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Background: To evaluate the changes in the global burden of foreign body
aspiration (FBA) among children under 5 years old at regional, age, sex, and
socio-demographic index (SDI) levels between 1990 and 2019.

Methods: Data on FBA was derived from the Global Burden of Disease (GBD) Study
2019 database on pulmonary aspiration and foreign body in airway. The means and
95% uncertainty intervals (Uls) were calculated for incidence, and disability-
adjusted life-years (DALYs). The temporal trends were represented by estimated
annual percentage change (EAPC) using Joinpoint regression.

Results: Globally, FBA caused 109.6 (95% Ul: 69.5, 175.7) per 100,000 incidence
and 317.9 (95% Ul: 270.7, 372.4) per 100,000 DALYs under 5 years old in 2019.
Many European countries (such as Italy, Netherlands, Iceland, etc.) showed a
high incidence rate, but did not cause a large disease burden (DALYs all less
than 200 per 100,000). Compared to 1990, although a decrease in both
incidence and DALYs occurred in 2019, the Joinpoint regression showed an
increasing trend in incidence rate from 2014 to 2019 [APC: both (2.10), female
(2.25), male (1.98), P<0.05)], especially China, Netherlands, and Malta. Despite
the lower incidence rate in early neonatal group and middle SDI areas, they
instead resulted in higher DALYs than other age groups and areas.

Conclusion: Although declines occurred in incidence and DALYs of FBA among
children under 5 years of age from 1990 to 2014, an upward trend began to
emerge from 2014 to 2019. The incidence and DALY rates were correlated with
age and SDI. Increased efforts are needed to improve the necessary monitoring
and reporting systems, hazard assessment, and public education activities.
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1. Introduction

Foreign body aspiration (FBA) remain a common public health concern in pediatrics
globally, contributing to serious health consequences and economic burden, especially in
preschool children (1-3). It has been reported that young children are particularly at risk
for FBA, with nearly 98% of cases less than 5 years of age (4, 5). Compared with adults,
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children harbor smaller airways and greater airway resistance,
rendering them more vulnerable to severe airflow obstruction. In
addition, dental development and high mobility
distractibility during feeding further put them at risk (5-7). The
most common causes mainly include food, coins, toys, and

and

balloons, among which, organic foreign bodies were more
common than inorganic (5, 6, 8-11).

Several studies have documented that inhalation of foreign
bodies can result in acute or chronic complications, such as
recurrent respiratory infections, chronic cough, persistent
wheezing, pulmonary or segmental collapse and bronchiectasis
(10). As for young children, FBA was reported to cause a
persistent increase in pediatric cerebral palsy patients (12).
Delayed diagnosis is an important contributing factor to
complications. In many cases, choking episodes may be
unattended, leading to a delay in diagnosis and potentially
dangerous consequences for the patient’s health and life,
especially if there is no clear history and clinical presentation (6,
7, 9, 13). Additionally, information about the non-fatal health
outcomes of foreign body aspiration is generally overlooked (11).
Therefore, there is a growing imperative to focus on the disease
burden caused by FBA among young children. Given the diverse
living environment, lifestyle, cultural and economic situations of
people in various regions, the disease burden may vary by
geographical location. However, to date, few studies have
systematically described the global burden of FBA among young
children. In this study, we aimed to comprehensively understand
the global, regional, and national incidence and disability-
adjusted life years (DALYs) of FBA among children under
5-year-olds, from 1990 to 2019, by age, sex, and socio-demographic

index (SDI).

2. Methods
2.1. Overview

Data on FBA was exacted from the Global Burden of Disease
(GBD) Study 2019 via the Global Health Data Exchange website
(http://ghdx healthdata.org). In this FBA
pulmonary aspiration and foreign body in airway as defined in
the GBD 2019. The GBD 2019 systematically assesses the health
burden of 369 diseases and injuries from 1990 to 2019 including

study, refers to

204 countries and territories. Other studies have described a
detailed methodology for estimating incidence and DALY rates
(14). This study was conducted in accordance with the Helsinki
Declaration of 1975. Based on publicly available dataset, this
study did not require ethical approval. Informed consent was
waived because GBD 2019 uses de-identified aggregated data.

2.2. Definition of foreign body aspiration
In GBD 2019, The International Classification of Diseases

ninth and tenth revision (ICD-9 and ICD-10) codes used in the
analyses for foreign body aspiration (ie., pulmonary aspiration
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and foreign body in airway) are 770.1-770.18, E911-E912.09,
E913.8-E913.99 and W75-W76.9, W78-W80.9, W83-W84.9.

2.3. Data processing and presentation

Joinpoint regression was used to assess the time trends and the
annual percentage change (APC) in incidence and DALY rates in
1990-2019 for FBA among children under 5 years old. The
analysis was then performed by 204 countries, 5 SDI regions, 21
GBD regions, different genders, and age groups. Temporal trends
in rates (per 100,000 population) over a specific time interval,
measured by the value of estimated annual percentage change
(EAPC), were calculated using a generalized linear model. In the
formula y =0+ Bx + €, where y refers to In (rate) while x means
the calendar year. EAPC values were calculated using the
formula EAPC =100 x (¢*!). The rates were considered to be:
(1) an upward trend if the estimated value of the EAPC and its
lower 95% confidence intervals (CI) above zero; (2) a downward
trend if the estimated value and its upper 95% CI below zero; (3)
stable if the 95% CI contains zero. We also analyzed the
correlation between SDI and incidence and DALY rates in 2019.
Hierarchical clustering based on the EAPC of incidence and
DALY rates in 2014-2019 divided the 204 countries into four
categories (significant increase, significant decrease, remained
stable or minor increase, minor decrease).

DALY is all healthy life years lost from morbidity to mortality,
which is estimated as the sum of years of life lost (YLL) and years
of life lived with disability (YLD). SDI was evaluated based on the
total fertility rate among females younger than 25 years old,
educational attainment for those aged 15 years or older, and lag
distributed income per capita. The 204 countries and territories
were then placed into 5 categories according to the SDI: low-SD],
low-middle-SDI, middle-SDI, high-middle-SDI, and high-SDI.
Children under 5 years old are classified as early neonatal, late
neonatal, post neonatal and 1 to 4 according to the existing age
groups of GBD. Early neonatal is 0-6 days after birth. Late
neonatal is 7-27 days and post neonatal is 28-364 days.

In GBD 2019, every estimate was calculated 1,000 times, and the
final data was presented as the mean of these estimates. 95%
uncertainty interval (UI) was calculated for each parameter in the
analysis, which was determined using the 25th and 975th values of
the ordered 1,000 draws. Joinpoint regression was performed using
the Joinpoint software (version 4.7.0) developed by the Surveillance
Research Program of the US National Cancer Institute. Other
statistics and graphing were performed using R (version 4.1.0).

3. Results
3.1. Overall burden

Globally, FBA caused 109.6 (95% UL 69.5, 175.7) per 100,000
incidence rate and 317.9 (95% UI: 270.7, 372.4) per 100,000 DALY
rate under 5 years old in 2019 (Table 1). Overall, compared to
1990, a decrease in both the incidence rate and the DALY rate
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TABLE 1 Continued
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DALY, disability-adjusted life-year; EAPC, estimated annual percentage change; SDI, socio-demographic index.
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occurred in 2019. The EAPC from 1990 to 2019 were —1.7 (95%
Ul: —1.9, —1.5) for incidence rate, and —3.3 (95% UL -3.3,
—3.2) for DALYs, respectively. Of note, the Joinpoint regression
revealed an increasing trend in the incidence rate of FBA in
2014-2019 [APC: both (2.10), female (2.25), male (1.98), P<
0.05)], although there was a significant decline in 1990-2014
(Figures 1A-C). The DALY rate presented a continuous
downward trend, with an EAPC of —4.6 (95% UL —5.4, —3.8)
(Figures 1D-F).

3.2. Regions

In 2019, Italy, New Zealand, Netherlands, Iceland, France, and
Germany had higher incidence rates (all more than 350 per
100,000) and most of these countries are located in Europe. Many
other European countries also showed a high incidence rate.
Nevertheless, these countries did not cause a large disease burden
(DALYs all less than 200 per 100,000, Figure 2). Conversely,
Haiti, Mexico and Brazil did not have a high incidence rate but
their DALY rates were in the top 10, especially Haiti, which had
the first DALY rate [2028.2 (95% UL 1111.6-3062.4)]. And the
countries with the second and third highest DALY rates were
Bolivia and Peru (both more than 1,500 per 100,000), respectively
(Figure 2 and Supplementary Table S1). From 1990 to 2019, 204
countries and territories experienced a decline or less fluctuation
in incidence rate. But from 2014 to 2019, most of the countries
showed an increase in incidence rate, especially China,
Netherlands, and Malta, whose EAPCs (2014-2019) were in the
top three places, with 94 (95% UL 8.5, 10.2), 7.5 (95% UL 6.2,
8.9) and 7.2 (95% UL 3.7, 10.7), respectively. It is noteworthy that
the incidence rate in 2019 were nearly double compared to 2014
(75.6 vs. 48.7 per 100,000). In contrast, the DALY rates showed a
decrease in most countries, but Mali, Dominica, Puerto Rico,
Lesotho and Barbados were shown as rising (Supplementary
Table S1). Hierarchical clustering of different countries according
to EAPC (2014-2019) of incidence and DALY rates showed only
Iran (Islamic Republic of) had a significant decrease. Other
countries are detailed in the Supplementary Figure S1.

In 2019, in 21 GBD regions, Andean Latin America and
Caribbean had high incidence rates [209.6 (95% UL 135.4, 318.1)
and 144.5 (95% UL 89.5, 229.9)] and first and second highest
DALY rates [1424.9 (95% UL 983.1, 2014.1) and 1064.4 (95%
UL 668.5, 1481)]. East Asia and Tropical Latin America had low
incidence rates [75 (95% UL 41.8, 133.1) and 77 (95% UI: 42.6,
137)] while caused high DALY rates [585.4 (95% UL 479.2,
701.3) and 761 (95% UL 598.3, 957.3)], respectively. Similarly, 21
GBD regions showed decreasing or little fluctuation in incidence
rate from 1990 to 2019, while most regions showed an increase
from 2014 to 2019. For DALY rate, both 1990-2019 and 2014-
2019 showed decreases except for high-income North America.
In high-income North America, a rise in DALYs occurred in
2019 compared to 1990 [EAPC 2.6 (95% UL 2.1, 3)] and a
decline compared to 2014 [EAPC —2.5 (95% UL —3.8, —1.2)].
Interestingly, from 2014 to 2019, East Asia showed a highest
EAPC in incidence rate [9.1 (95% UI: 8.3, 9.9)], while DALY rate
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FIGURE 1

DALY rate for males; (F) DALY rate for females.

Temporal trends in the incidence and disability-adjusted life-year (DALY) rates of global foreign body aspiration among children under 5 years of age by
sex from 1990 to 2019. (A) Incidence rate for both sexes; (B) Incidence rate for males; (C) Incidence rate for females; (D) DALY rate for both sexes; (E)

showed a large decrease [EAPC —7.6 (95% UL —9.9, —5.4)]. And
comparing the EAPC of incidence rate from 1990 to 2019, we
found the contrast between trends of 1990-2014 and 2014-2019,
with 1990-2014 showing a larger decline. Also worth noting is
that Western Europe showed the highest incidence rate [326.6
(95% UI: 227.5, 480.3)] and the lowest DALY rate [85.8 (95% UL
72.1, 101.1)] in 2019.

3.3. SDI

Although the incidence rates of low-middle, middle and high-
middle SDI regions were lower than in high SDI region, the DALY
rates were higher than in high SDI region in 2019. Particularly, in
middle SDI region, the incidence rate showed the lowest but the
age-standardized DALY rate showed the highest (Table 1). Of
note, high SDI region exhibited significantly high incidence rate
while low or middle SDI regions had low value in 2019. But for
DALY rate, middle SDI countries instead showed a higher value
(Figure 3). In 2014-2019, among the different SDI regions,
incidence rate increased more in high SDI regions [EAPC 4.5
(95% UL 3.6, 5.3)], and DALY rate had a smaller reduction
compared with other regions [EAPC —2.7 (95% UL —3.7, —1.6)].
Although DALY rate in the middle SDI region remained in the
first place, there had been a large decline [EAPC —5.5 (95% Ul
—6.7, —4.3)] (Table 1).

3.4. Age- and sex-specific patterns

In 2019, in different age groups, the post neonatal group
showed the highest incidence rate [114 (95% UI: 70, 175.7)]
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and the early neonatal group showed the lowest incidence rate
[92 (95% UL 58.3, 153.6)], while the early neonatal group
showed the highest DALY rate [8071.1 (95% UI: 6658.3,
9728.2)]. From 2014 to 2019, the incidence rate increased in
every age group and the largest EAPC was observed in the age
group 1 to 2 [2.4 (95% UL 1.8, 3)]. And the DALY rate showed
a decrease. In terms of gender, we did not find a significant
difference in their incidence rates, DALY rates and EAPCs
(Table 1).

4. Discussion

Although the incidence rate of FBA in children under five years
of age declined significantly from 1990 to 2014, a rebound was
observed from 2014 to 2019. In 2019, FBA among children
under five years old caused a large incidence and DALYs
globally. Different age groups and regions showed different
profiles in terms of incidence and DALY rates. No significant
differences were found between the sexes. From 1990 to 2019,
incidence rates showed a decline in all age groups and most
regions. Conversely, from 2014 to 2019, an increase in all age
groups and most regions was observed. For the DALY rate, the
trend remained down except for a few countries.

Foreign body aspiration occurs more often in childhood and
remains a significant cause of death (5, 15). The causes and
incidence rates of different age groups are different (11, 16-19).
Airflow resistance is inversely proportional to the fourth power
of the airway radius, so even small changes in the cross-section
of a toddler’s airway can result in dramatic changes in airway
resistance and airflow (5). In our study, in 2019, the post-
neonatal group had a higher incidence rate, while the incidence
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FIGURE 2

in 2019. (A) Incidence rate; (B) DALY rate.

The incidence and disability-adjusted life-year (DALY) rates of foreign body aspiration among children under 5 years of age in 204 countries and territories
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rate of the early neonatal group was lower, resulting in more DALY
rate. This reminds us of the need to improve emergency and
treatment methods and related policies, which may significantly
reduce the DALY rate. It is also important to note that from
2014 to 2019, children in the 1-4 groups showed a higher EAPC
of incidence rate compared to other age groups. All these
findings have implications for targeting the appropriate strategies
for different ages children.

Due to differences in economic status and policies in different
SDI regions, the incidence and DALY rates of FBA varied among
SDI regions (15). Although public health achievements have
benefited high-income countries, citizens of low-middle-income
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countries have not enjoyed the same progress to a large extent
(11). This also reflected the degree of attention to the disease and
the effectiveness of related measures in each region. We found
that in 2019, the incidence rate was higher in high SDI areas
than in low-middle, middle, and high-middle SDI regions, but
the DALY rate was lower than theirs. In general, the better
economic areas have better medical conditions and are better
able to take emergency measures in a timely manner, thus
reducing DALYs (20, 21). Of note is that in middle SDI regions,
perhaps because of the low reported incidence rate, it has instead
reduced the attention to the disease, which led to a higher DALY
rate than in other SDI regions in 2019. A study suggests that
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FIGURE 3
Association of incidence and DALY rates with socio-demographic index (SDI) for 204 countries and territories for foreign body aspiration among children
under 5 years of age, in 2019. (A) Incidence rate; (B) DALY rate.

even if foreign body aspiration seem to frequently happen under
adult
dynamics are never reported in case series collected in low-
middle income countries (11). Thankfully, there was a significant
decline in DALY rate compared to 2014. This demonstrated the
effectiveness of the existing relevant policies and measures. The

surveillance, data regarding foreign body aspiration
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results of the analysis of the association of SDI with incidence
and DALYs in 2019 also showed the same relationship as
described above.

The 21 GBD regions also showed significant differences in
incidence and DALYs. In 2019, Andean Latin America and
Caribbean are in the top two for DALY rate and also show a
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high incidence. Although the incidence rate in East Asia and
Tropical Latin America is not high, it results in a high DALY
rate. As with the high SDI region described above, Western
Europe showed the highest incidence rate and the lowest DALY
rate. These were more reflective of the impact of economics,
technology, and attention on the burden of disease. East Asia
continued to have a higher DALYs than many other GBD
regions in 2019, but showed a significant decline compared to
2014. This may be due to the improvement in economics and
technology in recent years. However, it should not be ignored
that although its incidence rate was not high in 2019, there is a
large increase compared to 2014. In addition, most other GBD
regions also showed an increasing trend in incidence from 2014
to 2019, although there were decreases or small fluctuations from
1990 to 2019. this suggests the need for improved and increased
measures in prevention. Unlike other GBD regions, only High-
income North America experienced a rise in DALY rate from
1990 to 2019, and thankfully, it occurred a decline from 2014 to
2019. At the national level, many European countries exhibited
high incidence rates. However, it has been noted in the literature
that there is no difference in prevalence between high-income
and low-income countries. The higher incidence in high-income
countries and high SDI regions in this study may be due to the
poor surveillance and reporting system or the underdiagnosis of
the disease in other areas (11, 22). The government has taken
many effective measures, such as a publicly owned registry
promoted by the European Union, the “Susy Safe Registry” (23).
The high incidence rates had not resulted in a significant disease
burden in these countries such as Italy, Netherlands, Iceland,
France, and Germany. Conversely, Haiti, Mexico and Brazil did
not have high incidence rates, but they ranked in the top 10 for
DALY rate, especially Haiti, which ranked first. As in the middle
SDI regions above, lack of sensitivity on the part of both parents
and clinicians in identifying and acknowledging the risk (6, 9,
11). In addition, Bolivia (Plurinational State) and Peru had the
second and third DALY rates, which may be influenced by the
economy and technology of the country. It should also not be
overlooked that the EAPCs in China,
Netherlands, and Malta were in the top three and the DALY
rates in Mali, Dominica, Puerto Rico, Lesotho, and Barbados

of incidence rates

showed an increase from 2014 to 2019.
Therefore, these countries and regions need to establish the
necessary monitoring and reporting systems. Focus resources and
prevention programs on at-risk populations, environments, and
identified
actively cooperate with

products through surveillance systems. Relevant

institutions the work, and open
information sharing. Relevant organizations can work with
manufacturers to assess foods and items that children may come
into contact with and label them with warnings (11). Conduct
anticipatory guidance and targeted education. Emphasize the
importance of preventive measures and provide first aid
instruction to parents, teachers, child care providers and others
who care for children. Pediatricians and other infant and child

health personnel to enhance prevention counseling and provide
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caregivers with information and guidance on safe behaviors (10,
11). To further improve cost-effectiveness, we also need to
improve assessment and management techniques, such as flexible
bronchoscopy, which has improved success rates and reduced
complication rates in recent years. Bronchoscopy is the primary
means of diagnosis and management, and its use requires
increased physician expertise and experience (10, 19, 24, 25). In
addition, we can distinguish patients who need intervention from
those who can be safely observed and select appropriate patients
for dynamic management (26, 27). To further reduce the burden
of FBA on children under five years of age, it is necessary to
understand the disease in different age groups and regions, and
take into account the lifestyle and cultural habits of the
population so that targeted policies and measures can be more
effective.

This study also has some limitations. First, the GBD did not
provide data on risk factors for FBA. We were unable to analyze
which risk factors were dominant or the annual change in the
contribution of risk factors. So, we can’t offer some more focused
advice. Second, due to differences in economic conditions, health
expenditure, medical standards, and health policies, there exists
heterogeneity in the epidemiological monitoring systems of
different countries and regions, which may lead to some biases
in the GBD reporting systems. We cannot rule out that the
disease burden in some countries may be underestimated or
overestimated. Third, following the existing age groupings of
GBD, this study focused on children under 5 years of age.
Further analysis may be needed for areas with high incidence in
children of other ages. Despite these limitations, we hope that
the present study will contribute to the development of policies
and measures to reduce the disease burden of FBA in children.

5. Conclusion

In conclusion, the global incidence rate of FBA among children
under 5 years old showed an increase in 2014-2019, although a
decrease occurred from 1990 to 2014. For DALYs, it was a
continuous downward trend from 1990 to 2019. The incidence
and the DALY rates presented differently in different regions and
age groups, and were correlated with SDI. Of concern is that the
early neonatal group and middle SDI region have lower
incidence rates, but they instead result in higher DALY rates
Therefore, relevant

than other age groups and

organizations and agencies need to improve the necessary

regions.

monitoring and  reporting hazard

enforcement, and public education activities.

systems, assessment,
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