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ABSTRACT

Purpose: This study aimed to assess the global, regional, and national burdens of
burns and airway injuries using Global Burden of Disease (GBD) data between 1990 and
2021, and to project future trends through 2050.

Methods: Bayesian meta-regression was used to analyze the age- and sex-stratified
burn prevalence and years lived with disability (YLDs). Future projections were estimat-
ed using the socio-demographic index (SDI)-adjusted regression and Das Gupta decom-
position. We utilized GBD estimates from 1990 to 2021, covering burn and airway injury
data stratified by age and sex across all countries and regions. Prevalence was mea-
sured as age- and sex-standardized rates per 100,000 individuals. YLDs were estimated
as disability-adjusted burden measures. Future projections were derived using SDI-ad-
justed regression and Das Gupta decomposition.

Results: In 2021, 248 million global burn cases and 6,900 airway burns were reported
globally. By 2050, burns are projected to increase by 6.42%, mainly in Latin America and
Eastern Europe, whereas airway burns are expected to decline 10-fold. From 1990 to
2021, the YLDs declined by 43.34% for burns and 26.79% for airway burns, with per-
sistent disparities between low- and middle-income countries (LMICs).

Conclusion: Burns pose substantial challenges to public health and the economy.
Strengthening prevention, acute care, and rehabilitation is crucial, particularly in LMICs
with limited access to healthcare.

Keywords: Burns; Disability-adjusted life years; Global Burden of Disease; Inhalation;
Prevalence study
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INTRODUCTION

Burns are severe injuries that affect the skin, soft tissues, and
internal organs and primarily result from exposure to heat,
radiation, electricity, friction, or chemicals [1]. Airway burns
occur when smoke, toxic gases, chemical vapors, or hot air
are inhaled, causing damage to the upper and lower respira-
tory tracts and the lung tissue [2]. Airway burns are a major
contributor to early mortality among patients with burns and
significantly increase the risk of death [3]. Furthermore, survi-
vors often experience long-term respiratory impairment and
chronic complications beyond the acute phase, which can se-
verely affect their quality of life beyond the acute phase [4-7].
Managing airway burns typically requires prolonged hospital-
ization in specialized burn centers, intensive care, and surgi-
cal interventions, all contributing to substantial healthcare
costs [8,9].

Prolonged hospitalization and recovery following burns
can substantially reduce workforce productivity and impose a
significant economic burden on both individuals and society
[10]. Patients often require months of medical care and reha-
bilitation; however, severe cases may lead to years of absence
from work or permanent disability [11]. Among employed
adults, individuals with inhalation injuries were significantly
less likely to return to work compared to those without such
injuries [12]. This decline in workforce participation affects in-
dividual livelihoods and family support systems, and carries
broader economic consequences at the national level [13].

The Global Burden of Disease (GBD) Study offers a compre-
hensive framework for assessing the health impacts of vari-
ous injuries and diseases in diverse populations [5]. It esti-
mates the years lived with disability (YLDs) due to burns using
age-standardized rates, thus allowing for comparisons with
other major health conditions [14]. Despite increasing aware-
ness of the public health and socioeconomic implications of
burns, data on burn injuries, particularly airway burns, re-
main limited [15]. Predicting the future prevalence of burns is
essential for anticipating healthcare needs, especially in re-
gions experiencing rapid urbanization, population aging, and
high rates of household and workplace accidents [16]. To mit-
igate the economic burden of burns, including airway burns,
national policies should incorporate GBD-driven financial
support mechanisms, expand insurance coverage, and imple-
ment preventive safety measures to reduce burn-related inci-
dents.

This study aimed to evaluate the global, regional, and na-
tional prevalence of burns and YLD estimates using GBD data,

https://doi.org/10.23838/pfm.2025.00226

while projecting prevalence trends through 2050. By integrat-
ing demographic and socioeconomic factors, our study aims
to support health care planning and policy development, ulti-
mately enhancing burn prevention and management strate-
gies.

METHODS

Study overview

This study used the GBD data to estimate the global preva-
lence and YLDs of burns between 1990 and 2021. These esti-
mates were stratified according to age, sex, and year, with
projections extending to 2050. This study followed standard
GBD methodology and adhered to the Guidelines for Accurate
and Transparent Health Estimates Reporting [17].

Case definition

The GBD defines burns as injuries caused by fire, heat, or hot
substances from thermal, chemical, electrical, or radiation ex-
posure. These injuries damage the skin and the underlying
tissues, often leading to functional impairment. Burn-related
morbidities were classified using the International Classifica-
tion of Diseases, 10th Revision (ICD-10) codes X00-X19, which
include injuries from fires, hot liquids, steam, and machinery
[18]. Airway burns, which result from inhaling smoke, toxic
gases, or hot air, affect the upper and lower respiratory tract
and lung tissues. The GBD classifies these injuries under the
ICD-10 code T27, regardless of the burn surface area affected.
Only patients with airway burns that led to at least 24 hours
of functional impairment were included in the analysis [15].

Data sources and collection

Prevalence and YLD estimates were derived from popula-
tion-based studies, national health surveys, and global sur-
veillance data collected between 1990 and 2021. Data sources
included systematic reviews from MEDLINE, Embase, and Cu-
mulative Index to Nursing & Allied Health Literature (CINAHL)
as well as contributions from collaborating researchers. Infor-
mation on burn risk factors such as household accidents, oc-
cupational hazards, and violence was also considered.

Modeling and data processing
A Bayesian meta-regression model was implemented using
the rstanarm package to estimate the burn prevalence based
on age, sex, and region of origin. Bayesian inference was ap-
plied to account for data uncertainty and variability [19].

The GBD framework primarily attributes the disease bur-
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den to direct causes of mortality. Although some burn injuries

result in immediate death, others contribute to fatal second-

ary complications that may be the primary cause of death.
The final model used the following equation:

Logit (predicted prevalence)=[3,(SDI)+a,

where B, represents the fixed coefficient of the socio-demo-
graphic index (SDI), and a denotes random intercepts for lo-
cation (1), age group (a), and sex (s). Projected patient num-
bers were derived by multiplying the predicted prevalence by
the population estimates. To account for temporal trends, the
GBD 2021 prevalence estimates from 2020 were used as the
baseline, with adjustments applied to all projections up to
2050.

A Gupta decomposition analysis was conducted to break
down the relative contributions of population growth, aging,
and non-demographic prevalence changes to burn burden
projections between 2021 and 2050 [20]. Model validation
was performed using backward projection testing, where
prevalence estimates from 1990 to 2020 were used to forecast
values for 2030 to 2050, informing the YLD-based disability
burden calculations.

Prevalence projections

Burn prevalence projections through 2050 were estimated
using a regression model incorporating the SDI and demo-
graphic factors such as age and sex. The model accounted for
SDI variations and temporal trends to project future preva-
lence rates. The estimated prevalence was multiplied by the
expected population size to determine the total number of
patients with burns. To evaluate the factors that could drive
changes in burn incidence between 2021 and 2050, a Das
Gupta decomposition analysis was performed, which identi-
fied contributions from population growth, aging, and
non-demographic prevalence shifts.

Ethical considerations

This study was approved by the Armed Forces Medical Com-
mand (approval number: AFMC 2025-01-006). The require-
ment for informed consent was waived, as the analysis did
not include identifiable information.

Data availability statement

The datasets generated and/or analyzed in the current study
are publicly available at https://www.healthdata.org/research-
analysis/gbd.
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RESULTS

Global prevalence of burns and airway burns in 2021
The estimated global incidence of burns in 2021 was 248 mil-
lion cases (95% confidence interval [Cl], 226.9 million to 272.3
million), which reflects a slight decrease compared to 1990
(Table 1). The age-standardized prevalence rate (ASPR) of
burns in 2021 was 2,974 per 100,000 (95% Cl, 2,719 to 3,264),
showing a 0.43% decrease (95% Cl, -0.48 to 0.39) from 1990.

In 2021, the estimated global incidence of airway burns was
6,900 (95% Cl, 4,093 to 11,838), a slight reduction from that in
1990. The ASPR of airway burns in 2021 was 0.19 per 100,000
(95% Cl, 0.12 to 0.31), indicating a marginal decline compared
to previous estimates.

Regional variations in burns and airway burns

As in Fig. 1, Among the 21 GBD regions, Southern Latin Ameri-
ca had the highest burn prevalence in 2021, with an ASPR of
7,898 per 100,000 (95% Cl, 7,003 to 9,035), followed by Central
Europe (6,156 per 100,000; 95% Cl, 5,633 to 6,811), and Eastern
Europe (6,113 per 100,000; 95% Cl, 5,577 to 6,707). The lowest
prevalence was recorded in East Asia, at 2,005 per 100,000 in-
dividuals (95% Cl, 1,819 to 2,211).Regarding airway burns,
Southern Latin America again reported the highest ASPR at
0.19 per 100,000 (95% Cl, 0.12 to 0.31), followed by Australasia
at 0.22 per 100,000 (95% Cl, 0.12 to 0.41). The lowest preva-
lence was observed in Southeast Asia, with an ASPR of 0.06
per 100,000 (95% Cl, 0.04 to 0.10).

Most regions experienced a slight decline in burn preva-
lence between 1990 and 2021. The Caribbean recorded the
largest increase (0.05%; 95% Cl, 0.04 to 0.07), followed by
Oceania (0.11%; 95% Cl, 0.10 to 0.12). In contrast, the largest
reduction was observed in East Asia (0.61%; 95% Cl, -0.62 to
-0.60), followed by Western Sub-Saharan Africa (0.26%; 95%
Cl,-0.27 t0 -0.25).

Regarding airway burns, the largest reduction occurred in
East Asia (-0.14%; 95% Cl, -0.26 to 0), followed by Sub-Saha-
ran Africa (-0.17%; 95% Cl, -0.21 to -0.13). However, Oceania
(0.119; 95% ClI, 0 to 0.23) and the Caribbean (0.35%; 95% Cl, 0
t0 0.23) showed increased prevalence.

Regarding YLDs, the largest decline between 1990 and 2021
was observed in East Asia (-60.82%; 95% Cl, -67.29 to -53.38),
whereas Oceania showed an increase (11.41%; 95% Cl, 12.71
to 10.49). Regarding airway burns, the North Africa and Mid-
dle East region showed the largest reduction (-43.85%; 95%
Cl, -41.05 to -44.47), while the Caribbean exhibited the high-
est increase (35.18%; 95% Cl, 26.75 to 40.46).

http://pfmjournal.org
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Gloal burden of burn and inhalation inuries
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Fig. 1. Age-standardized prevalence of burns (A) and airway burn injuries (B) by country for male and female patients combined and across
all ages in 2020.

172 http://pfmjournal.org



PRECISION AND FUTURE NMIEDICINE
Nara Lee, et al.

10,000

= Female
= Male P

7,500

5,000 [

2,500 [

prevalence (rate per 100,000)

10 20 30 40 50 60 70 80 90 100
Age (yr)

— Female
~ Male

04

prevalence (rate per 100,000)

10 20 30 40 50 60 70 80 90 100
Age (yr)

Fig. 2. Global prevalence of burns (A) and airway burn injuries (B) stratified by age and sex in 2021; shaded areas represent 95% uncertainty

intervals.

Age- and sex-specific prevalence of burns and airway
burns

Burn prevalence was consistently higher in males than in fe-
males across all age groups, with the greatest difference ob-
served among older adults (= 95 years) (Fig. 2A). The global
ASPR was higher in males (3,285.52 per 100,000; 95% Cl,
3,011.89 to 3,580.09) than in females (2,677.39 per 100,000;
95% Cl, 2,423.18 to0 2,968.3). Prevalence increased with age,
reaching its peak at = 95 years. The highest YLD burden was
observed in the 40-44 age group (128.54 per 100,000; 95% Cl,
91.62 to 177.07).

Regarding airway burns (Fig. 2B), the prevalence was higher
in females within the 0-10 year age group, whereas males
had a higher prevalence within the 10-50 year age group.
Among individuals aged = 60 years, the prevalence was high-
er among females again. The highest YLD burden was ob-
served in those aged =95 years (0.08 per 100,000; 95% Cl,
0.03t00.18).

Major risk factors for burns and airway injuries
The leading contributors to burn-related YLDs were self-harm
and interpersonal violence (13.5%; 95% Cl, 13.51 to 13.76),
transport-related causes (5.82%; 95% Cl, 6.04 to 5.59), and
unintentional injuries (80.68%; 95% Cl, 77.01 to 83.07).
Regarding airway burns, the corresponding proportions
were as follows: self-harm and interpersonal violence (13.0%;
95% Cl, 10.49 to 14.85), transport-related causes (13.88%;
95% Cl, 9.45 to 16.19), and unintentional injuries (73.12%;
95% Cl, 65.08 to 78.77). Among these, unintentional injuries
accounted for the largest percentage.

https://doi.org/10.23838/pfm.2025.00226

Projected burn and airway burn cases by 2050

By 2050, the global number of burn cases is projected to
reach 613 million (95% Cl, 517 million to 673 million), repre-
senting a 6.42% increase (95% Cl, 5.71 to 6.62) from the 2021
levels (Table 2). In contrast, the number of airway burn cases
is projected to decrease significantly, with an estimated 9,873
cases (95% Cl, 5,726 to 17,202) by 2050, indicating a 10-fold
reduction from that of 2021 (Table 3).

Regional and demographic trends in burn incidence
by 2050

By 2050, the global number of burn cases is projected to reach
613 million (95% Cl, 517 million to 673 million), reflecting a
6.42% increase (95% Cl, 5.71 to 6.62) from the 2021 levels. In
contrast, the number of airway burns is expected to decrease
significantly, with an estimated 9,873 cases (95% Cl, 5,726 to
17,202) by 2050, representing a 10-fold reduction from 2021.

Regionally, most areas are expected to experience a sub-
stantial increase in burn cases, primarily driven by the rising
prevalence and aging populations. The largest increase in burn
prevalence is projected for Tropical Latin America (15.63%
in 2020 to 32.98% in 2050), followed by South Asia (4.22%
to 6.61%). In contrast, the greatest declines are expected in
Southern Sub-Saharan Africa (1.81% to 0.93%) and high-in-
come North America (1.23% to 0.47%) (Table 2).

Regarding airway burns, regional variations were project-
ed to be minimal, with changes <1% across all regions. Trop-
ical Latin America is expected to experience the greatest in-
crease (0.0001749% to 0.0005804%), while Southern Sub-
Saharan Africa is projected to experience the largest decline
(0.00004998% to 0.00003263%) (Table 3).
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Fig. 3. Decomposition of projected changes in the number of prevalent burns (A) and airway burn injuries (B) between 2020 and 2050.

DISCUSSION

Burns are a major contributor to YLDs across all countries [21],
and this study provides global, regional, and national esti-
mates of burn incidence and burden. In 2021, there were an
estimated 248 million burn cases globally. Burns impose a
considerable economic burden owing to prolonged hospital

176

stays and high treatment costs [22]. On average, patients with
burns require 23 days of hospitalization, with the total inpa-
tient expenses exceeding $39,600 per patient [23]. Post-treat-
ment costs, including scar management and rehabilitation,
add financial strain [24]. Burn prevalence is highest among the
working-age population, resulting in substantial productivity
losses at both individual and societal levels [10]. Low- and
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middle-income countries (LMICs) experience disproportion-
ately high socioeconomic burdens owing to limited healthcare
infrastructure and financial constraints [25]. Children are par-
ticularly vulnerable, as their thinner skin and smaller airway
diameters increase the severity of airway burns [26]. Burns in-
duce tissue necrosis, which triggers scar formation through
wound-healing mechanisms, often resulting in permanent
disability and diminished quality of life [27]. Airway burns are
particularly severe, usually requiring intubation, and signifi-
cantly increase mortality risk compared with other burn types
[3]. The implementation of effective and cost-efficient inter-
ventions, particularly in LMICs, is crucial. Policies should prior-
itize prevention, improve acute care, and enhance rehabilita-
tion strategies.

Age-standardized YLDs for burns decreased by 43.34% (95%
Cl, -44.33 to -41.49) between 1990 and 2021, primarily owing
to advancements in burn prevention education and treat-
ment; however, this finding was not uniform across countries.
Although high-income countries experienced substantial re-
ductions in burn-related mortality, some low-income coun-
tries, such as Haiti (21.64%; 95% Cl, 15.42 to 37.55), exhibited
an increase in the YLD burden, highlighting persistent dispari-
ties. Similarly, age-standardized YLDs for airway burns de-
clined by 26.79% (95% Cl, -29.24 to -24.77) over this time-
frame. However, some countries, including Haiti (108.22%;
95% Cl, 76.41 to 152.47) and Sdo Tomé and Principe (50.61%;
95% Cl, 47.7 to 51.98), showed significant increases, under-
scoring the need for targeted preventive efforts.

Looking forward, this study’s projections to 2050 offer criti-
cal insights for future health policy. The absolute number of
burn cases is projected to increase by 6.42% to 613 million by
2050. Our decomposition analysis reveals this growth is not
driven by a rising prevalence rate but rather by demographic
shifts, namely population growth and population aging (Fig. 3).
The largest increases are anticipated in regions such as Tropi-
cal Latin America and Eastern Europe, which may be linked to
ongoing industrialization, urbanization, and specific occupa-
tional hazards. In contrast, the absolute number of airway
burn cases is also projected to increase, reaching an estimat-
ed 9,873 cases by 2050. Although this represents a smaller rel-
ative increase than for general burns, it underscores a con-
tinuing public health challenge. The differing trajectories sug-
gest that broad public health strategies must be complement-
ed by targeted interventions. For general burns, policies must
adapt to the challenges of a growing and aging population,
particularly in high-growth regions. For airway burns, the fo-
cus should remain on enhancing fire safety standards, improv-
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ing emergency response, and advancing specialized medical
care to manage these severe injuries.

Burn-related health losses vary widely across regions, with
low-income countries experiencing a disproportionately
high burden of disability and mortality owing to inadequate
healthcare infrastructure and limited access to emergency
care [25]. In Central Latin America, burns are primarily caused
by heating and kitchen accidents; however, in Eastern and
Western Europe, high burn rates are caused by industrial ex-
posure and winter-related heat-related accidents. In Tropical
Latin America, burn risks are elevated because of high tem-
peratures and hazardous working conditions; however, re-
ports from Asia showed a significant proportion of burns re-
sulting from traffic accidents. In contrast, high-income coun-
tries benefit from greater access to prevention programs and
advanced medical care, lowering burn-related mortality rates.
Given these regional variations, tailored prevention and treat-
ment strategies are essential to address specific risk factors
effectively.

Furthermore, burn prevalence was consistently higher in
men across all age groups, with the largest sex disparity ob-
served in individuals aged =95 years (Fig. 2A). The global
age-standardized prevalence was higher in males (3,285.52
per 100,000; 95% Cl, 3,011.89 to 3,580.09) than in females
(2,677.39 per 100,000; 95% Cl, 2,423.18 to 2,968.3). Burn prev-
alence increases with age and peaks at approximately 95
years; however, the highest YLD burden occurs in the 40-44
age group (128.54 per 100,000, 95% Cl, 91.62 to 177.07).

Fig. 2B illustrates the varying prevalence of airway burns
based on age and sex. Among children aged 0-10 years, the
prevalence was higher in females; however, in individuals
aged 10-50 years, the prevalence was higher in males. Among
those aged = 60 years, females exhibited a higher prevalence.
The airway burn-related YLDs peak among older adults was
observed in individuals aged =95 years (0.08 per 100,000;
95% Cl,0.03 t0 0.18).

Males exhibited a consistently higher burn prevalence and
YLD burden than females; both measures increased with age
(Fig. 2). However, a notable exception was observed in chil-
dren aged =< 10 years, with higher burn prevalence in girls.
These findings highlight the need for targeted burn preven-
tion strategies for caregivers and young children. Among
working-age adults, burn prevalence and YLD disparities be-
come more pronounced in men aged = 30 years, likely owing
to greater occupational exposure to thermal and electrical
burns. Implementing adequate workplace protective mea-
sures is essential to reduce risks [28]. For individuals aged =
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60 years, burn prevalence remained higher in males; howev-
er, airway burn prevalence was higher in females. This trend
may be linked to age-related cognitive decline (including Alz-
heimer’s and Parkinson’s diseases), which increases the risk
of household accidents [29]. Preventive efforts should focus
on home safety modifications, fire hazard education, and im-
proved emergency response systems in older adults [15].

Various environmental, social, and individual factors can
cause burns. This study highlighted self-harm, interpersonal
violence, traffic accidents, and unintentional injuries as the
major risk factors. Self-harm and interpersonal violence con-
tribute significantly to burn injuries and are often linked to
psychological distress, social conflict, and domestic violence.
Traffic accidents, particularly those involving motor vehicles
and motorcycles, are the leading cause of death. Moreover,
unintentional injuries frequently occur in high-risk environ-
ments, such as unsafe workplaces, construction sites, and
kitchens, often owing to inadequate safety measures, expo-
sure to hot liquids, or electrical malfunctions. These risk fac-
tors vary by region and social context; however, current pre-
ventive strategies remain inadequate and lack strong sup-
portive evidence [28]. Future studies should focus on devel-
oping targeted prevention programs and assessing their ef-
fectiveness in mitigating burn-related injuries.

Effective burn treatment requires a comprehensive ap-
proach, from initial treatment to long-term rehabilitation [13].
Acute care includes fluid resuscitation, necrotic tissue de-
bridement, skin grafting, and infection control. The Parkland
Formula prevents hypovolemic shock and multi-organ failure
[30]. In addition, advancements in bioengineered skin substi-
tutes and cell-based therapies have improved wound-healing
outcomes [31]. For airway burns and inhalation injuries, early
airway management, mechanical ventilation, and hyperbaric
oxygen therapy are critical to address carbon monoxide and
cyanide poisoning [13]. Rehabilitation includes physical and
occupational therapies to prevent contractures and muscle
atrophy, scar management, and reconstructive procedures to
restore function and aesthetics [24]. A multidisciplinary ap-
proach that integrates these treatments can significantly im-
prove survival and long-term recovery rates of burn patients.

This study utilized Bayesian methods and DisMod-MR 2.1
(Institute for Health Metrics and Evaluation, University of
Washington) to estimate burn prevalence and burden by 2050.
Risk factor attribution was incorporated to provide new in-
sights into the relative contributions of various exposures.
However, this study had some limitations worth noting [32].
First, the variability in burn classification across countries in-
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troduces data heterogeneity. Second, although the regression
models attempt to standardize definitions, residual uncertain-
ties persist. Third, this study does not fully account for indirect
factors, such as the impact of coronavirus disease 2019 on
healthcare access. Finally, data scarcity in LMICs remains a
challenge that limits the scope of national-level analyses.

In conclusion, burns remain a major global health concern,
and their prevalence and burden are expected to increase by
2050, particularly in LMICs. Implementing targeted preven-
tion strategies, strengthening acute care, and enhancing re-
habilitation efforts are essential to mitigate the long-term im-
pact of burns.
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