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Introduction: To assess the prevailing trends in the incidence of ischemic heart
disease (IHD) across 204 countries and territories from 1990 to 2019, and to
elucidate their correlations with age, period, and birth cohort, a
comprehensive analysis was conducted.
Methods: From 1990 to 2019, we employed the Global Burden of Disease Study
(GBD) Results Tool in conjunction with an age-period-cohort model. This approach
facilitated the estimation of annual percentage changes in incidence, referred to as
net drifts, encompassing the overall population. Additionally, we calculated annual
percentage changes spanning ages 15 - 19 to 95 + years, denoted as local drifts.
Furthermore, our analysis involved determining period and cohort relative risks,
elucidating the effects associated with distinct periods and birth cohorts.
Results: Globally, 21,203,479 [95% uncertainty interval (UI): 18,799,322 −
23,704,124] cases of IHD occurred in 2019. There were 33 countries with at
least 100000 cases. Between 1990 and 2019, the net drift of IHD incidence
exhibited a range from −1.7% per year [95% confidence interval (CI): −1.79,
−1.61] in countries with a high socio-demographic index (SDI) to 0.08% per
year (95% CI: 0.05, 0.11) in countries with a low SDI. Age effects across all
countries and genders demonstrated an increasing trend over time, indicating
age as a significant risk factor for IHD. Moreover, period and cohort effects in
higher SDI countries exhibited a more rapid decline in both genders
compared to lower SDI countries. The findings indicated that nations with a
higher SDI manifested overall favorable trends in the relative risk of IHD
incidence, both across time and in successive younger birth cohorts.
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Discussion: The incidence of IHD serves as a valuable and accessible indicator for
assessing trends in IHD provision, spanning from early youth through later life.
Enhancements in IHD prevention have the potential to mitigate risks for
successively younger cohorts and, over time, redistribute the risk across all age
groups. Despite global declines in IHD incidence over the last three decades,
decreasing trends in incidence have slowed and, in some countries, flattened.
Many countries have experienced unfavorable period and cohort effects.
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Introduction

The term “ischemic heart disease” (IHD) encompasses a group

of chronic conditions characterized by coronary ischemia and

consequential damage to the cardiac muscle. While incidence

and mortality rates associated with IHD are decreasing in most

developed and developing nations, the absolute numbers of cases

continue to rise (1). Even in many European countries with

high-income, IHD persists as a prominent contributor to

mortality, morbidity, and economic burden (2, 3), and has

become a global public health issue (4, 5). In the Arab States,

China, Latin America,and India, according to epidemiological

studies, the prevalence of IHD-related illnesses and deaths has

increased quickly, in contrast to Western European nations (5–9).

Some studies indicate that the prevalence and severity of IHD can

be significantly ameliorated if risk factors are appropriately managed

(4, 6, 10). However, the escalating global burden of ischemic heart

disease (IHD) is exacerbated by social-demographic disadvantages,

inadequate access to healthcare, and the suboptimal performance of

healthcare systems (10, 11). The incidence and prevalence of IHD

exhibit variations across age groups, genders, and regions;

nevertheless, there is a scarcity of specific studies addressing the

worldwide burden of IHD and its associated risk factors (4, 12, 13).

The existing literature from high-income countries indicates a

global decrease in the incidence of ischemic heart disease (IHD)

(14, 15). However, these analyses did not differentiate the

respective contributions of age, period, and cohort impacts on

incidence. Many countries worldwide, particularly those with

low- and middle-income status, lack comprehensive data on

trends in IHD incidence or their associations with age, temporal

changes, and birth cohorts. This study aimed to leverage GBD

2019 data and age-period-cohort models to evaluate the influence

of age, gender, region, and the socio-demographic index (SDI)

on global trends in IHD incidence from 1990 to 2019.

Additionally, the study sought to investigate whether there was a

diminishing decline in the incidence of IHD during this period.
Methods

Data collection

GBD provides comprehensive and standardized estimates of

descriptive epidemiological data for 359 diseases and injuries
02
starting in 1990, using methods that are consistent across countries

to enable comparisons between countries (3). Details on the detailed

definition, data inputs, processing, synthesis, and final modeling of

IHD and its incidence can be found in the companion publication to

GBD (3, 12, 16). ICD-10 codes I20–I25, as well as ICD-9 and ICD-8

codes 4,100–4,149, define ischemic heart disease as coronary artery

disease resulting in myocardial infarction or ischemia (17). The

estimation of the global burden of IHD in all countries relies on the

GBD network’s utilization of standardized tools within a Bayesian

framework. This approach facilitates the integration of all available

data spanning time, age, geography, and various health domains to

generate comprehensive disease estimates. In this study, incidence

estimates and their 95% uncertainty intervals (UI) were derived from

GBD 2019 using the 25th and 975th sequential values of 1,000 draws

from the posterior distribution (3). The GBD utilized diverse data

sources, including national cause of death records, hospital registries,

national or regional surveys, and surveillance data, to ascertain the

incidence of IHD (defined as the number of new cases of the disease

per 100,000 population). Age-standardized incidence rates (ASIRs)

were reported per 100,000 individuals after adjusting for age using

the GBD standard.

In this study, the SDI serves to categorize countries along the

development spectrum, classifying them into five SDI quintiles. This

classification is based on the composite factors of per capita income

distribution, average educational attainment above the age of 15, and

total fertility rate below the age of 25 (11). Notably, secondary

analysis of the data in this study did not require approval or consent

from an institutional review board or ethics committee.
Analysis of overall temporal trends in IHD
incidence

To assess temporal trends in incidence during the study period,

metrics such as all-age (crude) incidence rate, ASIR, and the

percentage change in incidence between 1990 and 2019 were

employed. The ASIR calculations were based on the global

age-standardized population data from GBD 2019.
Age-period-cohort modelling analysis of
incidence data

This study employs an age-period-cohort (APC) model to

analyze incidence trends based on age, time, and birth cohort
frontiersin.org
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dynamics (18). Going beyond traditional epidemiological analysis,

the APC model aims to dissect the influences of biological factors

associated with age, as well as technological and social factors, on

disease trends (19). This methodology has found application in

the descriptive epidemiology of certain chronic diseases,

including cardiovascular diseases (19). The APC model fits a log-

linear Poisson model across a Lexis diagram of observed rates,

capturing the combined effects of age, period, and birth cohort.

However, the linear relationship between age, period, and cohort

(birth cohort = period—age) presents an identification problem,

making it statistically impossible to estimate their individual

effects (18, 19). This study addresses this issue by developing

estimable APC parameters and functions without constraining

model parameters (18). The APC model is implemented using

freely accessible R tools, and the methodology is detailed in

previous publications (20).

The APC model uses IHD incidence estimates from GBD

2019 in addition to population data from each country or area.

All age groups and time intervals in a standard APC model

should have the same length, therefore using age groups of five

years and time intervals of five years would be correct. Given

that the GBD estimates are produced in an unevenly spaced

data format with five-year age groups and annual data, we

standardized the dataset into a unified framework. This

involved selecting incidence and population counts from the

midpoint of six consecutive five-year periods to represent

the respective periods. There were 17 age categories present in

the input data (from 15 to 19 to 95 plus in five year age group

intervals). The annual percentage change in incidence (that is,

the net drift of incidence, % per year) was calculated using the

fitted APC model to estimate the overarching temporal trend in

incidence. Both the trend due to the passage of time and the

trend due to the subsequent cohorts contribute to the overall

drift. The APC model also computed the temporal trend of

incidence within each age group, quantified as the annual

percentage change in age-specific incidence (referred to as the

local drift of incidence,% per year). This measure reflects trends

in birth cohort effects (20). There is a consensus that a ±10%,

±18%, or ±26% change in the fitted rate over a 10, 20, or

30-year period constitutes a significant shift in mortality, with

a drift of ±1% per year or more meeting this threshold. The

significance of changes in annual percentage change was

examined using the Wald chi-squared test (20). In addition to

period (cohort) relative risks of incidence for each period

(cohort), the APC model outputs fitted longitudinal age-specific

rates in the referent cohort adjusted for period deviations,

representing age-associated natural history (i.e., age effects)

(20). The determination of relative risk involves the division of

age-specific rates for each cohort during a specific period by the

rates for a reference cohort during a reference period. The

complete extent of the net drift is captured in the rate ratio

curves for both period and cohort. The interpretability of the

results remains consistent irrespective of the chosen reference

time period or cohort. Two-tailed tests were executed,

considering a p-value less than 0.05 as statistically significant.

The analysis was carried out using R version 3.6.3.
Frontiers in Cardiovascular Medicine 03
Results

Overall Status of ischemic heart disease
burden, 1990–2019

The overall number of cases, ASIR, and the net drift of

incidences are shown in Table 1; Figure 1, and Supplementary

Table S1; Figure S1, respectively [estimated using the APC

model, it is comparable to the annual percentage change in

incidences but accounts for the impact of calendar time and

successive birth cohorts (21)]. Globally, the incident cases of

IHD have risen to 2.1 million [95% (UI): 1.9–2.4] with an ASIR

of 262.4 (233.3–293.3) per 100,000 persons in 2019 (Table 1).

The number of IHD incident cases witnessed an increase

between 1990 and 2019, with a notable rise in middle and low

SDI countries (2.57 and 2.28 times), and a less pronounced increase

in high SDI countries. The APC model estimated a net drift of

IHD incidence globally, ranging from −1.7% (−1.79 to −1.67) in

high-SDI regions to 0.08% (0.05 to 0.11) in low-SDI regions,

with an overall estimate of −0.54% (95% CI −0.59 to −0.49)
per year. The upper bound of the 95% CI for the net drifts for

25 countries was <−1.0%. Between 1990 and 2019, the

proportion of global IHD cases in low and low-middle SDI

regions increased.
Regional and national trends in IHD
incidences, 1990–2019

From 1990 to 2019, progress in reducing this incidence rate has

likewise varied greatly. Although ASIR climbed in some countries,

they fell in the majority of countries. The largest decreases in ASIR

from 1990 to 2019 were in high- and high-middle SDI countries,

with an overall AAPC of −1.89% (95% UI: −1.97 to −1.81)
and −0.93% (95% UI: −1.07 to −0.79). Among the 21 GBD

regions, Central Asia had the highest ASIR for IHD in 2019

(652.4 cases/100,000 people, 95% UI: 600.2–709.4), followed by

North Africa and the Middle East, and then Eastern Europe

(Table 1; Figure 1). The incidence rates of IHD is relatively high

in young people in the Caribbean, Australasia. The lower the

level of SDI, the higher the rate in young people. In addition, the

incidence of IHD in the elderly was shown to be greater in

Western and Central Europe. North Africa and the Middle East

have the highest all-age incidence. Out of a total of 204 countries

and territories, 33 had at least 100,000 cases. India [number of

cases = 4.7 million, (95% UI 4.1 to 5.4 million)], China

[3.5 million, (3.1 to 3.9 million)] and the Russian Federation [1.1

million, (0.9–1.2 million)] had the highest cases, accounting for

44.1% of global cases. Twenty of the 33 countries exhibited a

rising incidence trend (net drifts ≥0.0% per year) or a slight

decline (−0.5% to 0.0%). Uzbekistan’s all-age incidence increased

by the most (from 0.6 [0.54–0.66] to 1.4 [1.3–1.6] per 100,000),

with a yearly net drift of 1.18% [1.02–1.34].In 2019, 29 countries

had ASIR that were greater than two times the global average,

while only eight of these countries had lower SDIs. Despite

favorable incidence reductions commonly being observed in
frontiersin.org
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TABLE 1 Trends in ischemic heart disease incidence across socio-demographic index quintiles and 21 regions, 1990–2019.

Location Case_1990 Case_2019 Case_percent_change ASR_1990 ASR_2019 ASR_percent_change AAPC Netdrift
Global 11,752,028 (10,376,504,

13,161,208)
21,203,479 (18,799,322,

23,704,124)
80.42 (78.52, 82.3) 316.4 (282.16,

352.31)
262.39 (233.25,

293.26)
−17.07 (−17.88, −16.15) −0.71 (−0.96,

−0.46)
−0.54 (−0.58,

−0.49)
High SDI 3,394,012 (3,030,051,

3,770,664)
3,517,780 (3,162,403,

3,900,932)
3.65 (1.15, 6.1) 327.28 (293.49,

363.61)
190.25 (170.65,

210.92)
−41.87 (−43.16, −40.46) −1.89 (−1.97,

−1.81)
−1.7 (−1.79,

−1.61)
High-middle SDI 3,308,750 (2,935,809,

3,702,399)
5,276,430 (4,677,607,

5,892,903)
59.38 (56.7, 62.29) 337.27 (300.38,

375.8)
262.97 (233.69,

292.92)
−22.07 (−22.97, −21.25) −0.93 (−1.07,

−0.79)
−0.82 (−0.89,

−0.75)
Middle SDI 2,442,338 (2,158,661,

2,736,120)
6,285,634 (5,560,731,

7,029,327)
148.33 (144.14, 152.68) 258.59 (229.8,

288.64)
265.85 (237.3,

296.27)
−0.83 (−1.68, 0.1) 0.03 (−0.13, 0.2) 0.11 (0.08, 0.15)

Low-middle SDI 1,912,056 (1,669,721,
2,159,093)

4,543,167 (3,996,952,
5,099,263)

136.14 (131.99, 140.58) 340.36 (298.6, 383.2) 343.56 (303.89,
384.63)

0.34 (−1, 1.79) −0.03 (−0.24,
0.18)

0.08 (0.03, 0.13)

Low SDI 688,265 (599,420, 782,461) 1,567,876 (1,375,007,
1,767,494)

114.62 (110.7, 118.36) 310.3 (271.43,
350.92)

315.23 (276.37,
355.47)

−4.15 (−5.82, −2.58) 0.01 (−0.07, 0.1) 0.08 (0.05, 0.11)

High-income Asia
Pacific

300,287 (261,360, 340,105) 540,931 (466,370, 621,714) 80.14 (71.31, 89.32) 155.32 (135.77,
175.68)

121.99 (106.39,
138.37)

−21.46 (−22.94, −20) −0.84 (−1.04,
−0.64)

−0.92 (−1.02,
−0.82)

High-income North
America

1,340,416 (1,162,450,
1,522,945)

1,089,691 (990,873,
1,202,617)

−18.7 (−23.82, −13.19) 381.57 (332.99,
435.49)

177.66 (162.19,
195.21)

−53.44 (−56.33, −50.2) −2.69 (−2.84,
−2.53)

−2.55 (−2.73,
−2.38)

Western Europe 1,867,490 (1,695,306,
2,044,803)

1,800,608 (1,619,127,
2,000,180)

−3.58 (−6.54, −0.43) 325.3 (296.45,
356.28)

204.99 (182.89,
227.18)

−36.99 (−38.84, −35.13) −1.59 (−1.68,
−1.51)

−1.39 (−1.47,
−1.3)

Australasia 110,662 (99,437, 122,460) 164,211 (145,122, 185,526) 48.39 (39.91, 57.2) 479.15 (431.18,
530.38)

345.24 (304.09,
388.83)

−27.95 (−31.67, −23.88) −1.16 (−1.26,
−1.05)

−0.93 (−1, −0.86)

Andean Latin America 16,540 (14,485, 18,713) 43,311 (37,925, 48,754) 161.86 (153.85, 171.4) 85.19 (74.48, 96.52) 78.57 (68.7, 88.61) −7.78 (−10.56, −4.62) −0.29 (−0.73,
0.15)

−0.24 (−0.31,
−0.16)

Tropical Latin America 111,578 (98,385, 125,583) 266,234 (235,028, 299,902) 138.61 (131.94, 145.4) 124.57 (109.59,
139.94)

109.7 (96.8, 123.31) −11.94 (−14.47, −9.39) −0.49 (−0.59,
−0.39)

−0.45 (−0.53,
−0.38)

Central Latin America 169,412 (148,920, 190,786) 438,233 (386,397, 494,737) 158.68 (153.28, 164.29) 206.88 (181.69,
233.8)

187.3 (165.07,
211.56)

−9.46 (−10.83, −8.17) −0.37 (−0.46,
−0.28)

−0.4 (−0.44,
−0.35)

Southern Latin America 103,206 (93,379, 113,853) 136,342 (121,658, 152,979) 32.11 (26.14, 38.79) 236.3 (214.64,
259.69)

162.65 (145.17,
182.51)

−31.17 (−34.12, −27.58) −1.46 (−1.74,
−1.17)

−1.1 (−1.24,
−0.96)

Caribbean 101,532 (89,953, 113,864) 189,668 (166,876, 213,864) 86.81 (82.48, 91.63) 391.45 (345.7, 438.7) 366.45 (322.99,
412.58)

−6.39 (−8.53, −4.1) −0.19 (−0.31,
−0.07)

−0.16 (−0.19,
−0.12)

Central Europe 535,772 (483,181, 592,264) 537,054 (485,750, 590,992) 0.24 (−2.18, 2.83) 384.3 (348.44, 422.5) 253.73 (228.75,
277.88)

−33.98 (−35.76, −32.31) −1.68 (−2.41,
−0.95)

−1.33 (−1.43,
−1.24)

Eastern Europe 1,383,430 (1,212,414,
1,564,799)

1,774,308 (1,559,226,
2,003,076)

28.25 (25.14, 31.72) 535.16 (473.43,
600.66)

514.43 (455.64,
579.41)

−3.87 (−5.4, −2.36) −0.2 (−0.3,
−0.1)

−0.23 (−0.3,
−0.17)

Central Asia 262,559 (234,485, 290,450) 424,451 (383,911, 466,922) 61.66 (57.11, 66.63) 598.99 (542.29,
659.96)

652.39 (600.19,
709.39)

8.91 (6.13, 12.08) 0.25 (0.15, 0.35) −0.02 (−0.11,
0.08)

North Africa and
Middle East

1,084,677 (972,520,
1,201,363)

2,550,432 (2,287,730,
2,826,390)

135.13 (131.3, 139.34) 674.52 (612.2,
740.46)

613.87 (555.84,
675.16)

−8.99 (−10.26, −7.5) −0.35 (−0.41,
−0.28)

−0.32 (−0.37,
−0.27)

(Continued)
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higher-SDI countries in Western and Central Europe and North

America, the United Arab Emirates had a particularly high

incidence in 2019 [654per100,000 (565.64–754.13)] with a

moderately flat net drift in the incidence of 0.2% (−0.1 to 0.51)

per year.

In summary, these findings indicate that the trends in IHD

incidence exhibit disparities among countries, and the increases

in incidence do not necessarily align with expectations based on

the country-level SDI status. This is exemplified by instances

such as the United Arab Emirates and Saudi Arabia. In addition,

the direction of change in incidence shown by traditional

indicators (age-standardized incidence rates) may not exactly

match the change shown by the net drift derived from the APC

model. This suggests that it is important to distinguish between

period and cohort trends in IHD incidence.
Trends in IHD incidence across age groups
over time

Figure 2A presents the annual percentage change in the

incidence rate of IHD for each age group (i.e., the local drift of

mortality estimated from the APC model, capturing trends in

birth cohort effects) from 15 to 19 to 95+ years. On a global

scale, there is a tendency for the incidence of IHD to decrease

across all age groups (p < 0.001). However, the extent of the

decline does not appear to be notably significant. The steepest

decline in incidence occurred among those over 50 years oldin

high-SDI countries, and this downward trend was maintained at

a certain level among the elderly. In countries characterized by

middle SDI, low-middle SDI, and low SDI, the incidence is

showing an increasing trend, albeit with fluctuations, in

individuals under 80 years of age. In age groups where the 95%

CI bounds did not overlap, there was no statistically significant

difference in the rate of change in incidence between men and

women. In middle-SDI, low-SDI, and low-SDI countries, there

was little improvement or even a slight increase in prevalence

among adults aged 20 years and older. Supplementary Figures

S1–S6 show the local drift of incidence rates in each country.

Figures 2A,B illustrate the temporal shifts in the age

distribution of incidence. Globally, there was an incidence

transition from individuals under 80 years of age to those over

80 years, with a more pronounced trend observed in countries

characterized by middle SDI, high-middle SDI, or high SDI. In

countries with low SDI, more than 80% of the incidence was

concentrated among individuals under the age of 80. Detailed

age distribution of incidence for each country is provided in

Supplementary Figures S7–S18 in the Supplementary.
The effect of age, period, and cohort on the
incidence of IHD

The age-period-cohort effects, derived from the APC model, are

depicted in Figure 3 according to SDI quintiles. Figure 4 shows the

incidence rates of ischemic heart disease for different age groups,
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FIGURE 1

The age-standardized incidence in 2019 (A) and net drift of incidence during 1990–2019 (B) for ischemic heart disease in 204 countries and territories
(A). (A) World map of age-standardized ischemic heart disease incidence in 2019; (B) world map of net ischemic heart disease incidence drifts, i.e.,
estimated annual percentage change in mortality from the age-period-cohort model. Net drift captures components of the trends attributable to
calendar time and successive birth cohorts.
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FIGURE 2

Local drifts of ischemic heart disease incidence and age distribution of ischemic heart disease incidence by SDI quintiles, 1990–2019. (A) Local drifts of
ischemic heart disease incidence (estimates from age-period-cohort models) for 19 age groups (5–9 to 95+ years), 1990–2019 The dots and shaded
areas indicate the annual percentage change of incidence (% per year) and the corresponding 95% CIs. (B) Temporal change in the absolute cases of
ischemic heart disease incidence across age groups, 1990–2019 (C) temporal change in the relative proportion of ischemic heart disease incidence
across age groups, 1990–2019 SDI, socio-demographic Index.
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FIGURE 3

Age, period, and cohort effects on ischemic heart disease incidence by SDI quintiles (A) Age effects are shown by the fitted longitudinal age curves of
incidence (per 100,000 person-years) adjusted for period deviations. (B) Period effects are shown by the relative risk of incidence (incidence rate ratio)
and computed as the ratio of age-specific rates from 1990–1994 to 2015–2019 (with 2000–2005 as the referent period). (C) Cohort effects are
shown by the relative risk of incidence and computed as the ratio of age-specific rates from the 1895 cohort to the 2000 cohort, with the
referent cohort set at 1945. The dots and shaded areas denote incidence rates or rate ratios and their corresponding 95% CIs. SDI, socio-
demographic Index.
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FIGURE 4

Incidence rates of ischemic heart disease across different age groups, periods, and birth cohorts during 1990–2019. (A) Incidence rates of ischemic
heart disease across age groups by period. (B) Incidence rates of ischemic heart disease across age groups by birth cohorts (C) Incidence rates of
ischemic heart disease across birth cohorts by periods.
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periods, and birth cohorts from 1990 to 2019. Longitudinal age

curves represent the age effects, illustrating the typical

progression of IHD incidence with age. Period effects are

portrayed as the relative risk of incidence by period, serving as a

tool to monitor changes in incidence over time. Cohort effects,

denoted as the relative risk of incidence based on birth cohorts,

serve as a metric to monitor changes in incidence for distinct

birth cohorts. Generally, consistent age effect patterns were

evident across diverse SDI quintiles. Specifically, the lowest risk

was observed in individuals under 40 years of age, with a

virtually linear increase in risk after the age of 60. Additionally,

the risk tended to be relatively higher in men compared to women.

The period effects generally indicates that during the study

period, the incidence rate of global IHD decreased. The incidence

risk of IHD in the high and high-middle SDI quintiles was also

declining. However, the incidence risk of IHD in middle SDI,

low-middle SDI, and low SDI countries showed an upward trend

before 2007 and only began to decline thereafter, with relatively

significant gender differences.

Globally, the risk is generally decreasing. The declining cohort

impacts were, like the period effects, more noticeable in high-SDI

countries. The incidence rate in people born after 1895 had

gradually improved in high SDI countries, while the risk in low

SDI countries had hardly improved before the 1945 cohort and

even continued to increase thereafter. In comparison to

individuals born in the reference 1945 cohort, the relative cohort

risk for those born in the 2000 cohort varied, ranging from 1.09

(95% CI 1.01–1.17) in low SDI countries to 0.72 (0.47–1.10) in

high SDI countries. The influences of age, period, and cohort on

the incidence of IHD in each country are visually represented in

Supplementary Figures S19–S36.
Discussion

By conducting a post-hoc analysis of 2019 GBD study data, this

study examines the global landscape, long-term trends, and

regional disparities in the incidence of IHD. In this study, the

incidence of IHD was depicted with age-standardized rates, and

APC model-derived incidence estimates were employed to assist

an in-depth analysis of incidence patterns. This study found that

although ASIR showed a downward pattern in all countries (with

wide variation across countries and regions) and the declining

trend was fastest in countries with high SDI, the burden of IHD

remained high, with an increasing trend in the absolute number

of global incident cases during this period. The rise in IHD

incidence, influenced in part by population growth and aging

(given the age-related increase in the incidence and prevalence of

IHD), is better captured by age-standardized rates, which offer a

more accurate reflection of the underlying trends (21, 22). The

observed improvements in IHD incidence do not align with the

anticipated outcomes based on a country’s socioeconomic status,

as evidenced by instances in Guam, China, or Uzbekistan. This

suggests that disparities in the effectiveness of healthcare for this

demographic may not correspond accurately with SDI.

Furthermore, this increase in the burden of cardiovascular
Frontiers in Cardiovascular Medicine 10
diseases (CVD) has significant consequences for the capacity and

planning of health systems. Specifically, a policy centered on

delivering tertiary cardiac care may not be sustainable if

prevention and primary care are not also emphasized (23). In

response to the unfavorable trend in ASIR of IHD, innovative

challenges have been presented for controlling or eradicating

this condition.

Age was shown to be associated with an elevated risk of IHD, as

shown by the longitudinal age curves of the incidence rate, which

showed a sharp increase with age, especially in those aged 70 or

older, and were significantly greater than those under 49 years of

age. Similarly, the effect of age on IHD mortality was found to

grow logarithmically in another APC investigation (24). Our

results add more evidence to the idea that death from IHD is

strongly related to age. This phenomenon can be attributed to

both population growth and rapid aging. The aging process is

accompanied by a reduction in physiological reserve function

and exhibits a positive correlation with heart disease mortality

(25). Aging, being a non-modifiable risk factor for ischemic heart

disease (IHD), is also positively linked to modifiable risk

variables (24). These findings underscore the importance of

prioritizing middle-aged and elderly individuals when addressing

the global burden of IHD.

Over the past three decades, a comprehensive and substantial

influence on potential risk factors for IHD has been exerted by

demographic shifts, alterations in economic systems,

modifications in social structures, environmental factors, changes

in lifestyles, and advancements in medical treatments and

healthcare services (26). Differences in these factors may also

contribute to regional variations in ASIRs. Those with a lower

SDI, like those in Africa and other LMICs, should have a greater

ASIR due to their lower health literacy, lower access to medical

care, more unhealthy lifestyle choices,and less education (8, 27).

Although IHD was once thought of as a rather uncommon

disease, it has recently risen to the number eight spot on the list

of leading causes of mortality for both men and women in SSA

(28). Some studies have demonstrated that low SDI regions, such

as Sub-Saharan Africa (SSA), facing the dual burden of infectious

and non-communicable diseases, are under significant strain and

are in the early stages of an epidemiological transformation (29).

Other research has indicated that in these low-SDI areas, the

incidence of IHD is lower than expected. This is attributed to a

scarcity of well-known risk factors for the disease, including

diabetes, obesity, metabolic disorders, and ethnic susceptibility.

Additionally, the artificially low case-diagnosis rates and

misclassification of potential causes of death are influenced by

inadequate healthcare systems and a shortage of cardiac

professionals (30).

High-income North America and Western Europe of the 21

regions, had the fastest declines in the incidence of IHD.

However, in the Western European countries studied, the

declining trend in age-standardized IHD incidence has slowed

considerably over the past 30 years and has even flattened in

some countries (14). One plausible explanation is the

demographic shifts observed in most Western European

countries, driven by a rise in immigration from non-European
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low-income countries in recent years. Numerous studies have

indicated that, in comparison to native-born individuals,

immigrants exhibit higher risk factors and incidence of ischemic

heart disease (IHD), primarily associated with low socioeconomic

status. It can be asserted that these demographic changes in

Western European countries might have contributed to impeding

the decline in IHD incidence (31, 32). The United States, a high-

income North American country, has seen a significant decline in

incidence due to IHD between 1999 and 2019, although the rate

of decline has slowed since 2010.The effect of the cohort effect on

the incidence of IHD showed a significant downward trend before

1970, after which it showed a relatively low and stable state. The

age-standardized incidence and overall mortality levels of IHD

showed a rapid downward trend. This may be attributable to the

United States’ adoption of effective cardiovascular disease (CVD)

preventative strategies, the strengthening of the healthcare system,

and the use of innovative drugs, etc. (11, 21).

The rising demand for IHD care in low-income nations is not

being met by current worldwide initiatives. Despite substantial

advancements in the prevention and treatment of IHD,

particularly in regions characterized by relatively high Socio-

demographic Index (SDI), a significant proportion of the global

disease burden is still attributable to IHD. Given the

predominantly preventable and treatable nature of IHD, there

exists a pressing need for innovative strategies to implement cost-

effective therapies and target modifiable risk factors, particularly

in regions experiencing a high or increasing burden (33).

India, with a population of 1.39 billion, stands as the second-

most populous country globally. Despite an 85% decline in the

ASIR for IHD between 1990 and 2019, it continues to contribute

the highest absolute number of IHD event cases worldwide. The

increased incidence appears to have been driven by unfavorable

cohort effects in recent years, with a clear upward trend in

incidence for those born after 1950. In India, over half of the

cardiovascular disease deaths in 2016 occurred in individuals

under the age of 70. The rise in age-standardized prevalence of

ischemic heart disease (IHD) since 1990 has been more

pronounced in states with low epidemiological transition level

(ETL) and in the lower-middle ETL state groups. These groups

encompass many less developed states, constituting 55% of India’s

population. Simultaneously, there exists a paradoxical and uneven

distribution of cardiac facilities, with a concentration in states

characterized by a low burden of coronary heart disease (CHD)

(7). The significant gap in healthcare quality between the public

and private sectors, coupled with financial constraints, emerges as

a crucial factor contributing to this scenario (7). This underscores

the imperative for prompt policy and health system responses

tailored to the specific circumstances in each state. A particular

challenge in many parts of India is that population-based data on

the incidence of CVD and its sequelae are often not available,

although some ongoing studies are attempting to address this issue

(7). In India, there is a requirement for robust population-level

disease registration and surveillance systems to effectively monitor

trends in the incidence of major cardiovascular diseases (CVD)

and their associated risk factors. While there have been great

strides made in the ability to prevent and treat CVD on a global
Frontiers in Cardiovascular Medicine 11
scale, there is still much work to be done in India as a whole,

especially in the less developed states where the rate of increase in

CVD burden is among the greatest in the country (7).

Our research revealed that period effects on IHD incidence in

China exhibited an upward trajectory over time, followed by a

decline after 2012. This shift can be attributed to advancements

in medical treatment, extended life expectancy, and an increase

in lifestyle and metabolic risk factors among the younger

population. There has been rapid economic development in

China since the 1990s, and with it has come widespread

adoption of Western dietary habits, tobacco use, alcohol

consumption, and a decline in physical activity (34). Before 1950,

there was an upward trend in cohort effects on ischemic heart

disease (IHD) incidence. This could be attributed to the potential

impacts of World War II (1939–1945) and the Great Chinese

Famine, which might have contributed to a temporary surge in

the cohort effect during the period of 1959–1961. Premature

exposure to environmental stressors could elevate the incidence

of post-traumatic stress disorder. Furthermore, individuals who

have undergone severe wartime trauma may exhibit an excess of

cardiovascular disease risk factors, potentially leading to

profound fatigue (35, 36). The “open door” policy adopted by

China in 1978 marked the beginning of a fast economic boom.

The quality of life has risen dramatically since then. Nevertheless,

an increasing number of individuals are experiencing

psychological stress, encompassing factors such as work-related

stress, educational stress, housing-related stress, and similar

concerns. Since 1970, the cohort effects on the incidence of IHD

in women have been found to be somewhat greater than those in

men. Possible contributing factors include the association of

family conflicts, depression, anxiety, and obligations with an

elevated risk of cardiovascular disease. Moreover, these issues

tend to be more prevalent in women than in men (37, 38).

Despite the implementation of crucial strategies, effective

prevention and control programs in cardiovascular rehabilitation

and tobacco control, and extensive promotion of balanced diets

and healthy lifestyles by national leadership, achieving the goals

outlined in “Healthy China 2030” and the “13th Five-Year Public

Health and Health Care Plan” is expected to be challenging. This

difficulty is attributed to the persistent threat of IHD growth (39).
Strengths and limitations

This research compared the rates of decreasing IHD incidence

over a thirty-year period. Meanwhile, our research demonstrates

how GBD data may be analyzed in depth to reveal trends in

disease. Employing APC models to evaluate disease trends

concerning age, time, and cohorts can provide insights into the

effectiveness of health system responses beyond traditional

epidemiological measures. This approach facilitates a more

accessible monitoring of country-specific advancements toward

achieving the Sustainable Development Goals (SDG) targets

related to various non-communicable diseases (NCDs).

Our research has a number of limitations. First, socio-cultural

and ethnic variations were not taken into consideration in the GBD
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Research models. These disparities were frequently associated with

health behaviors and risk factors that impact the overall burden of

IHD. Second, the quality of the data is another constraint of the

current study, as it was not always possible to collect participants

between 1990 and 2019 in a thorough and comparable manner.

Even if a number of modeling tools are employed to standardize

the data, it is still possible that there is missing information for

some countries. Patients are more likely to be misclassified as

having IHD if they have other cardiovascular (CV) problems at

the same time. Collection of surveillance data on ischemic heart

disease (IHD) across all Global Burden of Disease (GBD) regions

is recommended, utilizing standardized case definitions and

measurement methods. It is advisable to avoid relying on

methodologies designed for estimating missing data and adjusting

for measurement variations between source studies. Notably, the

estimates considered data from certain countries, the majority of

which lacked raw data and involved the incorporation of

parameters and models. Despite these considerations, the GBD

provided a reasonable global comparative foundation.
Conclusions and implications

IHD is an important contributor to the remaining worldwide

mortality due to NCDs. Our age-period-cohort analysis of global

IHD incidence revealed that incidence trends were declining

globally, but the incidence, or the absolute number of IHD

occurrences, remained high and caused a considerable illness

burden. The burden of IHD varies across SDI regions, and the

increase in incidence over the past 30 years has not always been

proportional to a country’s socioeconomic development. Many

countries who have the financial means to provide improved

health care for the IHD population are unable to do so because of

the unfavorable period and cohort effects. Controlling IHD risks

and reducing health inequalities between countries with varying

levels of development requires learning from what has worked well

in the past. These results support the necessity of establishing

stronger, effective, and evidence-based primary and secondary

prevention interventions. This also emphasizes the importance of

conducting IHD monitoring studies of high quality and

standardization. Especially in middle- and low-income regions, it

is crucial to fund and create new surveillance investigations.
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 authors.
Author contributions

JT: Writing – original draft, Validation, Conceptualization. SH:

Writing – original draft, Funding acquisition, Conceptualization.
Frontiers in Cardiovascular Medicine 12
XL: Writing – review & editing, Formal Analysis,

Conceptualization. HL: Writing – review & editing, Supervision.

LK: Writing – review & editing, Supervision, Validation. LZ:

Writing – review & editing, Validation, Funding acquisition.

WC: Writing – review & editing, Validation, Funding

acquisition. TZ: Writing – review & editing, Validation,

Funding acquisition, Data curation. XG: Writing – review &

editing, Data curation. LL: Writing – review & editing, Data

curation. YZ: Writing – review & editing, Data curation. SP:

Writing – original draft, Formal Analysis, Conceptualization. QZ:

Writing – review & editing, Formal Analysis. XZ: Writing – review

& editing, Validation, Project administration.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was funded by the project of NINGBO Leading Medical &

Health Discipline (NO. 2022-F04), the Zigong Science and

Technology Project (NO. 2015ZC02), the Medical and Health

Own Fund Guiding Project of Zigong Academy of Medical

Sciences (NO.2020YXY03), Science and Technology Program of

Guangzhou (No. 202102080124) and Key Science and

Technology Plan Projects in Zigong City for the Year 2023

(Num: 2023RKX01-02).
Acknowledgments

We appreciate all those who contributed to GBD 2019.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

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

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

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

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1396380/full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1396380/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1396380/full#supplementary-material
https://doi.org/10.3389/fcvm.2024.1396380
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Tang et al. 10.3389/fcvm.2024.1396380
1. Hartley A, Marshall DC, Salciccioli JD, Sikkel MB, Maruthappu M, Shalhoub J. 20. Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort
References
Trends in mortality from ischemic heart disease and cerebrovascular disease in
Europe. Circulation. (2016) 133(20):1916–26. doi: 10.1161/CIRCULATIONAHA.
115.018931

2. Puri R, Nicholls SJ, St John J, Tuzcu EM, Kapadia SR, Uno K, et al. Comparing
coronary atheroma progression rates and coronary events in the United States,
Canada, Latin America, and Europe. Am J Cardiol. (2016) 118(11):1616–23. doi: 10.
1016/j.amjcard.2016.08.036

3. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990–2019: a systematic analysis for the global
burden of disease study 2019. Lancet. (2020) 396(10258):1204–22. doi: 10.1016/S0140-
6736(20)30925-9

4. Khan MA, Hashim MJ, Mustafa H, Baniyas MY, Al Suwaidi SKBM, AlKatheeri R,
et al. Global epidemiology of ischemic heart disease: results from the global burden of
disease study. Cureus. (2020) 12(7):e9349. doi: 10.7759/cureus.9349

5. Mensah GA, Roth GA, Fuster V. The global burden of cardiovascular diseases and
risk factors. J Am Coll Cardiol. (2019) 74(20):2529–32. doi: 10.1016/j.jacc.2019.10.009

6. Liu S, Li Y, Zeng X, Wang H, Yin P, Wang L, et al. Burden of cardiovascular
diseases in China, 1990–2016. JAMA Cardiol. (2019) 4(4):342–52. doi: 10.1001/
jamacardio.2019.0295

7. India State-Level Disease Burden Initiative CVD Collaborators. The changing
patterns of cardiovascular diseases and their risk factors in the states of India: the
global burden of disease study 1990–2016. Lancet Glob Health. (2018) 6(12):
e1339–51. doi: 10.1016/S2214-109X(18)30407-8

8. Yusuf S, Rangarajan S, Teo K, Islam S, Li W, Liu L, et al. Cardiovascular risk and
events in 17 low-, middle-, and high-income countries. N Engl J Med. (2014) 371
(9):818–27. doi: 10.1056/NEJMoa1311890

9. Lanas F, Serón P, Lanas A. Coronary heart disease and risk factors in Latin
America. Glob Heart. (2013) 8(4):341–8. doi: 10.1016/j.gheart.2013.11.005

10. Mendoza W, Miranda JJ. Global shifts in cardiovascular disease, the
epidemiologic transition, and other contributing factors. Cardiol Clin. (2017) 35
(1):1–12. doi: 10.1016/j.ccl.2016.08.004

11. Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, et al. Global,
regional, and national burden of cardiovascular diseases for 10 causes, 1990 to 2015.
J Am Coll Cardiol. (2017) 70(1):1–25. doi: 10.1016/j.jacc.2017.04.052

12. Moran AE, Oliver JT, Mirzaie M, Forouzanfar MH, Chilov M, Anderson L, et al.
Assessing the global burden of ischemic heart disease: part 1: methods for a systematic
review of the global epidemiology of ischemic heart disease in 1990 and 2010. Glob
Heart. (2012) 7(4):315–29. doi: 10.1016/j.gheart.2012.10.004

13. Moran AE, Tzong KY, Forouzanfar MH, Rothy GA, Mensah GA, Ezzati M, et al.
Variations in ischemic heart disease burden by age, country, and income: the global
burden of diseases, injuries, and risk factors 2010 study. Glob Heart. (2014) 9
(1):91–9. doi: 10.1016/j.gheart.2013.12.007

14. Vancheri F, Tate AR, Henein M, Backlund L, Donfrancesco C, Palmieri L, et al.
Time trends in ischaemic heart disease incidence and mortality over three decades
(1990–2019) in 20 Western European countries: systematic analysis of the global
burden of disease study 2019. Eur J Prev Cardiol. (2022) 29(2):396–403. doi: 10.
1093/eurjpc/zwab134

15. Wang F, Yu Y, Mubarik S, Zhang Y, Liu X, Cheng Y, et al. Association between
single-nucleotide polymorphisms in breast cancer susceptibility genes and
clinicopathological characteristics. Clin Epidemiol. (2021) 13:103–70. doi: 10.2147/
CLEP.S292429

16. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories, 1990–2017: a systematic
analysis for the global burden of disease study 2017. Lancet. (2018) 392
(10159):1789–858. doi: 10.1016/S0140-6736(18)32279-7

17. Moran AE, Forouzanfar MH, Roth GA, Mensah GA, Ezzati M, Murray CJ, et al.
Temporal trends in ischemic heart disease mortality in 21 world regions, 1980 to 2010.
Circulation. (2014) 129(14):1483–92. doi: 10.1161/CIRCULATIONAHA.113.004042

18. Rosenberg PS, Anderson WF. Age-period-cohort models in cancer surveillance
research: ready for prime time? Cancer Epidemiol Biomarkers Prev. (2011) 20
(7):1263–8. doi: 10.1158/1055-9965.EPI-11-0421

19. Bell A. Age period cohort analysis: a review of what we should and shouldn’t do.
Ann Hum Biol. (2020) 47(2):208–17. doi: 10.1080/03014460.2019.1707872
Frontiers in Cardiovascular Medicine 13
analysis of cancer incidence and mortality rates. Cancer Epidemiol Biomarkers Prev.
(2014) 23(11):2296–302. doi: 10.1158/1055-9965.EPI-14-0300

21. Nowbar AN, Gitto M, Howard JP, Francis DP, Al-Lamee R. Mortality from
ischemic heart disease. Circ Cardiovasc Qual Outcomes. (2019) 12(6):e005375.
doi: 10.1161/CIRCOUTCOMES.118.005375

22. Barquera S, Pedroza-Tobías A, Medina C, Hernández-Barrera L, Bibbins-Domingo
K, Lozano R, et al. Global overview of the epidemiology of atherosclerotic cardiovascular
disease. Arch Med Res. (2015) 46(5):328–38. doi: 10.1016/j.arcmed.2015.06.006

23. Hashim MJ. Principles of family medicine and general practice—defining the
five core values of the specialty. J Prim Health Care. (2016) 8(4):283–7. doi: 10.
1071/HC16006

24. Chang J, Li B, Li J, Sun Y. The effects of age, period, and cohort on mortality
from ischemic heart disease in China. Int J Environ Res Public Health. (2017) 14
(1):50. doi: 10.3390/ijerph14010050

25. Sidney S, Go AS, Jaffe MG, Solomon MD, Ambrosy AP, Rana JS. Association
between aging of the US population and heart disease mortality from 2011 to 2017.
JAMA Cardiol. (2019) 4(12):1280–6. doi: 10.1001/jamacardio.2019.4187

26. Wong MC, Zhang DX, Wang HH. Rapid emergence of atherosclerosis in Asia: a
systematic review of coronary atherosclerotic heart disease epidemiology and
implications for prevention and control strategies. Curr Opin Lipidol. (2015) 26
(4):257–69. doi: 10.1097/MOL.0000000000000191

27. Mokdad AH, Forouzanfar MH, Daoud F, El Bcheraoui C, Moradi-Lakeh M,
Khalil I, et al. Health in times of uncertainty in the Eastern Mediterranean region,
1990–2013: a systematic analysis for the global burden of disease study 2013. Lancet
Glob Health. (2016) 4(10):e704–13. doi: 10.1016/S2214-109X(16)30168-1

28. Mensah GA. Ischaemic heart disease in Africa. Heart. (2008) 94(7):836–43.
doi: 10.1136/hrt.2007.136523

29. Yuyun MF, Sliwa K, Kengne AP, Mocumbi AO, Bukhman G. Cardiovascular
diseases in sub-Saharan Africa compared to high-income countries: an
epidemiological perspective. Glob Heart. (2020) 15(1):15. doi: 10.5334/gh.403

30. Walker AR, Sareli P. Coronary heart disease: outlook for Africa. J R Soc Med.
(1997) 90(1):23–7. doi: 10.1177/014107689709000108

31. Bo A, Zinckernagel L, Krasnik A, Petersen JH, Norredam M. Coronary heart
disease incidence among non-western immigrants compared to Danish-born people:
effect of country of birth, migrant status, and income. Eur J Prev Cardiol. (2015) 22
(10):1281–9. doi: 10.1177/2047487314551538

32. Sundquist K, Li X. Coronary heart disease risks in first- and second-generation
immigrants in Sweden: a follow-up study. J Intern Med. (2006) 259(4):418–27. doi: 10.
1111/j.1365-2796.2006.01630.x

33. Dai H, Much AA, Maor E, Asher E, Younis A, Xu Y, et al. Global, regional, and
national burden of ischaemic heart disease and its attributable risk factors, 1990–2017:
results from the global burden of disease study 2017. Eur Heart J Qual Care Clin
Outcomes. (2022) 8(1):50–60. doi: 10.1093/ehjqcco/qcaa076

34. Zhang J, Wang Z, Du W, Huang F, Jiang H, Bai J, et al. Twenty-five-year trends
in dietary patterns among Chinese adults from 1991 to 2015. Nutrients. (2021) 13
(4):1327. doi: 10.3390/nu13041327

35. Falger PR, Op den Velde W, Hovens JE, Schouten EG, De Groen JH, Van Duijn
H. Current posttraumatic stress disorder and cardiovascular disease risk factors in
Dutch resistance veterans from world war II. Psychother Psychosom. (1992) 57
(4):164–71. doi: 10.1159/000288594

36. Korinek K, Young Y, Teerawichitchainan B, Kim Chuc NT, Kovnick M, Zimmer
Z. Is war hard on the heart? Gender, wartime stress and late life cardiovascular
conditions in a population of Vietnamese older adults. Soc Sci Med. (2020)
265:113380. doi: 10.1016/j.socscimed.2020.113380

37. Sanghavi M, Gulati M. Sex differences in the pathophysiology, treatment, and
outcomes in IHD. Curr Atheroscler Rep. (2015) 17(6):511. doi: 10.1007/s11883-015-0511-z

38. Vaccarino V, Shah AJ, Rooks C, Ibeanu I, Nye JA, Pimple P, et al. Sex differences
in mental stress-induced myocardial ischemia in young survivors of an acute
myocardial infarction. Psychosom Med. (2014) 76(3):171–80. doi: 10.1097/PSY.
0000000000000045

39. Wang C, Wang C, Liu M, Chen Z, Liu S. Temporal and spatial trends of
ischemic heart disease burden in Chinese and subgroup populations from 1990 to
2016: socio-economical data from the 2016 global burden of disease study. BMC
Cardiovasc Disord. (2020) 20(1):243. doi: 10.1186/s12872-020-01530-0
frontiersin.org

https://doi.org/10.1161/CIRCULATIONAHA.115.018931
https://doi.org/10.1161/CIRCULATIONAHA.115.018931
https://doi.org/10.1016/j.amjcard.2016.08.036
https://doi.org/10.1016/j.amjcard.2016.08.036
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.7759/cureus.9349
https://doi.org/10.1016/j.jacc.2019.10.009
https://doi.org/10.1001/jamacardio.2019.0295
https://doi.org/10.1001/jamacardio.2019.0295
https://doi.org/10.1016/S2214-109X(18)30407-8
https://doi.org/10.1056/NEJMoa1311890
https://doi.org/10.1016/j.gheart.2013.11.005
https://doi.org/10.1016/j.ccl.2016.08.004
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1016/j.gheart.2012.10.004
https://doi.org/10.1016/j.gheart.2013.12.007
https://doi.org/10.1093/eurjpc/zwab134
https://doi.org/10.1093/eurjpc/zwab134
https://doi.org/10.2147/CLEP.S292429
https://doi.org/10.2147/CLEP.S292429
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1161/CIRCULATIONAHA.113.004042
https://doi.org/10.1158/1055-9965.EPI-11-0421
https://doi.org/10.1080/03014460.2019.1707872
https://doi.org/10.1158/1055-9965.EPI-14-0300
https://doi.org/10.1161/CIRCOUTCOMES.118.005375
https://doi.org/10.1016/j.arcmed.2015.06.006
https://doi.org/10.1071/HC16006
https://doi.org/10.1071/HC16006
https://doi.org/10.3390/ijerph14010050
https://doi.org/10.1001/jamacardio.2019.4187
https://doi.org/10.1097/MOL.0000000000000191
https://doi.org/10.1016/S2214-109X(16)30168-1
https://doi.org/10.1136/hrt.2007.136523
https://doi.org/10.5334/gh.403
https://doi.org/10.1177/014107689709000108
https://doi.org/10.1177/2047487314551538
https://doi.org/10.1111/j.1365-2796.2006.01630.x
https://doi.org/10.1111/j.1365-2796.2006.01630.x
https://doi.org/10.1093/ehjqcco/qcaa076
https://doi.org/10.3390/nu13041327
https://doi.org/10.1159/000288594
https://doi.org/10.1016/j.socscimed.2020.113380
https://doi.org/10.1007/s11883-015-0511-z
https://doi.org/10.1097/PSY.0000000000000045
https://doi.org/10.1097/PSY.0000000000000045
https://doi.org/10.1186/s12872-020-01530-0
https://doi.org/10.3389/fcvm.2024.1396380
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Global, regional, and national time trends in ischaemic heart disease incidence over three decades (1990–2019): an age-period-cohort analysis of the global burden of disease study 2019
	Introduction
	Methods
	Data collection
	Analysis of overall temporal trends in IHD incidence
	Age-period-cohort modelling analysis of incidence data

	Results
	Overall Status of ischemic heart disease burden, 1990–2019
	Regional and national trends in IHD incidences, 1990–2019
	Trends in IHD incidence across age groups over time
	The effect of age, period, and cohort on the incidence of IHD

	Discussion
	Strengths and limitations

	Conclusions and implications
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


