyle changes on public health. The incidence of cardiovascular diseases significantly increased once again during the 2015–2019 period, primarily due to unhealthy modern lifestyles, such as sedentary behavior, elevated stress levels, and poor dietary habits, along with accelerated aging, which exposed a larger population of older adults to the risk of heart disease (56, 57). In short, the trend of ischemic heart disease reflects the impact of factors such as social and economic development, medical technology advancement, lifestyle changes, and aging. It can be seen that comprehensive, preventive, and community engagement strategies are essential to control and prevent ischemic heart disease. The results of the age-period cohort suggest that the prevalence risk of IHD peaks among older men aged 75–79 and that the incidence and death rates increase significantly with age. Between 1990 and 2021, the risk of IHD has demonstrated a persistent upward trend, particularly highlighting a significant increase in recent years. This trend may be associated with the COVID-19 pandemic and its complications (58, 59). Simultaneously, as the birth cohort progresses, the risk of IHD declines, suggesting that advancements in medical treatment and improvements in lifestyle have had a positive effect. These findings emphasize the importance of conducting year, time, and cohort studies in formulating comprehensive prevention strategies for ischemic heart disease.

Over the next 25 years, while the changes in the standardized annual rates of four indicators predicted by the three methods vary, the overall number of cases is expected to rise. Globally, the incidence of ischemic heart disease is projected to increase slightly over time, with a higher prevalence in men compared to women. However, the future trend of women in multiple indicators shows an upward trend, warranting attention. This trend may be associated with cardiovascular physiological changes in women following menopause, necessitating a focus on appropriate clinical measures (60, 61). Furthermore, the discrepancies in the predictions of various indicators by the three trend forecasting analyses highlight the diversity and complexity of future trends in IHD. Health departments of all countries should proactively enhance the core capabilities of primary health systems, including risk screening, drug supply, and chronic disease management, and make differentiated investments in human resources and facilities based on the regional development levels. When formulating policies, governments should focus on key populations and risk factors and customize health management paths for postmenopausal women. In high and medium-development regions, efforts should be made to deepen healthy diet, tobacco control, and metabolic management. In contrast, in low and medium and low development regions, air quality improvement, occupational safety assurance, and kidney health management should be placed at the core of prevention and control. Given the complexity of the prediction results, government agencies of all countries should fully utilize artificial intelligence technology to establish, optimize, and promote epidemiological prediction models for chronic diseases such as ischemic heart disease, promote cross-border experience exchanges in areas such as acute event response and secondary prevention, and systematically evaluate the cost-effectiveness of various intervention measures, to jointly address this global health challenge (62, 63).

Compared with the relatively single methods of previous GBD studies (such as GBD 2017/2019), which overly relied on descriptive statistical analysis, this study is based on the latest data from GBD 2021. It employs a variety of analytical tools and predictive models to conduct a comprehensive and in-depth analysis of the burden of ischemic heart disease (IHD). At the same time, meticulous risk factor assessment reveals emerging risk factors such as kidney dysfunction and low-grain diet and tailors precise intervention strategies for different social regions. This research lays a solid empirical foundation for the dynamic risk prediction of global ischemic heart disease and provides valuable scientific evidence for regionalized precise intervention. However, there are some limitations in the GBD study. Although the GBD database encompasses multiple data sources globally, the quality and completeness of data may vary across different countries and regions, which could impact the accuracy and reliability of the results. Despite the robust statistical methods employed in the study to mitigate these effects, issues such as inadequate registration of ischemic heart disease, data omissions, and scarcity of medical resources in some underdeveloped countries in Africa and Asia still lead to a certain degree of data bias. In addition, the conclusions drawn from the GBD original data using some statistical methods such as Joinpoint analysis and the viewpoints generated based on previous literature need to be interpreted carefully in combination with current research literature, social background, policies, etc. In the future, High-income countries, emerging economies, low-income countries, and some African countries show different patterns in terms of IHD burden, which deserves a more in-depth stratified analysis. In addition, our team will further collaborate with other databases to conduct multiple verifications to ensure the reliability of the results.



5 Conclusion

We emphasize that, in formulating health policies and comprehensively understanding the global and regional burden of IHD, it is essential to prioritize risk factors in high-risk areas to identify vulnerable populations, address age- and sex-specific disparities, and predict disease trends. These findings should directly inform health policy development, for instance: (1) Regional risk factor prioritization should guide future health policies to enable targeted resource allocation for interventions; (2) Tailored prevention strategies should be implemented for high-risk groups (specific age or sex cohorts) to enhance intervention efficiency. Such measures will help mitigate IHD progression, reduce healthcare burdens, and provide evidence-based support for optimizing medical resource distribution, clinical decision-making, and public health policy formulation.



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.



Author contributions

PL: Conceptualization, Formal analysis, Methodology, Visualization, Writing – original draft, Writing – review & editing. SZ: Investigation, Methodology, Visualization, Writing – original draft. MY: Investigation, Methodology, Software, Writing – review & editing. HH: Data curation, Resources, Software, Writing – review & editing. JK: Data curation, Validation, Writing – review & editing. YL: Resources, Validation, Writing – review & editing. GL: Project administration, Supervision, Writing – review & editing. HW: Conceptualization, Funding acquisition, Project administration, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Science and Technology Development Project of Guangdong Province (No. 2020A1515010217), the National Prestigious Chinese Medicine Doctor Project ([2022]76), the Scientific research project of Guangdong Provincial Administration of Traditional.



Acknowledgments

We would like to thank all team members who contributed to this work and the reviewers for their valuable comments.



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.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1569179/full#supplementary-material



Footnotes

1   http://ghdx.healthdata.org/gbd-results-tool


References
	 1. Prüss-Üstün,A, Wolf,J, Corvalán,CF, Bos,R, and Neira,MP. Preventing disease through healthy environments: A global assessment of the burden of disease from environmental risks. France: World Health Organization (2016).
	 2. Roth,GA, Mensah,GA, and Fuster,V. The global burden of cardiovascular diseases and risks: a compass for global action. J Am Coll Cardiol. (2020) 76:2980–1. doi: 10.1016/j.jacc.2020.11.021 
	 3. Heidenreich,PA, Trogdon,JG, Khavjou,OA, Butler,J, Dracup,K, Ezekowitz,MD , et al. Forecasting the future of cardiovascular disease in the United States: a policy statement from the american heart association. Circulation. (2011) 123:933–44. doi: 10.1161/CIR.0b013e31820a55f5 
	 4. Samad,F, Agarwal,A, and Samad,Z. Stable ischemic heart disease in women: current perspectives. Int J Women's Health. (2017) 9:701–9. doi: 10.2147/IJWH.S107372 
	 5. El Ks, Aggarwal,B, Beckie,TM, Hodis,HN, Johnson,AE, Langer,RD , et al. Menopause transition and cardiovascular disease risk: implications for timing of early prevention: a scientific statement from the American Heart Association. Circulation. (2020) 142:e506–32. doi: 10.1161/CIR.0000000000000912
	 6. Guan,C, Wu,S, Xu,W, and Zhang,J. Global, regional, and national burden of ischaemic heart disease and its trends, 1990-2019. Public Health. (2023) 223:57–66. doi: 10.1016/j.puhe.2023.07.010 
	 7. Wang,W, Hu,M, Liu,H, Zhang,X, Li,H, 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) 33:1943–56. doi: 10.1016/j.cmet.2021.08.005
	 8. Sun,J, Qiao,Y, Zhao,M, Magnussen,CG, and 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) 21:222. doi: 10.1186/s12916-023-02925-4 
	 9. Arshad,MM, Ramphul,K, Dachepally,R, Almasri,M, Memon,RA, Sakthivel,H , et al. Five-year trends in risk factors for cardiovascular disease among adolescents in the United States. Arch Med Sci Atheroscler Dis. (2024) 9:e56–9. doi: 10.5114/amsad/185775 
	 10. Aminorroaya,A, Saeedi,MS, Tavolinejad,H, Aryan,Z, Heidari,B, Ebrahimi,H , et al. 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:e30165. doi: 10.1161/JAHA.123.030165
	 11. Yusuf,S, Islam,S, Chow,CK, Rangarajan,S, Dagenais,G, Diaz,R , et al. Use of secondary prevention drugs for cardiovascular disease in the community in high-income, middle-income, and low-income countries (the PURE study): a prospective epidemiological survey. Lancet. (2011) 378:1231–43. doi: 10.1016/S0140-6736(11)61215-4 
	 12. Qian,X, Deng,H, Yuan,J, Hu,J, Dai,L, and Jiang,T. Evaluating the efficacy and safety of percutaneous coronary intervention (pci) versus the optimal drug therapy (odt) for stable coronary heart disease: a systematic review and meta-analysis. J Thorac Dis. (2022) 14:1183–92. doi: 10.21037/jtd-22-222 
	 13. Doi,T, Langsted,A, and Nordestgaard,BG. Elevated remnant cholesterol reclassifies risk of ischemic heart disease and myocardial infarction. J Am Coll Cardiol. (2022) 79:2383–97. doi: 10.1016/j.jacc.2022.03.384 
	 14. Gerstein,HC, Miller,ME, Ismail-Beigi,F, Largay,J, McDonald,C, Lochnan,HA , et al. Effects of intensive glycaemic control on ischaemic heart disease: analysis of data from the randomised, controlled accord trial. Lancet. (2014) 384:1936–41. doi: 10.1016/S0140-6736(14)60611-5 
	 15. Su,L, Qi,Z, Guan,S, Wei,L, and Zhao,Y. Exploring the risk factors for ischemic cerebrovascular disease in systemic lupus erythematosus: a single-center case-control study. Front Immunol. (2022) 13:978910. doi: 10.3389/fimmu.2022.978910 
	 16. Ngo,AD, Chen,JS, Figtree,G, Morris,JM, and Roberts,CL. Preterm birth and future risk of maternal cardiovascular disease - is the association independent of smoking during pregnancy? BMC Pregnancy Childbirth. (2015) 15:144. doi: 10.1186/s12884-015-0571-7 
	 17. Mendoza-Cano,O, Vazquez-Yanez,A, Trujillo,X, Huerta,M, Rios-Silva,M, Lugo-Radillo,A , et al. Cardiovascular disease burden linked to particulate matter pollution in latin america and the caribbean: insights from gbd 2021 and socio-demographic index analysis. Public Health. (2024) 238:53–8. doi: 10.1016/j.puhe.2024.11.003
	 18. Ding,Q, Liu,S, Yao,Y, Liu,H, Cai,T, and Han,L. Global, regional, and national burden of ischemic stroke, 1990-2019. Neurology. (2022) 98:e279–90. doi: 10.1212/WNL.0000000000013115 
	 19. Chang,AY, Skirbekk,VF, Tyrovolas,S, Kassebaum,NJ, and Dieleman,JL. Measuring population ageing: an analysis of the global burden of disease study 2017. Lancet Public Health. (2019) 4:e159–67. doi: 10.1016/S2468-2667(19)30019-2 
	 20. Xie,Y, Bowe,B, Mokdad,AH, Xian,H, Yan,Y, Li,T , et al. Analysis of the global burden of disease study highlights the global, regional, and national trends of chronic kidney disease epidemiology from 1990 to 2016. Kidney Int. (2018) 94:567–81. doi: 10.1016/j.kint.2018.04.011 
	 21. Zhang,YJ, Kong,XM, Lv,JJ, Yang,CH, Li,XY, Yang,XT , et al. Analysis of the global burden of disease study highlights the global, regional, and national trends of idiopathic epilepsy epidemiology from 1990 to 2019. Prev Med Rep. (2023) 36:102522. doi: 10.1016/j.pmedr.2023.102522 
	 22. Clegg,LX, Hankey,BF, Tiwari,R, Feuer,EJ, and Edwards,BK. Estimating average annual percent change in trend analysis. Stat Med. (2009) 28:3670–82. doi: 10.1002/sim.3733 
	 23. Kim,HJ, Fay,MP, Feuer,EJ, and Midthune,DN. Permutation tests for joinpoint regression with applications to cancer rates. Stat Med. (2000) 19:335–51. doi: 10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z 
	 24. Luo,L. Assessing validity and application scope of the intrinsic estimator approach to the age-period-cohort problem. Demography. (2013) 50:1945–67. doi: 10.1007/s13524-013-0243-z 
	 25. Rosenberg,PS, Miranda-Filho,A, and Whiteman,DC. Comparative age-period-cohort analysis. BMC Med Res Methodol. (2023) 23:238. doi: 10.1186/s12874-023-02039-8 
	 26. Liu,X, Yu,C, Bi,Y, and Zhang,ZJ. Trends and age-period-cohort effect on incidence and mortality of prostate cancer from 1990 to 2017 in China. Public Health. (2019) 172:70–80. doi: 10.1016/j.puhe.2019.04.016 
	 27. Hu,W, Fang,L, Zhang,H, Ni,R, and Pan,G. Global disease burden of copd from 1990 to 2019 and prediction of future disease burden trend in China. Public Health. (2022) 208:89–97. doi: 10.1016/j.puhe.2022.04.015 
	 28. Gao,Y, Liu,K, and Fang,S. Analysis and projections of disease burden for different risk factors and sexes of ischemic stroke in young adults in China. Sci Rep. (2024) 14:13339. doi: 10.1038/s41598-024-63920-0 
	 29. Hou,X, Zhang,F, Ye,Z, Xu,Q, Huang,L, Guo,Q , et al. The burden of aortic aneurysm in China from 1990 to 2019: findings from the global burden of disease study 2019. BMC Public Health. (2022) 22:782. doi: 10.1186/s12889-022-13221-w 
	 30. Hu,B, Feng,J, Wang,Y, Hou,L, and Fan,Y. Transnational inequities in cardiovascular diseases from 1990 to 2019: exploration based on the global burden of disease study 2019. Front Public Health. (2024) 12:1322574. doi: 10.3389/fpubh.2024.1322574 
	 31. Minhas,A, Talha,KM, Abramov,D, Johnson,HM, Antoine,S, Rodriguez,F , et al. Racial and ethnic disparities in cardiovascular disease - analysis across major us national databases. J Natl Med Assoc. (2024) 116:258–70. doi: 10.1016/j.jnma.2024.01.022 
	 32. Blaustein,JR, Quisel,MJ, Hamburg,NM, and Wittkopp,S. Environmental impacts on cardiovascular health and biology: an overview. Circ Res. (2024) 134:1048–60. doi: 10.1161/CIRCRESAHA.123.323613 
	 33. Hao,K, Yasuda,S, Takii,T, Ito,Y, Takahashi,J, Ito,K , et al. Urbanization, life style changes and the incidence/in-hospital mortality of acute myocardial infarction in Japan: report from the Miyagi-ami registry study. Circ J. (2012) 76:1136–44. doi: 10.1253/circj.cj-11-1233 
	 34. Mente,A, Dehghan,M, Rangarajan,S, O'Donnell,M, Hu,W, Dagenais,G , et al. Diet, cardiovascular disease, and mortality in 80 countries. Eur Heart J. (2023) 44:2560–79. doi: 10.1093/eurheartj/ehad269 
	 35. Apostu,SA, Vasile,V, and Sava,V. Do cardiovascular diseases significantly influence healthy aging? Int J Environ Res Public Health. (2021) 18:7226. doi: 10.3390/ijerph18147226 
	 36. Danaei,G, Singh,GM, Paciorek,CJ, Lin,JK, Cowan,MJ, Finucane,MM , et al. The global cardiovascular risk transition: associations of four metabolic risk factors with national income, urbanization, and western diet in 1980 and 2008. Circulation. (2013) 127:1493–502. doi: 10.1161/CIRCULATIONAHA.113.001470
	 37. Misra,BB, Puppala,SR, Comuzzie,AG, Mahaney,MC, VandeBerg,JL, Olivier,M , et al. Analysis of serum changes in response to a high fat high cholesterol diet challenge reveals metabolic biomarkers of atherosclerosis. PLoS One. (2019) 14:e214487. doi: 10.1371/journal.pone.0214487
	 38. Lavillegrand,JR, Al-Rifai,R, Thietart,S, Guyon,T, Vandestienne,M, Cohen,R , et al. Alternating high-fat diet enhances atherosclerosis by neutrophil reprogramming. Nature. (2024) 634:447–56. doi: 10.1038/s41586-024-07693-6 
	 39. Unruh,D, Srinivasan,R, Benson,T, Haigh,S, Coyle,D, Batra,N , et al. Red blood cell dysfunction induced by high-fat diet: potential implications for obesity-related atherosclerosis. Circulation. (2015) 132:1898–908. doi: 10.1161/CIRCULATIONAHA.115.017313 
	 40. Whayne,TFJ. Ischemic heart disease and the Mediterranean diet. Curr Cardiol Rep. (2014) 16:491. doi: 10.1007/s11886-014-0491-6
	 41. Minelli,P, and Montinari,MR. The Mediterranean diet and Cardioprotection: historical overview and current research. J Multidiscip Healthc. (2019) 12:805–15. doi: 10.2147/JMDH.S219875 
	 42. Laffond,A, Rivera-Picon,C, Rodriguez-Munoz,PM, Juarez-Vela,R, Ruiz De Vinaspre-Hernandez,R, Navas-Echazarreta,N , et al. Mediterranean diet for primary and secondary prevention of cardiovascular disease and mortality: an updated systematic review. Nutrients. (2023) 15:3356. doi: 10.3390/nu15153356 
	 43. Keys,A, Menotti,A, Karvonen,MJ, Aravanis,C, Blackburn,H, Buzina,R , et al. The diet and 15-year death rate in the seven countries study. Am J Epidemiol. (1986) 124:903–15.
	 44. Urpi-Sarda,M, Casas,R, Chiva-Blanch,G, Romero-Mamani,ES, Valderas-Martinez,P, Arranz,S , et al. Virgin olive oil and nuts as key foods of the Mediterranean diet effects on inflammatory biomakers related to atherosclerosis. Pharmacol Res. (2012) 65:577–83. doi: 10.1016/j.phrs.2012.03.006
	 45. Medina-Remon,A, Casas,R, Tressserra-Rimbau,A, Ros,E, Martinez-Gonzalez,MA, Fito,M , et al. Polyphenol intake from a Mediterranean diet decreases inflammatory biomarkers related to atherosclerosis: a substudy of the PREDIMED trial. Br J Clin Pharmacol. (2017) 83:114–28. doi: 10.1111/bcp.12986 
	 46. Ljungman,P, Andersson,N, Stockfelt,L, Andersson,EM, Nilsson,SJ, Eneroth,K , et al. Long-term exposure to particulate air pollution, black carbon, and their source components in relation to ischemic heart disease and stroke. Environ Health Perspect. (2019) 127:107012. doi: 10.1289/EHP4757
	 47. Langrish,JP, Bosson,J, Unosson,J, Muala,A, Newby,DE, Mills,NL , et al. Cardiovascular effects of particulate air pollution exposure: time course and underlying mechanisms. J Intern Med. (2012) 272:224–39. doi: 10.1111/j.1365-2796.2012.02566.x 
	 48. Pope,CR, Turner,MC, Burnett,RT, Jerrett,M, Gapstur,SM, Diver,WR , et al. Relationships between fine particulate air pollution, cardiometabolic disorders, and cardiovascular mortality. Circ Res. (2015) 116:108–15. doi: 10.1161/CIRCRESAHA.116.305060
	 49. Nieuwenhuijsen,MJ. Urban and transport planning pathways to carbon neutral, liveable and healthy cities; a review of the current evidence. Environ Int. (2020) 140:105661. doi: 10.1016/j.envint.2020.105661
	 50. Portela,LF, Rotenberg,L, Almeida,AL, Landsbergis,P, and Griep,RH. The influence of domestic overload on the association between job strain and ambulatory blood pressure among female nursing workers. Int J Environ Res Public Health. (2013) 10:6397–408. doi: 10.3390/ijerph10126397 
	 51. Yang,Y, Zhang,E, Zhang,J, Chen,S, Yu,G, Liu,X , et al. Relationship between occupational noise exposure and the risk factors of cardiovascular disease in China: a meta-analysis. Medicine (Baltimore). (2018) 97:e11720. doi: 10.1097/MD.0000000000011720 
	 52. Sadeghi,M, Sadeghifar,M, Golshahi,J, Khani,A, Rouhani,S, Shokri,K , et al. Exposure to occupational air pollution and vascular endothelial dysfunction in workers of the steel industry in Iran. Toxicol Ind Health. (2024) 40:425–31. doi: 10.1177/07482337241254630 
	 53. Li,X, Dong,Q, Wang,B, Song,H, Wang,S, and Zhu,B. The influence of occupational noise exposure on cardiovascular and hearing conditions among industrial workers. Sci Rep. (2019) 9:11524. doi: 10.1038/s41598-019-47901-2 
	 54. Udeanu,M, Guizzardi,G, Di Pasquale,G, Marchetti,A, Romani,F, Dalmastri,V , et al. Relationship between coronary artery disease and c-reactive protein levels in nstemi patients with renal dysfunction: a retrospective study. BMC Nephrol. (2014) 15:152. doi: 10.1186/1471-2369-15-152 
	 55. Miwa,K, Koga,M, Nakai,M, Yoshimura,S, Sasahara,Y, Koge,J , et al. Etiology and outcome of ischemic stroke in patients with renal impairment including chronic kidney disease: Japan stroke data bank. Neurology. (2022) 98:e1738–47. doi: 10.1212/WNL.0000000000200153 
	 56. Kazemi,A, Sasani,N, Mokhtari,Z, Keshtkar,A, Babajafari,S, Poustchi,H , et al. Comparing the risk of cardiovascular diseases and all-cause mortality in four lifestyles with a combination of high/low physical activity and healthy/unhealthy diet: a prospective cohort study. Int J Behav Nutr Phys Act. (2022) 19:138. doi: 10.1186/s12966-022-01374-1 
	 57. Li,X, Cao,X, Zhang,J, Fu,J, Mohedaner,M, Danzengzhuoga, , et al. Accelerated aging mediates the associations of unhealthy lifestyles with cardiovascular disease, cancer, and mortality. J Am Geriatr Soc. (2024) 72:181–93. doi: 10.1111/jgs.18611
	 58. Ng,SM, Pan,J, Mouyis,K, Kondapally,SS, Kapil,V, Rice,KM , et al. Quantifying the excess risk of adverse COVID-19 outcomes in unvaccinated individuals with diabetes mellitus, hypertension, ischaemic heart disease or myocardial injury: a meta-analysis. Front Cardiovasc Med. (2022) 9:871151. doi: 10.3389/fcvm.2022.871151
	 59. Hilser,JR, Spencer,NJ, Afshari,K, Gilliland,FD, Hu,H, Deb,A , et al. Covid-19 is a coronary artery disease risk equivalent and exhibits a genetic interaction with abo blood type. Arterioscler Thromb Vasc Biol. (2024) 44:2321–33. doi: 10.1161/ATVBAHA.124.321001 
	 60. Pyle,WG. Tackling change: menopause as a cardiovascular disease risk factor and the path to health equity. Cardiovasc Res. (2024) 120:e63–4. doi: 10.1093/cvr/cvae232 
	 61. Andrews,R, Lacey,A, Bache,K, and Kidd,EJ. The role of menopausal symptoms on future health and longevity: a systematic scoping review of longitudinal evidence. Maturitas. (2024) 190:108130. doi: 10.1016/j.maturitas.2024.108130 
	 62. Brester,C, Voutilainen,A, Tuomainen,TP, Kauhanen,J, and Kolehmainen,M. Epidemiological predictive modeling: lessons learned from the Kuopio ischemic heart disease risk factor study. Ann Epidemiol. (2022) 70:1–08. doi: 10.1016/j.annepidem.2022.03.010 
	 63. Li,JX, Li,L, Zhong,X, Fan,SJ, Cen,T, Wang,J , et al. Machine learning identifies prominent factors associated with cardiovascular disease: findings from two million adults in the Kashgar prospective cohort study (kpcs). Glob Health Res Policy. (2022) 7:48. doi: 10.1186/s41256-022-00282-y 


Copyright
 © 2025 Liang, Zhang, Yan, Huang, Kang, Li, Li and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Trends and predictive research on the global burden of ischemic heart disease from 1990 to 2021: an analysis of the Global Burden of Disease study 2021



		1 Introduction



		2 Materials and methods



		2.1 Data source



		2.2 Descriptive analysis



		2.3 Trend analysis



		2.4 Decomposition analysis



		2.5 Frontier analysis



		2.6 Risk factor analysis



		2.7 Joinpoint analysis



		2.8 Age–period–cohort analysis



		2.9 Predictive analysis









		3 Results



		3.1 Descriptive analysis of the burden of IHD at global, regional and country levels



		3.2 Global trend analysis of IHD at global, regional and country levels



		3.3 Analysis of global disease age accumulation map



		3.4 Decomposition analysis



		3.5 Frontier analysis



		3.6 Heatmap of risk factor analysis



		3.7 Joinpoint analysis



		3.8 Age-period-cohort analysis



		3.9 Predictive analysis of the IHD



		3.9.1 BAPC analysis



		3.9.2 Nordpred analysis



		3.9.3 Arima analysis















		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fpubh-13-1569179-g011.jpg
$58F 171 ¢%

El o
______

§EFSFT FRTEF






OPS/images/fpubh-13-1569179-g010.jpg
women® | o H Be-
T ; £ 5=
awmms | B é‘““ / oo

Jr——
H

£

| § ‘\5
B
s

0
20
0

§

g

Agesd. rate por 105

uneope. o | =..
v 2 3000 = =
i & i
" = €= Line t
—e- Fom @ — | ficddl
T | e : == —

o
ne 3 sex.
B, % | T
=i ‘ﬁm e = e
Tesmaen sex e
= fo = g
— Fomais 5 — Prosctea
Sp— : = | -
. =5






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Trends and predictive research on
the global burden of ischemic
heart disease from 1990 to 2021:
an analysis of the Global Burden
of Disease study 2021












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-13-1569179-g005.jpg
=
H






OPS/images/fpubh-13-1569179-g006.jpg
Ditiowimwholorans 13 14 13 1215 4 1415 1 12 13 14 12131313 13
Koy dysncion 151 14 14 1413111312 13 121118 14 141516 15
Ditiowinsoaod cmage-3faty scids 1718 1913 1316 15 17 16 11 1113 182320 1415 16
Ditiovinfrfs 21 42216 7 19 02021 14 1619 21242116 17 19
Ditiowinuts s s 16 17151616 16 17191516 14 716 4715 16 14 17
Dt Low iy Omoga-S Plyunsatuotod Fay Acs 2020 1717 120 10221716 17 18 1910 18 17 1821
Hon fstng pasma gucose 18 16 182121 17 1818 1818 19 16 17 19192123 18
Ambint parictematorpoon 12 12 2 B0 16 12N IOB] 6 BRRZ 0 3
o body-mass dex 1915 16 282623 16 14 14 2422 2015 BRBB 25
Housenold s« poluon rom sia s 14821 8 10 11 10810 8 9 10
Dtiovinfoor 2182124 1021 2107122 1820
Nov-opimaltomporsurs 242124 20 24 21 242022252525
otlowinlogumes 25232325 282 21242421
Lowemparsiure 212228 213028 2321 23
Dithohin sosum 2328 20229 2
Secondinc sk 2826 262020 4.
e
a2
T

anaams
o R

Ditiowinwholograns 1415 1313 1415 1218 1213 1315 16 16 13 14 14 15
Housenold o pluton rom sid s 153021 9.9 10 13380199 9 10 15T 6 8 12
“Ambint pricutomatrpalon 13,13 102219 14 111102219 13 1212 1222 18 14

Hon fstng asma gucose 16 14 17 171016 15 1 161516 4 16 1 1 1 19 16

Ditiow rutsand so00s 17 18 152116 181821 151915 717 171521 16 16

Ditiow nseaoodomoga=3ayacids 1821 191415 17 1617 1712 1216 182421 116 17

Dt Low iy Omoga-s Plyunsatotod Pty Acds 202218 182020 1922 1816 18 18 2021 19202220
Ditiowinfrute 21 243416 1721 2247 14 1722 22578 1 1721

i boy-mass ndex 1916 16 202727 1715 12624

Non-opumalomperst 23 1722262425 2218 202425 24

Detiowintoor 2 9T UL BOBBDA
Dl sosm 2425 02825 10 202525

Loviemparsuro 23202 21 028 24 222
ot lowinlogunes 282325 8 2928 27232428
Secondhnd i 2721 26302628 2527002 15

kg 128 11113 12 28162027

ey i 101851013 1110131 1310 1813181 14
inioinapasma e 1 11181313 18 4 14181 14101018 1
nen eatne e o 118 113151 19101031110 141015 1 1312
iy e 111433511 18 15110 1ol 2e e

s s sl ot B 138 WSO 1018 WS 12w Rk

Ditiowinseloodomoga-3aty acids 21 1024 14 1921 171722 1218 1 2221152023
(it Low i Omega-8 Poyunsatuatd Faty Act 1822 18 1820 17 1821 1816 10 16 17211819 19 7 13
Dltlow 1 uts a0 se00 1926 1922 1920 1926 17171010 1924 1922 820 25

it i sodu 2220 17282 10 2426 18292872 21 18 172828 10

Noa-optimaltanpershed 23 17202025 24 21 18202524 3 25 17 20202524

o tomporstee 21 1821 awamum awnsna
apam Bnnaan seans
Zmaz nBwwsn BB
w22 BT wnU DBsDNN
T2 maBe2s uBBN 2D
Ditiowin oo 282328262428 232028242928 202328282428
= 2

Amsiont panciats e patuion
Tovaces

ey ystncion

i tastng lsma gucoso
Ditiow ol s

T s e
s i tenEnn
Sroung 14111320 15 4 28 62T 1199 1w 1112
Housahot o fom uss 78831 9 124 108891 9 010 198888 0 1235
ey mass o 1012162328 1613101321 16 141012 16262 17 Sk ok
D nsooun 2019 72728 7 2BWTI 10 171817773 16
Non-opsmatnpersas 21720220 017 78D B DUND O
o ssoodomega-3 oty s 212028 162121 11924 13 10 17 AT 622 25
Ot LowinOrage-§Frsatraea Faty sods 123162 2 1 1721111 16 1021 102121 13 .
Leadrsonrs 242824118 18 52025 18 121 212022 1717 10
Omer evronmentaine 52025 17 1920 U722 227101820
5125 2z 0
ms wnamTN






OPS/images/fpubh-13-1569179-g003.jpg
150000000
100000000,
50000000f

ol
7500000

5000000

2500000]
® of
30000000
20000000f

10000000,

25000000,
200000000]
150000000
100000000

50000000]

o """"lllmm m""'lllmm,,,, TR £
100000} | &
- .

o] - s
g ‘ 1
o -
o 2
. ]
<o i
]
o T Y — 7 &8
20000 L)) = 7578
£
" 90-94






OPS/images/fpubh-13-1569179-g004.jpg
A

Female Male
Low SDI
Low-middle SDI
Middle SDI
High-middle SDI
High SDI
Global [ | | -
T T T 1T
50 100 150 0 50 100 150
Number*10'5
B Female Male
Low SDI
Low-middle SDI
Middle SDI
High-middle SDI
High SDI
Global
0 500 1000 0 500
Number*10%5
C
Female
Low SDI )
Low-middle SDI+ 1]
Middle SDI4 1]
High-middle SDI e
High SDI
Global- | |
T T Ly TR
-500 0 500 1000 -500 0 500
Number*10*5
D
Low SDI
Low-middle SDI
Middle SDI
High-middle SDI
High SDI
Global

0 25 50
Number*10"5

B ~sine

B evidemioiogical change

I Popuiation

| B
B Ecicemioiogical change

I Popuiation

W o

Epidemiological change

. Population

. Aging

. Epidemiological change

. Population





OPS/images/fpubh-13-1569179-g009.jpg
vz w0z voz voz

- B o one  BEEER, rE - B-----Y----- gig | v -

00z 002 P 00z 00z
§
voz b0z oz w0z

i B g k4 8| - 5

-------\---- 2025 - ------- - - tozc§ o------- - - - qozg Bl------- - - - Jozozh
00z 002 00z 00z
oz voz w0z w0z

| B B =

7 I AR—— - & - 2o g-----7----1 R SN, J— -
00z 00z 00z \ 00z

5401 818 PIseby. T Govae peety T 5401 S1es PIsabY 401, 918l pisaby.
0z vz voz voz

2 £ o .

g-------- - Jozoz g ---------\-1 20z -------- - ooz E----------}1 20z
00z 002 00z 00z
voz w0z voz w0z

3| 3 | 8 cl 3 2 3

|||||||||| Jozozs §l----------X-owzs Bl - - - - - - - - - dozh - - = - - = = -} oz

5 2025 & 5 4 205 m 2025
00z 002 00z 00z
vz voz voz voz
N R N S I L
00z 002 00z o0z

< Zouseainoseg [« [ - - O B S imiee a AL





OPS/images/fpubh-13-1569179-g007.jpg
EEESEYEUESY






OPS/images/fpubh-13-1569179-g008.jpg
B
- porod
- conort

Relative Incidence risk of AP model of IHD.
m
g
8

$E6 608558 d SASSEL SISLSISIATALE SLLASSIE S

oy

.
Effect
- e
== perod
o - conon

§546845 S80S SSASASEISIAPSSS

Sbdidhs
CEE /fé‘ é’ﬁﬂff&%ﬁé’ﬁfff %ﬂfﬁ%{s‘*f

Relative Prevalence isk of APC model of IHD

Effect

- e

/¥

EXTITTRIFTIRIT IV IIXT TI IR IIIY

O 8 0 88 5 00 88508 f’

5

Relative deaths risk of APC model of IHD.






OPS/images/fpubh-13-1569179-g001.jpg
ausppoul

e
3
2

£






OPS/images/fpubh-13-1569179-g002.jpg





