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Abstract

Background This study aimed to evaluate trends in global, regional, and national burdens of intraocular foreign
bodies among children and adolescents (aged 0— 19 years) between 1990 and 2019 according to age, sex, and socio-
demographic index.

Methods This study obtained data from the Global Burden of Disease Study 2019 and evaluated the number of
cases, rates per 100,000 persons, and average annual percentage changes among children and adolescents. The
annual percentage changes in the incidence and years lived with disability rates across various age groups were
investigated using joinpoint software.

Results For intraocular foreign bodies in children and adolescents, the incidence and year lived with disability rates
decreased in all age groups between 1990 and 2019. However, the number of incident cases and years lived with
disability increased from 1091.94 [95% uncertainty interval (Ul), 610.91-1839.52] and 89,245 (95% UI, 6.65-18.67)

in 1990 to 1134.85 (95% U, 665.01-1867.50) and 92,108 (95% Ul, 32,052-192,153) in 2019, respectively. Age was
positively correlated with the number of cases, incidence, and years lived with disability rates. However, there were
significant decreases in both the incidence and years lived with disability rates among children and adolescents,
especially in the 15-18 years age group, males, and most high-income regions. Notably, the incidence and years lived
with disability rates were significantly decreased in middle and high-middle socio-demographic index regions but
were increased in low and low-middle socio-demographic index regions.

Conclusions Despite the remarkable progress between 1990 and 2019 in reducing the global burden of intraocular
foreign bodies, there has been an increase in the number of cases, with substantial disparity across age groups, sexes,
regions, and countries. Our results could inform more effective strategies for reducing the burden among children
and adolescents.
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Background Methods
Open-globe injury (OGI) is a leading cause of unilat- Overview

eral visual impairment caused by blunt trauma or sharp
object injury and is characterised by full thickness break
of the cornea or sclera with or without exposure of eye
content to the environment. Its subtypes include pen-
etration, perforation, rupture, and intraocular foreign
bodies (IOFBs) [1]. IOFBs are a major public health prob-
lem, accounting for up to 41% of all OGIs [2]. They affect
not only the individual but also the socioeconomic fabric
of the community. Affected children and adolescents not
only suffer from prolonged visual impairment but also
decreased educational opportunities. One-third of the
global economic cost of preventing and treating visual
impairment and blindness is spent on children; however,
nearly 50% of all causes are preventable or treatable, indi-
cating that children need more focused health and medi-
cal services [3] .

Previous studies have reported the prevalence and inci-
dence rate of IOFBs in the general population, without
considering potential age-specific differences. A trend
analysis of data from the Global Burden of Disease (GBD)
Study 2017 showed that the global disability-adjusted
life-years (DALYs) due to IOFBs increased by 43.7%
between 1990 (n=139,000) and 2017 (n=202,000), and
IOFBs mostly occur in patients aged 21-41 years [4, 5].
Further, 2019 GBD data revealed that the global inci-
dence of IOFB increased from 35.79 million in 1990 to
46.63 million in 2019, representing an increase by 30.29%,
while the age-standardised incidence rate decreased from
665.92 per 100,000 population in 1990 to 593.26 per
100,000 population in 2019, with an estimated annual
percentage change of -0.93% [6]. Although there has been
extensive research on the global epidemiology of IOFBs,
there remain no age-specific data regarding IOFBs in
children and adolescents aged 0—19 years.

Therefore, to gain insights into the global, regional,
and national trends of IOFBs among children and ado-
lescents—the age category for whom IOFBs bear the
severest consequences—we aimed to use GBD 2019
data to evaluate case numbers, incidence rates and years
lived with disability (YLD) rates according to age, sex,
and socio-demographic index (SDI). The average annual
percentage changes (AAPCs) in the incidence and YLD
rates were estimated for different age groups between
1990 and 2019 using Joinpoint regression analysis. Our
findings not only corroborate previous findings but also
can guide future strategies for mitigating the socioeco-
nomic and healthcare burden of IOFBs in children and
adolescents.

GBD 2019 from the Global Health Data Exchange—
which includes data regarding the global burden of 369
diseases and injuries, including IOFBs, in 21 GBD regions
and 204 countries and territories from 1990 to 2019—
was used to obtain repeated cross-sectional data [7]. The
GBD 2019 global, age-specific, sex-specific, and region-
and country-level incidence and YLD cases, as well as the
corresponding incidence and YLD rates, of IOFBs from
1990 to 2019 were obtained for analysis. Since these data
were freely available in public databases, ethical approval
and informed consent were not required.

Data extraction and variables

The Disease Modelling-Meta Regression version 2.1 was
used to model the epidemiological outcomes of IOFBs
in children and adolescents, which is a Bayesian meta-
regression framework widely employed in GBD epide-
miological modelling [8, 9]. Data regarding all children
and adolescents with IOFBs in GBD 2019 were included.
Specifically, data regarding IOFB indicators from both
sexes in the four age groups as well as according to SDI,
geographical location, and income level—as defined in
GBD 2019—were collected. The results are presented
as the number of cases, incidence rates, YLD rates, and
AAPCs in incidence and YLD rates according to age,
sex, region, and nation between 1990 and 2019 using
95% uncertainty intervals (UI) and 95% confidence inter-
vals (CI). The 95% Ul were determined by the 2.5th and
97.5th percentiles of 1,000 ordered draws according
to the GBD algorithm [10]. Adolescents, as a life stage
between childhood and adulthood, are affected by factors
related to biological growth, social changes, and behav-
ioural changes. According to the World Health Organiza-
tion, adolescents are defined as those aged 10-19 years
[11]. Similarly, we defined adolescents and children as
those aged 10-19 years and 0-10 years, respectively. Fur-
ther, we defined age subgroups as follows: preschool chil-
dren (aged 0—4 years), older children (aged 5-9 years),
young adolescents (aged 10—14 years), and older adoles-
cents (15-19 years). Subsequently, children and adoles-
cents were divided into various heterogeneous groups
to obtain more detailed information regarding those life
stages. The SDI represents the geometric average of 0—1
indices of the total fertility rate among women aged <25
years, mean years of education in individuals aged>14
years, and income per capita, where 1 represents the lon-
gest years of education, highest per capita income, and
lowest fertility rate [7]. This study included five SDI quin-
tiles: low, low-middle, middle, high-middle, and high. In
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total, based on geographical proximity and epidemiologi-
cal similarity, 204 countries and regions were divided into
21 GBD regions.

Statistical analysis

The incidence rates, YLD rates, and their AAPCs were
calculated through linear regression analysis, with year
and logarithm-transformed rates as the independent
and dependent variables, respectively. The AAPC value,
which represents the annual percentage change (increase,
decrease, or no change), is used to summarise and com-
pare trends that may not be constant within a given
period [12]. For example, an AAPC of 0.1 indicates an
annual increase rate of 0.1%. The AAPC values and their
95% Cls reflect the trends of rates [8]. We employed
joinpoint regression analysis using the joinpoint statisti-
cal software version 4.9.0.0 (National Cancer Institute,
Information Management Services, Inc., Calverton, MD,
USA) to estimate annual percent changes (APCs) in the
incidence and YLD rates according to age. Joinpoint soft-
ware [13] is used to identify temporal trends in data and
to connect several line segments by fitting the simplest
model to the data on a logarithmic scale. These segments
begin with O joinpoints (representing a straight line),
followed by assessment of the statistical significance of
the changes after adding more joinpoints along with
their 95% Cls. With addition of more joinpoints, each
jointpoint was tested using a Monte Carlo permutation
method. The APC was computed as APCi = [(exp(p i)-1)]
% 100, where P i represents the slope of the trend segment
[14, 15]. All statistical analyses and data visualisations
were performed using R version 4.2.2 (R Foundation for
Statistical Computing, Vienna, Austria) and GraphPad
Prism 9.0 (GraphPad Software, Inc., La Jolla, CA, USA).
Statistical significance was set at P<0.05.

Results

Global IOFB burden among children and adolescents
Globally, the number of incident cases and YLDs
increased from 10.92 million (95% UI, 6.11-18.40) and
89,245 (95% U, 6.65—18.67) in 1990 to 11.35 million (95%
Ul 6.65-18.67) and 92,108 (95% UI, 32,052-192,153)
in 2019, respectively. However, the incidence rates of
IOFBs decreased from 480.28 (95% UlI, 269.7-809.09) per
100,000 population in 1990 to 439.99 (95% UI, 257.83 to
724.04) per 100,000 population in 2019, with an AAPC
of -0.3 (95% CI, -0.36 to -0.24). Moreover, the YLD rates
declined from 3.93 (95% UI, 1.37-8.23) per 100,000 pop-
ulation in 1990 to 3.57 (95% UI, 1.24-7.45) per 100,000
population in 2019, with an AAPC of -0.32 (95% CI, -0.40
to -0.25) (Table 1).
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Age-specific IOFB burden among children and adolescents
The trends in the incidence and YLDs for IOFBs across all
ages (among children and adolescents) from 1990 to 2019
are presented in Table 1. Globally, the number of inci-
dent cases and YLDs in the <5-year age group decreased
from 1990 to 2019, whereas it increased in the other
three groups. Between 1990 and 2019, the 15-19-year
age group had the highest incidence and YLD rates, with
AAPCs of -0.43 (95% CI, -0.51 to -0.36) and —0.48 (-0.56
to -0.41), respectively. However, during this period, the
<5 years age group showed the lowest incidence and YLD
rates. Overall, the number of incident cases and YLDs, as
well as their rates, increased with age, while the incidence
and YLD rates showed a descending trend between 1990
and 2019 across all age groups, accompanied by AAPCs
below 0.

The joinpoint regression analysis indicated a downward
trend of the global incidence rate of IOFB from 1990 to
2009 and a dramatic upward trend from 2009 to 2019
(Fig. 1A). For the 15-19 years age group, the decrease
was most significant between 2001 and 2005, with an
APC of -4.26, while the increase was most significant
between 2017 and 2019, with an APC of 1.74. For the
<5 years age group, the incidence rates showed minimal
decreasing trends between 2001 and 2004, with an APC
of -2.16, and an increase between 2017 and 2019, with
an APC of 1.23. The YLD rates of IOFBs (Fig. 1B) mostly
showed a dramatic decline since 2001; however, they
showed increasing trends from 2009 to 2019. Addition-
ally, for all age groups, the 15-19 years age group showed
the most obvious decreasing and increasing trend from
2001 to 2005 (APC: -4.36) and from 2017 to 2019 (APC:
1.8), respectively. The minimal trends were observed in
the <5 years age group; however, the YLD rates of other
groups fluctuated. The joinpoint regression analysis of
the global incidence rates showed significant temporal
changes (P<0.05).

Sex-specific IOFB burden among children and adolescents

The number of cases and incidence rates were both lower
among females [3.56 million (95% UI, 2.14-5.83) and
285.35 (95% UL, 171.41-466.40) per 100,000 popula-
tion, respectively] than among males [7.78 million (95%
UI, 4.50-12.80) and 585.37 (95%, UI 338.32-962.7) per
100,000 population, respectively] in 2019, respectively.
These between-sex differences were larger in 1990 than
in 2019. Among males, the incidence rates decreased
between 1990 and 2019 [666.48 (95% UI, 364.53—
1131.79) and 585.37 (95% UI, 338.32-926.7) per 100,000
population, respectively], with an AAPC of -0.44 (-0.53 to
-0.36). For women, the AAPC of the incidence rates was
0. The YLDs among males significantly dropped, with an
AAPC of -0.47, while those among females remained sta-
ble (Table 1). From 1990 to 2019, the number of incident
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Table 1 (continued)

YLDs

Incidence

P
1990-2019 Value

YLD rate AAPC,

Number,

(per 100000 2019
Population),

YLD rate
1990

Number,
1990

P

1990-2019 Value

AAPC,

Incidence rate
(per 100 000
Population),

2019

Number, 2019

Incidence rate
(per 100 000
Population),
1990

408.14

Number, 1990

(per 100
000 Popula-

(2023) 23:2489

tion), 2019

3.17 -0.06(-0.07 <0.001

(1.05-6.59)

3.22(1.06-6.7) 228 (75-475)

-0.05 (-0.06 0.029 202 (67-420)
--0.04)

402.24

28,985

25610

Australasia

--0.05)

(250.12-650.96)

492.07

(18,023-46,908)

158,923

(253.54-655.26)

49834

(15,909-41,117)
251,084

4.05 -0.05(-006 <0.001

(1.42-8.36)

1307

-0.04 (-0.05 0.022 2071 411
(1.44-8.57)

--0.03)

sociodemographic index

Asia Pacific

--0.04)

(459-2699)

(727-4319)

(98,320-254,118)  (304.43-786.82)

(306.75-801.93)

(154,555-404,045)
average annual percent change; YLDs

years lived with disability; SDI =

AAPC
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cases and YLDs among males initially showed an upward
trend, followed by a decrease, and a subsequent gradual
increase to almost the initial level. However, the inci-
dence and YLD rates among males started to decrease
in the medium term and lasted until 2019. Contrast-
ingly, the overall trends among females remained steady
(Fig. 2A-B).

Trends of IOFB burden according to region and country
among children and adolescents

The incidence and YLD rates in most regions, countries,
and territories increased from 1990 to 2019 (Table S1).
Oceania had the lowest number of incident cases in 1990
(7140.81) and 2019 (13202.63), while East Asia and South
Asia had the highest in 1990 (3.02 million) and 2019
(3.97 million), respectively. Central Asia and Oceania had
the lowest incidence rates in 1990 (393.47 per 100,000
population) and 2019 (13202.63 per 100,000 population),
respectively, while East Asia and tropical Latin America
had the highest in 1990 (649.13 per 100,000 population)
and 2019 (577.17 per 100,000 population), respectively.
Although East Asia had the highest incidence rates in
1990, it showed the maximum decrease in incidence
rates, with an AAPC of -1.58 (-2.06—-1.1). Meanwhile,
South-East Asia showed the maximum increase in inci-
dence rates, with an AAPC of 0.17 (95% CI, 0.17-0.17).
Contrastingly, East Asia and Tropical Latin America had
the highest YLD rates in 1990 and 2019, respectively.
On the contrary, Oceania had the lowest YLD rates in
both 1990 and 2019. Furthermore, the AAPCs in both
incidence and YLD rates decreased in high-income
countries, except in Southern Latin America. For other
high-income countries, although North America has the
highest number of incident cases and YLDs, its incidence
and YLD rates showed the fastest decrease.

In 2019, India (593.57 per 100,000 population), Bra-
zil (583.73 per 100,000 population), and Mexico (582.15
per 100,000 population) had the highest incidence rates.
In contrast, the Republic of Korea (157.07 per 100,000
population), Taiwan (159.49 per 100,000 population), and
Myanmar (197.83 per 100,000 population) had the low-
est incidence rates (Table S1, Fig. 3A). Notably, China
showed the highest YLD rates in 1990 but it was replaced
by Brazil in 2019. Mexico had higher YLD rates in both
1990 and 2019 (Fig. 3B). Overall, 154 countries and ter-
ritories had AAPCs in incidence rates>0, 9 had AAPCs
that remained stable, and 41 had AAPCs<0. From 1990
to 2019, the AAPCs in the incidence rates were highest in
Equatorial Guinea (0.38), the Northern Mariana Islands
(0.37), and the Syrian Arab Republic (0.3). Conversely,
China (-1.60), Czechia (-0.15), and Georgia (-0.11) exhib-
ited substantial descending trends (Table S1, Fig. 3C).
Regarding YLD rates, a decreasing trend was observed
in China (-1.61), while a dramatic increasing trend was
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Fig. 3 Global maps of incidence rates (a) and YLD rates (b) in 2019 as well as AAPCs in incidence (c) and YLD rates (d) from 1990 to 2019. AAPCs=average

annual percentage changes; YLD =year lived with disability

observed in Northern Mariana Islands (0.41) (Table S1,
Fig. 3D).

Trends of IOFB burden by the SDI among children and
adolescents

Generally, from 1990 to 2019, there were decreasing
trends in the number of incident cases and YLDs in high,
high-middle, and middle SDI regions, while there were
increasing trends in low-middle and low SDI regions. In
both 1990 and 2019, the highest number of incident cases
and YLD were observed in moderate SDI regions, while
the lowest numbers were observed in high SDI regions.
Additionally, the middle and low-middle SDI regions pre-
sented the highest incidence rates in 1990 (521.42, 95%
UI 262.32-938.70) and 2019 (478.28, 95% UI 287.22—
765.23), respectively. These trends were also manifested
in YLD rates. Countries in the high-middle and middle
SDI regions showed reductions in the incidence and
YLD rates from 1990 to 2019, while countries from low-
middle and low SDI regions showed increase. High SDI
regions maintained a stable incidence rate between 1990
and 2019. The largest decrease in the incidence and YLD
rates were observed in the high-middle SDI regions, with

AAPCs of -0.63 and —0.66, respectively, while the larg-
est increases were observed in the low-middle and low
SDI regions, with AAPCs of 0.03 and 0.04, respectively
(Table 1).

Overall, the trends in the incidence and YLD rates
initially showed an increase at low SDI, peaking at the
low-middle SDI, gradually decreasing at the middle SDI,
and sharply decreasing at high-middle and high SDI
(Fig. 4A and B), which was similar to the AAPCs in inci-
dence and YLD rates observed between 1990 and 2019
(Fig. 4C and D). According to the SDI, India, Brazil, and
Mexico showed with the highest incidence and YLD
rates of IOFBs among children and adolescents (Fig. 4A
and B). Notably, based on the SDI level, China had the
lowest AAPC value in both the incidence and YLD rates
between 1990 and 2019 (Fig. 4C and D).

Discussion

This study evaluated the case numbers, incidence rates,
and YLD rates from 1990 to 2019 based on sex, age,
and across regional, national, and socioeconomic levels
among children and adolescents. Overall, IOFBs in chil-
dren and adolescents accounted for 11.35 million cases
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and 92,108 YLDs, with an incidence rate of 439.99 per
100,000 persons and an YLD rate of 3.57 per 100,000
persons in 2019. Between 1990 and 2019, the global inci-
dence and YLD rates showed a downward trend (AAPC,
-0.3 and —0.32), whereas the number of incident cases
and YLDs showed an upward trend that varied across age
groups and regions. Therefore, our findings warrant the
development of age- and region-based specific health-
care policies and may inform the development of early
interventions.

Previous studies have demonstrated that IOFBs exhibit
age-specific patterns in children and adolescents [16,
17]. The causes of IOFBs varied across the age groups.
A>10-year study on patients aged <18 years with IOFBs
in one of the most developed cities in China found that,
among patients aged 0-3 years, the main cause of injury
was uncertain (17.5%), followed by scissors (15.0%) and
fireworks (15.0%). In the 4—12 years age group, fireworks
accounted for the highest proportion of injuries (36.7%),
followed by explosives (12.4%), plant branches, and pen-
cil injuries (11%). Metal splashing (31.7%) was the most
common cause of injury among children aged 13-17
years [2]. However, another study using the United States

eye injury database reported less common causes of
IOFB-related injuries such as assault, motor vehicle acci-
dents, lawn mower, and firework injuries [5]. In present
study, we found that individuals aged <5 years had the
lowest incidence and YLD rates of IOFBs between 1990
and 2019. This could be attributed to two reasons. On the
one hand, young children were typically less able to iden-
tify the exact cause of IOFB and often had injuries due to
uncertain causes. One the other hand, preschool children
are given more attention and care from their families and
society. Accordingly, a study conducted by the British
Eye Surveillance Unit confirmed that most eye injuries in
children in the UK occur in environments where direct
supervision of affected children is expected (at their
own homes, other homes, schools, or daycare centres),
while very few such injuries occur in relatively unsuper-
vised places (public places or sports facilities) [18]. Fur-
thermore, since older children and adolescents have an
expansive range of independent activities and opportuni-
ties to satisfy their curiosity, they are especially vulner-
able. In our study, the incidence and YLD rates of IOFBs
among older children and younger adolescents were
moderate. However, the 15-19 years age group had the
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highest burden of number of cases, incidence rate, and
YLD rate of IOFBs, which could be attributed to the simi-
lar clinical characteristics as those in adults with IOFBs,
with 59.3% and 25.9% being related to work and daily
activities, respectively [19]. In addition, they are more
susceptible to IOFB injuries related to fireworks and
metal splashes [20]. Most open eye injuries in children
are caused by sharp penetrating objects such as knives,
sharp metals, pencils/pens, sticks/wood, glass, and wires
[21]. Notably, although the frequency of IOFBs increased
with age, improvements in global health policies, such as
the global initiative for the elimination of avoidable blind-
ness by 2020 [19], decreased the burden of incidence and
YLD rates within the past 30 years across all age groups.

We found that male children and adolescents
accounted for most IOFB cases, with higher incidence
and YLD rates. Similarly, GBD 2017 showed a higher
burden of DALYs from blindness and vision loss in male
children than in female children [22]. These findings are
consistent with previous reports from the United States,
which showed that the proportion of open globe injuries
involving IOFBs was twice as high in boys than in girls,
with the average age for all paediatric cases of open globe
injury being 10.6 years [21]. In a Chinese study, males
were more prone to IOFBs following exposure to fire-
works and gunshot injuries, while plant branches were
the primary cause of eye injuries in women [2]. There-
fore, preventive measures for IOFB injuries, includ-
ing safety education and effective safeguards, should be
implemented according to sex. Notably, there has been a
marked decrease in the incidence rates of IOFBs among
males: from 666.48 per 100,000 population in 1990 to
585.37 per 100,000 population in 2019. Moreover, the
burden of YLD rates also significantly declined, with
an AAPC of -0.47. This could be attributed to following
reasons, including the implementation of safer outdoor
activity measures in developing countries such as fire-
works management strategies and wearing safety glasses
[23, 24]; reduced outdoor activity engagement among
children and adolescents in high-income countries due to
addictive electronic device use; and improved healthcare
[25, 26]. However, there have been previous contrasting
reports. In a rural community in Ethiopia, most people
are injured during local unsafe food processing due to
work, with women having a 1.16 times higher risk than
men [27]. Therefore, safety education and protective
measures for children and adolescents with IOFB injuries
should take into account both gender and area.

Oceania, which is a region composed of Pacific Island
countries, exhibited the lowest incidence and YLD rates
of IOFBs in both 1990 and 2019, which may be attributed
to the smaller population. East Asia in 1990 was replaced
by South Asia in 2019 as the region with the highest
number of cases. Specifically, as a member of South Asia,
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India exhibited the largest increase in the number of
cases from 1990 (2.34 million) to 2019 (3.03 million) and
the highest incidence rate at the country level, which was
consistent with other GBD analyses [6]. This may reflect
the lack of access to eye health care and health education
India, and thus should be considered when planning eye
care services [28]. Over the past 30 years, the number of
cases in East Asia has decreased and the incidence rate
has shown the most significant decrease, with an AAPC
of -1.58. Specifically, China, which is the largest in terms
of land and population in East Asia [29], has achieved a
significant reduction in the number of IOFB cases from
1990 (3.00 million) to 2019 (1.25 million). This can be
attributed to initiatives for improving awareness in chil-
dren and adolescents and economic restructuring. In
addition, there was a significant decreasing trend of
YLD rate in China, with an AAPC of -1.61. To overcome
population ageing and low fertility, China has made tre-
mendous efforts to improve the health of children and
adolescents by focusing on injury, risk behaviours, men-
tal health, and vulnerability. Healthy China 2030 was
proposed to prioritise health and ensure socioeconomic
development, in accordance with the United Nations
Sustainable Development Goals. Moreover, the Chinese
government is committed to improving gender equal-
ity [30]. Therefore, these factors have resulted in a rapid
decrease in male-dominant IOFB injuries among chil-
dren and adolescents. One study indicated that between
2009 and 2019, only three countries showed downward
or upward trends in the IOFB incidence rates, while
the remaining countries exhibited volatile trends [31].
In contrast, we found that 154 countries and territories
had stable AAPCs>0 while 41 countries and territories
had AAPCs<0. In addition, Latin America, as the only
high-income region with an increased AAPC, showed
the highest incidence and YLD rate in 2019. Countries
in Latin America, especially Brazil and Mexico, had the
highest incidence and YLD rates in 2019. In these areas,
funding cuts led to the interruption of social protection
measures and food poverty has sharply intensified, which
may lead to an increase in conflicts. Eyes are more vul-
nerable to injury during conflicts given their exposed
anatomical positions, and the reduction of social security
measures could impede those seeking medical treatment.
Therefore, more social action, such as the “Vision for the
Future” initiative in Brazil [32], and community educa-
tion are needed to mitigate visual impairment in children
and adolescents. Regarding war, since 2003, approxi-
mately 25% of the US military personnel seeking medical
attention for eye injuries related to operations in Afghan-
istan and Iraq at the Walter Reed Army Medical Center
Eye Service Center had IOFBs, with an average removal
time of 21 days [33]. Delayed IOFB removal can lead to
poor vision and an increased incidence of postoperative
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complications. Similarly, in another war-affected coun-
try, Syria, the average time from injury to IOFB removal
is 12.2+6.3 days, with the main cause of IOFBs being
explosions. Notably, delayed IOFB removal in Syria did
not result in a significant increase in serious eye compli-
cations [34].

Each geographical unit had an annual SDI score. Lower
incidence and YLD rates were observed in the high, high-
middle, and middle SDI regions, while higher incidence
and YLD rates were observed in the low-middle and low
SDI regions. Another study reported a clear substantial
downward gradient in IOFB burden among children and
adolescents with increasing SDI in 2019 [35]. Children
and adolescents in low and low-middle SDI areas often
suffer severe malnutrition; face difficulty in accessing
potable water, sanitation facilities, and personal hygiene
products; and are exposed to grave situations, such as
war. Similarly, the Sustainable Development Goals ini-
tiative lacks focus on quantifying and minimising the
disease burden on older children (>5 years of age) and
adolescents [36]. Thus, promoting socioeconomic devel-
opment, improving healthcare facilities, and increas-
ing public awareness in lower SDI areas are urgently
required.

The current analysis of GBD data filled the gap regard-
ing estimates of the IOFB burden among children and
adolescents at the global, regional and national levels and
highlighted the following points. First, for IOFBs in chil-
dren and adolescents, the number of incident cases and
YLDs increased from 1990 to 2019. Second, the num-
ber of incident cases, as well as the incidence and YLD
rates, all increased with age; further, the causes of IOFBs
differed according to age. Third, China, the most popu-
lous country in East Asia, demonstrated a noteworthy
reduction in both the number of IOFB cases and YLD
rates between 1990 and 2019. However, regional dispari-
ties were observed, particularly in the 15-18 age group,
where male patients in low SDI regions experienced a
significantly higher burden of IOFB disease. More impor-
tantly, over the past three decades, the gap between IOFB
incidence rates and YLD rates has widened, particularly
between high SDI regions and low SDI regions. This dis-
parity underscores the unequal burden of IOFB-related
disability, especially among male adolescents in low SDI
areas, highlighting the urgent need for targeted inter-
ventions and healthcare resources allocation in these
regions.

This study had some limitations. First, epidemiological
data were absent or extremely limited in some regions,
which might have increased measurement bias. Sec-
ond, GBD 2019 did not identify the causes of IOFBs in
children and adolescents. Third, resultant complica-
tions, including traumatic lens rupture, hyphaemia, vit-
reous haemorrhage, and endophthalmitis, may lead to
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underdiagnosis of IOFBs given the lack of a comprehen-
sive definition for the same in the database. Fourth, the
prevalence and DALYs due to IOFBs in children and ado-
lescents were not examined. Lastly, it is essential to con-
tinually obtain information on IOFBs during childhood
and adolescence beyond 2019 to improve our under-
standing of this important public health issue.

In summary, this study provided a comprehensive
analysis of IOFBs among children and adolescents glob-
ally, highlighting significant trends and disparities. Our
research results showed that from 1990 to 2019, there
was a worrying increase in the number of cases and YLDs
due to IOFBs, with reasons varying among different age
groups. Gender-specific patterns indicated a higher bur-
den in males, emphasizing the need for gender-sensitive
preventive measures. Regional disparities, particularly
in low SDI regions, emphasized the urgent requirement
for improved healthcare access and public awareness.
Despite these insights, limitations in data availability
and pathogenic factors highlighted future research areas.
Continued monitoring beyond 2019 is crucial for a more
nuanced understanding of this public health challenge,
providing targeted policies and interventions for the pre-
vention and management of IOFB among children and
adolescents worldwide.

Abbreviations

AAPC  Average annual percentage changes
APC Annual percent changes

cl Confidence intervals
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