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Objectives: To evaluate the global burden of blindness and vision loss (BVL) from 1990 
to 2021 using a retrospective analysis of epidemiological data from Global Burden of 
Disease (GBD) study 2021 and to project trends over the next 15 years.

Methods: This retrospective study analyzed data on years lived with disability (YLDs) 
and prevalence across 204 countries and territories. Trends over time were assessed 
using estimated annual percentage change (EAPC) of the age-standardized rates 
(ASR), while decomposition analysis quantified the contributions of population aging, 
growth, and epidemiological shifts. Socioeconomic disparities were evaluated using 
the Slope Index of Inequality and the Concentration Index. Future trends in age-
standardized prevalence rates (ASPR) and age-standardized YLDs rates (ASYR) were 
projected using Bayesian age–period–cohort modeling.

Results: Between 1990 and 2021, global YLDs due to BVL more than doubled, 
increasing from 14.31 to 29.16 million. The prevalence of BVL surged by 246.8%, 
with a disproportionately higher burden observed among females. Regions with 
low to middle Socio-Demographic Index (SDI) scores exhibited the highest 
ASPR and ASYR. Population growth and aging were the primary drivers of the 
increasing burden, while epidemiological trends had mixed effects. Significant 
socioeconomic disparities persist, with a higher concentration of BVL burden in 
economically disadvantaged regions. Projections indicate a continued increase 
in BVL burden through 2036, particularly among women and older populations.

Conclusion: Despite advancements in healthcare, the global burden of BVL 
has substantially increased over the past 32 years, driven by demographic and 
socioeconomic factors. Persistent disparities highlight the urgent need for 
targeted public health interventions, equitable resource allocation, and policy 
initiatives to address the growing impact of BVL worldwide.
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Introduction

With socioeconomic development, advancements in medical science and technology, and 
increasing life expectancy, blindness and vision loss (BVL) have become major global public health 
and socioeconomic challenges. According to recent estimates, approximately 43.3 million people 
worldwide are affected by blindness, while 295 million experience moderate to severe vision 
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impairment. These numbers are projected to rise to 61 million and 834 
million, respectively, by 2050 (1). The World Health Organization (WHO) 
has emphasized the substantial healthcare and economic burden associated 
with BVL, estimating global economic losses at $411 billion annually, which 
imposes significant strain on healthcare systems and government 
budgets (2).

To address the growing challenge of vision impairment, the WHO 
launched the Global Elimination of Avoidable Blindness and Visual 
Impairment initiative (3). This program has led to significant improvements, 
with a reported downward trend in the burden of moderate-to-severe 
visual impairment. However, despite these efforts, BVL remains a persistent 
public health concern, and projections indicate that its burden will continue 
to rise in the coming decades. Given the widespread impact of BVL, further 
in-depth research is urgently needed (2). Globally, the burden of BVL varies 
significantly across countries, influenced by factors such as ethnicity, 
income levels, and social determinants of health (4, 5).

Previous studies, utilizing data from the Global Burden of Disease 
(GBD) 2019, provided an initial assessment of the global BVL burden (6). 
Based on the latest GBD 2021 data, this study systematically examined the 
trends in prevalence and years lived with disability (YLDs) due to BVL 
across different countries and Socio-Demographic Index (SDI) levels from 
1990 to 2021. Building on this foundation, we  further analyzed the 
temporal trends of age-standardized YLDs rate (ASYR) and 
age-standardized prevalence rate (ASPR) of BVL using the Estimated 
Annual Percentage Change (EAPC), in conjunction with 95% uncertainty 
intervals (UI) and 95% confidence intervals (CI). Additionally, this study 
projected potential changes in the global BVL burden over the next 15 years 
(2021–2036). These findings will provide valuable insights for policymakers, 
enabling more effective allocation of healthcare resources and the 
development of targeted public health interventions to mitigate the burden 
of BVL worldwide.

Methods

Data

This study utilized the latest available data from the Global Health 
Data Exchange (GHDx),1 which provides comprehensive information 
from the GBD 2021 dataset. The GBD employs standard 
methodologies to quantify health outcomes and risk factors across 459 
conditions, including vision loss from conditions such as glaucoma, 
cataracts, macular degeneration, and other eye disorders not 
separately classified (7). This data enables robust assessments of global 
disease burden by providing metrics such as prevalence and YLDs.

To address potential data limitations and variability, the GBD 
employs a meta-regression framework, ensuring reliable and consistent 
metrics for evaluating disease burden. We specifically extracted data 
on YLDs and the prevalence of BVL for the period 1990 to 2021.

In addition, we incorporated the SDI, a composite metric that 
accounts for education, economic development, and fertility rates. 
Regions were stratified into five quintiles (high, high-middle, middle, 
low-middle, and low) based on their SDI scores.

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

Factor calculations

The EAPC metric was calculated by performing linear regression 
of the natural logarithm of ASYR and ASPR on the year of record (8). 
The age-standardized rate (ASR) was obtained by the formula:
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The natural logarithm of the ASR was modeled using a linear 
regression equation: y = α + βx + ε, where y = ln (ASR), and x represents 
the calendar year. The EAPC was subsequently calculated using the 
formula: EAPC = 100 × (exp(β) − 1) (9). A positive EAPC (> 0) indicated 
an increasing trend, a negative EAPC (< 0) indicated a decreasing trend, 
and an EAPC of 0 indicated stability.

To further understand the factors influencing the global BVL 
burden, we performed a decomposition analysis (10). This analysis 
partitioned the BVL burden into three main components: population 
size, population age distribution, and prevalence. By isolating the 
contributions of demographic shifts and disease-related factors, 
we gained a clearer understanding of the influence of aging, population 
growth, and epidemiological changes on BVL trends.

We conducted frontier analysis to assess the relationship between 
a region’s sociodemographic progress and the achievable reduction in 
disease burden (11). This method estimates a nonlinear frontier 
representing the minimum BVL burden a region can achieve based on 
its current development status. Using non-parametric data 
envelopment analysis, we  compared the actual YLDs rate of each 
country with the expected YLDs rate based on its SDI score. The 
resulting effective difference provides insight into the potential health 
gains achievable if the region reached its development frontier.

To assess income-based health inequalities, we  analyzed the 
distribution of YLDs and ASYR across different SDI quintiles (12). 
Following WHO guidelines, we  employed the Slope Index of 
Inequality (SII) and Concentration Index (CI) to measure both 
absolute and relative disparities in the BVL burden across countries.

We used Bayesian age–period–cohort (BAPC) modeling, 
implemented in R using the BAPC and INLA software packages, to 
project future trends in ASYR and ASPR for BVL from 2022 to 2036 
(13). The projections were stratified by gender and region, providing 
a forward-looking perspective on global BVL trends.

All statistical analyses and visualizations were conducted using R 
version 4.4.1. A p-value of < 0.05 was considered statistically 
significant for all analyses.

Results

Overview of the global burden of BVL

Figure  1 presents the age-standardized years lived with disability 
(ASYR) and age-standardized prevalence rate (ASPR) for blindness and 
vision loss (BVL) across 204 countries and territories. The global YLDs due 
to BVL more than doubled, increasing from 14.31 million (95% UI: 9.81–
20.34) in 1990 to 29.16 million (95% UI: 19.03–42.92) in 2021 (Table 1). 
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Over the same period, the ASYR increased from 342.01 (95% UI: 237.87–
482.17) in 1990 to 342.78 (95% UI: 224.21–503.61) in 2021, with an 
estimated annual percentage change (EAPC) of 0.14 (95% CI: 0.08–0.19). 
In 2021, the number of YLDs in females (16.17 million, 95% UI: 10.61–
23.62) was higher than in males (13.00 million, 95% UI: 8.42–19.25), and 
the ASYR showed a faster increase in females than in males 
(Supplementary Figure 1).

The total number of cases in 2021 was 246.8% higher than in 1990. The 
ASPR rose from 12.5 thousand (95% UI: 10.3–15.2) in 1990 to 15.8 
thousand (95% UI: 12.8–19.5) in 2021, with an EAPC of 1.09 (95% CI: 
0.97–1.2). The growth rates for females and males were similar, as shown 
in Supplementary Table 1 and Figure 1.

Burden of BVL by SDI quintiles

We analyzed YLDs and prevalence by SDI quintiles from 1990 to 
2021 (Table  1; Supplementary Table  1). In 2021, the middle-SDI 
region accounted for the highest number of YLDs (10.55 million; 95% 
UI: 6.85–15.62) and cases (495.40 million; 95% UI: 395.98–617.93). 
Regarding age-standardized rates, the low-middle SDI quintiles 
showed the highest ASYR (509.85, 95% UI: 347.87–719.48) and ASPR 
(19.4 thousand, 95% UI: 16.0–23.6) in 2021.

In terms of EAPC, high-middle SDI regions saw the most 
significant increase in YLDs (0.28, 95% CI: 0.21–0.35), and regions 
with middle SDI experienced the largest increase in prevalence (1.11, 
95% CI: 0.99–1.23) from 1990 to 2021.

Regional differences in BVL burden

In 2021, South Asia exhibited the highest YLDs for BVL, 
with 9.35 million (95% UI: 6.14–13.55) and the highest ASYR 
(605.29, 95% UI: 407–862.35). Southeast Asia showed the 
slowest growth in YLDs, with an EAPC of −0.79 (95% CI: −0.82 
to −0.76) from 1990 to 2021 (Table 1). South Asia also had the 
highest prevalence (402.13 million, 95% UI: 319.62–496.50). 
Southern Sub-Saharan Africa reported the highest ASPR (26.6 
thousand, 95% UI: 21.4–33.0). Over the 32-year period, South 
Asia showed the greatest increase in prevalence (EAPC = 1.51, 
95% CI: 1.29–1.72) (Supplementary Table 1).

ASYR and ASPR displayed an inverted “V” relationship with 
SDI, with both rates increasing gradually when SDI < 0.4 but 
decreasing sharply after SDI > 0.4 (Supplementary Figure 2). The 
burden of BVL in China in 2021 exceeded the global average 
(Supplementary Figure 3).

FIGURE 1

The YLDs and prevalence of BVL in 204 countries and territories. (A) The ASYR of BVL in 2021. (B) The ASPR of BVL in 2021. (C) The EAPC of ASYR of BVL 
from 1990 to 2021. (D) The EAPC of ASPR of BVL from 1990 to 2021.
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Decomposition analysis on YLDs and 
prevalence

Over the past 32 years, the global prevalence and YLDs for BVL have 
risen significantly. The decomposition analysis revealed that aging, 
population growth, and epidemiological changes contributed −138.52, 
334.37%, and −95.85%, respectively, to the increase in YLDs. In contrast, 
aging, population growth, and epidemiological changes accounted for 
30.04, 43.13, and 26.83% of the increase in prevalence, respectively.

When stratified by SDI, aging had the least significant impact on 
YLDs and prevalence in low SDI countries, while population growth 
had the most substantial effect in these regions. Epidemiological 
changes had positive effects on prevalence but negative effects on 

YLDs. Regionally, South Asia and East Asia exhibited the most 
significant contributions of aging to the increase in YLDs, while 
population growth had the most significant impact in South Asia, 
and North Africa and the Middle East. The effects of epidemiological 
changes were most pronounced for both YLDs and prevalence in 
South Asia (Figure 2; Supplementary Table 2).

Frontier analysis of ASYR

Figure 3A shows the potential health improvements that countries and 
regions have missed over the past few decades based on different 
developmental stages. Figure 3B illustrates the YLDs for BVL and the health 

TABLE 1 YLDs of BVL in 1990 and 2021 for both sexes and all locations, with EAPC from 1990 to 2021.

Location 1990 2021 1990–2021

YLDs 
No. × 106(95%UI)

ASYR(95%UI) YLDs 
No. × 106(95%UI)

ASYR(95%UI) EAPC (95%CI)

Global 14.31 (9.81, 20.34) 342.01 (237.87, 482.17) 29.16 (19.03, 42.92) 342.78 (224.21, 503.61) 0.14 (0.08 to 0.19)

Sex

 Female 7.88 (5.42, 11.21) 354.94 (245.57, 504.92) 16.17 (10.61, 23.62) 363.56 (237.52, 533.39) 0.22 (0.16 to 0.28)

 Male 6.44 (4.41, 9.13) 329.47 (228.62, 463.42) 13.00 (8.42, 19.25) 320.54 (209.71, 471.8) 0.14 (0.08 to 0.19)

SDI

 High SDI 1.69 (1.10, 2.51) 166.06 (107.07, 246.44) 2.75 (1.77, 4.16) 164.31 (102.75, 249.44) 0.04 (0.01 to 0.08)

 High-middle SDI 2.79 (1.87, 4.04) 282.18 (193.2, 408.21) 5.36 (3.41, 8.22) 293.72 (186.7, 449.95) 0.28 (0.21 to 0.35)

 Middle SDI 4.59 (3.15, 6.49) 413.76 (289.32, 580.14) 10.55 (6.85, 15.62) 396.12 (260.36, 577.94) −0.01 (−0.09 to 0.06)

 Low-middle SDI 3.95 (2.77, 5.48) 606.86 (434.81, 833.54) 7.70 (5.13, 11.02) 509.85 (347.87, 719.48) −0.46 (−0.51 to −0.41)

 Low SDI 1.29 (0.89, 1.81) 524.07 (374.66, 719.54) 2.79 (1.85, 4.03) 473.57 (326.3, 660.44) −0.24 (−0.29 to −0.2)

Region

 Andean Latin America 0.12 (0.08, 0.17) 494.54 (340.78, 704.04) 0.25 (0.16, 0.36) 400.19 (269.29, 580.72) −0.77 (−0.8 to −0.75)

 Australasia 0.04 (0.02, 0.05) 162.9 (102.74, 243.55) 0.07 (0.04, 0.10) 155.97 (96.85, 237.29) −0.11 (−0.13 to −0.09)

 Caribbean 0.10 (0.07, 0.14) 346.01 (237.45, 497.86) 0.16 (0.10, 0.23) 298.15 (197.79, 437.74) −0.45 (−0.47 to −0.44)

 Central Asia 0.16 (0.11, 0.23) 328.82 (228.87, 472.45) 0.24 (0.16, 0.35) 294.15 (201.84, 427.41) −0.36 (−0.38 to −0.34)

 Central Europe 0.24 (0.16, 0.36) 171.24 (111.87, 254.63) 0.31 (0.20, 0.46) 159.17 (101.94, 240.13) −0.23 (−0.25 to −0.21)

 Central Latin America 0.40 (0.27, 0.56) 400.32 (282.1, 561.62) 0.87 (0.58, 1.27) 343.83 (230.44, 503.65) −0.38 (−0.44 to −0.32)

 Central Sub-Saharan Africa 0.10 (0.06, 0.16) 335.65 (205.97, 532.41) 0.25 (0.14, 0.41) 324.03 (195.47, 518.98) −0.08 (−0.11 to −0.05)

 East Asia 2.63 (1.76, 3.85) 293.43 (201.14, 427.4) 6.63 (4.11, 10.49) 318.92 (200.39, 497.18) 0.43 (0.27 to 0.58)

 Eastern Europe 0.82 (0.54, 1.21) 310.86 (204.43, 458.72) 0.98 (0.61, 1.51) 312.36 (194.32, 483) 0.31 (0.2 to 0.42)

 Eastern Sub-Saharan Africa 0.36 (0.25, 0.50) 421.46 (301.34, 580.71) 0.76 (0.52, 1.08) 374.77 (263.77, 518.96) −0.32 (−0.34 to −0.29)

 High-income Asia Pacific 0.32 (0.20, 0.49) 167 (106.14, 249.49) 0.52 (0.34, 0.78) 155.97 (97.08, 238.95) −0.2 (−0.21 to −0.18)

 High-income North America 0.42 (0.27, 0.63) 133.17 (84.24, 202.17) 0.69 (0.44, 1.05) 134.11 (83.8, 206.86) 0.3 (0.2 to 0.41)

 North Africa and Middle East 0.91 (0.64, 1.25) 471.16 (338.64, 647.39) 1.88 (1.28, 2.72) 386.78 (270.54, 545.75) −0.69 (−0.71 to −0.66)

 Oceania 0.01 (0.009, 0.02) 419.15 (294, 593.77) 0.03 (0.02, 0.04) 374.47 (256.98, 538.13) −0.36 (−0.43 to −0.3)

 South Asia 4.25 (3.00, 5.91) 705.16 (506.27, 962.9) 9.35 (6.14, 13.55) 605.29 (407, 862.35) −0.34 (−0.41 to −0.27)

 Southeast Asia 1.24 (0.86, 1.74) 453.08 (321.23, 626.13) 2.35 (1.59, 3.41) 361.6 (252.27, 517.68) −0.79 (−0.82 to −0.76)

 Southern Latin America 0.10 (0.07, 0.15) 220.17 (145.61, 320.1) 0.16 (0.10, 2.34) 198.25 (127.42, 292.54) −0.31 (−0.33 to −0.3)

 Southern Sub-Saharan Africa 0.17 (0.11, 0.26) 523.31 (344.11, 781.52) 0.31 (0.19, 0.50) 473.88 (299.35, 723) −0.07 (−0.16 to 0.02)

 Tropical Latin America 0.50 (0.34, 0.72) 474.38 (328.07, 673.82) 1.02 (0.68, 1.48) 405.41 (271.52, 592.24) −0.17 (−0.31 to −0.04)

 Western Europe 0.97 (0.66, 1.41) 191.28 (128.71, 278.3) 1.29 (0.88, 1.87) 174.14 (114.36, 257.08) −0.28 (−0.3 to −0.26)

Western Sub-Saharan Africa 0.47 (0.32, 0.66) 474.83 (337.31, 660.5) 1.07 (0.72, 1.54) 449.82 (315.5, 631.6) −0.21 (−0.26 to −0.16)

UI, uncertainty interval; CI, confidence interval; EAPC, estimated annual percentage change; SDI, socio-demographic index; YLDs, years lived with disability; ASYR, age-standardized YLDs rates.
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disparities among countries with varying levels of sociodemographic 
development in 2021. The effective difference in YLDs grows as 
sociodemographic development advances, suggesting that countries or 
regions with higher SDI have greater potential for health improvements.

Health inequalities analysis

The Slope Index of Inequality (SII) for YLDs was 1.58 (95% CI: −24.28 
to 27.45) in 1990 and 74.81 (95% CI: 40.19–109.42) in 2021, indicating an 
upward trend in the association between ASYR and SDI, as shown in 
Figure 4A. This significant increase points to a growing inequality in the 
burden of BVL between economically prosperous and disadvantaged 
countries. Between 1990 and 2021, the Concentration Index for YLDs 
declined, suggesting a narrowing gap in BVL burden between richer and 
poorer countries. However, disparities in BVL burden persist, highlighting 
that, despite some narrowing of the wealth gap, global inequalities remain 
a major issue (Figure 4B).

BAPC analysis

To project the future trends in ASYR and ASPR for BVL beyond 
2021, we utilized BAPC models. As shown in Figure 5A, the ASYR for 

females is expected to increase annually from 371.21 per 100,000 in 
2022 to 377.57 per 100,000 in 2036. Similarly, the ASYR for males is 
projected to rise from 326.52 per 100,000  in 2022 to 330.67 per 
100,000 in 2036 (Figure 5C). Figure 5B illustrates the predicted rise in 
ASPR for females, from 17,537 per 100,000 in 2022 to 19,340 per 
100,000 in 2036. Likewise, the ASPR for males is projected to increase 
from 14,959 per 100,000  in 2022 to 16,617 per 100,000  in 2036 
(Figure 5D).

Discussion

Our analysis, based on the latest GBD 2021 data, offers an 
unprecedented view into the developments in YLDs, the number of 
cases, ASYR, and ASPR of BVL globally between 1990 and 2021. The 
results show a significant increase in the global burden of BVL over 
the past 32 years, with both overall YLDs and the number of cases 
continuing to grow. Furthermore, projections for the next 15 years 
indicate that the burden is expected to rise, driven by population aging 
and changing epidemiological trends.

Cataracts, glaucoma, diabetic retinopathy, and refractive 
errors remain the leading causes of blindness and visual 
impairment (14). Research indicates that about 80% of cases of 
treatable BVL can be effectively prevented through early diagnosis 

FIGURE 2

Changes in YLDs and prevalence of BVL according to ageing, population and epidemiological change from 1990 to 2021 at the global level by SDI quintile 
(A,C) and at the regional level (B,D).

https://doi.org/10.3389/fpubh.2025.1560449
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Que et al. 10.3389/fpubh.2025.1560449

Frontiers in Public Health 06 frontiersin.org

and timely intervention, thus avoiding visual impairment (15). 
For example, the United  States, a developed country, spent a 
staggering $134.2 billion in 2017 on economic expenditures 
related to vision loss (16). Given the magnitude of this issue, 
timely and accurate assessments of the BVL burden are crucial for 
countries to allocate healthcare resources effectively and plan 
public health strategies.

Since 1990, the global number of visually impaired people has 
shown considerable growth, increasing from 547 million in 1990 
to 1.350 billion in 2021. This suggests a clear upward trend in the 
global burden of BVL over the last three decades. One of the 
primary factors driving this increase is the dramatic population 
expansion, which grew from 5.35 billion in 1990 to 7.89 billion in 
2021 (17). Even after accounting for population growth, the 
upward trend in visual impairment persists, primarily due to 
increased life expectancy and the aging of the population. 
Between 1990 and 2021, global life expectancy increased from 

63.8 to 71.7 years, and the proportion of the older adult increased 
from 8.5 to 12.1%. This demographic shift means that older 
populations are living with vision-threatening conditions for 
longer periods (6). Age is thus a significant risk factor for visual 
impairments (18).

Despite the increase in overall numbers, age-standardized 
measures of the global burden of visual impairment have gradually 
stabilized since the 1990s. This stabilization is largely attributed to 
sustained global socioeconomic development and significant 
improvements in healthcare services. However, some countries, 
including the United States, Russia, and China, have experienced 
noticeable increases in visual impairment. While population growth 
and aging are contributing factors, other elements such as 
urbanization, increased screen exposure, rising prevalence of 
diabetes, and disparities in healthcare access may also play a role. 
According to relevant reports from the United Nations, countries 
with the most rapidly aging populations include Japan, Italy, and 

A

B

FIGURE 3

(A,B) Frontier analysis based on SDI and ASYR of BVL in 2021. The frontier is delineated in solid black color; countries and territories are represented as dots. 
The top 14 countries with the largest effective difference (largest BVL YLDs gap from the frontier) are labeled in black; examples of frontier countries with low 
SDI (<0.5) and low effective difference are labeled in blue (e.g., Somalia, Uganda, and Rwanda), and examples of countries and territories with high SDI 
(>0.85) and relatively high effective difference for their level of development are labeled in red (e.g., UK, Singapore and Korea. Red dots indicate a decrease in 
ASYR due to BVL from 1990 to 2021; green dots indicate an increase in ASYR due to BVL from 1990 to 2021.
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Germany, whereas nations such as India and Nigeria exhibit the 
highest population growth rates (19). Therefore, further 
investigation is needed to fully understand the specific drivers of 

increasing visual impairment in these countries. Moreover, BVL 
continues to be a growing public health concern, particularly in the 
post-COVID-19 era, where factors like increased poverty and 

FIGURE 4

SII analysis and concentration index analysis. (A) Absolute income-related healthy inequality in BVL burden, presented using regression lines, 1990 vs 2021. 
(B) Relative income-related healthy inequality in BVL burden, presented using concentration curves, 1990 vs 2021.
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reduced access to healthcare services may further exacerbate this 
burden (20).

Our analysis reveals a notable gender disparity in the global 
burden of BVL, with both men and women experiencing an 
increase from 1990 to 2021. However, this rise has been more 
significant in females, who, in 2021, exhibited higher YLDs, a 
greater number of cases, and elevated ASYR and ASPR compared 
to males. Previous studies have demonstrated that gender 
influences the prevalence of various ocular diseases, such as 
diabetic retinopathy, age-related macular degeneration, and 
cataracts (21–23). The disparity stems from a complex interaction 
of biological, social, and economic factors. A major contributor is 
women’s greater life expectancy, which heightens their 
susceptibility to age-related visual impairments (24). Hormonal 
variations, particularly differences in estrogen levels, are also 
implicated in cataract formation (25). Beyond cataracts, other 
leading causes of blindness exhibit gender-specific trends. For 
instance, primary open-angle glaucoma is more prevalent in men, 

whereas women are more prone to primary angle-closure 
glaucoma, likely due to anatomical differences in anterior chamber 
depth (26). Additionally, diabetic retinopathy appears more 
frequently in men, possibly linked to variations in glycemic control 
and metabolic regulation (27). Conversely, women are at higher 
risk for age-related macular degeneration, which may be associated 
with longevity and hormonal changes affecting retinal health (28). 
Beyond biological determinants, disparities in healthcare access 
further exacerbate the gender gap in BVL. Women often encounter 
greater obstacles in obtaining eye care services, influenced by 
disparities in education, economic independence, and healthcare 
accessibility. These challenges contribute to a disproportionate 
burden of visual impairment among females (20). Addressing these 
disparities necessitates targeted interventions that consider both 
biological susceptibility and socioeconomic barriers.

This finding underscores the importance of addressing gender 
differences in eye health. Governments must prioritize building 
targeted monitoring and management systems for women’s eye health, 

FIGURE 5

Trends of ASYR and ASPR of BVL in global from 2022 to 2036 in females (A,B) and males (C,D) predicted by Bayesian age-period-cohort models.
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ensuring greater access to eye care services. Improving eye health for 
women is essential for reducing the prevalence of visual impairment 
and promoting equitable health outcomes in society.

Our analysis reveals a strong correlation between BVL burden and 
socioeconomic indicators (2). Countries in the middle and lower-middle 
SDI quintiles have made significant strides in reducing the BVL burden, 
likely due to rapid development and the support of global initiatives like 
Vision 2020 and Universal Eye Health, advocated by the WHO (29). In 
contrast, countries with higher SDI levels, such as the US and Russia, face 
persistent challenges related to both population growth and aging, which 
could increase the BVL burden in the future.

The SII and CI in our study highlight a significant inverse relationship 
between BVL burden and socioeconomic status. Over the past three 
decades, the BVL burden has been disproportionately concentrated in 
economically disadvantaged countries. However, as disparities in wealth 
decrease globally, vision health challenges are still far from being 
equalized. This underlines the importance of international cooperation 
and proportional access strategies in addressing the unique eye health 
challenges faced by different regions, particularly in Africa and South 
Asia. Strengthening eye health systems in these regions is crucial for 
reducing global inequalities in vision health (30).

This study offers a comprehensive analysis of the spatial and 
temporal patterns of the BVL burden, drawing on the latest GBD 2021 
data and a standardized methodology. Additionally, our forecasts for 
the future trends in the global BVL burden provide valuable insights 
for policymakers. However, there are some limitations to consider. 
First, the data and statistical assumptions inherent in the GBD 
methodology may introduce biases into the model estimates. Second, 
in remote or rural regions, where access to healthcare is limited, 
epidemiological data may be incomplete, potentially leading to an 
underestimation of the true BVL burden.

Conclusion

In summary, the global burden of BVL has increased in the last 
32 years, especially in high- and middle-income nations. This trend will 
continue over the next 15 years, influenced by demographic changes. 
Blindness and vision loss are major public health problems, and are more 
prominent among women and in low SDI regions. There is a global need 
to rationalize the allocation of resources, optimize health services and 
strengthen the prevention of BVL damage over the next 15 years.
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