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Purpose: This study aimed to provide a comprehensive assessment of burden estimates and the secular trend of blindness and vision loss, as measured by years lived with disability (YLDs), at the global, regional, and national levels.

Methods: The age-standardized YLD rates (ASYRs) due to blindness and vision loss and its subtypes, including moderate vision loss, severe vision loss, blindness, and presbyopia, from 1990 to 2019 were extracted from the Global Burden of Disease Study 2019 database. The estimated annual percentage changes (EAPCs) were calculated to quantify the temporal trends in the ASYRs due to blindness and vision loss.

Results: In 2019, the global ASYRs per 100,000 population was 327.98 for blindness and vision loss, specifically, 85.81 for moderate vision loss, 74.86 for severe vision loss, 95.03 for blindness, and 62.27 for presbyopia. From 1990 to 2019, the ASYRs due to blindness and vision loss slightly decreased. Females showed higher ASYRs than males in 2019. The global highest ASYRs were observed in South Asia and sub-Saharan Africa. Negative associations were found between the burden estimates of blindness and vision loss and the sociodemographic index levels. The EAPCs of ASYRs in blindness and vision loss were significantly negatively correlated with the ASYRs in 1990 and positively correlated with human development indices in 2019.

Conclusions: Globally, blindness and vision loss continue to cause great losses of healthy life. Reasonable resource allocation and health-service planning are needed for the prevention and early intervention of disabilities caused by vision loss.
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Introduction

Blindness and vision loss are enormous public-health challenges globally, which are associated with reduced economic, educational, and employment opportunities (1–4), as well as increased risk of death (5). In the elderly, blindness and vision loss can seriously reduce the quality of life (6) and increase the risk of cognitive impairment (7), and falls (8). In 2020, 295 million people suffered from moderate and severe vision impairment, 43.3 million people had blindness, and 510 million people had vision impairment due to uncorrected presbyopia (9). Furthermore, the Vision Loss Expert Group used years lived with disability (YLDs) to describe the burden of vision loss (9). In 2019, 22.6 million YLDs were caused by blindness and vision loss worldwide, with an increase of 20.3% since 2010. In terms of all causes of YLDs, blindness and low vision rank eighth in people aged 50–69 years and fourth in people aged over 70 years. This finding indicates that numerous individuals with visual impairment live for many years due to chronic disability. Indeed, this condition is a challenge to increase health-management services for the elderly particularly in aging societies.

The main causes of global blindness and vision loss are cataract, uncorrected refractive error, age-related macular degeneration, glaucoma, and diabetic retinopathy (9). The aging process is generally considered to be the most important factor affecting presbyopia, and the trend of aging of the world population has also greatly increased the number of presbyopia cases (10). In fact, cataracts and uncorrected refractive errors can be effectively treated with surgery and glasses, respectively (11). Implementing currently known effective treatments for avoidable vision loss can bring significant productivity gains to the global economy. However, eye-care services fail to keep up with the population growth and aging to meet people's needs, even in high-income areas, the problem of avoidable vision loss is not adequately addressed.

Previous studies reporting the burden of blindness and vision loss have focused on prevalence and incidence. These metrics are vital, but they provide limited assessment when reviewed individually. Their prevalence and incidence metrics assess injuries only on the basis of frequency and cannot easily reflect the degree and duration of disability (12). Years lived with disability (YLDs) express specified severity and duration. A previous article roughly describes the YLDs of vision loss, but no detailed systematic study on the trends of blindness and vision loss and its subtypes have been reported (9). Given that disability is a growing part of disease burden and health expenditures (13), understanding the latest information on YLD trends in blindness and vision loss and how they vary across countries is essential for planning appropriate health-system responses. In the present work, we used the study estimates from the Global Burden of Disease (GBD) 2019 to systematically analyze the burden, as measured by YLDs, due to blindness and vision loss and its subtypes (including moderate vision loss, severe vision loss, blindness, and presbyopia) at the global, regional, and national levels. We also determined how the burden due to blindness and vision loss is related to the socioeconomic development level as measured by human development indices (HDIs).



Methods


Study data

We extracted the age-standardized YLD rates (ASYRs) of blindness and vision loss and its subtypes at the global, regional, and national levels from 1990 to 2019 based on the GBD 2019 database. The general methods used in the GBD 2019 are described in detail on the official website (http://www.healthdata.org/gbd/). We obtained the sociodemographic index (SDI) within 1990 to 2019 from the GBD 2019 official website. Based on the SDI, 204 countries or territories were divided into five levels: low-, low–middle-, middle-, high–middle-, and high-SDI regions. SDI is a comprehensive indicator of the development level of each country based on lag-distributed income per capita, mean education for those 15 years old and older, and total fertility rate for those under 25 years old (14). The world was also geographically divided into 21 regions to observe the geographic disparities. The HDIs of countries were collected from the World Bank. We also compared the ASYRs due to blindness and vision loss and its subtypes in different age groups. The age stratification in the GBD 2019 were as follows: 5-year age group from age 0 to 95 and then a single category for >95 years old.



Definitions

We used WHO criteria to classify the severity of vision loss according to vision in the better-seeing eye. The categories were moderate vision loss (defined as visual acuity of ≥6/60 and < 6/18), severe vision loss (visual acuity of ≥3/60 and < 6/60), blindness (visual acuity of < 3/60 or < 10% visual field around central fixation, although the visual-field definition is rarely utilized in population-based eye surveys), and presbyopia (near visual acuity of < 6/12 distance equivalent). YLDs represent the non-fatal component of burden and incorporate both the prevalence of a disease and the effect of the disease in terms of disability. YLDs for blindness and vision loss were calculated by the prevalence multiplied by disability weights (DWs) for the health state associated with blindness and vision loss. The basis of the DWs assessments is lay descriptions of health states, highlighting major functional consequences and symptom associated with each health state. DWs represents the magnitude of health loss associated with the vision loss, measured on a scale from 0 to 1, where 0 represents the equivalent of full health and 1 represents death (13). The DWs developed to describe the severity of different degrees of vision loss and the related functional loss were as follows: (1) moderate vision loss (DWs: 0.031, 95% CI: 0.019–0.049); (2) severe vision loss (DWs: 0.184, 95% CI: 0.125–0.258); and (3) blindness (DWs: 0.187, 95% CI: 0.124–0.0.260); (4) presbyopia (DWs: 0.011, 95% CI: 0.005–0.02).



Statistical analysis

The goal of data standardization is to maximize data comparability. The ASYR corresponds to the YLDs per 100,000 population. The age-standardized rate (ASR) was calculated by summing up the products of the age-specific rates (ai, where i is the ith age class) and number of persons (or the weight; wi) in the same age subgroup i of the selected reference standard population and then dividing the sum of the standard population weights (15). The age-standardized populations in the GBD were calculated using the GBD world-population age standard.
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The estimated annual percentage change (EAPC) is commonly used to reflect the variation tendency of ASRs over a specified interval. The natural logarithm of the regression-line fit to ASR is y = a + bx + e, where x = the calendar year. EAPC is calculated as 100 × [exp(b) – 1], and its 95% uncertainty interval (UI) can also be obtained from a linear-regression model (16). If the estimated EAPCs and the lower bound of its 95% UI are both >0, then ASRs would exhibit an increasing trend; if the estimated EAPC and the upper bound of its 95% UI are < 0, then ASRs would trend downwards; otherwise, ASRs would be considered stable.

All analyses were conducted using R program (version 4.0.5, R Core Team). P-values < 0.05 was considered statistically significant.




Results


Burden of blindness and vision loss at the global level

Globally, the ASYRs due to blindness and vision loss decreased from 359.46 (95% UI: 247.58 to 500.65) in 1990 to 327.98 (95% UI: 222.49 to 465.64) in 2019 per 100,000 population by an EAPC of −0.32 (95% UI: −0.35 to −0.28; Figure 1 and Table 1). The global ASYRs per 100,000 population increased from 94.26 (95% UI: 56.5 to 149.31) in 1990 to 95.81 (95% UI: 57.5 to 151.45) in 2019 with the EAPC being 0.11 (95% UI: 0.08 to 0.14) for moderate vision loss, from 76.75 (95% UI: 51.38 to 110.53) in 1990 to 74.86 (95% UI: 49.97 to 107.67) in 2019 with the EAPC being 0.02 (95% UI: −0.05 to 0.09) for severe vision loss, from 129.69 (95% UI: 86.96 to 183.86) in 1990 to 95.03 (95% UI: 63.47 to 135.11) in 2019 at −1.10 per year (95% UI: −1.15 to −1.05) for blindness, and from 58.76 (95% UI: 26.80 to 117.68) in 1990 to 62.27 (95% UI: 28.12 to 124.55) in 2019 at 0.05 per year (95% UI: −0.01 to 0.11) for presbyopia (Supplementary Table 1 and Supplementary Figure 1).
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FIGURE 1
 The EAPC of age-standardized YLD rates due to blindness and vision loss at the global and regional levels. EAPC, estimated annual percentage change; YLD, years lived with disability; SDI, human development index.



TABLE 1 Age-standardized rates of years lived with disability due to blindness and vision loss in 2019 and their temporal trend from 1990 to 2019 at the global and regional levels.
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Females had higher ASYRs than males in 2019 in terms of blindness and vision loss and its subtypes (Table 1 and Supplementary Table 1). The sex-specific ASYRs due to blindness and vision loss in 2019 decreased in both sexes compared with those in 1990. For females, ASYRs increased in moderate vision loss (EAPC = 0.15, 95% UI: 0.12 to 0.19), severe vision loss (EAPC = 0.11, 95% UI: 0.04 to 0.19), and presbyopia (EAPC = 0.13, 95% UI: 0.07 to 0.18) from 1990 to 2019. For males, ASYRs increased in moderate vision loss (EAPC = 0.06, 95% UI: 0.03 to 0.09) during the observed period (Supplementary Table 1).

In 2019, the highest ASYRs appeared in the low-middle and low-SDI regions, and the lowest ASYRs appeared in the high-SDI regions in terms of blindness and vision loss (Table 1) and its subtypes (Supplementary Table 1). An increasing trend was observed in the high, high-middle, and middle SDI regions for moderate vision loss, in the high-middle SDI region for severe vision loss, and in the high SDI region for presbyopia during the observed period (Figure 1 and Supplementary Figure 1).

We also analyzed the ASYRs due to blindness and vision loss for males and females in different age groups. YLDs increased with age in terms of blindness and vision loss and its subtypes except for presbyopia, among which YLDs were highest in the age group of 80–84 years (Figure 2 and Supplementary Figure 2).


[image: Figure 2]
FIGURE 2
 The crude YLD rate due to blindness and vision loss at different age groups globally. YLD, years lived with disability.




Burden of blindness and vision loss at the regional level

In 2019, the ASYRs due to blindness and vision loss was highest in South Asia (601.96, 95% UI: 410.96 to 850.3, per 100,000 population) and lowest in high-income North America (105.44, 95% UI: 71.92 to 147.97, per 100,000 population). For the temporal trend of ASYRs, the most significant decrease was detected in Southeast Asia (EAPC = −1.01, 95% UI: −1.05 to −0.97), followed by South Asia and North Africa and Middle East (Table 1 and Figure 1).

In 2019, South Asia had the highest ASYRs due to moderate (166.77, 95% UI: 99.24 to 262.04, per 100,000 population) and severe (160.29, 95% UI: 106.66 to 230.74, per 100,000 population) vision loss. The highest ASYRs was observed in Western Sub-Saharan Africa for blindness (200.34, 95% UI: 134.64 to 286.93, per 100,000 population) and in Southern Sub-Saharan Africa for presbyopia (157.32, 95% UI: 69.25 to 311.32, per 100,000 population; Supplementary Table 1). East Asia had the largest increase in ASYRs due to moderate (EAPC = 0.42, 95% UI: 0.30 to 0.54) and severe (EAPC = 0.67, 95% UI: 0.33 to 1.01) vision loss, whereas Eastern Europe showed the greatest increase for presbyopia (EAPC = 0.09, 95% UI: 0.01 to 0.18) (Supplementary Fiugre 1).



Burden of blindness and vision loss at the national level

In 2019, South Sudan (726.48, 95% UI: 506.55 to 1,003.08; per 100,000 population) had the highest ASYRs due to blindness and vision loss (Supplementary Table 2), followed by Pakistan and Indonesia (Figure 3A). As regards the change trend from 1990 to 2019, the ASYRs in all 204 countries and territories decreased (Figure 3B).
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FIGURE 3
 The global burden due to blindness and vision loss in 204 countries or territories. (A) The age-standardized YLD rate due to blindness and vision loss in 2019. (B) The EAPC of age-standardized YLD rate due to blindness and vision loss from 1990 to 2019. ASR, age-standardized rate; EAPC, estimated annual percentage change; YLD, years lived with disability.


The ASYRs due to moderate vision loss, severe vision loss, blindness, and presbyopia at the national level are listed in Supplementary Table 3. The ASYRs were the highest in Oman in terms of moderate (193.16, 95% UI: 117.24 to 303.26; per 100,000 population; Supplementary Figure 3) and severe (187.25, 95% UI: 125.26 to 272.05; per 100,000 population; Supplementary Figure 4) vision loss, followed by India. China showed the largest increment for moderate (EAPC = 0.44, 95% UI: 0.31 to 0.56; Supplementary Figure 3) and severe (EAPC = 0.69, 95%UI: 0.35 to 1.04; Supplementary Figure 4) vision loss. The highest ASYRs were in South Sudan (366.46, 95% UI: 248.14 to 528.22; per 100,000 population; Supplementary Figure 5) for blindness and in Nepal (197.62, 95% UI: 89.26 to 378.73; per 100,000 population; Supplementary Figure 6) for presbyopia. We observed a decreasing or stable trend in the ASYRs due to blindness in all countries or territories, and the highest decreasing trends was in Equatorial Guinea (EAPC = −3.46, 95% UI: −3.64 to −3.28; Supplementary Figure 5). The highest increasing trends in ASYRs due to presbyopia were found in the Russian Federation (EAPC = 0.15, 95% UI: 0.02 to 0.28; Supplementary Figure 6).



Relationship between estimated burden of blindness and vision loss and SDI level

We described the associations between the estimated burden of blindness and vision loss and the SDI levels for each geographic region from 1990 to 2019 (Figure 4). The ASYRs and SDI levels were negatively correlated in all regions. ASYRs decreased with increased SDIs.
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FIGURE 4
 Age-standardized YLDs rates due to blindness and vision loss by SDI, 1990–2019, and expected value-based SDI. Age-standardized YLD rates are plotted for 21 geographic regions between 1990 to 2019 against their SDIs. Points in each line from left to right represents the values from 1990 to 2019. The black line represents the average expected relationship between SDI and age-standardized YLD rates due to blindness and vision loss based on values from all countries over the 1990–2019 estimation period. ASR, age-standardized rate; YLD, years lived with disability; SDI, human development index.




Factors influencing EAPC

We analyzed the relationships between EAPCs and ASYRs in 1990 and HDI in 2019 among 204 countries or territories for blindness and vision loss (Figure 5). A negative correlation was observed between the ASYRs in 1990 and the EAPCs of ASYRs (ρ = −0.696, P < 0.001; Figure 5A). A positive correlation was observed between the HDI in 2019 and the EAPCs of the ASYRs (ρ = 0.369, P < 0.05; Figure 5B).


[image: Figure 5]
FIGURE 5
 Correlation between the EAPC of age-standardized YLD rates and the age-standardized YLD rates in 1990 (A); the EAPC of age-standardized YLD rates and the HDIs in 2019 (B). The size of circle represents the age-standardized YLD rates in this country or territory in 2019. ASR, age-standardized rate; EAPC, estimated annual percentage change; YLD, years lived with disability; HDI, human development index.





Discussion

This study was the first to explore the trend of the burden of blindness and vision loss and its subtypes as measured by YLD from 1990 to 2019. The ASYRs due to moderate vision loss slightly increased, whereas the ASYRs due to blindness decreased. This change may be due to the diversion of resources to treating more serious cataracts. Studies have shown that the cataract surgical coverage for eyes with visual acuity of < 3/60 is higher than that for eyes with a visual acuity of < 6/18, especially in low- and middle-income countries (9). In addition to cataract, age-related macular degeneration and diabetic retinopathy are also two important causes of blindness and vision loss. The widespread use of anti-VEGF agents to treat exudative age-related macular degeneration effectively reduces the burden of blindness and vision loss caused by it, whereas the management of diabetic retinopathy requires disproportionate resources, including the availability of ophthalmologists who are trained in laser and surgery (11).

In 2019, females had higher ASYRs due to blindness and vision loss and its subtypes than males, similar to previous findings that women have higher prevalence of blindness and vision loss than men (17–19). This difference can be attributed to two factors: physiological (e.g., women tend to live longer than men and are at greater risk for age-related eye diseases such as cataracts) (9) and social (e.g., women tend to have lower levels of education and economy, resulting in less access to health information and eye-care services; women may spend more time in the home exposed to high levels of household air pollution; time spent caring for children increases trachoma exposure; etc) factors (20). Thus, providing equal opportunities to obtain medical-system services can improve this status, especially in elderly women. Overall, ASYRs due to blindness and vision loss and its subtypes increased with age. Blindness and vision loss are the fourth leading impairments among people 70+ years old in terms of all causes of YLDs (9). Given that vision loss is associated with certain age-related eye diseases, the increase in life expectancy and aging population may increase the chance of vision damage caused by age-related eye diseases in the elderly. More health resources should be oriented toward the growing elderly populations.

Globally, ASYRs due to blindness and vision loss were most common in low-income regions, such as South Asia, Southern Sub-Saharan Africa, and Western Sub-Saharan Africa. In some South Asian countries such as India and Pakistan, where eye-health plans are insufficiently implemented, eye-health resources are limited by the heavy health needs, large backlog of people with vision loss due to huge population base, economic benefits and costs, as well as insufficient human resources for eye care (21). Different from the high-income regions, cataracts are still the most frequent cause of blindness in some underdeveloped regions (such as Sub-Saharan Africa) (22, 23). The average cataract-surgery rate in Sub-Saharan Africa countries is 442 operations/million person/year, far less than the 2,000/million persons/year proposed by VISION 2020 (22, 24). Greater government investment in medical infrastructure, training of eye care practitioners, and strategies for cataract surgery are needed.

According to the estimates from the GBD 2019, the most significant increase in moderate and severe vision loss occurred in China, and the most significant increase in presbyopia occurred in the Russian Federation. In the early 1990s, the Soviet Union disintegrated, Russian Federation's economy was in recession, and a large middle-aged population migrated to Western European countries (25). The loss of the middle-aged population means a relative increase in the elderly population, which may increase the burden of presbyopia. The increasing phenomenon in China is probably related to the increase in the prevalence of diabetic retinopathy since 1990 (26). The rapid increase in metabolic diseases related to lifestyle changes has increased the burden of eye diseases, especially diabetes, which has a great risk of developing into diabetic retinopathy (27). Moreover, uncorrected refractive errors were the first and second causes of moderate and severe vision loss, and blindness, respectively. Notably, myopia has become the greatest burden of refractive errors (28). In China, the rates of myopia and high myopia among children and adolescents have increased significantly over the past few decades (29), so the vision loss caused by myopia-related complications and uncorrected myopia cannot be ignored. Studies have shown that myopia macular degeneration is also an important cause of vision loss in East Asia (30). Disseminating scientific knowledge about eye health, raising public awareness on vision health, and promoting early screening and correction of adolescent refractive errors through professional ophthalmological institutions are important.

ASYRs due to blindness and vision loss showed an overall decreasing trend with increased SDIs. In 2019, ASYRs were highest in the low-SDI regions and lowest in the high-SDI regions. Generally, a higher socioeconomic status is related to higher health expenditures and higher level of eye health (21, 31, 32). Low-income countries may allocate a small portion of their government spending to health-care resources. Research estimates indicate that by 2040, health expenditures in many low-income countries will remain low, and only 3% low-income countries will meet the Chatham House goal of 5% of GDP (30). Due to the reduced allocation of health-expenditure resources, eye-care services are unaffordable and inaccessible in low-income countries, where more people with uncorrected refractive errors lack access to cataract surgery (21). The correction rate of glasses for presbyopia in developing countries ranges from 6% to 45% (33). Moreover, low education level may affect the level of eye-care services sought. Data from the UK shows that people with no educational qualifications are nearly twice as likely to suffer from moderate to severe vision impairment and blindness as those with university-level or other professional qualifications (34). Among the Korean elderly population, the lifetime use of eye care is affected by the level of education (35). Educational intervention can increase the acceptance and willingness to pay for cataract surgery by targeting the rural population (36). Therefore, more wealth must be invested in social welfare and educational interventions and consulting services must be provided for people with low education levels.

We also found that variations in ASYRs due to blindness and vision loss from 1990 to 2019 were significantly positively correlated with HDI in 2019. However, given that the EAPC is almost below 0, countries with low HDI in 2019 are more likely to see their burden reduced by more. These results can be explained as follows: (1) as a result of the release of the Global Action Plan, underdeveloped countries have increased their investment in eye care and made some progress; and (2) many countries with low HDI have seen significant increases in development assistance for health, which has helped provide essential services for priority diseases.

Some limitations inevitably exist in this study. First, GBD data were calculated based on existing data of various countries by using algorithms. The accuracy of data depends to a large extent on the quality and quantity of the data used in the algorithm, which could affect the accuracy of the estimated burden (37). Second, data are sparse in representative regions and ethnic groups in many countries and age groups. Sparse data limit the certainty of estimation of temporal trends and age patterns, especially among children and young people (38). Despite these limitations, the GBD remains the most standardized and accurate system available for assessing the burden of disease across time, location, and different diseases and injuries.



Conclusion

The burden of blindness and vision loss varies by region, country, gender, age, and socioeconomic development. Globally, although ASYRs due to blindness and vision loss slightly decreased from 1990 to 2019, they will continue to cause great losses in healthy life in the future, especially in the elderly. To combat the high burden of blindness and vision loss, especially in low-SDI and low-middle SDI regions, increasing investment in eye-care services and allocating eye care resources rationally can be considered. We also need novel and cheaper treatments to tackle conditions that affect large numbers of individuals, such as age-related macular degeneration and diabetic retinopathy.
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SUPPLEMENTARY FIGURE 1
 The EAPC of age-standardized YLD rates due to moderate vision loss (A), severe vision loss (B), blindness (C), and presbyopia (D) at the global and regional levels. EAPC, estimated annual percentage change; YLD, years lived with disability; SDI, human development index.

SUPPLEMENTARY FIGURE 2
 The YLD rate due to moderate vision loss (A), severe vision loss (B), blindness (C), and presbyopia (D) of different age groups globally. YLD, years lived with disability.

SUPPLEMENTARY FIGURE 3
 The global burden due to moderate vision loss in 204 countries or territories. (A) The age-standardized YLD rate due to moderate vision loss in 2019. (B) The EAPC of age-standardized YLD rate due to moderate vision loss from 1990 to 2019. ASR, age-standardized rate; EAPC, estimated annual percentage change; YLD, years lived with disability.

SUPPLEMENTARY FIGURE 4
 The global burden due to severe vision loss in 204 countries or territories. (A) The age-standardized YLD rate due to severe vision loss in 2019. (B) The EAPC of age-standardized YLD rate due to severe vision loss from 1990 to 2019. ASR, age-standardized rate; EAPC, estimated annual percentage change; YLD, years lived with disability.

SUPPLEMENTARY FIGURE 5
 The global burden due to blindness in 204 countries or territories. (A) The age-standardized YLD rate due to blindness in 2019. (B) The EAPC of age-standardized YLD rate due to blindness from 1990 to 2019. ASR, age-standardized rate; EAPC, estimated annual percentage change; YLD, years lived with disability.

SUPPLEMENTARY FIGURE 6
 The global burden due to presbyopia in 204 countries or territories. (A) The age-standardized YLD rate due to presbyopia in 2019. (B) The EAPC of age-standardized YLD rate due to presbyopia from 1990 to 2019. ASR, age-standardized rate; EAPC, estimated annual percentage change; YLD, years lived with disability.
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