

[image: image1]
Global, regional and national patterns and gender disparity of intraocular foreign bodies from 1990 to 2021









 


	
	
ORIGINAL RESEARCH
published: 25 June 2025
doi: 10.3389/fpubh.2025.1620358








[image: image2]

Global, regional and national patterns and gender disparity of intraocular foreign bodies from 1990 to 2021

Yi Shan, Fei Chen, Dong Xu, Wenqing Jia and Shangchen Hao*


Department of Ophthalmology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Edited by
 Youran Cai, First Affiliated Hospital of Jinan University, China

Reviewed by
 Ivan Šoša, University of Rijeka, Croatia
 Jian Rong, Second Hospital of Anhui Medical University, China
 Made Indra Widyanatha, Padjadjaran University, Indonesia

*Correspondence
 Shangchen Hao, qhahsc@163.com 

Received 29 April 2025
 Accepted 16 June 2025
 Published 25 June 2025

Citation
 Shan Y, Chen F, Xu D, Jia W and Hao S (2025) Global, regional and national patterns and gender disparity of intraocular foreign bodies from 1990 to 2021. Front. Public Health 13:1620358. doi: 10.3389/fpubh.2025.1620358
 

Purpose: To describe and evaluate the gender and socioeconomic disparities in the global burden of intraocular foreign bodies (IOFBs) from 1990 to 2021.

Methods: Gender-specific prevalence and disability-adjusted life years (DALYs) of IOFBs by year, age, geography and socioeconomic status were extracted from the Global Burden of Disease Study 2021. We used the Wilcoxon signed rank test and linear regression analysis to research the relationship between the age-standardized DALYs rate and gender difference (males minus females) and Socio-demographic Index (SDI).

Results: The total all-age prevalence and DALYs due to IOFBs rose by 41.9 and 35.5%, respectively, from 1990 to 2021, and the age-standardized prevalence and DALYs rates decreased by 15.2 and 19.6%. The IOFBs burden was greater among middle-aged and older adult men, especially in 45–49 years. The burden of IOFBs was concentrated in countries of Western Europe, East Asia, High-income North America and Southern Latin America. The age-standardized DALYs rates of males were significantly higher than those of females in all five SDI groups (p < 0.001) in 2021. Pearson’s correlations (r = 0.3093, p < 0.001) and linear regression (Y = 4.850*X − 1.857) revealed a significant positive association between gender differences and SDI. The increase in the all-age DALYs of IOFBs was lowest compared with other eye diseases in GBD 2021. The IOFBs had the greatest gender-related differences compared with other eye disorders.

Conclusion: The burden of IOFBs is higher among men in terms of age, region, and SDI categories. Male workers in regions with higher SDI should receive more attention. Measures are needed to improve eye protection and reduce eye injuries among males in the workplace.
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1 Introduction

Open globe injury (OGI) is a common and serious eye disease, which can lead to irreversible vision impairment and low quality of life (1, 2). According to data from the World Health Organization (WHO) Blindness Data Bank, approximately 55 million eye injuries are reported worldwide yearly, resulting in 2.3 million cases with low bilateral vision, 19 million with unilateral blindness or low vision, and 750,000 hospitalizations (3). Intraocular foreign bodies (IOFBs), which may be magnetic or non-magnetic and are located in the interior of the eyeball, comprise 18–41% of OGIs (4–6), and 5–31% of patients with IOFBs have a final visual acuity below 3/60 (7–9). Most IOFBs are cause by small projectiles from hammering on metal or stone, machine-tool uses, firing of weapons, explosions, motor vehicle accidents, and lawnmower accidents (10, 11), and the majority are metallic foreign bodies (6). Chemical injury due to metallic foreign bodies can seriously damage eye tissue. The majority of post-traumatic IOFBs are located in the posterior segment, including the vitreous cavity, posterior wall of the eyeball, and the retina (10). Continuous stimulation of the intraocular tissue caused by long-term IOFBs retention may result in a series of complications.

Global disability-adjusted life years (DALYs) due to IOFBs increased by 43.7% from 1990 to 2017, according to the Global Burden of Disease (GBD) study (12). The DALYs due to IOFBs were found predominantly among males from 1990 to 2017, with > 70% of all injuries and > 95% of occupational injuries occurring in men (13–15). Generally, men accounted for 80% of OGIs (almost six times the amount of the women) (15, 16). The higher incidence rate of IOFBs in males was associated with toy guns, ball sports, fights among teenage boys, and accidents and construction work among adult men (14, 15). Disparities in healthcare quality are known to be related to socioeconomic status. The cost of work-related OGIs in the United States has been reported to reach $300 million per year in lost productivity, medical expenses, and workers’ compensation (14).

IOFBs are usually accompanied by poor visual outcomes and high medical expenses (17, 18). Early diagnosis and treatment are effective in preserving the remaining vision and reducing the probability of blindness. However, the systematic analyses of gender and socioeconomic inequality in the health burden of IOFBs have been rare. Understanding gender and socioeconomic patterns of imbalance is essential for developing health policies. This study analyzed the prevalence and DALYs data from the GBD 2021 study by year, age, sex, geography, and socioeconomic status to enhance our understanding of the global burden of IOFBs.



2 Methods


2.1 Data sources

The GBD 2021 study (19) collected and analyzed data on the incidence and prevalence of 369 diseases and injuries in 204 countries and territories, 21 regions, and seven super-regions. Details on the GBD methodology have been reported previously (19). Prevalence refers to the total number of cases of a given disease in a specified population at a designated time. DALYs refers to the sum of years lost due to premature death and years lived with disability.

We obtained the following data from the Global Health Data Exchange,1 including: (1) Global total and gender-specific burden due to IOFBs, containing all-age prevalence and DALYs, age-standardized prevalence and DALYs rate from 1990 to 2021; (2) Global total and gender-specific prevalence and DALYs rate by different age group (< 5 years, 5–9 years, 10–14 years, 15–19 years, 20–24 years, 25–29 years, 30–34 years, 35–39 years, 40–44 years, 45–49 years, 50–54 years, 55–59 years, 60–64 years, 65–69 years, 70–74 years, 75–79 years, 80–84 years, 85–89 years, 90–94 years, ≥ 95 years) in 2021; (3) Gender-specific age-standardized prevalence and DALYs rate in 21 GBD regions in 2021; (4) All-age DALYs number and age-standardized DALYs rate in 204 countries and territories in 2021; (5) All-age prevalence and DALYs, age-standardized prevalence and DALYs rate of five Socio-demographic Index (SDI) categories (low SDI, low-middle SDI, middle SDI, high-middle SDI and high SDI); (6) SDI values of 204 countries and territories in 2021.



2.2 National socioeconomic status

The SDI is a comprehensive measure of a geographical area’s development status based on three fundamental dimensions: total fertility rate (age < 25 years), mean education (age > 15 years), and lag-distributed income (LDI) per capita. The SDI is expressed on a scale of 0 to 1, strongly related to health outcomes. As a composite, a location with an SDI of 0 would have a theoretical minimum level of development relevant to health, while a location with an SDI of 1 would have a theoretical maximum level. The 2021 SDI values of 204 countries and territories were divided into five socioeconomic groups: high SDI (≥ 0.810), high-middle SDI (0.712 ≤ SDI < 0.810), middle SDI (0.619 ≤ SDI < 0.712), low-middle SDI (0.466 ≤ SDI < 0.619), and low SDI (< 0.466).



2.3 Statistical analyses

The data are expressed as mean estimates with 95% uncertainty intervals (UIs; the 25th and 975th estimates among the 1,000 draws). The GBD study used DisMod-MR 2.1, a Bayesian meta-regression tool, to estimate these metrics for each health loss condition. We compared the gender distinctions (males minus females) related to IOFBs among groups with different SDI using the Wilcoxon signed-rank test. Correlations between gender differences in IOFBs and SDI were estimated using linear regression. We used SPSS 26.0 Statistical software (IBM Corp) and Prism Software Version 10 (GraphPad Software) for statistical analysis. A value of p < 0.05 was considered statistically significant. p < 0.001 represented a very significant difference.




3 Results


3.1 Trends in global gender-specific burden of IOFBs

The total all-age prevalence of IOFBs rose by 41.9%, from 4.3 (95% UI: 2.5–6.7) million in 1990 to 6.1 (95% UI: 3.6–9.2) million in 2021 (Figure 1A). The all-age prevalence number was 3.0 (95% UI: 1.6–4.7) million among men vs. 1.3 (95% UI: 0.8–2.0) million among women in 1990, and 4.2 (95% UI: 2.5–6.5) vs. 1.9 (95% UI: 1.1–2.7) million in 2021 (p < 0.001). The total all-age DALYs due to IOFBs increased by 35.5%, with 252.1 (95% UI: 132.3–441.5) thousand in 1990 vs. 341.6 (95% UI: 182.6–598.8) thousand in 2021 (Figure 1B). Gender disparity still exists in the all-age DALYs, with men showing a greater burden than women in 1990 (174.1 vs. 78.0 thousand, respectively) and 2021 (236.6 vs. 105.0 thousand, respectively) (p < 0.001). After controlling the effect of population size and age structure, the age-standardized prevalence rate decreased by 15.2% from 87.4 (95% UI: 51.7–133.2) per 100,000 population in 1990 to 74.1 (95% UI: 43.4–112.3) per 100,000 population in 2021 (Figure 1C). The age-standardized prevalence rates for males and females were 120.8 (95% UI: 70.0–186.1) vs. 54.4 (95% UI: 34.1–80.4) per 100,000 population in 1990 and 103.6 (95% UI: 60.2–158.2) vs. 45.1 (95% UI: 27.5–112.3) per 100,000 population in 2021 (p < 0.001). A similar decrease of 19.6% was found in the age-standardized DALYs rate from 5.1 (95% UI: 2.7–8.7) per 100,000 population in 1990 to 4.1 (95% UI: 2.2–7.3) per 100,000 population in 2021 (Figure 1D). Men had a higher age-standardized DALYs rate than women, with a change of 7.0 (95% UI: 3.8–12.3) vs. 3.1 (95% UI: 1.7–5.3) per 100,000 population in 1990 and 5.8 (95% UI: 3.0–10.2) vs. 2.5 (95% UI: 1.4–4.3) per 100,000 population in 2021 (p < 0.001). IOFBs had the most obvious gender differences compared with other eye diseases in GBD 2021 (Supplementary Table S1).
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FIGURE 1
 Global Gender-specific Burden of IOFBs by year. (A) All-age prevalence number from 1990 to 2021; (B) All-age DALYs number from 1990 to 2021; (C) Age-standardized prevalence rate from 1990 to 2021; (D) Age-standardized DALYs rate from 1990 to 2021. IOFBs, intraocular foreign bodies; DALYs, disability-adjusted life years.


Overall, the total and gender-specific burden of IOFBs reached a small peak among middle aged adults. Higher gender-specific prevalence and DALYs rates were discovered in men across different age groups. Gender disparities in the prevalence and DALY rates were more obvious among 30–44, 45–49, 50–54 and 55–59 years, with the most obvious difference in 45–49 years. The gender-specific prevalence rates of 45–49 group were 164.7 (95% UI: 86.0–309.8) per 100,000 men and 61.4 (95% UI: 35.1–109.4) per 100,000 women (Figure 2A). Similarly, the gender-specific DALYs rates of 45–49 group were 9.4 (95% UI: 4.3–19.6) per 100,000 men and 3.5 (95% UI: 1.8–6.8) per 100,000 women (Figure 2B).
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FIGURE 2
 Global Gender-specific Burden of IOFBs by age. (A) Age-specific prevalence rate in 2021; (B) Age-specific DALYs rate in 2021. IOFBs, intraocular foreign bodies; DALYs, disability-adjusted life years.




3.2 Geographical distribution of IOFBs burden

The equations should be inserted in editable format from the equation editor. The age-standardized prevalence and DALYs rates of IOFBs in 2021 in different GBD regions are presented in Figures 3A,B, respectively. Supplementary Table S2 provides additional data on the all-age DALYs and the age-standardized DALYs rates of different GBD regions in 1990 and 2021. Significant gender disparities were observed in 21 GBD regions, and the IOFBs burden of men was greater than that of the women, based on the age-standardized prevalence and DALYs rates. Western Europe had the highest age-standardized prevalence rate for males (265.4, 95% UI:169.7–377.8) in 2021, followed by East Asia (184.6, 95% UI:98.8–310.3), High-income North America (150.7, 95% UI:96.3–221.0) and Southern Latin America (129.5, 95% UI:82.2–187.0). Similarly, Western Europe had the highest age-standardized DALYs rate for males (14.2, 95% UI:7.6–23.6) in 2021, followed by East Asia (10.2, 95% UI:4.7–18.8), High-income North America (8.0, 95% UI:4.3–13.5) and Southern Latin America (7.0, 95% UI:3.8–12.0).
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FIGURE 3
 Gender-specific age-standardized prevalence (A) and DALYs rate (B) due to IOFBs by 21 GBD regions in 2021. DALYs, disability-adjusted life years; IOFBs, intraocular foreign bodies; GBD, Global Burden of Disease. Y-axis order is based on the level of the age-standardized prevalence and DALY rates in males.


The global distribution of the burden of IOFBs by different countries and territories in 2021 was uneven (Figure 4). The all-age DALYs were highest in China [110062.8 (95% UI: 51569.5–200376.2) DALYs, male vs. female = 91410.4 (95% UI: 42500.2–165912.7) vs. 19652.4 (95% UI: 9391.3–35477.4) DALYs), followed by India, United States, Italy, Brazil and Japan (Figure 4A). The age-standardized DALYs rate was highest in Italy [20.5 (95% UI: 11.3–33.9)] per 100,000 population, male vs. female = 27.1 (95% UI: 14.6–45.3) vs. 13.9 (95% UI: 7.8–22.5) per 100,000 population), followed by Finland, Belgium, Norway, and Sweden (Figure 4B).
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FIGURE 4
 Maps of all-age DALYs number and age-standardized DALYs rate of IOFBs in different countries and territories in 2021. (A) All-age DALYs number; (B) Age-standardized DALYs rate per 100,000 population. DALYs, disability-adjusted life years; IOFBs, intraocular foreign bodies. The boundaries shown on the maps do not represent any opinions of authors. Gray areas indicate unavailabledata.




3.3 Socioeconomic disparity in IOFBs burden

The 2021 SDI values of 204 countries were divided into five socioeconomic groups: high SDI, high-middle SDI, middle SDI, low-middle SDI, and low SDI. SDI data were available for 204 countries and territories, including high SDI countries (n = 42), high-middle SDI countries (n = 45), middle SDI countries (n = 41), low-middle SDI countries (n = 42), and low SDI countries (n = 34). The all-age prevalence and DALYs numbers of five SDI categories all showed an overall upward trend since 1990 to 2021 (Figures 5A,B). The low-middle SDI group had the highest all-age prevalence and DALY numbers in 2021. After controlling the effect of population size and age structure, the high SDI group indicated the highest age-standardized prevalence and DALY rates in 2021 (Figures 5C,D).
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FIGURE 5
 Global Burden of IOFBs by different SDI categories from 1990 to 2021. (A) All-age prevalence number; (B) All-age DALYs number; (C) Age-standardized prevalence rate; (D) Age-standardized DALYs rate. IOFBs, intraocular foreign bodies; DALYs, disability-adjusted life years; SDI, socio-demographic index.


In Figure 6A, Wilcoxon signed-rank test indicated that the age-standardized DALYs rates in 2021 of males were higher than the rates of females in low (medians = 2.9 vs. 1.7), low-middle (2.8 vs. 1.7), middle (2.8 vs. 1.6), high-middle (2.6 vs. 1.5), and high-SDI countries (5.8 vs. 2.6) (all p < 0.001). Pearson’s correlations (r = 0.3093, p < 0.001) and linear regression analysis (Y = 4.850*X − 1.857) revealed that gender differences (male minus female) in the age-standardized DALYs rate of 204 countries and territories were positively associated with the SDI (Figure 6B).
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FIGURE 6
 Relationship between age-standardized DALYs rate of IOFBs and SDI. (A) Age-standardized DALYs rate due to IOFBs of males and females among different SDI regions; (B) Association between gender difference (male minus female) in age-standardized DALY rates of IOFBs and SDI. DALYs, disability-adjusted life years; IOFBs, intraocular foreign bodies; SDI, socio-demographic index. ****p < 0.0001.




3.4 Global burden due to various eye diseases in the GBD 2021

In addition to IOFBs, we found that other eye diseases also created major global burdens in the GBD 2021 study. We compared the all-age DALYs and age-standardized DALYs rates due to various eye diseases by gender in 1990 and 2021 (Supplementary Table S1). The IOFBs ranked seventh in terms of the total all-age DALYs and the age-standardized DALYs rates in 1990 and 2021, behind near vision loss, refraction disorders, cataract, other vision loss, glaucoma, and age-related macular degeneration. Fortunately, the increase in the all-age DALYs of IOFBs between 1990 and 2021 was lowest among these seven eye diseases. Furthermore, the age-standardized DALYs rates of six eye diseases decreased from 1990 to 2021 except for near vision loss. The IOFBs had the greatest gender-related differences compared with other eye disorders.




4 Discussion

Injuries due to IOFBs remain an important cause of visual loss in developing and developed countries. This study demonstrates that the burden of IOFBs has been considerable burden in middle-aged and older adult men over the past few decades. Men suffered more burden of IOFBs than women by different year, age group, region, country and SDI. The distribution of burden of IOFBs is uneven among regions and countries, higher in countries of Western Europe, East Asia, High-income North America and Southern Latin America. After controlling the effect of population size and age structure, countries with higher SDI had larger gender difference in age-standardized DALYs rate. This reminds us that we cannot ignore the IOFBs burden of all countries.

The global all-age prevalence and DALYs showed an upward trend from 1990 to 2021 with a small peak in 2000, which was probably caused by a rapidly aging and growing population, increasing life expectancy, rising incidence of work-related injuries and accidents, and lack of eye protection. The epidemiology of IOFB injuries has been studied in many countries and territories, such as China [6], Ireland (20), and Hong Kong (21). Similar increases in the prevalence and DALYs were observable in several common ocular diseases during the same period, including glaucoma, cataract, diabetic retinopathy, and age-related macular degeneration (22–25). The age-standardized prevalence and DALYs rates of IOFBs declined slightly between 1990 and 2021. Similarly, the incidence of OGIs in the US decreased from 5.88 per 1,000,000 population in 2006 to 3.92 per 1,000,000 population in 2014 (26). This trend might be attributed to the decline in industrialization and improvements in occupational-safety awareness. The advancement of medical imaging technology and ophthalmic microsurgery technology might also contribute to the declining pattern.

In the GBD 2021, men accounted for the majority of the burden of IOFBs, which was similar to results of previous studies (8). Unlike the IOFBs, women had a larger disease burden due to age-related macular degeneration, cataract, and diabetic retinopathy than men in the GBD study (22–24, 27). Although the overall trend in the burden of IOFBs fluctuated from 1990 to 2021, males consistently showed a substantial burden compared to females in our study. The male/female ratio of eye injury varied from 1.8:1 to 8.0:1 (3, 26, 28, 29). A literature review conducted by Loporchio et al. reported that young men made up 92–100% of the patients with IOFBs (30). There are several reasons for these gender differences. First, most IOFB injuries occurred during work (54–72%) (30). IOFBs have always been serious complications of work-related injuries, caused by hammering, chiseling, and machine-related accidents. These jobs have been almost exclusively male jobs; therefore, men suffered a higher incidence of traumatic occupational accidents. In addition to occupational exposure, gender disparities in IOFB burden may also be influenced by social and cultural factors. Traditional gender roles often assign men to high-risk jobs and may discourage timely medical care. These norms, combined with differences in healthcare access and economic pressures, may contribute to the higher burden observed in men across various regions. Second, the proper use of safety glasses and other protective equipment can prevent most of these injuries (31). Although the awareness of eye protection has increased in recent decades, the rate of eye protection is low during high-risk work procedures in the workplace, ranging from 0.77 to 6% (9, 32). Third, Croce et al. demonstrated that men tended to have more infectious complications than women among trauma patients, particularly in young patients (33). The gender differences might be related to high testosterone and low estradiol levels (34).

We found that the burden of IOFBs was concentrated in middle-aged and older adult men, especially among 30–44, 45–49, 50–54 and 55–59 years. Men are more likely to work outdoors and, therefore, injure their eyes. The average age when people have eye injuries is 29–42 years old (6, 9, 32, 35). Low income and educational level make it difficult for the patients to understand the need to undergo eye operations. In a retrospective study of 812 cases with OGIs (14), 17% of workers did not have a medical evaluation within 12 h of their OGIs, and 10% did not have an evaluation within 24 h of their OGIs. Eye injuries can result in lost wages and earning potential for individuals, and an economic loss for society. IOFBs often cause mechanical injuries and pathological changes, such as ocular siderosis, chalcosis, iridocyclitis, endophthalmitis, vitreous hemorrhage, ocular hypotony, and retinal detachment. Hence, an eye injury could affect patients’ vision for many years in their remaining lives. Except for young and older men, children’s eyeballs are often penetrated by toy guns, plant spines, and writing tools, and these injuries require timely medical care to ensure the best possible outcomes (36).

In the US, the costs of OGIs from 2006 to 2014 accounted for $793 million (8.3%) in total ocular-trauma charge (26). Hospitalization and the occurrence of disability increase with the prevalence of OGIs. Although the direct (long-term treatment, surgery, and hospitalization) and indirect (disability, loss of labor productivity, and reduced quality of life) costs of eye injuries could reach hundreds of millions of dollars, little has been spent on eye-injury research (15). Compared with common eye diseases, there were fewer clinical reports and financial investment on IOFBs. A study (37) conducted in India reported the average cost of OGIs exceeded the monthly income of 84.8% of patients, suggesting a significant financial strain in low-income settings. In Australia, OGIs accounted for only 2% of ocular trauma cases but represented 44% of the total treatment costs, indicating a disproportionately high financial burden relative to case numbers (38). Similarly, in the United Kingdom, a randomized controlled trial (27) reported that the average cost of OGI treatment was £5,526 per patient. These findings underscore the substantial and varied economic impact of OGIs across different healthcare systems. However, comprehensive data from low-and middle-income countries remain limited, highlighting the need for broader international research on the economic consequences of OGIs.

In our study, the burden of IOFBs varied widely among countries and territories. The all-age DALYs of IOFBs in 2021 were greatest in China, India and United States. The age-standardized DALYs rate was concentrated in Western Europe. There are many factories and workers in these countries, resulting in unavoidable occupational OGIs. Although China has undergone rapid socioeconomic development, its industrial structure is dominated by the manufacturing industry. The large burden of IOFBs in China might be related to the large workforce and inadequate workplace protection for young male workers (6). Western European countries are renowned for advanced manufacturing and industrial sectors. Workers in these industries are frequently exposed to high-speed tools and flying particles such as metal debris, increasing the likelihood of IOFB incidents. The prevalence of industrial activities, technical jobs, and mechanization in these countries inherently increases the occupational risk of IOFBs.

Among different GBD regions, the burden of IOFBs was higher in Western Europe, East Asia, High-income North America and Southern Latin America. Countries with high and high-middle SDI had higher burden and more obvious gender difference. There are several possible reasons for our findings. Firstly, high-SDI regions have higher levels of industrialization with more high-risk occupations, such as machining, construction, and metalworking. These high-risk occupations increase the risk of IOFBs. Besides industrialization, differences in healthcare systems and safety regulation enforcement may also affect gender disparities in IOFB burden. High-SDI countries often have better reporting, but safety standards may not be fully enforced, especially in small businesses, putting male workers at risk. Moreover, the people in high-SDI regions may engage more frequently in high-risk recreational activities, such as DIY home improvement or crafting. High-SDI regions often have more technology-intensive industries where the use of complex tools and equipment is more frequent, exposing workers to higher risks of IOFB. Secondly, high-SDI regions have well-developed healthcare systems and stronger public health awareness, making it easier to identify and record IOFB cases. In contrast, in lower SDI regions, some minor IOFB cases may remain undiagnosed or unreported. They might not afford the healthcare costs or routine eye follow-up, leading to the lack of statistics. Thirdly, although high-SDI regions may provide better occupational safety training and protective equipment, these measures might not be fully implemented, especially in small businesses or informal employment sectors. Lower SDI regions might have fewer people engaged in high-risk occupations, leading to a lower incidence of IOFB. The data may be influenced by statistical bias. For instance, cases in high SDI regions are more likely to be included in research or statistics, whereas lower SDI regions might lack comprehensive monitoring and documentation. Pearson’s correlation coefficient of r = 0.3093 suggests a moderate relationship between SDI and gender differences in IOFBs burden. However, this relationship may be influenced by confounding factors such as healthcare accessibility indicators, GDP, and education. Further analysis using more granular individual-level data are needed to further disentangle the effects of healthcare access, occupational exposure, and socioeconomic status.

However, areas with a lower socioeconomic status tended to have more ocular injuries (39, 40), which might be associated with poor eye-protection equipment and inadequate health care in poorer regions. Further analysis could focus on specific environmental factors, such as industry structure and occupational distribution. Poverty was associated with eye disorders (41), and their burden was always clustered in countries with lower socioeconomic development. The positive correlation of our study is usually the result of multiple factors and requires further study that considers the characteristics of specific regions and populations.

We conducted comprehensive epidemiologic evaluation on gender and socioeconomic disparities of IOFBs during a 30-year period, using the latest data. Our findings are informative for implementing measures to prevent eye injuries in males by country, region and socioeconomic status. We have also reported the global burden of IOFBs and other ocular diseases to emphasize the necessity for preventing and treating them. The observed gender disparities in IOFBs may result from a complex interplay of occupational risk, societal expectations, and disparities in healthcare access. To effectively reduce the burden of IOFBs, particularly among high-risk populations such as working-age men in industrial and agricultural sectors, targeted preventive strategies are essential. These include the mandatory use of certified protective eyewear in high-risk occupations, strict enforcement of workplace safety regulations, regular safety training programs, improved access to eye health services for women in underserved areas. In the United Arab Emirates, despite 85% of workers performing high-risk tasks, none consistently used eye protection, underscoring the need for stronger educational and enforcement interventions (42). A cohort in Shanghai demonstrated that despite widespread provision of protective eyewear, up to 20% of workers still suffered eye injuries due to poorly fitting or misused equipment (43). Moreover, integrating eye protection protocols into standard occupational health policies, especially in low-SDI countries, could significantly reduce the burden of IOFBs.

This study has some limitations. First, non-magnetic IOFBs include metallic and nonmetallic foreign bodies, which cause severe inflammatory reactions (30). Treatments and complications of magnetic and non-magnetic IOFBs are different; thus, they should be distinguished and investigated in future studies. Second, our analyses are affected by the limitations of the GBD 2021 study. The accuracy of our findings was associated with the data sources and statistical methods of typical literature included in the GBD 2021 study. The publication bias and heterogeneity cannot be ruled out. This study may be affected by potential limitations such as underreporting, regional variability in diagnostic practices, and the reliance on estimates instead of direct empirical measurements. The aggregated nature of GBD data may conceal important sub-national or community-level disparities and overlook contextual factors that influence the burden of IOFBs. In low-SDI regions, underreporting due to limited access to healthcare services and inadequate surveillance systems may result in underestimated IOFB burdens. Moreover, estimates from countries with insufficient health data systems rely more heavily on modeling assumptions, which may affect their accuracy. Furthermore, IOFBs were classified in the GBD 2021 study as unintentional injuries, not as eye diseases. Yet, many prognostic factors affect the final visual acuity of patients with IOFBs, including the volume and nature of foreign bodies, the injury site, and the presence of serious damage or infection (21, 44). On the whole, our study identifies correlations between the burden of IOFBs, gender and SDI. However, it is important to note that these relationships are correlational and do not establish direct causation. Visual impairment caused by IOFBs should be examined in further studies.



5 Conclusion

The all-age prevalence and DALYs due to IOFBs increased over the past few decades, while the age-standardized prevalence and DALY rates showed a downward trend. Globally, IOFBs remains a significant risk factor for vision loss, especially among middle-aged and older adult men. The burden of IOFBs had distinct geographic patterns: gender differences were more evident in areas with higher SDI. As technology for medical imaging examination and surgery improve, policies and strategies for eye protection and occupational safety should be emphasized.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary material.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

YS: Methodology, Conceptualization, Writing – original draft. FC: Formal analysis, Investigation, Writing – original draft. DX: Formal analysis, Writing – original draft, Investigation. WJ: Writing – original draft, Formal analysis, Investigation. SH: Methodology, Conceptualization, Writing – review & editing, Investigation.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by National Natural Science Foundation of China (82201202).



Acknowledgments

We appreciate the visionary global health leadership of the Institute for Health Metrics and Evaluation (IHME).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1620358/full#supplementary-material


SUPPLEMENTARY TABLE S1 | All-age DALYs and age-standardized DALYs rates due to various eye diseases in 1990 and 2021 with percent change. DALYs, disability-adjusted life years.



SUPPLEMENTARY TABLE S2 | All-age DALYs and age-standardized DALYs rate of IOFBs by GBD Regions in 1990 and 2021. DALYs, disability-adjusted life years; IOFBs, intraocular foreign bodies; GBD, Global Burden of Disease.




Footnotes

1   http://ghdx.healthdata.org/gbd-data-tool



References

 1. Wong, TY, Klein, BE, and Klein, R. The prevalence and 5-year incidence of ocular trauma. The beaver dam eye study. Ophthalmology. (2000) 107:2196–202. doi: 10.1016/S0161-6420(00)00390-0 

 2. Kuhn, F, Morris, R, Witherspoon, CD, and Mann, LR. Epidemiology of blinding trauma in the United States eye injury registry. Ophthalmic Epidemiol. (2006) 13:209–16. doi: 10.1080/09286580600665886 

 3. Négrel, AD, and Thylefors, B. The global impact of eye injuries. Ophthalmic Epidemiol. (1998) 5:143–69. doi: 10.1076/opep.5.3.143.8364 

 4. Pelletier, J, Koyfman, A, and Long, B. High risk and low prevalence diseases: open globe injury. Am J Emerg Med. (2023) 64:113–20. doi: 10.1016/j.ajem.2022.11.036 

 5. Vingopoulos, F, Wang, Y, Grob, S, Li, CYL, Eliott, D, Kim, LA , et al. Open globe injury with intraocular foreign body. J Vitreoret Dis. (2021) 5:288–94. doi: 10.1177/2474126420965033 

 6. Zhang, Y, Zhang, M, Jiang, C, and Qiu, HY. Intraocular foreign bodies in China: clinical characteristics, prognostic factors, and visual outcomes in 1,421 eyes. Am J Ophthalmol. (2011) 152:66–73. doi: 10.1016/j.ajo.2011.01.014 

 7. Wani, VB, Al-Ajmi, M, Thalib, L, Azad, RV, Abul, M, Al-Ghanim, M , et al. Vitrectomy for posterior segment intraocular foreign bodies: visual results and prognostic factors. Retina. (2003) 23:654–60. doi: 10.1097/00006982-200310000-00008 

 8. Yang, CS, Hsieh, MH, and Hou, TY. Predictive factors of visual outcome in posterior segment intraocular foreign body. J Chin Med Assoc JCMA. (2019) 82:239–44. doi: 10.1097/JCMA.0000000000000021 

 9. Greven, CM, Engelbrecht, NE, Slusher, MM, and Nagy, SS. Intraocular foreign bodies: management, prognostic factors, and visual outcomes. Ophthalmology. (2000) 107:608–12. doi: 10.1016/S0161-6420(99)00134-7 

 10. Williams, DF, Mieler, WF, Abrams, GW, and Lewis, H. Results and prognostic factors in penetrating ocular injuries with retained intraocular foreign bodies. Ophthalmology. (1988) 95:911–6. doi: 10.1016/S0161-6420(88)33069-1 

 11. Jabłoński, M, Winiarczyk, M, Biela, K, Bieliński, P, Jasielska, M, Batalia, J , et al. Open globe injury (OGI) with a presence of an intraocular foreign body (IOFB)-epidemiology, management, and risk factors in long term follow-up. J Clin Med. (2022) 12:190. doi: 10.3390/jcm12010190 

 12. Jin, G, Zou, M, Zhang, Y, Chen, A, Young, CA, Li, Y , et al. Time trends, associations and global burden of intraocular foreign bodies. Br J Ophthalmol. (2020) 106:435–9. doi: 10.1136/bjophthalmol-2020-317063 

 13. Pandita, A, and Merriman, M. Ocular trauma epidemiology: 10-year retrospective study. N Z Med J. (2012) 125:61–9.

 14. Kanoff, JM, Turalba, AV, Andreoli, MT, and Andreoli, CM. Characteristics and outcomes of work-related open globe injuries. Am J Ophthalmol. (2010) 150:265–69.e2. doi: 10.1016/j.ajo.2010.02.015 

 15. Chen, H, Zhang, X, Han, J, and Jin, X. Pediatric open globe injury in Central China. Front Med. (2022) 8:762477. doi: 10.3389/fmed.2021.762477 

 16. Widyanatha, MI, Sungkono, HS, Ihsan, G, Virgana, R, Iskandar, E, and Kartasasmita, AS. Clinical findings and management of intraocular foreign bodies (IOFB) in third-world country eye hospital. BMC Ophthalmol. (2025) 25:142. doi: 10.1186/s12886-025-03903-5 

 17. Assi, A, Khoueir, Z, Helou, C, Fakhoury, H, and Cherfan, G. Intraocular application of Mitomycin C to prevent proliferative vitreoretinopathy in perforating and severe intraocular foreign body injuries. Eye (Lond). (2019) 33:1261–70. doi: 10.1038/s41433-019-0408-0 

 18. Duan, F, Yuan, Z, Liao, J, Zheng, Y, Yang, Y, and Lin, X. Incidence and risk factors of intraocular foreign body-related endophthalmitis in southern China. J Ophthalmol. (2018) 2018:8959108. doi: 10.1155/2018/8959108 

 19. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted life-years (DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990-2021: a systematic analysis for the global burden of disease study 2021. Lancet. (2024) 403:2133–61. doi: 10.1016/S0140-6736(24)00757-8 

 20. Bourke, L, Bourke, E, Cullinane, A, O’Connell, E, and Idrees, Z. Clinical outcomes and epidemiology of intraocular foreign body injuries in Cork university hospital, Ireland: an 11-year review. Ir J Med Sci. (2021) 190:1225–30. doi: 10.1007/s11845-020-02443-9 

 21. Liu, CC, Tong, JM, Li, PS, and Li, KK. Epidemiology and clinical outcome of intraocular foreign bodies in Hong Kong: a 13-year review. Int Ophthalmol. (2017) 37:55–61. doi: 10.1007/s10792-016-0225-4 

 22. Lou, L, Ye, X, Xu, P, Wang, J, Xu, Y, Jin, K , et al. Association of sex with the global burden of cataract. JAMA Ophthalmol. (2018) 136:116–21. doi: 10.1001/jamaophthalmol.2017.5668 

 23. Xu, Y, Wang, A, Lin, X, Xu, J, Shan, Y, Pan, X , et al. Global burden and gender disparity of vision loss associated with diabetes retinopathy. Acta Ophthalmol. (2021) 99:431–40. doi: 10.1111/aos.14644 

 24. Lin, X, Lou, L, Miao, Q, Wang, Y, Jin, K, Shan, P , et al. The pattern and gender disparity in global burden of age-related macular degeneration. Eur J Ophthalmol. (2021) 31:1161–70. doi: 10.1177/1120672120927256 

 25. Ye, X, She, X, and Shen, L. Association of sex with the global burden of glaucoma: an analysis from the global burden of disease study 2017. Acta Ophthalmol. (2020) 98:e593–8. doi: 10.1111/aos.14330 

 26. Mir, TA, Canner, JK, Zafar, S, Srikumaran, D, Friedman, DS, and Woreta, FA. Characteristics of open globe injuries in the United States from 2006 to 2014. JAMA ophthalmology. (2020) 138:268–75. doi: 10.1001/jamaophthalmol.2019.5823 

 27. Ezeofor, V, Anthony, BF, Bryning, L, Casswell, EJ, Cro, S, Cornelius, VR , et al. Economic evaluation of an adjunctive intraocular and peri-ocular steroid vitreoretinal surgery for open globe trauma: cost-effectiveness of the ASCOT randomised controlled trial. PLoS One. (2024) 19:e0311158. doi: 10.1371/journal.pone.0311158 

 28. Supreeyathitikul, P, Chokesuwattanaskul, S, Choovuthayakorn, J, Patikulsila, D, Watanachai, N, Kunavisarut, P , et al. Epidemiology and outcomes following open globe injury in agricultural region, an 11-year experience. Ophthalmic Epidemiol. (2020) 27:246–51. doi: 10.1080/09286586.2020.1716381 

 29. May, DR, Kuhn, FP, Morris, RE, Witherspoon, CD, Danis, RP, Matthews, GP , et al. The epidemiology of serious eye injuries from the United States eye injury registry. Graefes Arch Clin Exp Ophthalmol. (2000) 238:153–7. doi: 10.1007/PL00007884 

 30. Loporchio, D, Mukkamala, L, Gorukanti, K, Zarbin, M, Langer, P, and Bhagat, N. Intraocular foreign bodies: a review. Surv Ophthalmol. (2016) 61:582–96. doi: 10.1016/j.survophthal.2016.03.005 

 31. Yu, TS, Liu, H, and Hui, K. A case-control study of eye injuries in the workplace in Hong Kong. Ophthalmology. (2004) 111:70–4. doi: 10.1016/j.ophtha.2003.05.018 

 32. Ehlers, JP, Kunimoto, DY, Ittoop, S, Maguire, JI, Ho, AC, and Regillo, CD. Metallic intraocular foreign bodies: characteristics, interventions, and prognostic factors for visual outcome and globe survival. Am J Ophthalmol. (2008) 146:427–433.e2. doi: 10.1016/j.ajo.2008.05.021 

 33. Croce, MA, Fabian, TC, Malhotra, AK, Bee, TK, and Miller, PR. Does gender difference influence outcome? J Trauma. (2002) 53:889–94. doi: 10.1097/00005373-200211000-00013 

 34. Angele, MK, Ayala, A, Monfils, BA, Cioffi, WG, Bland, KI, and Chaudry, IH. Testosterone and/or low estradiol: normally required but harmful immunologically for males after trauma-hemorrhage. J Trauma. (1998) 44:78–85. doi: 10.1097/00005373-199801000-00007 

 35. Imrie, FR, Cox, A, Foot, B, and Macewen, CJ. Surveillance of intraocular foreign bodies in the UK. Eye (Lond). (2008) 22:1141–7. doi: 10.1038/sj.eye.6702868 

 36. Lesniak, SP, Bauza, A, Son, JH, Zarbin, MA, Langer, P, Guo, S , et al. Twelve-year review of pediatric traumatic open globe injuries in an urban U.S. population. J Pediatr Ophthalmol Strabismus. (2012) 49:73–9. doi: 10.3928/01913913-20110712-02 

 37. Prajna, ML, Saxena, A, and Balasubramanian, A. Health-seeking behavior and the initial economic impact of patients with open globe injuries seeking treatment in a tertiary care center in India. Indian J Ophthalmol. (2021) 69:2367–71. doi: 10.4103/ijo.IJO_3082_20 

 38. Beshay, N, Keay, L, Dunn, H, Kamalden, TA, Hoskin, AK, and Watson, SL. The epidemiology of open globe injuries presenting to a tertiary referral eye hospital in Australia. Injury. (2017) 48:1348–54. doi: 10.1016/j.injury.2017.04.035 

 39. Kousiouris, P, Klavdianou, O, Douglas, KAA, Gouliopoulos, N, Chatzistefanou, K, Kantzanou, M , et al. Role of socioeconomic status (SES) in globe injuries: a review. Clin Ophthalmol. (2022) 16:25–31. doi: 10.2147/OPTH.S317017 

 40. Omar, R, Anan, NS, Azri, IA, Majumder, C, and Knight, VF. Characteristics of eye injuries, medical cost and return-to-work status among industrial workers: a retrospective study. BMJ Open. (2022) 12:e048965. doi: 10.1136/bmjopen-2021-048965 

 41. Ono, K, Hiratsuka, Y, and Murakami, A. Global inequality in eye health: country-level analysis from the global burden of disease study. Am J Public Health. (2010) 100:1784–8. doi: 10.2105/AJPH.2009.187930 

 42. AlMahmoud, T, Elkonaisi, I, Grivna, M, and Abu-Zidan, FM. Personal protective eyewear usage among industrial workers in small-scale enterprises. Inj Epidemiol. (2020) 7:54. doi: 10.1186/s40621-020-00280-z 

 43. Sun, F, Zhou, Y, Dong, L, and Qin, H. Relationship between the use and type of eye protection and work-related corneal and conjunctival foreign body injuries. Injury Prevent. (2021) 27:521–6. doi: 10.1136/injuryprev-2020-043958 

 44. Jonas, JB, Knorr, HL, and Budde, WM. Prognostic factors in ocular injuries caused by intraocular or retrobulbar foreign bodies. Ophthalmology. (2000) 107:823–8. doi: 10.1016/S0161-6420(00)00079-8 


Copyright
 © 2025 Shan, Chen, Xu, Jia and Hao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1620358-g005.jpg
-

2000000

1600000

1200000:

800000

All-age Prevalence Number

400000

[r—
i sp1

Ton-middic D1
o SDI

B
100000

80000

All-age DALYs Number

20000

200

160

Age-standardized Prevalence Rate
per 100 000 Population

0.
1990

0.
1990

1995 2000 2005 2015 2020

Year

2010

]

&
2
<]
=
a
=

per 100 000 Population

Age-standardi

990 1995 2000 2005

Year

2010 2015 2020

2000 2005 2015 2020

Year

1995 2010

0.
1990

1995 2000 2005 2010 2015 2020

Voais





OPS/images/fpubh-13-1620358-g006.jpg
>

Age-standardized DALYs
per 100000 Population

Gender Difference in
Age-standardized DALYS rate

307 O Make —
O Female

2%

18

12

= s %é

low low-middle middle high-middle  high
so1

5
0.0 02 04 06 08 10

SDI






OPS/images/fpubh-13-1620358-g003.jpg
.

Central Europe:

Southeast Asia-
Oceania-{-

Australasia

Eastern Europe

Central Sub-Saharan Africa
North Africa and Middle East
Eastern Sub-Saharan Africa
Western Sub-Saharan Africa
Central Latin America
Andean Latin America
Caribbean

Southern Sub-Saharan Africa-|
South Asia

Central Asia-,

Male

=

Female

Tropical Latin America] _y_
Global{ o
High-income Asia Pacific| +
Southern Latin America{,
High-income North America .
EastAsia|

Western Europe-|

0

—e— Global

e M Lat

100 200 300 400 500

~~ Southeast Asia, East Asia, and Oceania

'America and Caribbean

Central Europe
Southeast Asia-

Oceania

Australasia-

Eastern Europe:

North Africa and Middle East-
Central Sub-Saharan Africa
Eastern Sub-Saharan Africa
‘Western Sub-Saharan Africa
Central Latin America
Andean Latin America-
Caribbean-

Southern Sub-Saharan Africa
South Asia

Central Asia

Tropical Latin America
Global

income Asia Pacific

Southern Latin America
High-income North America-
East Asia

Western Europe

—e— Central Europe,

—e— Sub-Saharan Africa

T T T
0 5 10 15 20 25

—e— North Al

and Middle East

Eastern Europe, and Central Asia





OPS/images/fpubh-13-1620358-g004.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Global, regional and national patterns and gender disparity of intraocular foreign bodies from 1990 to 2021



		1 Introduction



		2 Methods



		2.1 Data sources



		2.2 National socioeconomic status



		2.3 Statistical analyses









		3 Results



		3.1 Trends in global gender-specific burden of IOFBs



		3.2 Geographical distribution of IOFBs burden



		3.3 Socioeconomic disparity in IOFBs burden



		3.4 Global burden due to various eye diseases in the GBD 2021









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fpubh-13-1620358-g001.jpg
A B
1x107: —— Total 500000
—— Male
5 o0e] o~ Female
2 810 5 400000
E 2
Z £
g 6x10° Z 300000
g =
H 3
£ H
£ 4x106 2 200000
§ I
% K
< 2x10° e 100000 ot
0 o
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
Year Year
Cc D
200 2.
‘E g 160 2. 16
g2 s
£8 120 88 1
£ 72
is EH
s %0 5z 8
i3 25
g8 M 3
i w £ NG
Y Z
Z iy ot
0
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
Year Year





OPS/images/fpubh-13-1620358-g002.jpg
Prevalence
per 100 000 Population

g

DALYs
per 100 000 Population

LRSI

Ll
Age group (yun)

0

50

Y

S
AEANAIIN

P DB SN O D > o
PSS EN TS
PP ey





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Global, regional and national
patterns and gender disparity of
intraocular foreign bodies from

1990 to 2021












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






