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A b s t r a c t

Introduction: To evaluate global trends and SDI-related inequalities in the 
burden of ischemic heart disease (IHD) from 1990 to 2021, and project tra-
jectories to 2035. This analysis provides crucial evidence to inform health 
policy and resource allocation for reducing future disparities.
Material and methods: Using Global Burden of Disease (GBD) 2021 data, 
we analyzed IHD prevalence, incidence, deaths, and disability-adjusted life 
years (DALYs) across 204 countries. Analyses included temporal trends, de-
composition, inequality assessment, and Bayesian projections.
Results: From 1990 to 2021, global age-standardized death rates declined 
annually by 1.3% and DALYs by 1.2%, while prevalence showed a slight in-
crease (AAPC = 0.03%). High-SDI regions achieved the largest reductions, 
whereas low- and middle-SDI regions experienced persistent or rising bur-
dens. Decomposition analysis indicated that population growth (110%) and 
aging (67%) were the main drivers of increasing DALYs, partially offset by 
epidemiological improvements (–77%). By 2035, despite continued declines 
in age-standardized rates, the absolute number of IHD cases is projected to 
increase by 18.2%.
Conclusions: IHD remains a major global health challenge, with substantial 
SDI-driven disparities that persist despite overall progress. Strengthening 
prevention in low- and middle-SDI regions, addressing the growing health-
care demands of aging populations, and fostering sustained international 
collaboration are critical to reducing inequalities, guiding resource alloca-
tion, and ultimately alleviating the global burden.

Key words: ischemic heart disease, Global Burden of Disease, health 
inequalities, temporal trends, prediction.

Introduction

Ischemic heart disease (IHD), also known as coronary artery disease, 
is primarily caused by coronary artery narrowing or obstruction due to 
atherosclerosis, leading to reduced myocardial blood supply [1]. Clinical-
ly, IHD manifests as angina, myocardial infarction, and heart failure, se-
verely impairing patients’ quality of life and placing a substantial burden 
on healthcare systems. The 2021 Global Burden of Disease (GBD 2021) 
study reported that IHD remained the leading cause of death worldwide 
[2]. Although incidence and death rates have declined in most high-so-
ciodemographic index (SDI) regions, the absolute number of cases con-
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tinues to rise [3]. These trends highlight IHD as 
a  persistent global public health challenge, with 
considerable disparities across regions and socio-
economic groups. 

Several studies have examined the epidemio-
logical trends and disease burden of IHD at global, 
regional, and national levels. Over the past three 
decades, the age-standardized death rate of IHD 
has declined in high-income countries [4]. How-
ever, in low-income and middle-income countries, 
IHD incidence and death rates remain high, largely 
due to limited healthcare resources and subopti-
mal management of hypertension and diabetes [5, 
6]. These studies provide valuable epidemiological 
insights, a comprehensive analysis of the current 
burden, recent trends, and health inequalities of 
IHD based on GBD 2021 data remains lacking, 
particularly in comparative studies across differ-
ent SDI regions.

Building on previous research, this study utiliz-
es the latest GBD 2021 data to comprehensive-
ly assess the global burden of IHD from 1990 to 
2021, with a particular focus on prevalence, inci-
dence, deaths, and DALYs across different SDI re-
gions. Beyond descriptive reporting, we integrate 
age–period–cohort and decomposition analyses 
to disentangle the contributions of demographic 
and epidemiological drivers, evaluate cross-coun-
try health inequalities using SII and CI, and apply 
Bayesian age–period–cohort modeling to project 
future trends. The novelty of this study lies in in-
tegrating inequality metrics and predictive mod-
eling within a  single framework, enabling both 
retrospective assessment and forward-looking 
projections. By combining these approaches, this 
study not only refines current knowledge but also 
highlights persistent disparities and likely trajec-
tories of IHD, thereby offering actionable evidence 
to guide prevention strategies, inform resource al-
location, and reduce the global burden of disease.

Material and methods

Data source

Data for this study were derived from the Global 
Burden of Disease Study 2021 (GBD 2021), which 
provides standardized estimates of 371 diseases 
and injuries across 204 countries and territories 
[2]. The GBD database integrates information 
from diverse sources, including civil registration, 
censuses, surveys, disease registries, and health 
service records, with established methods for data 
harmonization and adjustment [2, 7]. It employs 
sophisticated methodologies to address miss-
ing data and adjust for confounding factors. The 
study design and methodological details of the 
GBD research have been extensively documented 
in existing GBD literature [4]. This study analyzed 

the incidence, age-standardized incidence rate, 
deaths, age-standardized death rate, DALYs rate, 
and age-standardized DALYs rate of IHD at the 
global, regional, and national levels from 1990 to 
2021. Rates are reported per 100,000 population 
and age-standardized using the 2021 global popu-
lation [4, 8]. All data are publicly available and can 
be accessed at https://ghdx.healthdata.org/gbd-
2021/sources free of charge. In the GBD database, 
IHD is classified as a Level 3 cause under cardio-
vascular diseases, which belong to the Level 2 cat-
egory within non-communicable diseases (NCDs). 
Additionally, this study utilized the SDI, a compos-
ite measure of income, educational attainment, 
and fertility rates. The SDI categorizes countries 
and regions into five quintiles: low, low-middle, 
middle, high-middle, and high. 

Ethical considerations

The Institutional Review Board (IRB) approved 
the exemption for this study, as it utilized publicly 
available data that did not contain confidential or 
personally identifiable patient information.

Statistical analysis

To gain a  comprehensive understanding of 
the IHD burden, a  descriptive analysis was con-
ducted at the global, regional, and national levels. 
Age-standardized measures of incidence, preva-
lence, deaths, and DALYs from 1990 to 2021 were 
summarized by sex and SDI quintiles, with com-
parative snapshots for 1990 and 2021. Analyzing 
temporal trends in disease burden is essential 
for understanding epidemiological patterns and 
informing public health strategies. This study ex-
amined global and SDI-regional IHD trends using 
generalized estimating equations (GEE) to cal-
culate the estimated annual percentage change 
(EAPC) and joinpoint regression to detect signifi-
cant shifts in temporal patterns. To account for dif-
ferences in age distribution, age-standardized rate 
(ASR) was calculated using the following formula:  

S
i
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w

i

S
i
A

 = 1 wi

ASR =� × 100000,

where a
i
 represents the specific rate in a given age 

group, w
i
 denotes the corresponding population 

weight from the selected standard population, 
and A is the total number of age groups. The EAPC 
was derived from a  log-linear regression model,  
Y = a + βX + ε, where Y represents ln(ASR), a is the 
intercept, x is the calendar year, ε is the error term, 
and β indicates the direction and magnitude of the 
trend. EAPC and its 95% confidence interval (CI) 
were computed as [9]: EAPC = 100 × [exp(β) – 1]. 
If the estimated EAPC and the lower bound of its 
95% CI are both greater than 0, ASR is considered 
increasing. If the upper bound of the 95% CI is be-
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low 0, ASR is considered decreasing. Otherwise, 
ASR remains stable. Joinpoint regression further 
quantified annual percentage change (APC) and 
average annual percentage change (AAPC) [10, 11], 
identifying significant trend shifts using a log-lin-
ear model and Monte Carlo permutation test.

Additionally, an age-period-cohort (APC) model 
incorporating the intrinsic estimator (IE) method 
was employed to disentangle the independent ef-
fects of age, period, and cohort on the IHD burden, 
thereby addressing the collinearity issue inherent 
in these variables and ensuring statistical validity 
[12]. In this study, age was grouped into 20 cat-
egories (< 5 years, 5–9 years … 90–94 years and  
≥ 95 years), and periods were divided into 5-year 
intervals (1992–1996 … 2017–2021). APC modeling 
was performed using the NCI Age-Period-Cohort 
Tool [13], with Wald χ² tests for statistical inference. 
A two-sided α = 0.05 was considered significant.

Decomposition analysis was applied to quan-
tify the contributions of age structure, population 
growth, and epidemiological trends to changes in 
DALYs from 1990 to 2021. This study employed 
Das Gupta’s decomposition method, a mathemat-
ical approach that partitions overall changes into 
distinct components, enabling the quantification 
of each factor’s specific contribution. The number 
of DALYs for each location was calculated using the 
following formula: DALY

ay,py,ey = (a
i,y

 × p
y
 × e

i,y
),S

i
n

 = 1

where a
i,y denotes the proportion of the popula-

tion in age group i, p
y
 the total population, and e

i,y
 

the DALY rate in year y. By varying one factor while 
holding others constant, the specific contribution 
of each driver was estimated.

To analyze cross-country health inequalities, 
this study followed the World Health Organiza-
tion (WHO) recommendations and employed the 
Slope Index of Inequality (SII) and the Concen-
tration Index (CI) to assess absolute and relative 
income-related inequalities across countries and 
regions. SII, an absolute measure, reflects dispar-
ities between the most disadvantaged and most 
affluent groups, derived from regression of health 
outcomes against SDI ranking values. CI, a relative 
measure, ranges from –1 to 1, with values clos-
er to 0 indicating lower inequality. A  positive CI 
suggests better outcomes in higher-SDI regions, 
while a negative CI indicates the reverse. The CI 
was calculated as: CI = i

N
1
2S

i
n

 = 1 yi
      – , where 

µ represents the mean value of the health indi-
cator, m y

i
 denotes the health indicator value of 

the i  individual after ranking, and N is the total 
population size. Additionally, a  smoothing spline 
model (LOWESS) was applied to evaluate the as-
sociation between age-standardized DALY rates 
and SDI across 21 GBD regions and 204 countries 
[2]. Spearman correlation analysis was conduct-
ed to assess the association between ASR and 

SDI, reporting R values and p-values. All analy-
ses were considered statistically significant at  
p < 0.05.

To support more effective public health policy-
making and healthcare resource allocation, this 
study employs the Bayesian Age-Period-Cohort 
(BAPC) model to forecast the future burden of IHD. 
Built within the generalized linear model (GLM) 
framework under a Bayesian paradigm, the BAPC 
model enables the dynamic integration of age, pe-
riod, and cohort effects. These effects are assumed 
to evolve over time and are smoothed using a sec-
ond-order random walk, enhancing predictive ac-
curacy through refined posterior probability esti-
mates. The model further assumes that historical 
trends provide a reasonable basis for extrapolating 
future disease burden, while uncertainty is quan-
tified through posterior distributions. To further 
improve computational efficiency and address 
the mixing and convergence challenges associ-
ated with traditional Markov Chain Monte Carlo 
(MCMC) methods, the BAPC analysis incorporates 
the Integrated Nested Laplace Approximation 
(INLA). This approach ensures robust and efficient 
inference while maintaining the model’s flexibility 
in handling time-series data. Given its adaptability 
to age-structured population data and its ability to 
capture complex cohort effects, the BAPC model is 
particularly well-suited for long-term disease bur-
den projections. It should be noted, however, that 
the model assumes that historical trajectories 
will continue into the future, and that its reliabil-
ity depends on data quality and appropriateness 
of prior specifications. In this study, the ‘BAPC’ 
R package was used, along with GBD 2021 data 
and population projections from the Institute for 
Health Metrics and Evaluation (IHME), to predict 
the global IHD burden over the next 10 years. To 
evaluate the robustness of the model, hindcasting 
experiments were also conducted.

Results

Descriptive analysis of IHD burden at 
global, SDI regional and national levels

Table I  and Figure 1 present global, regional, 
and national estimates of IHD prevalence, inci-
dence, deaths, and DALYs. From 1990 to 2021, 
crude numbers of cases and deaths increased, 
whereas age-standardized indicators followed dis-
tinct trajectories. The ASPR remained essentially 
unchanged (EAPC = 0.00, 95% CI: –0.02 to 0.03), 
while ASIR, ASDR, and age-standardized DALY 
rates showed consistent declines (EAPCs: –0.44%, 
–1.30%, and –1.20%, respectively). The reductions 
were most pronounced in high-SDI regions, par-
ticularly in ASDR (EAPC –3.43%), whereas middle- 
and low-middle-SDI regions experienced modest 
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Table I. Numbers and age-standardized rates (ASR) of prevalence of prevalence, incidence, deaths, and DALYs for 
ischemic heart disease in 1990 and 2021, along with the estimated annual percentage change (EAPC) from 1990 
to 2021

Location 1990 2021 EAPC (95% CI)

Number (95% UIs) ASR (95% UIs) Number (95% UIs) ASR (95% UIs)

Prevalence

Global 112169488.44
(99416740.98–
125730168.73)

2904.72
(2575.99–
3248.10)

254276267.85
(221446458.08–
295493092.66)

2946.38
(2572.69–
3424.32)

0.00
(–0.02 to 0.03)

High SDI 25246967.81
(22384997.70–
28275596.82)

2271.86
(1475.88–
1910.43)

34231046.17
(30152992.71–
39201712.32)

1671.60
(1475.88–
1910.43)

–1.21
(–1.35 to –1.07)

High-middle SDI 30745716.46
(27332573.29–
34434266.97)

3197.56
(2857.64–
3581.49)

63826218.25
(55672804.81–
74555301.05)

3217.58
(2814.34–
3742.18)

–0.06
(–0.09 to –0.02)

Middle SDI 27913691.16
(24588240.35–
31686021.27)

2868.41
(2526.85–
3236.77)

85371063.07
(73614482.54–
100118565.06)

3226.30
(2806.67–
3798.24)

0.39
(0.37 to 0.42)

Low-middle SDI 21499369.59
(19030104.65–
24197902.24)

3717.21
(3292.30–
4187.06)

55198197.20
(48035746.01–
63649428.13)

3941.42
(3448.94–
4577.03)

0.22
(0.20 to 0.23)

Low SDI 6620304.68
(5896789.47–
7438261.24)

3100.35
(2764.33–
3477.56)

15420053.33
(13308339.22–
17818345.52)

3162.53
(2763.30–
3679.60)

0.03
(0.02 to 0.04)

Incidence

Global 15813618.65
(13180529.44–
18849478.54)

419.54
(351.07–
498.15)

31872778.18
(26284920.94–
38267834.30)

372.90
(307.95–
444.19)

–0.44
(–0.47 to –0.42)

High SDI 3768111.28
(3189322.46–
4475353.96)

343.51
(290.81–
407.03)

3989835.19
(3384023.96–
4709126.26)

195.63
(164.52–
231.53)

–2.04
(–2.28 to –1.81)

High-middle SDI 4242517.60
(3542999.27–
5036433.89)

462.74
(386.71–
546.34)

7874112.39
(6457244.15–
9448767.95)

404.44
(331.92–
480.98)

–0.58
(–0.69 to –0.47)

Middle SDI 3654917.79
(2965633.95–
4446596.13)

382.77
(314.26–
459.87)

10499399.86
(8567480.07–
12702596.07)

403.84
(330.37–
481.69)

0.22
(0.15 to 0.28)

Low-middle SDI 3125084.87
(2674308.18–
3805366.47)

531.54
(440.44–
637.69)

7292860.05
(6121118.78–
8702139.94)

515.60
(433.64–
614.95)

–0.09
(–0.13 to –0.05)

Low SDI 1004366.90
(814679.07–
1236950.52)

471.41
(384.07–
572.60)

2190922.83
(1807960.13–
2673792.33)

444.61
(362.90–
537.75)

–0.3
(–0.36 to –0.25)

Deaths

Global 5367136.58
(5076403.86–
5562773.87)

158.90
(148.14–
165.30)

8991636.68
(8264123.21–
9531130.17)

108.73
(99.60–
115.38)

–1.30
(–1.34 to –1.26)

High SDI 1732392.15
(1591274.95–
1732392.15)

157.59
(144.19–
163.92)

1392371.05
(1217171.56–
1489069.66)

58.45
(52.18–61.92)

–3.43
(–3.53 to –3.32)

High-middle SDI 1604862.17
(1527808.26–
1657939.76)

193.94
(182.11–
200.60)

2450426.35
(2218836.45–
2647300.49)

127.50
(115.03–
137.72)

–1.56
(–1.77 to –1.36)

Middle SDI 1038968.25
(978516.15–
1100277.11)

127.06
(118.35–
134.97)

2811121.62
(2564657.44–
3023433.63)

118.71
(107.23–
127.80)

–0.12
(–0.19 to –0.04)

Low-middle SDI 753129.84
(698697.09–
804552.24)

140.99
(129.76–
151.24)

1834652.91
(1699506.18–
1964078.89)

142.10
(131.30–
151.87)

0.16
(0.09 to 0.23)
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Location 1990 2021 EAPC (95% CI)

Number (95% UIs) ASR (95% UIs) Number (95% UIs) ASR (95% UIs)

Low SDI 228811.49
(202386.13–
255182.86)

119.50
(106.26–
132.45)

493475.84
(448128.79–
543115.16)

116.41
(105.21–
127.69)

0.01
(–0.10 to 0.11)

Disability-adjusted 
life years

Global 119162957.30
(114547786.89–
123454733.02)

3107.61
(2966.50–
3222.67)

188360557.32
(177036930.41–
198154476.56)

2212.16
(2075.54–
2327.61)

–1.20
(–1.25 to –1.16)

High SDI 32005742.16
(30325688.87–
32877811.04)

2919.50
(2762.75–
3002.02)

23546711.44
(21449543.86–
24737618.80)

1134.02
(1053.56–
1186.53)

–3.26
(–3.37 to –3.14)

High-middle SDI 33569030.73
(32291953.73–
34708784.59)

3589.76
(3435.61–
3712.83)

44542561.46
(41134046.45–
48044417.49)

2301.49
(2122.97–
2482.46)

–1.74
(–2.00 to –1.48)

Middle SDI 26527074.23
(25117637.57–
28067547.64)

2593.46
(2447.25–
2745.56)

61242796.65
(56964813.15–
65533800.61)

2351.21
(2174.84–
2514.63)

–0.27
(–0.32 to –0.23)

Low-middle SDI 20676778.52
(19223601.75–
22114207.22)

3221.76
(2993.33–
3437.47)

46062373.82
(42687627.64–
49488217.32)

3138.58
(2912.65–
3360.62)

0.02
(–0.03 to 0.08)

Low SDI 6194944.86
(5447647.40–
6954569.82)

2668.94
(2361.30–
2967.21)

12778296.89
(11572088.23–
14121058.95)

2464.12
(2235.87–
2725.20)

–0.26
(–0.34 to –0.18)

Table I. Cont.

increases in ASPR with largely stable DALY rates. 
In low-SDI regions, both ASIR and DALY rates de-
clined slightly, although the magnitude of reduc-
tion was limited. Burden increased markedly with 
advancing age, especially among individuals aged 
≥ 55 years, and remained consistently higher in 
males than females (Supplementary Figure S1). 
At the national level, Figure 1 highlights striking 
cross-country heterogeneity, with Gulf states and 
several small island nations exhibiting the highest 
age-standardized rates, in contrast to much lower 
levels observed in East Asian countries.

Trends in IHD burden using joinpoint 
regression analysis

Supplementary Table SI and Figure 2 present 
the joinpoint regression results for the burden of 
IHD. Overall, ASIR, ASDR, and age-standardized 
DALY rates declined significantly worldwide, while 
ASPR showed a slight upward trend. Periods of ac-
celerated change were observed, with the steepest 
declines in ASIR (2005–2009), ASDR (2003–2006), 
and DALYs (1994–1998), whereas ASPR rose most 
sharply after 2015. Regional disparities were ev-
ident: high-SDI regions achieved the most sus-
tained reductions, particularly in ASDR, while mid-
dle-SDI regions displayed fluctuating patterns and 
low-SDI regions showed only minimal declines. 
Low-middle SDI regions experienced temporary 
reversals in ASDR, especially around 1998–2001 

and 2014–2021. Sex-stratified analyses revealed 
broadly similar trends, though males consistently 
carried a higher burden.

Age-period-cohort analysis on IHD DALYs 

Supplementary Figure S2 presents the results 
of the age-period-cohort (APC) analysis for the 
age-standardized DALYs rate of IHD. The age effect 
revealed a steady increase in risk with advancing 
age, particularly after 80 years, while high-SDI re-
gions consistently maintained lower levels across 
age groups. The period effect indicated a  glob-
al decline, most pronounced in high- and high-
middle-SDI regions, whereas low-middle SDI re-
gions showed a relative increase. Cohort analysis 
demonstrated a gradual reduction in IHD burden 
across successive birth cohorts, supporting the 
role of improved interventions and living condi-
tions over time.

Decomposition analysis on IHD DALYs

Over the past three decades, global IHD DALYs 
increased markedly, with middle-SDI regions con-
tributing to the largest rise (Figure 3). Decompo-
sition analysis indicated that population growth 
accounted for over 100% of the increase globally 
(109.65%), while aging contributed 67.14%. In 
contrast, epidemiological changes offset much 
of this growth, reducing DALYs by 76.79%. Re-
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Figure 1. Global burden of ischemic heart disease across 204 countries and territories. A  – Ages standardized 
prevalence rate. B – Ages standardized incidence rate
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 Northern Europe
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iterranean
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 Northern Europe

West Africa

Eastern 
Mediterra-
nean

gional patterns varied: aging had the strongest 
impact in high-middle SDI regions (154.37%), 
population growth was most influential in low-
SDI regions (123.10%), and epidemiological 
changes played a dominant role in high-SDI re-
gions, where they reduced DALYs by more than 
threefold (–338.54%). Sex-stratified analyses 
showed that males consistently bore a  higher 

DALY burden, although the relative contributions 
of demographic and epidemiological drivers dif-
fered across SDI levels.

Cross-country inequality analysis

Over time, both relative and absolute inequali-
ties in the burden of IHD across SDI regions have 
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Figure 1. Cont. C – Ages standardized deaths rate. D – Ages standardized disability-adjusted life rate
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increased significantly (Figure 4). The Slope Index 
of Inequality (SII) declined from 2,888 (95%  CI: 
2,325–3,452) in 1990 to 1,388 (95%  CI: 842–
1,933) in 2021, and the Concentration Index (CI) 
decreased from 0.22 to 0.10. These reductions 
suggest modest progress in narrowing disparities, 
yet high-SDI populations continue to benefit dis-
proportionately, indicating that global improve-
ments have not been equitably shared.

From 1990 to 2021, the relationship between 
IHD DALYs and SDI exhibited an inverted ‘W’ pat-
tern: when SDI < 0.4, DALYs gradually increased; 
when 0.6 < SDI < 0.7, DALYs showed a fluctuat-
ing upward trend; when SDI > 0.7, DALYs declined 
sharply (Figure 5 A). Several regions, including 
North Africa and the Middle East, Central Asia, 
Eastern Europe, Central Europe, and Oceania, 
exhibited higher-than-expected DALY rates, sug-
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Figure 2. Trends in ASPR, ASIR, ASDR, and disability-adjusted life year (DALY) rates of IHD from 1990 to 2021
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Figure 4. SDI-related health inequality regression (A) and concentration curve (B) for global IHD disability-adjusted 
life years (DALYs) in 1990 and 2021
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Figure 5. Association between ischemic heart disease burden and the SDI. A – Relationship between DALYs due to 
ischemic heart disease and SDI across 22 GBD regions from 1990 to 2021. B – Relationship between DALYs due to 
ischemic heart disease and SDI across 204 GBD countries from 1990 to 2021
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Figure 6. Prediction of the disease burden of ischemic heart disease by 2035. A  – Prevalence. B – Incidence.  
C – Deaths. D – Disability-adjusted life years (DALYs)

od. Importantly, the BAPC model demonstrated ade-
quate predictive performance in hindcasting deaths 
(Supplementary Figure S3), which supports the ro-
bustness of our projections. These findings under-
score the potential for a  shifting disease burden 
across sexes, warranting further investigation into 
sex-specific risk factors and healthcare strategies. It 
should be noted that BAPC projections rely on the 
assumption of smoothly evolving age, period, and 
cohort effects; as such, unexpected changes in risk 
exposures, interventions, or healthcare access may 
not be fully captured.

Discussion

Our analysis shows that the global burden of 
IHD has declined in age-standardized rates since 

1990, largely due to improvements in high-SDI re-
gions, yet absolute numbers of cases and deaths 
continue to rise because of population growth and 
aging. Marked inequalities persist across regions, 
and projections indicate further increases in abso-
lute burden by 2035 despite continued declines in 
most standardized rates.

Although IHD still imposes an enormous glob-
al burden, age-standardized mortality and DALY 
rates have decreased since the early 2000s – mir-
roring better control of key risk factors such as 
hypertension, smoking, and diet, and improved 
access to statins and interventional care [1, 14]. 
Notably, joinpoint and APC studies on smoking-at-
tributable IHD trends support the impact of to-
bacco control in accelerating these declines [15]. 
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The sharpest reductions occurred in the early 21st 
century, coinciding with global initiatives on non-
communicable disease prevention. However, pop-
ulation aging, rising obesity, and diabetes preva-
lence now drive increasing prevalence rates [5], 
signaling that demographic and metabolic transi-
tions may erode earlier gains.

Despite the overall downward trend in IHD 
burden, pronounced disparities persist across 
SDI regions, reflecting fundamental differences in 
healthcare capacity, policy implementation, and 
socioeconomic environments. Middle-SDI region 
recorded the highest absolute number of cases, 
whereas the low-middle SDI region exhibited the 
highest ASR. Over the past 30 years, certain indi-
cators in middle-SDI, low-middle-SDI, and low-SDI 
regions have continued to rise, highlighting the 
need for further attention [16]. The persistence 
of high IHD burden in these regions is primarily 
driven by limited healthcare resources, inade-
quate chronic disease management systems, and 
insufficient health education [17], compounded 
by structural drivers such as rapid urbanization, 
population aging, and clustering of metabolic 
risks [18, 19]. In contrast, high-SDI countries ex-
perienced faster declines due to stronger health 
systems and early public health initiatives. No-
table examples include the UK’s National Health 
Check Program (launched in 2004), Finland’s 
North Karelia Project (which successfully reduced 
national salt consumption), and comprehensive 
public smoking bans enforced in the UK, France, 
and Australia during the early 2000s [1, 20, 21]. By 
comparison, the rise of IHD in middle-SDI regions 
during the 1990s and 2000s was closely linked 
to industrialization, dietary transition, and urban 
lifestyles [22, 23]. In low-middle SDI regions, the 
ASDR increased during 1998–2001 and again in 
2014–2021, potentially influenced by major so-
cioeconomic crises such as the 1997–1998 Asian 
financial crisis and the 2019–2021 COVID-19 pan-
demic [24, 25]. These patterns illustrate that SDI 
does not only reflect economic development, but 
also the resilience of health systems in mitigat-
ing external shocks. Importantly, the decline in CI 
should not be interpreted as a genuine narrowing 
of disparities. CI captures relative rather than ab-
solute inequality, meaning that regions with per-
sistently high baseline burdens may still face large 
health gaps even when CI falls. Similar findings 
have been reported in studies on urban health 
inequities, where statistical convergence did not 
always translate into real improvements in out-
comes [26]. Addressing these entrenched dispar-
ities requires region-specific strategies. High-SDI 
countries continue to invest in precision medicine, 
genetic screening, and public health promotion 
[27–29], while low-middle-SDI regions face per-
sistent challenges such as high tobacco use [4] 

and exposure to environmental pollutants [23]. 
Ultimately, SDI-driven inequalities highlight that 
the gap in IHD burden is not only a matter of ep-
idemiology, but of system capacity and policy pri-
oritization. To reduce these disparities, high-SDI 
regions should focus on disseminating cost-ef-
fective innovations to lower-resource settings, 
while low-SDI regions need to expand primary 
care coverage, implement large-scale tobacco and 
obesity control programs, and strengthen commu-
nity-based health education. International organi-
zations, including WHO and the UN, can facilitate 
these efforts by promoting knowledge transfer 
and providing financial and technical support, en-
suring more equitable access to IHD prevention 
and treatment worldwide.

While SDI gradients explain broad disparities, 
notable exceptions at the national level highlight 
that SDI alone cannot fully capture the heteroge-
neity of IHD burden. In Arab nations such as the 
United Arab Emirates and the Syrian Arab Repub-
lic, the IHD burden is particularly high, largely at-
tributable to the high prevalence of obesity and 
diabetes [30]. In contrast, Japan and South Korea 
experience a significantly lower IHD burden, large-
ly due to their lower obesity rates, widespread 
early screening programs, and effective weight 
management strategies [31, 32]. These contrasts 
illustrate how proactive prevention and early de-
tection can offset demographic and lifestyle risks. 
However, Nauru presents a striking exception with 
DALYs far exceeding expectations due to extreme 
obesity (90% overweight, 71% BMI ≥ 30 kg/m2) 
and severely limited healthcare capacity [33].

In comparison, Peru – despite having a similar 
socioeconomic profile – reports far lower IHD bur-
den, reflecting the protective role of healthier di-
etary habits, broader healthcare accessibility, and 
stronger chronic disease management. Similarly, 
evidence from Catalonia indicates that residents 
originating from higher-risk European countries 
face elevated coronary heart disease risk, under-
scoring the need for tailored prevention, early 
screening, and adequate resource allocation even 
within low-risk settings [34]. Effective IHD preven-
tion requires not only resource allocation along 
SDI gradients but also context-specific strategies 
tailored to national health risks and systems. 
Examples such as Japan’s systematic screening, 
South Korea’s nationwide weight management 
programs, and Peru’s emphasis on dietary inter-
ventions demonstrate how country-specific best 
practices can mitigate inequality and provide rep-
licable models for other settings.

Age, period, and cohort (APC) effects provide 
important context for IHD dynamics, with details 
presented in the appendix. Briefly, our results con-
firm that IHD risk increases markedly with age, 
especially after 80 years, highlighting the urgent 
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need for targeted prevention and management 
in the elderly. Building on this age effect, our 
sex-stratified analysis reveals a  consistent ex-
cess burden among males compared to females, 
aligning with prior evidence [35–37]. This gender 
disparity can be explained by a  combination of 
biological mechanisms, metabolic and behavioral 
risk factors, and social determinants. Estrogen ex-
erts a  cardioprotective effect in females through 
multiple mechanisms. It activates the PI3K/Akt 
pathway, which inhibits oxidative stress and 
apoptosis, while simultaneously enhancing nitric 
oxide (NO) synthesis. This leads to improved vas-
cular relaxation and a slower progression of ath-
erosclerosis [38]. By contrast, men exhibit higher 
metabolic risks – such as elevated LDL-C, insulin 
resistance, and central obesity [1] – and are more 
likely to engage in unhealthy behaviors includ-
ing smoking, excessive alcohol intake, and phys-
ical inactivity. Future interventions should adopt 
sex- and age-sensitive strategies. For men, prior-
ities include targeted health education, smoking 
and alcohol cessation, and promotion of regular 
physical activity, while for women, strengthening 
awareness of cardiovascular risks after meno-
pause and improving early screening uptake are 
crucial. In elderly populations, individualized man-
agement and comprehensive geriatric care should 
be emphasized to address the rapidly rising bur-
den in those aged ≥ 80 years.

Notably, although the ASRs of incidence, 
deaths, and DALYs for IHD are projected to de-
cline annually by 2035, the absolute number of 
cases is expected to increase. This divergence 
reflects the dominant role of demographic shifts, 
as decomposition analysis shows that population 
growth and aging have been the main drivers 
of rising IHD DALYs over the past three decades 
and are expected to remain key contributors in 
the future [39]. According to UN estimates, the 
global population will approach 9.7 billion by 
2050, with the proportion of individuals aged  
≥ 60 years doubling between 2015 and 2050. 
These demographic transitions, compounded by 
the increasing prevalence of obesity and other 
chronic conditions, suggest that the global IHD 
burden will remain substantial. Targeted preven-
tion and management strategies are therefore es-
sential, particularly for older adults and high-risk 
groups. At the population level, strategies should 
aim to enhance health system preparedness for 
demographic transitions. Expanding primary care 
capacity, integrating chronic disease management 
into community health services, and implement-
ing large-scale obesity and dietary risk reduction 
programs will be critical. Moreover, policy-level 
measures – such as taxation on unhealthy foods, 
subsidies for healthier diets, and urban planning 
that promotes physical activity – can help miti-

gate the long-term impact of population growth 
and aging on IHD burden.

This study has several notable strengths. It 
adds to the growing body of research by systemat-
ically examining cross-national inequalities in the 
burden of IHD from 1990 to 2021. By highlighting 
regional disparities, this study provides useful ev-
idence to inform global health strategies aimed at 
optimizing healthcare delivery, improving resource 
allocation, and reducing health inequities. In ad-
dition, the study employs a  comprehensive ana-
lytical framework – including descriptive, trend, 
decomposition, inequality, and predictive analyses 
– which helps generate a multidimensional under-
standing of the IHD burden. A particular novelty 
of this work lies in the integration of inequality 
metrics and predictive modeling within a  single 
framework, enabling both retrospective assess-
ment of disparities and forward-looking projec-
tions of future trends. Furthermore, it leverages 
the latest Global Burden of Disease 2021 dataset, 
which incorporates a globally diverse sample and 
advanced statistical methods, thereby enhancing 
the reliability and generalizability of the findings. 
However, this study has certain limitations that 
should be acknowledged. First, due to disparities 
in healthcare infrastructure and system capacity, 
the GBD dataset may underestimate case num-
bers in less developed countries. These limitations 
stem from inadequate disease surveillance sys-
tems and a shortage of healthcare professionals, 
potentially leading to misdiagnosis, underreport-
ing, and other data quality issues [40, 41]. Second, 
the GBD estimation methodology relies on multi-
ple assumptions and modeling techniques, which 
may introduce uncertainties and systematic bias-
es. Third, while the Bayesian Age-Period-Cohort 
(BAPC) model provides valuable projections, its 
predictive accuracy depends on assumptions of 
temporal continuity and stable risk factor trends. 
This means the model may not fully account for 
unforeseen events – such as pandemics, eco-
nomic crises, or major policy shifts – that could 
alter disease trajectories. As such, the projections 
should be interpreted with caution and regard-
ed as indicative rather than definitive. Lastly, the 
feasibility of conducting inequality analyses for 
Australia and tropical Latin America is limited, as 
the GBD dataset includes only two countries from 
these regions, restricting the robustness of region-
al comparisons.

In conclusion, although the ASR of IHD has 
declined, the absolute burden remains high, with 
pronounced disparities across SDI regions and 
countries. Lower-SDI regions continue to bear 
a  disproportionate burden, largely driven by de-
mographic and metabolic shifts. These findings 
highlight the urgent need for region-specific 
prevention and management strategies, comple-
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mented by strengthened international collabora-
tion to reduce global health inequities.

Data availability

The data used in this study were obtained from 
GBD 2021, which is available at https: //ghdx.
healthdata.org/gbd-2021.
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