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Background: Previous estimates of congenital heart disease (CHD) have been constrained by limited data sources, narrow geographic focus, and a lack of specific assessment of infants younger than 1 year. As part of the Global Burden of Diseases (GBD), Injuries, and Risk Factors Study 2021, this research provides comprehensive estimates of mortality, prevalence, and disability attributable to CHD in infants under 1 year. The study encompasses data from 204 countries and territories, covering the period from 1990 to 2021.



Methods: This cross-sectional analysis utilized data from the 2021 GBD study, encompassing 204 countries and territories. The study focused on infants under 1 year of age with CHD. The GBD dataset was accessed on June 10, 2024.



Main outcome measures: The primary outcomes included prevalence, all-cause, and cause-specific mortality, disability-adjusted life years (DALYs), and the corresponding estimated annual percentage changes (EAPCs). Trends were stratified by region, country, age, and Sociodemographic Index (SDI).



Results: In 2021, CHD resulted in 250,811.32 deaths globally [95% uncertainty interval (UI), 207,821.56–304,084.49], representing a 52.58% decrease from 1990. Among these, 167,985.02 deaths (95% UI, 138,221.77–208,321.59) occurred in infants younger than 1 year. In infants under 1 year old, the 1990 mortality rate for CHD ranked behind neonatal encephalopathy due to birth asphyxia and trauma, diarrheal diseases, neonatal preterm birth, and lower respiratory infections. By 2021, its mortality rates had decreased to the eighth leading cause of death.



Interpretation: CHD remains a significant and rapidly escalating global challenge in child health. While it is difficult to significantly reduce the prevalence of CHD, especially in complex cases, advances in prenatal diagnosis and the availability of medical termination of pregnancy in certain regions have led to demographic changes. Additionally, birth rates, typically lower in high-SDI countries, also influence the prevalence of CHD. Given these factors, the focus should be on improving survival outcomes and quality of life for affected infants. Our findings reveal substantial global disparities in prevalence among infants under 1 year, emphasizing the need for policy reforms that address screening, treatment, and data collection to mitigate these disparities.
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Introduction

Congenital heart disease (CHD), characterized by structural anomalies in the heart and major blood vessels (e.g., the aorta and large veins) present at birth (1). represents the most prevalent congenital malformation worldwide (2). Despite significant advancements in diagnosis and treatment over the past eight decades, CHD remains one of the leading causes of death in children globally. Data from the Metropolitan Atlanta Congenital Defects Program reveal that infants with severe CHD exhibit a significantly lower 1-year survival rate than those with non-severe CHD (75.2% vs. 97.1%). However, the 1 year survival rate for infants with severe CHD has improved over time, rising from 67.4% for those born between 1979 and 1993 to 82.5% for those born between 1994 and 2005 (3). A recent populationbased study of CHD mortality in the United States demonstrated that infants, particularly those with total anomalous pulmonary venous return (TAPVR), exhibit the highest mortality rates (4). A retrospective cohort study on single ventricle CHD found that patients with unbalanced atrioventricular septal defect and hypoplastic left heart syndrome have the lowest five-year survival rates, at 56.1% and 56.7%, respectively. In contrast, patients with pulmonary atresia and double inlet left ventricle have the highest five-year survival rates, at 92.7% and 90.5%, respectively (5). These studies reveal that while substantial advancements have been made in reducing CHD mortality rates in developed regions, such successes have yet to be mirrored in developing areas.

The global under-5 mortality rate has declined significantly since the adoption of the United Nations Sustainable Development Goals (SDGs) in 2015. By 2022, the under-5 mortality rate had fallen to 37 per 1,000 live births, representing a 51% reduction from 2000, and a 14% reduction from 2015. The neonatal mortality rate also decreased to 17 per 1,000 live births, marking a 44% reduction from 2000 (6). Despite these gains, CHD remains responsible for nearly one-third of all major congenital disorders (2). According to the latest study, 80% of CHD patients live at least 35 years (7). Moreover, over 90% of patients who survive their first year of life live to at least 35 years (8). The treatment regimen for infants with CHD encompasses medication therapy, interventional or surgical procedures, and palliative care. While nearly half of these infants require surgical intervention (9), populations in low- and middle-income countries frequently lack timely access to safe, affordable cardiac surgery and rehabilitation services (10). Consequently, these infants are more likely to experience premature death due to cardiopulmonary complications (11).

From 1970 to 2017, the birth prevalence of CHD has increased, peaking at 9.410 cases per 1,000 live births between 2010 and 2017 (12). By 2019, CHD had become the leading cause of non-communicable disease-related deaths among individuals under 20, with 217,000 global deaths attributed to the disease (13). Despite global studies, these primarily offer rough estimates across the entire lifespan, with limited attention to specific age groups, particularly infants under 1 year (14).

The Global Burden of Diseases (GBD), Injuries, and Risk Factors Study—an international research collaboration—systematically produces annual estimates of global mortality and disability. The most up-to-date estimates of prevalence and mortality worldwide were generated in the 2021 update of the GBD. This analysis particularly emphasizes developing data-driven assessments for infants under 1 year. This study integrated a wide range of data sources on mortality and prevalence, applying various statistical techniques to ensure the robustness of the results. In this study, the methods and findings of the GBD 2021 study were detailed, outlining the geographic, temporal, and sociodemographic trends of CHD in infants under 1 year from 1990 to 2021, with specific data drawn from global, regional, and national levels.



Methods


Overview and data collection

This cross-sectional study received approval from Kunming Children's Hospital. The ethics committee granted a waiver for informed consent, as the research was limited to data analysis with no personally identifiable information involved. Data for infants younger than 1 year with CHD, including standardized disease definitions and prevalence rates, were sourced using the Global Health Data Exchange query tool developed by the GBD collaborators (15). The tool is available at ghdx.healthdata.org. It is publicly accessible. The 2021 GBD study assessed the prevalence, DALYs, and healthy life expectancy (HALE) for 371 diseases and injuries across 204 countries and territories, including 811 subnational regions, from 1990 to 2021 (15). DALYs are calculated by summing two components: Years of Life Lost (YLL) from premature mortality and Years Lived with Disability (YLD) associated with the health condition. The computational formulas were applied as follows: (1) YLL = Number of deaths × Standard life expectancy at the age of death; (2) YLD = Prevalence of the condition × Disability weight; Where disability weights, derived through systematic expert consensus in the Global Burden of Disease study framework, quantify health loss on a scale from 0 (representing optimal health) to 1 (equivalent to fatal outcomes).

In this study, data were gathered on the number of cases and incidence of CHD, CHDrelated mortality, and CHD-associated DALYs in infants younger than 1 year, along with corresponding rates at global, regional, and national levels. The GBD database does not include data on participants' race and ethnicity, as it does not collect or categorize this information. The mean estimated annual percentage changes (EAPCs) were calculated using linear regression. Alternatively, the World Health Organization's Health Equity Assessment Toolkit (HEAT) is a publicly accessible tool provided by WHO for assessing health inequalities. It is available at who.int/data/gho/health-equity. The toolkit supports customized analysis to evaluate health equity. This study adhered to the Guidelines for Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) (16).



Sociodemographic Index

The Socio-demographic Index (SDI) measures a country's or region's development level using indicators such as fertility rates, education levels, and per capita income (17). The SDI ranges from 0 to 1, with higher values indicating greater socioeconomic development.

Previous reports have shown that SDI is linked with disease incidence and mortality rates (18).

In this study, countries and regions were categorized into five SDI levels (low, low-middle, middle, high-middle, and high) to investigate the relationship between CHD burden in infants under 1 year and socioeconomic development.



Statistical analysis

Primary indicators for evaluating the burden of CHD in infants under 1 year encompass prevalence, mortality, and DALYs, accompanied by their respective rates. Each rate was reported per 100,000 population, accompanied by a 95% uncertainty interval (UI) as calculated by the GBD algorithm (19). The dynamics of CHD in infants younger than 1 year were analyzed by calculating the EAPCs to determine the temporal trends in disease burden (20). Linear modeling was used to determine the 95% confidence intervals (CIs) for the EAPCs (21). If both the EAPC and its upper 95% CI are negative, the corresponding rate shows a declining trend. Conversely, if both the EAPC and its lower 95% CI are positive, the corresponding rate exhibits an increasing trend. The relationship between the EAPC, prevalence, mortality, and disability rates of CHD in infants was analyzed using Gaussian curve modeling. The prevalence, incidence, mortality, and DALYs were projected per 100,000 individuals, inclusive of their 95% UI. The analyses and graphical representations were performed using the World Health Organization's Health Equity Assessment Toolkit and R statistical software (Version 3.5.2).




Result


CHD in infants: global trends


Prevalence

In 2021, the global prevalent cases of CHD in infants younger than 1 year were 1241054.32 (95% UI, 1069339.43–1445303.23). From 1990 to 2021, the global prevalent cases of CHD decreased by 2.9% (95% UI, 1.81%–4.13%). The corresponding prevalence rate experienced an increase from 1000.55 (95% UI, 860.80–1165.48) in 1990 to 979.56 (95% UI, 844.03–1140.78) in 2021 (Table 1). The EAPC was −0.04 (95% CI, −0.07 to −0.02) (Supplementary Table S1). From 1990 to 2021, the prevalence rate of CHD among infants younger than 1 year, irrespective of gender, exhibited a downward trend (Supplementary Table S2).


TABLE 1 Prevalence of congenital heart disease in infants Between 1990 and 2021 at the global and regional level.
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Mortality

Over the past three decades, the global number of CHD-associated deaths in infants decreased by 54.58% (369851.15;95% UI, 218275.80–472876.34) in 1990 vs. 167985.02 (95% UI, 138221.77–208321.59) in 2021. Similarly, the CHD-associated death rate decreased from 289.52 (95% UI, 170.86–370.16) per 100,000 in 1990 to 132.59 (95% UI, 109.10–164.43) per 100,000 in 2021 (Table 2); The EAPC was −2.35 (95% CI, −2.42 to 2.28) (Supplementary Table S3). Globally, in 2021, the top five causes of infant mortality were neonatal preterm birth, neonatal encephalopathy due to birth asphyxia and trauma, lower respiratory infections, neonatal sepsis and other neonatal infections, and other neonatal disorders. By contrast, in 1990, the predominant causes included preterm birth, lower respiratory infections, diarrheal diseases, congenital heart anomalies, and neonatal encephalopathy due to birth asphyxia and trauma (Figure 1).


TABLE 2 Mortality of congenital heart disease in infants Between 1990 and 2021 at the global and regional level.
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FIGURE 1
Leading causes of death in infants younger than 1 year. SDI, Socio-demographic Index.




Disability-adjusted life years

In 2019, the global number of CHD- associated DALYs in infants under 1 year decreased by 54.45% from 1990 to 2021 (33278578.86; 95% UI, 19684030.06–42527804.16) in 1990 vs. 15158581.33 (95% UI, 12507441.29–18793629.80) in 2021 (Supplementary Table S4 in Supplementary Material); The EAPC was −2.34 (95% CI, −2.41 to −2.27) (Supplementary Table S5).




CHD in infants: SDI regional trends


Prevalence

In 2021, the low SDI region had the highest number of CHD cases. (1127.01; 95% UI, 967.48–1324.38). The prevalent cases in the low SDI region increased by 64.29% (95% UI, 62.02–66.96) (Table 1). The EAPC in the low SDI region was −0.06 (95% CI, −0.08 to 0.05). The high-middle SDI region experienced the largest decline in the prevalence of CHD among infants, with an EAPC of −0.28 (95% CI, −0.33 to −0.23) (Supplementary Table S5).



Mortality

In all five SDI regions, the mortality rate associated with CHD exhibited a decline. The high-middle SDI region had the greatest decrease (76.16%) in CHD-associated mortality; the low SDI region had the lowest decrease (42.87%) in CHD-associated mortality; However, the highest SDI region had the lowest number of CHD-associated deaths in 2021 (3083.55; 95% UI, 2455.09–3785.76) (Table 2). The high-middle SDI region had the lowest EAPC in infants with CHD-associated mortality rate (−5.09; 95% CI, −5.34 to −4.85) (Supplementary Table S3).



Disability-adjusted life years

In 2021, the low SDI region had the highest number of CHD-associated DALYs (5689689.21;95% UI, 4016523.89–7743144.24) with a decrease of 3.38% from 1990 to 2021; The EAPC was −1.56 (95% CI, −1.65 to −1.47) (Supplementary Table S4). The highmiddle SDI region exhibited the most substantial decline, with an 84.15% reduction in the number of DALYs attributed to CHD (Supplementary Table S4); The EAPC was −5.07 (95%CI, −5.31 to −4.83) (Supplementary Table S5).




CHD in infants: geographic regional trends


Prevalence

Among the 21 geographic regions, South Asia had the highest CHD cases in 2021, totaling 323,474.16 (95% UI, 274,973.79–381,774.81). whereas Australasia had the fewest cases, with 2,486.21 (95% UI, 2,097.49–2,951.40). The prevalence of CHD peaked in Central Asia, registering at 1614.30 per 100,000 infants (95% UI, 1353.65–1938.58). Over the period from 1990 to 2021, the prevalence of CHD experienced an increase of 3.72% (95% UI, 0.08%–7.51%). In contrast, Andean Latin America exhibited the lowest prevalence of CHD, with a rate of 695.60 per 100,000 infants (95% UI, 621.58–792.96). Between 1990 and 2021, the prevalence of CHD in this region declined by 2.47% (95% UI, −6.55%–1.72%) (Table 1). From 1990 to 2021, the Caribbean had the largest increase in the prevalence of CHD (EAPC, 0.31; 95% CI, 0.29–0.33), whereas Central Asia had the smallest increase (EAPC,0.02; 95% CI, −0.01–0.04) (Supplementary Table S1 in Supplementary Material). In 2021, Central Asia (SDI, 0.68) had the highest prevalence of CHD, whereas Andean Latin America (SDI, 0.65) had the lowest prevalence (Supplementary Table S6 and Table 1).



Mortality

In 2021, South Asia had the highest number of CHD-associated deaths, totaling 41,537.85 (95% UI, 28,718.90–60,500.72), representing a 50.49% decrease from 83,891.13 deaths (95% UI, 56,739.96–111,278.27) in 1990. Oceania had the highest CHD-associated mortality rate (311.31; 95% UI, 119.75–474.17), a 10.49% decrease from 349.57 (95% UI, 115.20–519.97) in 1990 (Table 2). Oceania had the smallest decrease in CHD-associated mortality rate (EAPC, −0.26; 95% CI, −0.40 to −0.12), whereas East Asia had the largest decrease (EAPC, −5.38; 95% CI, −5.74 to −5.02) (Supplementary Table S3).



Disability-adjusted life years

In 2021, South Asia had the highest number of CHD-associated DALYs (3751572.08; 95% UI, 2592766.38–5449500.61), whereas Australasia had the lowest number (7156.84;95% UI, 5151.54–9089.08). Oceania had the highest DALYs rate (27994.29;95% UI, 10819.0842605.12); High-income Asia Pacific had the lowest DALYs rate (2010.74;95% UI, 1540.38–2738.21). From 1990 to 2021, Central Asia had the largest increase in the DALYs rate (EAPC, 0.24; 95% CI, −0.12 to 0.60); East Asia had the largest decrease (EAPC, −5.36; 95% CI, −5.71 to −5.00). The global SDI was 0.67 in 2021; 9 regions (e.g., High-income Asia Pacific) had rates of DALYs that were higher than the global mean, whereas 12 regions (e.g., Oceania) had rates that were lower than the global mean (11964.671) (Supplementary Table S6).




CHD in infants younger than 1 year: national trends


Prevalence

In 2021, among 204 countries, India had the most cases of CHD (221053.67; 95% UI, 188632.73–261811.24). a 13·7% decrease from 256148.89 (95% UI, 218504.15–301463.11) prevalent cases in 1990 (Figure 2A and Supplementary Figure S1); Tajikistan had the highest prevalence rate of CHD (1836.53; 95% UI, 1532.60–2218.51) (Supplementary Figure S8); Croatia (EAPC, 0.93; 95% CI, 0.72–1.13) had the largest increases in prevalence. Canada (EAPC, −1.74; 95% CI, −1.94 to −1.54) had the largest decreases (Supplementary Figure S4A and Supplementary Table S7). In 2021, Tajikistan (SDI, 0.54) had the highest prevalence of CHD, whereas Puerto Rico (SDI, 0.83) had the lowest prevalence (Supplementary Figure S2 and Supplementary Table S6). The global prevalence of CHD in 2021 was 979.56 (95% UI, 844.03–1140.78); The prevalence of CHD was above the global mean in 71 countries and below it in 133 countries (Supplementary Figure S2).
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FIGURE 2
Prevalent, death, and disability-adjusted life-years (DALYs) cases of congenital heart disease in 204 countries and territories. (A) Prevalent cases. (B) Death cases. (C) DALYs cases.




Mortality

In 2021, India had the highest number of CHD-associated deaths (29775.10; 95% UI, 20947.27–43450.45), a 49.05% decrease from 58442.58 (95% UI, 37628.97–79807.86) deaths cases in 1990 (Figure 2B and Supplementary Figure S3). Afghanistan (611.85; 95% UI, 310.24–874.40) had the highest CHD-associated mortality rate, a 53.24% decrease from 1308.62 (95% UI, 328.09–2099.78) mortality rate in 1990; Monaco (4.47;95% UI, 1.96–8.69) had the lowest mortality rate (Supplementary Figures S9 and S10). Guatemala (EAPC, 4.43; 95% CI, 3.57–5.29) had the greatest increases in the mortality rate; Belarus (EAPC, −8.45; 95% CI, −9.55 to −7.33) had the greatest decreases (Supplementary Figure S4B and Supplementary Table S7). Afghanistan (SDI, 0.34) had the highest CHD-associated mortality rate, whereas Monaco (SDI, 0.91) had the lowest mortality rate. The global CHD-associated mortality rate in 2021 was 132.59 (95% UI, 109.10–164.43). The rates were above the global mean in 51 countries and below the global mean in 153 countries (Supplementary Figure S11).



Disability-adjusted life years

In 2021, India had the highest number of CHD-associated infants DALYs (2688959.44; 95% UI, 1897797.07–3912767.96), a 48.94% decrease from 5265978.06 (95% UI, 3394754.07–7185888.72) DALYs cases in 1990 (Figure 2C and Supplementary Figure S12). Afghanistan had the highest rate of infants' CHD-associated DALYs (54984.35; 95% UI, 27920.56–78549.77), a 53.23% decrease from 117568.83 (95% UI, 29547.93–188561.97) DALYs rate in 1990 (Supplementary Figures S6 and S7). Guatemala (EAPC, 4.4;95% UI, 3.55–5.26) had the greatest increase in DALYs rate. Saudi Arabia (EAPC, −8.02; 95% CI, 8.10 to −7.94) and Belarus (EAPC,−8.38; 95% CI, −9.47 to −7.27) had the greatest decreases (Supplementary Figure S4C and Supplementary Table S7). Afghanistan (SDI,0.34) had the highest rate of infants’ CHD-associated DALYs; San Marino (SDI, 0.89) had the lowest rate (Supplementary Figures S6 and S13).



Factors influencing EAPCs

Significant differences in the EAPC were observed compared to the prevalence, mortality rate, and number of DALYs in 1990 and the Socio-Demographic Index (SDI) in 2021. The prevalence rates in 1990 represent the baseline disease burden, while the SDI can be considered an indicator of the level of medical care. The outcome of this study revealed a significant negative correlation between EAPCs and DALYs rates (Pearson r = −0.45, p < 0.001), indicating that as EAPCs increase, DALYs rates tend to decrease (Figure 3A). Additionally, the EAPC in prevalence was positively correlated with SDI, while the EAPC in mortality rate was negatively correlated with SDI (Pearson r = −0.45, p < 0.001), underscoring the influence of healthcare quality on changes in disease burden (Figure 3B).
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FIGURE 3
Factors influencing EAPC. EAPC, estimated annual percentage change; DALYs, disability-adjusted life-years; SDI, sociodemographic index. (A) The relationship between EAPC and both the DALYs rate and SDI (B), the relationship between EAPC and both the death rate and SDI.






Discussion

In the realm of pediatric healthcare, CHD in infants younger than 1 year has garnered significant attention worldwide. However, it remains inadequately addressed within public health and epidemiological research. Our comprehensive study underscores a notable decline in the global burden of CHD in infants over the past three decades, as evidenced by variations in prevalence, mortality rates, and DALYs. From 1990 to 2021, the number of CHD cases in infants under 1 year decreased from 1,278,184.42 to 1,241,054.32. This decline reveals regional disparities, socio-populational differences, and age-structural heterogeneities. Remarkably, there was a 2.9% reduction in CHD cases among infants, a dramatic 54.20% drop in mortality rates, and a significant 54.07% decrease in DALYs over this period. Although the prevalence of CHD among infants has not markedly declined on a global scale, the substantial reductions in mortality rates and DALYs suggest a continuous decrease in the disease burden worldwide. This trend reflects advancements in medical interventions, improved healthcare access, and heightened awareness, all contributing to better outcomes for infants afflicted with CHD. Technological evolution has enabled increasingly frequent diagnoses of CHD, including those that are simple and often asymptomatic, which may make these conditions appear more prevalent. On the other hand, the possibility of prenatal diagnosis and the medical termination of pregnancies involving fetuses with complex heart diseases has affected both the prevalence of CHD and its associated mortality and comorbidities. Further research is essential to address the persisting disparities and develop targeted public health strategies to sustain and enhance these positive trends globally.

The significance of CHD as a cause of childhood mortality has been rising. From 1990 to 2021, high SDI countries experienced a notable decline in the proportion of childhood deaths due to CHD. Conversely, while respiratory illnesses remain among the top three causes of death in low SDI countries, their rank has significantly declined in high SDI nations. This pattern exemplifies the epidemiological transition observed in nations with advancing economies and public health infrastructures, where the disease burden shifts from infectious to non-communicable diseases. The observed decline in CHD-related mortality in high SDI regions underscores the impact of enhanced healthcare availability, early diagnosis, and advanced treatment options. While improved diagnostic capacity is gradually emerging in low-SDI settings, critical disparities persist in care access and outcomes. Children with complex CHD in high-SDI countries not only benefit from superior survival rates but also face extended lifespans requiring sustained medical management—a phenomenon less prevalent in resource-limited regions where mortality often occurs earlier in the disease course. These outcomes paradoxically amplify the longterm care burden in high-SDI settings, where surgical interventions, advanced technologies, and multidisciplinary follow-up impose exceptional financial and logistical demands on healthcare systems.

Three demographic realities further complicate global CHD epidemiology: declining birth rates in high-SDI countries, increasing prenatal detection of severe cardiac anomalies, and selective pregnancy terminations for complex CHD diagnoses. These intersecting factors create an epidemiological paradox where regions with the greatest treatment capacity paradoxically demonstrate the reduced prevalence of severe cases, while low-SDI regions face rising CHD burdens compounded by diagnostic delays and constrained resources. This evolving landscape demands urgent policy attention, emphasizing the need for contextspecific strategies that address both technological innovation in high-resource settings and foundational healthcare strengthening in developing regions. Sustained investment must prioritize equitable resource allocation, workforce training, and ethical frameworks for prenatal care—essential steps toward mitigating CHD's global health impact.

Precisely estimating the mortality and morbidity associated with CHD has consistently been challenged by various complexities. While the GBD 2021 mortality estimates align with previous research findings (14), designating CHD as the primary cause of death may lead to an underestimation of the overall disease burden. The frequent association of CHD with other conditions, such as pulmonary complications, genetic syndromes, and cardiac anomalies, leads to this underestimation (22). Furthermore, the spontaneous remission of certain types of CHD, such as ventricular septal defects and atrial septal defects, complicates the estimation of prevalence. As with many diseases, data collection and reporting strategies for CHD exhibit significant variations across regions, countries, and hospitals. Variations across regions, countries, and hospitals contribute to the substantial variability in CHD data accuracy and comprehensiveness. Factors such as differing coding systems, the inclusion of multiple CHD, and the consideration of pregnancy terminations all play a role. The ICD-9 Clinical Modification coding system may exhibit low sensitivity and high false-positive rates for certain CHDs when compared to clinical nomenclature (23). This discrepancy underscores the ongoing challenges in achieving uniformity and precision in disease classification and reporting. Moreover, ongoing debate surrounds the so-called “unnatural history” of individuals who have undergone straightforward repairs of ventricular and atrial septal defects during childhood. The central question is whether these individuals should still be considered as living with CHD (24). This issue is further complicated for lesions that lack hemodynamic consequences, such as patent ductus arteriosus and certain types of pulmonary stenosis, which are less likely to be clinically monitored, thereby leaving their remission rates largely unknown. While individuals with moderate to large septal defects in the ventricles or atria often experience significant health risks if not treated, those with minor ventricular septal defects, partially closed atrial septal defects, or patent foramen ovale generally do not show increased morbidity or mortality from these conditions. Among CHD, ventricular septal defects are the most common, with at least 25% resolving on their own (25). Some studies report closure rates as high as 20% per year, though these rates vary significantly across studies due to differing methodologies (6, 26, 27).

Previous studies have utilized diverse methodologies to tackle the aforementioned challenges. In 2010, the US Centers for Disease Control and Prevention (CDC) showed that the prevalence of CHD in children and adolescents ranged from 1 in 250 to 1 in 59. This estimate was derived from harmonizing CHD definitions and variable selections across administrative data sources from three locations in the US (Massachusetts, New York, and the European Union), marking the first population-based CHD surveillance among US adolescents. Additionally, between 2011 and 2013, 1 in 157 children aged 1–10 years and 1 in 680 adolescents and adults aged 11–64 years had a heart defect noted in their health records during a medical visit (28). However, to date, such estimates in the US have largely relied on Canadian data or extrapolations from Canadian data to the US population (29). The prevalence estimated based on Canadian data may not accurately reflect the true prevalence in the US due to differences in sociodemographic characteristics and healthcare accessibility and utilization. A meticulous analysis of the global prevalence of structural heart disease reveals that the incidence of CHD is remarkably consistent worldwide (30). However, it is important to note that the most common defect, ventricular septal defect (VSD), was not included in their calculations (30). This omission underscores the need for more comprehensive data collection to accurately reflect the true burden of CHD globally. A gradual increase in the global birth incidence of CHD from 1970 to 2017 was reported (12). This rise is primarily attributed to the increased incidence of “mild” CHD lesions, such as VSD, atrial septal defects, and patent ductus arteriosus. The observed trend is likely due to improvements in postnatal diagnostic capabilities, which have enhanced the detection and reporting of these conditions (12).

The global health landscape, especially regarding children's health, is constantly changing. Reliable and regularly updated information on disease impact is essential for monitoring these shifts and fostering sustainable strategies that provide high-standard care for all children requiring it. The GBD estimates for CHD offer invaluable insights into global health, providing a clearer roadmap for the efficient use and allocation of resources, especially in cardiovascular and non-communicable disease care. This is particularly important for low- and middle-income countries, where progress in treating CHD has been relatively stagnant. The United Nations has prioritized reducing premature deaths caused by non-communicable diseases, including acquired and congenital heart diseases (31). However, to meet the specific Sustainable Development Goal of eliminating preventable deaths among newborns and children under five, policymakers must establish robust accountability measures, eliminate obstacles, and enhance access to pediatric cardiology services. In addition to policy efforts, there is a need to enhance public health education to raise awareness about CHD and the importance of early screening. Further research and development must be promoted to enhance the accessibility and effectiveness of diagnostic technologies and treatment methods. Through international cooperation and resource sharing, the management and treatment of congenital heart disease (CHD) can be improved globally, particularly in regions with limited medical resources. Furthermore, establishing a global monitoring and reporting system for CHD can better track disease trends and treatment outcomes, enabling policymakers to make more informed decisions based on real-time data, ensuring that every child receives timely and effective treatment. Only through a collective effort from society can the burden of CHD be truly reduced, creating a healthier future for all children. Notably, accurate data on disease burden is key to improving global children's health. Through effective policies, public education, research and development, and international cooperation, better medical services and quality of life can be provided for all children in need.

Several healthcare policies and interventions could be crucial to address the observed trends in CHD. First, in high-SDI regions, advanced medical technologies, such as prenatal screening, early diagnosis, and surgical interventions, have significantly improved the management and treatment of CHD. Policies that ensure universal access to high-quality healthcare services contribute to better detection and treatment of CHD, thereby increasing the survival rates of children born with the condition. In contrast, low-SDI regions often face numerous challenges, such as limited access to healthcare facilities, specialized medical professionals, and life-saving surgeries. Interventions from international aid, partnerships, and non-governmental organizations (NGOs) may offer some assistance, but significant barriers to accessing basic healthcare services—including prenatal care and diagnostic tools—persist. These barriers severely hinder efforts to reduce CHD mortality in these regions. Moreover, in high-SDI countries, public health policies focusing on maternal and child health often include specialized care for congenital conditions. Policies that support early screening programs, such as newborn cardiac defect screening, play a crucial role in identifying CHD before symptoms appear, allowing for timely intervention. Low-SDI countries, however, often lack such policies, leading to delayed diagnoses and an increase in severe cases requiring intensive treatment. Governments in these regions may prioritize infectious diseases and maternal mortality over congenital conditions, which can result in lower awareness and fewer resources allocated for the prevention and treatment of CHD. Lastly, in high-SDI countries, comprehensive health systems and funding mechanisms support ongoing research into CHD, aiding the development of better treatments and interventions. High-income regions often benefit from cutting-edge research, treatment innovations, and long-term follow-up programs for children with CHD. On the other hand, international health organizations and charitable initiatives are often the main drivers of progress in low-income regions. While these initiatives can be incredibly valuable, their reach and impact may be limited without sustained local government support and the development of permanent infrastructure for CHD care.

In summary, as the survival rate of CHD patients has improved, they face various complications, lifestyle issues, and challenges for special populations in adulthood, and further optimization of medical services and social support is needed (32).



Limitations

Several limitations affect this study. One major constraint is that this analysis relies on the GBD framework, which utilizes aggregated secondary data sources instead of original primary datasets. The availability of national registry data constrains the accuracy of the database, the significant number of undiagnosed CHD cases in children under 1 year, and the lack of information on other risk factors related to CHD. A classification system for CHD types has not been established; future research should include information that aids in such classification.
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