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Precise: This study investigates global trends in burns among children and adolescents using data from the Global Burden of Disease Study 2019. Analyzing incidence and YLD rates across 204 countries from 1990 to 2019 reveals a general decline in burn-related injuries, with age and sex influencing trends. Notably, in high-SDI regions, incidence rates initially increased before reversing. These findings highlight the need for targeted public health policies and resource allocation to reduce burn-related risks in vulnerable populations.

Background: Given the lack of long-term trend studies on global burns among children and adolescents, this study examined trends in the global burden of burns among children and adolescents.

Methods: The Global Burden of Disease (GBD) Study 2019 provided the statistical data. Sex, age, region, and SDI were used as stratification variables in the study to evaluate the prevalence of burns injuries among kids and teenagers across 204 nations and territories between 1990 and 2019. YLD rates per 100,000 people and incidence rates together with their respective average annual percentage changes (AAPC) were computed to evaluate burden trends. Furthermore, AAPC in YLD rates and incidence rates spanning various age cohorts were analyzed using the Joinpoint software.

Results: The worldwide burns incidence and YLD rates of burns among kids and teenagers exhibited a general declining trend between 1990 and 2019. Concerning the general trend in new cases, incidence rates, and YLD rates, age was positively associated. In 2019, the incidence rate for females surpassed that of males, while YLD rates for females were consistently higher than those of males. New Zealand, Czechia, and Australia rank as the top three among the 204 countries studied. Interestingly, in the high SDI range, the expected values based on incidence rates reversed after first rising with the SDI.

Conclusion: Overall, the incidence and YLD rates of burns among children and adolescents have declined globally, though significant disparities exist across age groups, sexes, regions, and countries. These findings could help guide the development of more targeted strategies to reduce the burn burden in this population.
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Introduction

Burn injuries arise from various sources, including thermal energy, cold, friction, radiation, chemicals, and electricity. Among these, the predominant cause is unintentional exposure to high-temperature agents, such as scalding liquids, heated solids, gases, or radiating heat-emitting objects (1). Burn injuries are an underappreciated trauma that results in lifelong physical and psychological scarring, imposing a substantial burden not only on patients’ families but also on national healthcare systems worldwide (2).

For prevention and allocating resources, information on burn epidemiology is crucial. One of the most thorough and reputable studies offering worldwide epidemiological data on burn injuries is the GBD Study. There is a shortage of comprehensive analysis of the worldwide epidemiology of burns because prior research has frequently been limited to certain nations or areas. Furthermore, inconsistencies and non-standardization in data collection have rendered comparative analysis challenging. Although some studies utilizing Global Burden of Disease (GBD) data on burns have examined global trends in burn burden and conducted multi-level and multi-angle analyses of burn epidemiology, they have primarily concentrated on age-standardized burn incidence rates, Disability-Adjusted Life Years (DALYs), and mortality. These studies predominantly focus on regional differences while neglecting the impact of age factors on burn burden trends (3–8). To the best of our knowledge, no reports of long-term worldwide trends in the epidemiology of burn injuries among minors. Initiatives to lessen the prevalence of noncommunicable illnesses among young people must prioritize treating burn injuries in kids and teenagers. Here, we used the GBD to analyze the trends using 95% uncertainty intervals (UI) and 95% confidence intervals (CI) of the number of incident cases and Years Lived with Disability (YLDs) and their respective rates per 100,000 population, and AAPCs by year and sex for 21 GBD regions, 204 nations and territories from 1990 to 2019.



Methods

The GBD 2019 provided the data used in this investigation. Estimates for several epidemiological parameters, including years lived with disability (YLDs), years of life lost (YLLs), mortality, incidence, and disability-adjusted life years (DALYs), were provided by the GBD study 2019. These estimates were calculated for 23 age groups and were further stratified by gender (the combined sexes, males, and females). Following their division into 21 regions and seven super-regions, the 204 countries and territories included in the study were examined. Previous publications in other sources have revealed a thorough methodology for the GBD study (9–13). In this study, the burns include three types: 1. Lower airway burns; 2. Burns, <20% total burned surface area without lower airway burns; 3. Burns, > = 20% total burned surface area or > = 10% burned surface area if head/neck or hands/wrist involved w/o lower airway burns.


Data analysis

Children and adolescents in this study were a diverse group of people ranging in age from 0 to 19. The World Health Organization’s (WHO) definition states that the age of a child is categorized as 0–9 years, while that of an adolescent spans from 10 to 19 years (14). Children are further separated into two age groups: preschool children, ages 0 to 4, and older children, ages 5 to 9. Adolescents are further separated into two age groups: younger adolescents, ages 10 to 14, and older adolescents, ages 15 to 19. The epidemiological outcomes of burns in children and adolescents were analyzed using the Disease Modeling-Meta Regression (DisMod-MR) version 2.1, an extensively used Bayesian meta-regression approach in epidemiological modeling of GBD. The sociodemographic index (SDI) is assigned based on an analysis of a nation’s average years of education, per capita income distribution, and the fertility rate of women under 25. Based on these factors, the 204 countries and territories around the globe are categorized into five SDI levels, ranging from 0 to 1 (low to high).

The number of incident cases, YLDs, and their respective rates, along with AAPCs by year and sex from 1990 to 2019 were all displayed as study results. We used linear regression with year as the independent variable and logarithm-transformed rates as the dependent variable to determine the age- and sex-specific rates as well as their AAPCs. The AAPCs were calculated for the period between 1990 and 2019. The specific calculation methodology for AAPC has been documented in previous studies. The 2.5th and 97.5th values of the ordered 1,000 drawings, which were determined by the GBD method, define the 95% UI. Our study represented the time tendency of incidence and YLD rates by calculating the value of AAPCs and its 95% confidence intervals.

The temporal trends of cases and YLDs due to burns for four age groups and five SDI regions were analyzed by using the Joinpoint regression software. Segmented regression is used in this model to reflect the temporal patterns of disease distribution. For each joinpoint, the APC was calculated, along with a 95% CI. To provide a summary assessment of the general trend across the study, the AAPC was also calculated as a weighted average of the individual APCs. In summary, an increasing trend in the incidence of burns among children and adolescents was indicated if both the APC and the lower 95% CI were higher than 0. In contrast, a declining trend in the incidence of burns was indicated if both values were less than 0. Joinpoint Regression Program version 4.9.0.0 (National Cancer Institute, Rockville, MD, USA) and R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria) were used for all statistical analyses and data visualization, and GraphPad Prism 9.0 (GraphPad, Inc., CA, USA). p < 0.05 is considered to be statistically significant, and a threshold of α = 0.05 was applied.




Results


Global burden of burns among children and adolescents

Worldwide, the total amount of incident cases and YLDs dropped from 8,012,944 (95%UI, 6608197–9,883,383) and 995,163 (95%UI, 688540–1,409,058) in 1990 to 7,086,624 (95% UI, 5715161–8,946,820) and 738,026 (95% UI, 513836–1,024,893) in 2019, respectively. Meanwhile, with an AAPC of −0.76 (95% CI, −0.96 to −0.55), the incidence rates dropped from 352.44 (95% UI, 290.65–434.71) per 100,000 people in 1990 to 274.75 (95% UI, 221.58–346.87) in 2019. Moreover, the YLD rates declined from 43.77 (95% UI, 30.28–61.98) per 100,000 people in 1990 to 28.61 (95% UI, 19.92–39.74) in 2019, with the AAPC of −1.41 (95% CI, −1.75 to −1.07) (Table 1).



TABLE 1 The global and regional incidence and years lived with disability and their AAPC from 1990 to 2019.
[image: Table1]



Trends in the burden of burns among children and adolescents by age

The incidence and YLDs due to burns across all age groups (including kids and teenagers) in 1990 and 2019 are shown in Table 1. The number of worldwide incident cases, YLDs, and their respective rates decreased across the four age groups from 1990 to 2019. From 1990 to 2019, the 15–19 age group exhibited the greatest incidence and YLD rates, with an AAPC of −0.81 (95% CI, −1.1 to −0.52) and −1.25 (95% CI, −1.47 to −1.03), respectively. In contrast, during the same period, the <5 years age group exhibited the lowest incidence and YLD rates. It is observed that with increasing age, the incidence rates, the number of YLDs, and YLD rates increased in 1990 and 2019, despite some fluctuations in the number of incident reports and incidence rates between these years.

The incidence rates across the four age groups displayed by the joinpoint regression analysis generally exhibit a downward trend from 1990 to 2019, notwithstanding some fluctuations in certain years. Notably, in some of these years, the age group of 10–14 years old exceeded the age group of 15–19 (Figure 1A). The peak incidence rates across the four age groups all occurred in 1991. In the subsequent years, these rates rebounded and then declined almost simultaneously each time, with no discernible pattern in the intervals between these rebounds. Among the four age groups, the incidence rates in the age group under five exhibited the most significant decrease, with an AAPC of −1.11 (95% CI, −1.75 to −0.46). Compared to the incidence rates, the trend in YLD rates across the four age groups was relatively stable (Figure 1B), particularly for the age group under five. Additionally, for the other three age groups, a clear decreasing trend was observed in certain years. The 5–9 years age group showed the sharpest decrease from 1990 to 1997 (APC: −3.91), the 10–14 years age group from 2010 to 2014 (APC: −3.67), and the 15–19 years age group from 1999 to 2006 (APC: −3.18) (p < 0.05).
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FIGURE 1
 The worldwide incidence rates (A) and YLD rates (B) of burns resulting from all causes for four age groups between 1990 and 2019 were analyzed using the joinpoint regression algorithm. YLDs = years lived with disability. *p < 0.05.




Trends in the burden of burns among children and adolescents by sex

Between 1990 and 2019, the number of burns and incidence rates for both men and women have fluctuated but generally exhibited a downward trend (Figure 2A). For males, the number of incident cases decreased from 4,153,623 (95% UI, 3460126–5,076,950) in 1990 to 3,646,682 (95% UI, 2983217–4,517,147) in 2019. Similarly, the incidence rates dropped from 356.61 per 100,000 people (95% UI, 297.07–435.88) in 1990 to 274.3 per 100,000 people(95% UI, 224.39–339.77) in 2019, with an AAPC of −0.82 (95% CI, −1.03 to −0.61). For females, the number of incident cases decreased from 3,859,321 (95% UI, 3128757–4,853,894) in 1990 to 3,439,941 (95% UI, 2734388–4,408,452) in 2019. The incidence rates among females also declined from 348.06 per 100,000 population (95% UI, 282.17–437.76) in 1990 to 275.24 per 100,000 population (95% UI, 218.78–352.73) in 2019, with the AAPC of −1 (95% CI, −1.63 to −0.37) (Table 1). The overall trend in the quantity of YLDs and YLD rates for both males and females exhibited a downward trajectory. The AAPC of males was −1.41 (95% CI, −1.74 to −1.07), while for females it was −1.47 (95% CI, −1.75 to −1.18) (Figure 2B).
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FIGURE 2
 The global number of burns incident cases (A), YLDs (B), and their respective rates resulting from all causes for both males and females from 1990 to 2019 were analyzed by joinpoint regression algorithm. Red and blue dashed line indicates the upper and lower limits of the 95% uncertainty intervals (95% UIs) for females and males, respectively. YLDs, years lived with disability.




Trends in the burden of burns among children and adolescents by region and nation

The 204 countries and territories were categorized into 21 GBD regions based on geographical proximity and epidemiological similarities (15). The incidence rates revealed a decreasing trend across all regions, except for the Caribbean, which exhibited an AAPC of 0.18 (95% CI, −0.88 to 1.26), East Asia had an AAPC of 0.25 (95% CI, −0.11 to 0.61), according to Table 1. In 2019, the highest incidence rate was observed in Australasia, reaching 933.6 (95% UI, 713.23 to 1228.65), while East Asia had the lowest incidence rate, at 149.12 (95% UI, 108.42 to 201.91) (Table 1; Figure 3A). The region experiencing the fastest decline in incidence was Eastern Sub-Saharan Africa, with the AAPC of −2.57 (95% CI, −5.52 to 0.46). Conversely, the only two regions that showed an increase in incidence were East Asia, whose AAPC was 0.25 (95% CI, −0.11 to 0.61), the Caribbean, with an AAPC of 0.18 (95% CI, −0.88 to 1.26) (Table 1; Figure 3C). In 2019, the area with the greatest rate of YLD was the Caribbean, significantly surpassing other regions at 132.1 (95% UI, 88.63–194.17). In contrast, East Asia had the lowest YLD rate at 8.53 (95% UI, 4.83–13.95), and this rate continued to decline (Table 1; Figure 3B). The Caribbean is the only region of the GBD regions with a positive increase in the YLD rate, exhibiting an AAPC of 1.13 (95% CI, 0.37–1.9). Conversely, the region with the fastest decline in the YLD rate is Andean Latin America, possessing an AAPC of −2.97 (95% CI, −3.07 to −2.88) (Table 1; Figure 3D).
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FIGURE 3
 Worldwide diagrams showing incidence rates (A), YLD rates (B) in 2019, and AAPC in the incidence rates (C), and YLD rates (D) from 1990 to 2019. YLDs, years lived with disability; AAPC, average annual percentage change.


In 2019, among 204 countries and regions, New Zealand, with an incidence rate of 1033.1 (95% UI, 808.78–1331.3), Czechia, with an incidence rate of 916.27 (95% UI, 718.03–1187.25), and Australia, with an incidence rate of 914.03 (95% UI, 696.71–1200.74) were the three nations with the highest incidence rates. Additionally, the three countries with the fastest increase in incidence rates were Yemen, with an AAPC of 2.97 (95% CI, 1.56–4.4), Afghanistan, with an AAPC of 2.09 (95% CI, −1.72 to 6.05), and Libya, with an AAPC of 1.71 (95% CI, 0.04–3.41). The top three nations in terms of YLD rates were Japan, with a YLD rate of 255.54 (95% UI, 165.74 to 393.34); the Czech Republic, with a YLD rate of 126.39 (95% UI, 60.26–271.84); and Nauru, with a YLD rate of 109.82 (95% UI, 56.06–207.71). The three most rapidly increasing countries in YLD rates were Nauru, with an AAPC of 3.26 (95% CI, 2.10–4.44); Antigua and Barbuda, with an AAPC of 2.96 (95% CI, 2.18–3.74); and Bosnia and Herzegovina, with an AAPC of 1.9 (95% CI, 0.34–3.48). Even though China’s burn incidence rate increased from 144.35 (95% UI, 108.95–189.47) in 1990 to 150.39 (95% UI, 108.95–204.16), with an AAPC of 0.29 (95% CI, −0.08 to 0.67), but the YLD rates decreased from 13.46 (95% UI, 8.93–19.64) to 8.42 (95% UI, 4.67–13.89), with an AAPC of −1.49 (95% CI, −1.96 to −1.02) (Supplementary Table S1).



Trends in the burden of burns among children and adolescents by SDI

Based on their Sociodemographic Index (SDI) scores, nations can be categorized into five groups. The incidence rates in each region have declined to varying degrees between 1990 and 2019. The fastest drop was from the low-middle SDI region, it’s AAPC is −1.03 (95% CI, −1.47 to −0.59). The greatest incidence rate has consistently been the high SDI region, reaching 500.67 (95% UI, 402.76–622.14) in 1990 and 420.26 (95% UI, 333.05–542.3) in 2019. The highest Years Lived with Disability (YLD) rates have consistently been from the low SDI region, reaching 500.67 (95% UI, 402.76–622.14) in 1990 and 420.26 (95% UI, 333.05–542.3) in 2019. However, the decline rate in the low SDI region was the quickest, with an AAPC of −1.85 (95% CI, −2.3 to −1.41).

From the overall trend in 2019, as the SDI index increased, the expected value of the incidence rate also increased; however, in the high SDI range, the expected value dropped sharply (Figure 4A). Except for a small part of the lowest SDI range, which was still increasing, the AAPC expected values of the incidence rate in all other SDI ranges were below 0, indicating a downward trend (Figure 4C). The expected values of YLD rates in all five SDI ranges were relatively stable and did not change significantly (Figure 4B). Although the AAPC predicted values of YLD rates were generally below 0, they decreased as the SDI increased and then rose again in the high-middle SDI range (Figure 4D).
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FIGURE 4
 For 204 nations and territories, incidence rates (A), YLD rates (B), AAPC in incidence rates (C), and YLD rates (D) by SDI between 1990 and 2019. The predicted values based on incidence rates, YLD rates, AAPC in incidence rates and YLD rates of all SDI regions are indicated by the black solid line. YLDs, years lived with disability; SDI=Sociodemographic Index; AAPC, average annual percentage change.





Discussion

Between 1990 and 2019, even though worldwide incidence and YLD rates of burns in children and adolescents exhibited an overall downward trend, significant differences were observed in the decline rates among the four age groups. This discrepancy highlights the need to investigate the role of age factors in the burden of burns. It is hoped that this study will facilitate the formulation of targeted healthcare policies based on age and region, and provide valuable insights for the development of early intervention measures.

In this study, we found that from 1990 to 2019, the group under five years old exhibited the lowest incidence rate and the fastest rate of drop. This may be because children in this age range receive greater consideration and care from their families and the community, reducing their chances of direct contact with dangerous items. In the same manner, compared to the other groups, this age group’s YLD rate is much lower. As age increases, both the incidence rate and YLD rate also rise, peaking in the 15–19 age group. Previous studies have similarly demonstrated the majority of new cases in 2019 are concentrated in the 10–19 age group (3). This may be attributed to their physiological functions being similar to those of adults, yet lacking sufficient foresight about potential dangers in daily life and work, rendering them more susceptible to burn injuries related to flame, hot liquids, and other hazards. This underscores the need for heightened attention to the 15–19 age group. The causes and risks of burns are diverse, and there are currently no comprehensive global statistics. Existing regional data indicate that hot liquids, cooking and kitchen appliances, heaters and heating equipment, fuels, fuel-burning equipment, heaters, and heating equipment are the most frequent causes of burns in children and adolescents (5, 8, 16–22). Many of these risks can be mitigated through more thorough patient education and frequent reminders.

The role of gender in the incidence and YLD rates is crucial. Our findings show that although the incidence rates for both males and females declined, the burns incidence rate for females has been consistently higher than for males, especially after surpassing male rates in 2016. The YLD rate for women has always been higher than that for males and both have shown a steady decrease for the last 20 years. A previous analysis based on the GBD database for all age groups also highlighted that the DALY rate for females under the age of 19 bears a higher burden than for males in the case of thermal burns (15). The higher incidence rate among children and adolescents for females compared to males may be ascribed to the reality that while the quantity of female incident cases is lower, the overall population of females within this age range is even lower than that of males, leading to a higher incidence rate for female. This is supported by data from the World Population Prospects 2019 Volume II: Demographic Profiles released by the United Nations Population Division. This evidence underscores the need for increased attention to female children and adolescents in health interventions and policy-making.

Among the 21 geographical regions in the GBD study, Australasia has had a consistently high burn incidence. In 2019, New Zealand and Australia ranked first and third, respectively, among 204 countries. While specific causes of burns in children and adolescents in New Zealand are not well documented, data from the Burn Registry of Australia and New Zealand (BRANZ) show that scald injuries accounted for 56.0% of all pediatric burns, with 90.8% occurring at home (23). A study on severe adult burns from the same registry found that most injuries occurred at home (57.5%), with flame burns making up 86% of cases (24). In contrast, China’s average annual percentage change (AAPC) in burn incidence has remained positive over the past 20 years, marking it as one of the few countries with rising burn rates. However, there is no long-term, multicenter study of pediatric burns in China. A study of pediatric burn patients from 2016 to 2019 found hydrothermal scalds to be the most common cause (80.57%), followed by flame burns (3.06%), electricity (1.26%), chemicals (1.25%), other causes (1.48%), and unknown factors (12.39%) (25). Another study from northern China identified the winter months, particularly December, as a peak time for scald injuries, most of which occurred at home (26). To reduce burn incidence in children and adolescents, the focus should be on home safety, especially regarding hot liquids and open flames, with heightened awareness during the cold winter months (27, 28).

The SDI is a composite indicator of development status strongly correlated with health outcomes. It is the geometric mean of 0 to 1 index of total fertility rate under the age of 25 (TFU25), mean education for those ages 15 and older (EDU15+), and lag distributed income (LDI) per capita (29). In 2019, the YLD rates for burns in children and adolescents were not significantly influenced by the SDI, in contrast to adults who are generally more socially active. For adults, YLD rates exhibited a trend inversely related to SDI (3). Although conclusive evidence is lacking, it is hypothesized that this discrepancy may be attributable to the fact that domestic scalds constitute the majority of burn injuries in kids and teenagers globally. Currently, in most regions, irrespective of SDI, disparities in the prevention, treatment, and prognosis of scalds appear to be diminishing (30–36). Finally, it is important to note that China’s SDI in 2019 was 0.686, placing it within the middle SDI zone. Based on global children and adolescent trends in burns incidence and the AAPC in YLD rates by SDI, it is highly likely that the incidence rates of burns and the AAPC in YLD rates among children and adolescents in China may rise in the future. This projection offers an important basis for the development of future policies and the allocation of social resources by relevant authorities.


Limitations

Despite the utilization of a large global database, several limitations remain. In many regions, children and adolescents with burns may not seek outpatient care at medical institutions, leading to gaps in the gathering of data. Currently, the GBD database lacks comprehensive etiological data on burns in children and adolescents, including clinical details such as complications, severity classifications, and long-term follow-up of prognosis. It is acknowledged that addressing these gaps is a challenging task. Our study utilized only a small fraction of the available data, and the conclusions drawn are consequently somewhat superficial and limited.




Conclusion

This study examined the global burden of burns among children and adolescents from 1990 to 2019, using data from the Global Burden of Disease Study 2019. Overall, the incidence and YLD rates of burns have shown a declining trend worldwide. However, both incidence and YLD rates were positively associated with age, with higher rates observed in older age groups. Notably, in 2019, the incidence of burns in females surpassed that in males, while YLD rates for females remained consistently higher. Additionally, there were substantial disparities across different regions and countries. The study also highlighted a reversal in expected incidence rates in high SDI regions, where burn incidence initially increased with higher SDI but later declined. These findings underscore the importance of targeted burn prevention strategies and emphasize the need for further research into the region, gender disparities, and age-related trends in burn injuries among children and adolescents.
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