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Background: Childhood cardiovascular disease (CVD) is an emerging public
health concern, with rising incidence linked to obesity and diabetes. Despite
advancements in care, significant disparities persist across regions and
socioeconomic groups. This study analyzed the global, regional, and national
burden of childhood CVD from 1990 to 2021.
Methods: A cross-sectional study utilizing data from the Global Burden of
Disease (GBD) 2021 was conducted. We analyzed children aged 0–14 years,
categorizing them into age groups and assessing trends in incidence,
mortality, and disability-adjusted life years (DALYs) across 204 countries.
Statistical analyses included linear regression to calculate estimated annual
percentage changes and assess temporal trends.
Results: The study revealed a 25% global increase in childhood CVD incidence over
three decades, with significant disparities observed across different socioeconomic
regions. Mortality and DALYs associated with CVD had decreased globally by 59%
and 55% respectively, reflecting advances in medical technology and healthcare
access. However, these improvements were not uniformly distributed, with low
socio-demographic index regions exhibiting both the highest incidences and
slowest declines in CVD-related health burdens. Environmental risks, such as
extreme temperatures, also contributed to CVD mortality.
Conclusions: While mortality and DALYs due to childhood CVD have declined
globally, rising incidence and persistent disparities highlight the need for targeted
interventions. Addressing socio-economic factors and enhancing access to
quality care are crucial for reducing the global burden of childhood CVD.
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1 Introduction

Childhood cardiovascular disease (CVD) is increasingly recognized as a significant

public health issue, affecting morbidity and mortality from an early age (1). Although

traditionally associated with adults, the rise of CVD in children underscores the urgent

need for specialized research in this demographic, especially as these conditions can

influence lifelong health trajectories. The increasing prevalence of obesity, diabetes, and

other metabolic disorders among children has led to a concerning trend towards earlier

onset of traditionally adult diseases, underscoring the importance of targeted pediatric

research (2–5).
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Existing studies from high-income countries provide some

insights into the prevalence, risk factors, and outcomes of

childhood CVD (6, 7). However, a comprehensive global

perspective remains limited. This gap in research highlights a

profound disparity in our understanding of childhood CVD

across different socioeconomic landscapes and emphasizes the

need for more inclusive research efforts.

Despite advancements in medical care and technology, which

have improved the diagnosis and management of childhood

CVD, there remains a critical need for updated and detailed

assessments of the global burden of these diseases. Notably,

variations in healthcare access, quality of care, and public health

initiatives across regions contribute to differing outcomes,

underscoring the importance of examining the burden of

childhood CVD at national, regional, and global levels (8–10).

Moreover, understanding the temporal trends in childhood CVD

is crucial for identifying shifts in disease patterns and the

effectiveness of interventions over time.

This study aimed to address critical knowledge gaps by offering a

comprehensive analysis of the global, regional, and national burden

of childhood CVD from 1990 to 2021. Through the use of extensive

data sources and rigorous epidemiological methods, the study will

elucidate trends in incidence, mortality, and disability-adjusted life

years (DALYs) related to childhood CVD across various regions

and income levels. The findings are expected to inform public

health policies, guide resource allocation, and ultimately contribute

to global efforts in reducing the burden of childhood CVD.
2 Methods

2.1 Study design and data sources

This cross-sectional study analyzed children aged 0–14 years

with CVD, adhering to the STROBE guidelines. Data were

extracted from the Global Health Data Exchange, developed by

collaborators of the Global Burden of Disease (GBD) 2021 study

(11). This comprehensive database assessed the epidemiologic

trends of various diseases across 204 countries from 1990 to

2021. We focused on the age-specific burden of CVD in

children, categorizing them into three age groups: under 5 years,

5–9 years, and 10–14 years. We analyzed the incidence,

mortality, and DALYs alongside their corresponding global,

regional, and national trends. Additionally, we calculated the

mean estimated annual percentage changes (EAPCs) using linear

regression to assess temporal trends. EAPC is derived from the

regression of the natural logarithm of rates over time, with

positive values indicating increasing trends and negative values

indicating declining trends, reflecting the annual rate of change.
2.2 Sociodemographic index (SDI)

The Socio-Demographic Index (SDI) measures a region’s

development based on fertility rates, education levels, and per

capita income, with higher SDI values indicating greater
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socioeconomic development (12). This study categorizes

countries into five SDI levels-low, low-middle, middle, high-

middle, and high—to explore the correlation between childhood

CVD burden and socioeconomic development, examining how

disease incidence and mortality vary across these levels.
2.3 Statistical analysis

We primarily focused on the rates of incidence, mortality, and

DALYs per 100,000 population to describe the burden of childhood

CVD, presenting these with 95% uncertainty intervals (UI). To

determine temporal trends, we calculated EAPCs and their 95%

confidence intervals (CI) using linear modeling. A negative upper

limit of an EAPC and its confidence interval suggests a declining

trend in rates, whereas a positive lower limit indicates an

increasing trend. The impact of global risk factors on childhood

CVD mortality was also assessed. All statistical analyses were

performed using R-Studio V4.1.2, with significance set at P < .05.
3 Results

3.1 Global trends

3.1.1 Incidence
In 2021, the global incidence of CVD in children was 1,861,693

cases (95% UI, 1,335,751–2,531,860). From 1990 to 2021, the global

incidence cases of childhood CVD increased by 25%. The

corresponding incidence rate (IR) increased from 85.45 (95% UI,

64.12 −112.67) per 100,000 people in 1990 to 92.54 (95% UI,

66.39–125.85) per 100,000 people in 2021, with an EAPC of 0.43

(95% CI, 0.36 to 0.5). From 1990 to 2021, the IR of childhood

CVD in children under 5 years of age showed a decreasing trend,

while the IR in children aged 10–14 years showed a continuous

increasing trend. The fastest increase in CVD incidence was

observed in children aged 10–14 years, with a 40% rise. The

highest IR, 122.72 (95% UI, 74.38–188.76), was found in the age

group of 10–14 years. In 2021, the IR of CVD was higher in

females than in males [males: 89.73 (95% UI, 65.07–120.96);

females: 95.53 (95% UI, 68.02–131.10)]. This pattern was

consistent across all age groups, with the highest IR observed in

children aged 10–14 years [males: 116.77 (95% UI, 71.50–

178.46); females: 129.05 (95% UI, 76.56–200.14)] (Figure 1A and

Supplementary Table S1).

3.1.2 Deaths
In 2021, there were 51,728 (95% UI, 43,452–60,332) CVD

deaths in children worldwide. From 1990 to 2021, global

childhood CVD deaths cases decreased by 59.15%. The

corresponding mortality rate (MR) decreased from 7.28 (95%

UI, 6.34–8.71) in 1990 to 2.57 (95% UI, 2.16–3.00) in 2021,

with an EAPC of −2.97 (95% CI, −3.09 to −2.85). From 1990

to 2021, there was a downward trend in the MR of CVD

among children of all ages. The greatest decline in both CVD

deaths and MR was observed in children under 5 years of age.
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FIGURE 1

Trends in childhood cardiovascular disease incidence, deaths, and disability-adjusted life years, by Sex-age stratification From 1990 to 2021.
(A) Incidence; (B) deaths; (C) DALYs.
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This age group also had the highest mortality rate of 5.04 (95%

UI, 4.06–6.09). In 2021, the MR of CVD was higher in males

than in females [males: 2.71 (95% UI, 2.24–3.19); females: 2.42

(95% UI, 2.06–2.81)]. Across all age groups, the MR of CVD

was higher in males than in females for children younger than

nine years, and higher in females than in males for those aged

10–14 years. (Figure 1B and Supplementary Table S2).
3.1.3 DALYs
In 2021, there were 5,300,050 (95% UI, 4,579,016–6,083,866)

global DALY cases of CVD in children. From 1990 to 2021, there

was a 55% (95% UI, 48%−61%) decline in the global number of

DALY cases of childhood CVD. The corresponding DALY rate

(DR) decreased from 670.69 (95% UI, 594.14–791.76) in 1990

to 263.44 (95% UI, 227.60–302.40) in 2021, with an EAPC of

−2.68 (95% CI, −2.78 to −2.58). From 1990 to 2021, the

number and rate of DALYs declined among children of all

ages, with the largest decrease observed in children younger

than 5 years of age. The highest rate of DALYs in 2021 was

469.57 (95% UI, 383.95–562.20) in the age group younger
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than 5 years. In 2021, sex-specific DALY rates for CVD

were higher in males than in females [males: 275.29 (95%

UI, 234.88–318.73); females: 250.81 (95% UI, 216.84–

288.11)]. Across all age groups, DALY rates for CVD were

higher in males than in females for children under 9 years

of age, while in the 10–14 years age group, DALY rates

were higher for females than for males (Figure 1C and

Supplementary Table S3).
3.2 SDI regional trends

3.2.1 Incidence
The low SDI region had the highest number of childhood

CVD cases in 2021 (636,598; 95% UI, 442,425–876,582). The

incident cases in the low SDI region increased by 123%,

although it was noted that the incident cases in the high-middle

SDI region decreased by 34%. The greatest increase in the

incidence of childhood CVD occurred in the low-middle SDI

region (EAPC, 0.66; 95% CI, 0.56–0.77) (Figure 2A and

Supplementary Table S1).
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FIGURE 2

Epidemiologic trends of incidence, death, and DALYs rates in 5 SDI regions for childhood cardiovascular disease from 1990 to 2021. (A) Incidence;
(B) deaths; (C) DALYs.
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3.2.2 Deaths
From 1990 to 2021, all 5 SDI regions exhibited a decrease in the

number of CVD-associated deaths. The deaths cases in the high-

middle SDI region decreased by 83%. The low SDI region also

had the highest number of CVD-associated deaths in 2021

(19,854; 95% UI, 15,376–24,684). In 2021, the childhood CVD-

associated mortality rate was highest in the low SDI region (4.31;

95% UI, 3.34–5.36) and lowest in the high SDI region (0.68; 95%

UI, 0.62–0.72). The high-middle SDI region had the lowest

EAPC in the childhood CVD-associated mortality rate (−4.83;
95% UI, −5.02 to −4.65) (Figure 2B and Supplementary Table S2).
3.2.3 DALYs
In 2021, the low SDI region had the highest number of CVD-

associated DALYs (1,953,670; 95% UI, 1,560,955–2,377,202). The

high-middle SDI region experienced the greatest decrease (78%) in

the number of CVD-associated DALYs. The low SDI region had

the highest rate of CVD-associated DALYs at 424.50 (95% UI,

339.17–516.53). The high-middle SDI region had the greatest

decrease in the rate of DALYs, corresponding to an EAPC of −4.15
(95% CI, −4.26 to −4.05) (Figure 2C and Supplementary Table S3).
3.3 Geographic regional trends

3.3.1 Incidence
Among the 21 geographic regions, South Asia had the most

CVD cases in 2021 (372,929 cases; 95% UI, 253,626–517,465

cases), whereas Australasia had the fewest (1,018 cases; 95% UI,

811–1,266 cases). Central Sub-Saharan Africa had the highest

incidence of CVD in children (195.01; 95% UI, 132.94–276.60),

while Australasia had the lowest incidence of pediatric CVD

(17.76; 95% UI, 14.15–22.10). From 1990 to 2021, South Asia

had the largest increase in childhood CVD incidence (EAPC,

1.04; 95% CI, 0.75 to 1.32), while High-income North America

had the largest decline (EAPC, −1.31; 95% CI, −1.63 to −0.99).
In 2021, Central Sub-Saharan Africa (SDI, 0.47) had the highest

incidence of childhood CVD, whereas Australasia (SDI, 0.85) had

the lowest incidence. The global SDI in 2021 was 0.67; nine

regions (e.g., Central Sub-Saharan Africa and Eastern Sub-

Saharan Africa) had a higher incidence of childhood CVD than

the global average, while 12 regions (e.g., Western Europe and

Australasia) had a lower incidence than the global average

(92.54) (Figure 3A and Supplementary Table S1).
3.3.2 Deaths
In 2021, South Asia had the highest number of pediatric

CVD-related deaths (12,570; 95% UI, 10,320–15,017). Oceania

had the highest pediatric CVD-related mortality rate (8.78; 95%

UI, 6.69–11.13). Oceania had the smallest decrease in

CVD-related mortality (EAPC, −0.21; 95% CI, −0.52 to 0.1),

while East Asia had the largest decrease (EAPC, −5.98; 95% CI,

−6.17 to −5.78). In 2021, Oceania (SDI, 0.47) had the highest

pediatric CVD-related mortality rate, while Australasia (SDI,

0.85) had the lowest mortality rate. As noted earlier, the global
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SDI for 2021 was 0.67; six regions had child CVD-related

mortality rates above the global average, while 15 regions had

child CVD-related mortality rates below the global average (2.57)

(Figure 3B and Supplementary Table S2).

3.3.3 DALYs
In 2021, South Asia had the highest number of childhood CVD-

related DALYs (1,226,609; 95% UI, 1,028,500–1,444,476), whereas

Australasia had the lowest (3,532; 95% UI, 2,882–4,308). Oceania

had the highest DALY rate (809.02; 95% UI, 626.36–1,015.14),

while Western Europe had the lowest DALY rate (61.49; 95% UI,

50.14–75.56). From 1990 to 2021, Oceania had the smallest

decrease in DALY rates (EAPC, −0.19; 95% CI, −0.49 to 0.11),

while East Asia had the largest decrease (EAPC, −5.16; 95% CI,

−5.27 to −5.05). The global SDI for 2021 was 0.67; six regions

(e.g., Oceania) had DALY rates above the global average, while 15

regions (e.g., East Asia) had DALY rates below the global average

(263.44) (Figure 3C and Supplementary Table S2).
3.4 National trends

3.4.1 Incidence
In 2021, among 204 countries, India had the most cases of

childhood CVD (261,465; 95% UI, 177,765–362,631). Congo had

the highest incidence rate of childhood CVD (203.09; 95% UI,

139.05–289.53). India (EAPC, 1.28; 95% CI, 0.82–1.75) had the

largest increase in childhood CVD incidence, while the USA

(EAPC, −1.40; 95% CI, −1.75 to −1.06) had the largest decrease.

In 2021, Congo (SDI, 0.58) had the highest incidence of

childhood CVD, whereas Switzerland (SDI, 0.93) had the lowest

incidence. The global incidence of childhood CVD in 2021 was

92.54; incidence rates were above the global mean in 99 countries

and below the global mean in 105 countries (Figures 4A, 5A and

Supplementary Figures 1A, 2A).

3.4.2 Deaths
In 2021, India had the highest number of childhood CVD-

associated deaths (6,320; 95% UI, 4,964–7,739). Niue had the

highest childhood CVD-associated mortality rate (18.42; 95% CI,

16.24–20.81), while Slovenia had the lowest mortality rate (0.08;

95% CI, 0.07–0.09). Zimbabwe (EAPC, 3.18; 95% CI, 2.48–3.88)

saw the greatest increase in the mortality rate, while Serbia

(EAPC, −7.65; 95% CI, −8.16 to −7.15) had the greatest

decreases. In 2021, Niue (SDI, 0.73) had the highest deaths rate

of childhood CVD, whereas Slovenia (SDI, 0.84) had the lowest

deaths rate. The global deaths rate of childhood CVD were above

the global mean in 60 countries and below the global mean in

144 countries (Figures 4B, 5B and Supplementary Figures 1B, 2B).

3.4.3 DALYs
In 2021, India had the highest number of CVD-associated

childhood DALYs (650,429; 95% UI, 526,269–788,955). Niue had

the highest rate of childhood CVD-associated DALYs (1,579.61;

95% UI, 1,398.22–1,779.30). Zimbabwe (EAPC, 2.45; 95% CI,

1.95–2.96) had the greatest increase in the DALY rate, while
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FIGURE 3

Incidence, death, and DALYs rates for childhood cardiovascular disease by SDI from 1990 to 2021. (A) Incidence rate; (B) death rate; (C) DALYs Rate.
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Saudi Arabia (EAPC, −6.55; 95% CI, −6.63 to −6.46) had the

greatest decrease. Niue (SDI, 0.73) had the highest rate of

childhood CVD-associated DALYs, while Slovenia (SDI, 0.84)

had the lowest rate. The rates were above the global mean in 65

countries and below the global mean in 139 countries

(Figures 4C, 5C and Supplementary Figure 1C, 2C).
3.5 Risk factor

In the GBD, the risk factors for CVD mortality in children were

primarily environmental/occupational risks, which mainly include

low temperature and high temperature, causing mortality rates of

0.05 (95% UI, 0.03–0.07) and 0.04 (95% UI, 0.01–0.07),

respectively. North Africa and the Middle East had the highest

mortality rate due to high temperature, at 0.12 (95% UI, 0.03–

0.22). Oceania had the highest mortality rate due to low

temperature, at 0.12 (95% UI, 0.07–0.17).
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4 Discussion

The findings from this extensive analysis covering the

global, regional, and national burden of childhood CVD over

three decades (1990–2021) underscore the dynamic and

complex landscape of pediatric health challenges that

transcend traditional boundaries of age and geography. While

incidence has increased, significant reductions in mortality

and DALYs indicate progress in healthcare and prevention.

However, these advances coexist with ongoing disparities in

healthcare access and outcomes, emphasizing the need for

targeted efforts to address pediatric health challenges across

different regions and populations.

The results revealed a 25% increase in the global incidence of

childhood CVD between 1990 and 2021. This rise was

particularly pronounced in the 10–14 age group, which

experienced a 40% increase in incidence, with females showing

higher incidence rates than males. This trend could be attributed
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FIGURE 4

Change in incidence, deaths, and DALYs cases of diabetes in children in 204 countries and territories. (A) Incidence; (B) deaths; (C) DALYs.
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to a combination of factors, including the rising prevalence of

obesity, diabetes, and other metabolic disorders among children,

as well as increased awareness and improved diagnostic

capabilities over time (13, 14). Changing lifestyle patterns,

including diet and physical activity, also play a significant role,
Frontiers in Pediatrics 07
underscoring the need for targeted public health initiatives

focused on prevention and early intervention in the pediatric

population (15, 16). The growing burden of these risk factors in

children highlights the need for early intervention and preventive

measures to curb the onset of CVD in this population.
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FIGURE 5

Incidence, deaths, and DALYs rates of cardiovascular disease in children in 204 countries by SDI in 2021. (A) Incidence rate; (B) death rate; (C) DALYs Rate.
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Conversely, the 59.15% reduction in mortality and 55%

decrease in DALYs for childhood CVD globally reflect advances

in medical technology, diagnostics, and therapeutic interventions.

The rise of pediatric cardiology and global health efforts,

especially in under-resourced areas, have likely contributed to

these improvements (17, 18). However, persistent regional and

sex disparities indicate that access to quality care remains

uneven. The largest reduction in mortality was observed in

children under five years old, which is encouraging as this age

group is particularly vulnerable to severe outcomes. However, the

mortality rate remains higher in males than in females for

children under 9 years old, while in the 10–14 years age group,

females had a higher mortality rate. These findings underscore

the importance of sex-specific approaches in managing and

preventing childhood CVD.

The regional analysis reveals significant disparities in childhood

CVD between high- and low-SDI regions, with the latter having the

highest incidence, mortality, and DALY rates in 2021 and the

greatest increase in CVD incidence over time. Low-SDI regions

often face limited access to healthcare, poor-quality care, and a

lack of public health policies targeting CVD prevention in children

(19–21). In contrast, high-middle SDI regions saw the greatest

reductions in mortality and DALY rates, benefiting from better

healthcare infrastructure and public health interventions (22). The

disproportionate burden of childhood CVD in low-SDI regions

underscores the impact of socio-economic factors on health

outcomes. Low education levels contribute to poor health literacy,

delayed diagnosis, and reduced early intervention, leading to worse

CVD outcomes. Inadequate healthcare infrastructure and

economic constraints further exacerbate these issues, with limited

access to trained professionals, diagnostic services, and preventive

care. Significant differences in access to advanced medical

technologies between high- and low-SDI regions highlight the

need for targeted investments in healthcare systems and

prevention programs in resource-limited areas to reduce childhood

CVD mortality and morbidity.

Geographic and national trends in childhood CVD reveal

significant disparities. In 2021, South Asia had the highest

number of childhood CVD cases, while Central Sub-Saharan

Africa recorded the highest incidence rate. These high rates

underscore the need for region-specific strategies that address

both social determinants of health and direct CVD risk factors.

In contrast, High-income North America saw the largest decline

in CVD incidence, highlighting the effectiveness of preventive

measures in that region. Mortality and DALY rates varied, with

Oceania highest and Western Europe lowest, reflecting disparities

in healthcare quality. Nationally, India bore the heaviest CVD

burden, while Congo and Niue had high incidence and mortality

rates. The USA saw the largest decline in incidence, offering

valuable insights for global health initiatives. Tailored interventions

are essential to address the unique challenges each country faces

in managing childhood CVD.

The study identified extreme temperatures as significant

environmental contributors to childhood CVD mortality. North

Africa and the Middle East had the highest mortality due to heat,

while Oceania had the highest mortality due to cold. These
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findings emphasize the vulnerability of children to extreme

temperatures, which can trigger dehydration, electrolyte imbalances,

or hypothermia, especially in those with pre-existing CVD (23, 24).

Socio-economic factors, such as inadequate housing and limited

healthcare access, amplify these risks. Addressing these

environmental factors requires targeted public health interventions,

such as improving housing, access to heating or cooling systems,

and early warning systems for extreme weather events. Climate

adaptation strategies are crucial to reducing childhood CVD

mortality in regions facing extreme temperatures.

Despite the comprehensive nature of this study, several

limitations must be acknowledged. First, reliance on data from

the Global Burden of Disease (GBD) study may introduce

potential biases, particularly regarding the accuracy and

completeness of data from low-resource settings, where

underreporting and variability in data quality are more prevalent.

Furthermore, inconsistencies in data standardization across

different countries could affect the comparability of results.

Additionally, the study design precludes drawing causal

inferences between socio-economic factors and childhood CVD

outcomes. Changes in diagnostic criteria, reporting systems, and

health-seeking behaviors over the 31-year period may have also

influenced the observed trends, complicating their interpretation.

Addressing these limitations highlights the need for continued

improvement in global health data collection and standardization

to enhance future analyses.

In conclusion, while progress has been made in reducing the

global burden of childhood CVD, significant challenges remain.

The disparities across regions and between sexes highlight the

need for tailored, context-specific health interventions.

Effective management and prevention strategies must be

underpinned by a commitment to addressing the broader socio-

economic factors that contribute to health disparities. Addressing

these complex challenges requires a coordinated, global effort

that leverages both scientific advancements and policy-level

interventions to ensure a healthier future for children worldwide.
5 Conclusions

This extensive analysis of the global burden of childhood CVD

from 1990 to 2021 reveals critical insights into the epidemiological

trends and disparities in disease impact across different regions and

demographics. While there has been a noteworthy global decline in

mortality and DALYs due to childhood CVD, the increase in

incidence, particularly among older children, highlights the

evolving nature of this public health challenge. The disparities

observed across socio-demographic indices and between sexes

emphasize the need for targeted interventions that address both

the direct health needs and the underlying socio-economic

factors contributing to these disparities. This study highlights the

urgent need for evidence-based strategies that prioritize early

prevention, equitable access to care, and comprehensive

management of childhood cardiovascular disease. By focusing on

these areas, policymakers and healthcare providers can reduce

the global burden of childhood CVD and promote healthier
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future generations. The findings also emphasize the importance of

sustained investment in pediatric cardiovascular research and

inclusive public health initiatives tailored to the unique needs of

children worldwide.
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