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Background: Blindness and vision loss (BVL) is a major public health concern. Non-communicable diseases (NCDs), including cataract, glaucoma, age-related macular degeneration, diabetic retinopathy and etc., were the leading causes of vision impairment globally.

Methods: We extracted global, regional, national, age-and sex-specific data on the prevalence and years lived with disability (YLDs) of BVL caused by NCDs from the Global Burden of Disease Study 2021 (GBD 2021), and then conducted a secondary comparative analysis based on time, location, age, gender, socioeconomic development index (SDI) and health system level.

Results: From 1990 to 2021, the global incidence of BVL caused by NCDs continuously increased. In 2021, 1475648.6 thousand BVL cases caused by NCDs occurred globally, and ASR of YLDs reached 371.1 per 100,000 population. Great disparities were found across different genders, ages, and locations. Higher burdens were noted among females, older adult individuals, regions with lower SDI or less advanced health systems.

Conclusion: The burden of BVLs caused by NCDs has increased significantly since 1990 and varies widely across regions. Greater efforts are needed in NCDs control and vision protection, especially in older adult individuals and females, in regions with lower SDI, and in regions with less advanced health systems.
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Introduction

Blindness constitutes a significant public health and socioeconomic challenge, impacting not merely economic and educational prospects, but also diminishing the quality of life and elevating the mortality risk (1, 2). In 2020, an estimated 43·3 million people were blind, and an estimated 295 million people suffered from moderate and severe vision loss (3). To combat this issue, the World Health Organization (WHO) launched the “VISION 2020: The Right to Sight” (4), a collaborative global effort aimed at eradicating avoidable blindness, thereby mobilizing systematic actions to eliminate preventable causes of blindness. However, despite substantial efforts in vision protection, the burden of vision impairment due to age-related eye diseases, diabetic retinopathy, and other chronic eye conditions may continue to rise, driven by population aging and the increasing prevalence of obesity and diabetes (5, 6).

Concurrently, as socio-economic progress advances and life expectancy extends, the disease burden is undergoing a significant shift from communicable diseases to non-communicable diseases (NCDs) and age-related conditions (7, 8). Uncorrected refractive error, cataract, age-related macular degeneration, glaucoma, and diabetic retinopathy have emerged as the leading global causes of vision impairment (9), all of which are quintessential NCDs (10). Consequently, BVL resulting from NCDs have become pivotal targets for vision protection initiatives. Notably, a substantial proportion of BVLs attributed to NCDs are avoidable, especially refractive errors and cataracts (9). Hence, it is of paramount importance to delve into the burden of BVL caused by NCDs and to shine a spotlight on the disparities that exist. Regrettably, there is a paucity of reports examining the disparities in the burden of BVL caused by NCDs at the global, national, socioeconomic, gender, and age-specific levels.

To bridge this gap, the present study aimed to conduct a comprehensive assessment of the burden of BVL attributable to NCDs, examining it across various dimensions including time, nation, age, gender, socioeconomic status, and health system level and forecast this burden up to the year 2045. The overarching goal is to provide crucial insights and data that can inform the development of targeted health policies, thereby aiding in the formulation of more effective strategies to address the significant public health challenge posed by BVL due to NCDs.



Methods


Study design and data sources

This study was a secondary analysis based on open database. Ethical approval was not applicable for this study. Data on the prevalence and years lived with disability (YLDs) of blindness and vision loss were obtained from the Global Burden of Disease study 2021 (GBD 2021), which was collected from the Global Health Data Exchange database.1 GBD 2021 study encompassed individuals of all ages and genders across the globe. The study estimates are given for 371 diseases and injuries; 204 countries and territories; 25 age groups; females, males, and both sexes combined; and for the years 1990–2021 (10).



Case definition

In GBD 2021 study, vision loss was estimated, and categorized according to the severity of disease as follows: (1) blindness, distance visual acuity of <3/60 or <10% visual field around central fixation; (2) severe vision loss, distance visual acuity ≥3/60 and <6/60; (3) moderate vision loss, distance visual acuity ≥6/60 and <6/18; and (4) near vision loss (uncorrected presbyopia), near visual acuity of <6/12 distance equivalent.

In GBD 2021 study, all causes were aggregated into three groups: communicable, maternal, neonatal, and nutritional diseases (Group 1 diseases); non-communicable diseases (Group 2); and injuries (Group 3). The non-communicable diseases group mainly include neoplasms, cardiovascular diseases, chronic respiratory diseases, digestive diseases, neurological disorders, mental disorders, substance use disorders, diabetes and kidney diseases, skin and subcutaneous diseases, sense organ diseases, musculoskeletal disorders, and other non-communicable diseases. Sense organ diseases included BVL, age-related and other hearing loss and other sense organ diseases.

YLDs were calculated with a microsimulation process that used estimated age-sex-location-year-specific prevalent counts of nonfatal disease sequelae (consequences of a disease or injury) for each cause and disability weights for each sequela as the inputs (10). The sociodemographic index (SDI) was applied as a composite indicator of social and economic conditions. It is the geometric mean of 0 to 1 indices of the fertility rate among females younger than 25 years, average years of education for those aged 15 years or older and lagged distributed income per capita (10), ranging from 0 to 1. These quintiles include low SDI (<0.45), low-middle SDI (≥0.45 and <0.60), middle SDI (≥0.60 and <0.69), high-middle SDI (≥0.69 and <0.805), and high SDI(≥0.80).



Statistical analysis

The data are presented as values with 95% uncertainty intervals (UIs). The age-standardized rates of YLDs were expressed as the number per 100,000 population. The Kruskal-Wallis test was used with non-normal distributions to evaluate the difference in age-standardized rates between males and females. The autoregressive integrated moving average (ARIMA) model, widely used in time series analysis (11, 12), was applied to estimate the burden of vision loss attributable to diabetes from 2021 to 2045 (R system, version 4.2.2; detailed method in the Supplementary File 2). Most statistical analyses, except those specified above, were conducted via Prism software version 9.0 (GraphPad, San Diego, California). A p value less than 0.05 was considered statistically significant.




Results


Global burden of BVL caused by NCDs from 1990 to 2021

Globally, in 2021, the number of BVL cases caused by NCDs reached 1475648.6 (95% UI: 1193586.9–1821128.1) thousand, with an increasement of 147.4% compared to that in 1990 [596532.2 (95% UI: 491641.5–726373.0) thousand], and the age-standardized rate (ASR) was 17.2 (95% UI: 14.0–21.2) thousand per 100,000 population in 2021, with an increasement of 24.6% compared to that in 1990 [13.8 (95% UI: 11.3–16.7) thousand per 100,000 population] (Table 1). The prevalence of YLDs in 1990 was 15379.4 (95% UI: 10402.7–22127.3) thousand, increasing to 31573.5 (95% UI: 20473.3–46732.3) thousand (Table 1). The ASR of YLDs in 1990 was 370.1 (95% UI: 252.5–534.0) per 100,000 population, and increased to 371.1 (95% UI: 241.2–547.7) in 2021.



TABLE 1 Prevalence of blindness and vision loss caused by NCDs in 1990 and 2021 by GBD 2021 super regions.
[image: Table1]

According to severity, BVL was divided into four levels. In 2021, the prevalence number of BVL caused by NCDs included presbyopia [1155063.1 (95%UI: 875226.1–1514597.5) thousand], moderate vision loss [255093.5 (95%UI: 228145.3–284942.7) thousand], severe vision loss [29963.5 (95%UI: 25821.1–34281.5) thousand] and blindness [35528.5 (95%UI: 31362.6–40245.6) thousand] (Table 1 and Supplementary Table 1). And ASR of prevalence per 100 thousand population varied in different severity levels: presbyopia [13436.2 (95%UI: 10223.5–17585.8)], moderate vision loss [3034.6 (95%UI: 2721.2–3370.5)], severe vision loss [352.3 (95%UI: 304.7–402.0)] and blindness [420.0 (95%UI: 304.7–474.3)] (Figures 1A,B). In addition, the number of YLDs [presbyopia: 12152.8 (95%UI: 5363.1–23487.2) thousand; moderate vision loss: 7725.8 (95%UI: 4746.8–12016.3) thousand; severe vision loss: 5302.4 (95%UI: 3701.4–7627.2) thousand; blindness: 6392.4 (95%UI: 4328.1–8901.1) thousand] also varied by severity. Compared to the ASR of YLDs in 1990 [presbyopia: 102.8 (95%UI: 45.6–201.1); moderate vision loss: 90.0 (95%UI: 55.5–140.3); severe vision loss: 66.7 (95%UI: 46.5–96.0); blindness: 110.6 (95%UI: 75.3–153.4)], ASR of YLDs of presbyopia [141.3 (95%UI: 62.5–272.7)] and moderate vision loss [91.9 (95%UI: 56.6–143.1)] both increased in 2021, while severe vision loss [62.3 (95%UI: 43.6–90.0)] and blindness [75.5 (95%UI: 51.2–104.7)] both decreased in 2021.
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FIGURE 1
 Prevalence and YLDs of blindness and vision loss caused by NCDs globally. (A) ASR of prevalence of BVL caused by NCDs by severity from 1990 to 2021; (B) ASR of YLDs of BVL caused by NCDs by severity from 1990 to 2021; (C) trends in total percentage change of prevalence of BVL caused by NCDs by gender and age; (D) trends in total percentage change of YLDs of BVL caused by NCDs by gender and age; (E) trends in total percent change of prevalence by gender and age; (F) trends in total percent change of YLDs by gender and age; (G) trends in prevalence of BVL caused by NCDs by gender and year; (H) trends in YLDs of BVL caused by NCDs by gender and year. YLDs, years lived with disability; NCDs, non-communicable diseases; BVL, blindness and vision loss; ASR, age-standardized rate.




Burden of BVL caused by NCDs by age and gender

With age, the burden of BVL caused by NCDs showed great disparity, as shown in Figures 1C–F. The peak of prevalence number arrived at age 55–59 years for both females [98795.0 (95%UI: 58957.5–142016.6) thousand] and males [83479.2 (95%UI: 48478.0–125047.4) thousand], and the peak of YLDs number all arrived at age 65–69 years [female: 2013.7 (95%UI: 1320.2–3025.2) thousand; male: 1616.2 (95%UI: 1049.0–2447.4) thousand]. After standardized for age, the prevalence rate and YLDs rate all gradually increased with age for both female and male.

To observe the growth rate in different age groups, the percent change in burden was calculated to represent the average annual rate of growth from 1990 to 2021. The most rapid growth of prevalence rate presented at age 35–39 years for females [28.8% (95%UI: 6.4–47.5%)] and at age 40–44 years for males [25.3% (95%UI: 4.6–42.3%)]. And the most rapid growth of YLDs rate all presented at age 35–39 years [female: 63.2% (95%UI: 44.5–85.6%); male: 62.5% (95%UI: 43.2–82.3%)].

For gender disparity, the burden of BVL caused by NCDs in females remained consistently heavier than those in males in all age groups in 2021, as shown in Figures 1C,D. However, the trends varied in different age groups. The growth rate of prevalence rate was significantly higher in males at the 35–66 years of age, although the growth rate of YLDs rate was invariably higher in females in all age groups, as shown in Figures 1E,F.



Burden of BVL caused by NCDs by country and territory

In 2021, among the 204 countries and territories, the top 3 countries with largest number of BVLs caused by NCDs were India [400198.1 (95% UI: 319256.0–491595.9) thousand], China [383330.7 (95% UI: 296595.9–493213.4) thousand], and Brazil [46674.3 (95% UI: 37553.4–58284.2) thousand], as shown in Figure 2. After standardized for age, the top 3 countries with the highest prevalence rates (per 100,000 population) were South Africa [31.3 (95% UI: 25.3–38.5) thousand], India [30.4 (95% UI: 24.6–36.8) thousand], and Nepal [28.6 (95% UI: 24.2–32.7) thousand]. In contrast, Slovakia [6.6 (95% UI:5.4–8.0)], Canada [6.8 (95% UI: 5.2–8.9)] and Greenland [6.8 (95% UI: 5.3–8.8)] had the lowest age-standardized rates (per 100,000 population).
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FIGURE 2
 Global maps of burden of BVL caused by NCDs in 2021. (A) prevalence cases and ASR of BVL caused by NCDs in 2021; (B) YLDs number and ASR of BVL caused by NCDs in 2021. BVL, blindness and vision loss; NCDs, non-communicable diseases; ASR, age-standardized rate; YLDs, years lived with disability.


For YLDs, India [685.5 (95% UI: 449.6–998.9)], Pakistan [646.3 (95% UI: 459.0–899.7)], and Niger [592.4 (95% UI: 406.6–859.3)] had the highest ASRs (per 100,000 population). Sweden [127.4 (95% UI: 77.6–203.0)], Canada [135.6 (95% UI: 84.2–209.0)], and Greenland [143.8 (95% UI: 90.6–218.5)] had the lowest ASRs (per 100,000 population).



Burden of BVL caused by NCDs by SDI

Figure 3 showed the burden of BVL caused by NCDs by countries or territories and SDI. As the scattergram shown, there seemed to be higher burden in those with middle SDI or lower than middle SDI. To further investigate the possible relationship between socioeconomic status and burden of BVL, Figure 4 showed the association between SDI and prevalence or YLDs of BVL caused by NCDs by region from 1990 to 2021. The ASR of burden of BVL cause by NCDs demonstrated a single-peaked relationship with the SDI level from 1990 to 2021, with the highest point appearing at low-middle SDI group.

[image: Figure 3]

FIGURE 3
 Trends in burden of BVL caused by NCDs by SDI and country in 2021. (A) trends in ASR of prevalence by SDI and country in 2021; (B) trends in ASR of YLDs by SDI and country in 2021. Each point represents a country or territory, and the diameter of each point represents the number of prevalence or YLDs. BVL, blindness and vision loss; NCDs, non-communicable diseases; ASR, age-standardized rate; SDI, Socio-demographic Index; YLDs, Years lived with disability.
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FIGURE 4
 Association between burden of BVL caused by NCDs and SDI for 21 GBD super regions, 1990–2021. (A) association between ASR of prevalence and SDI from 1990 to 2021; (B) association between ASR of YLDs and SDI from 1990 to 2021. For each region, points from left to right depict estimates from each year from 1990 to 2021. BVL, blindness and vision loss; NCDs, non-communicable diseases; ASR, age-standardized rate; SDI, Socio-demographic Index; YLDs, Years lived with disability.




Burden of BVL caused by NCDs by cause and health system level

The GBD study 2021 provided information on health system levels by location. As shown in Figure 5A, the overall BVL burden caused by NCDs ranked from 1990 to 2021 in each health system level subgroup. After classified according to specific causes of NCDs, subgroups including diabetes mellitus, glaucoma, cataract, age-related macular degeneration, refraction disorders, near vision loss and other vision loss (Figures 5B–H), all showed their respective changes with time and in different health system level subgroup. Noteworthily, in all health system level subgroups, BVL burden caused by diabetes mellitus and near vision loss increased with time, BVL burden caused by glaucoma decreased consistently, and burden caused by cataract remained essentially stable. Burden of refraction disorders decreased with time in low health system subgroup, but remained basically unchanged in other health system subgroups. Besides, all with time, regions with low health system were accompanied with highest burden caused by cataract, age-related macular degeneration, refraction disorders, near vision loss and other vision loss, respectively. And regions with advanced health system were accompanied with lowest burden caused by glaucoma, cataract, age-related macular degeneration, near vision loss and other vision loss, respectively.

[image: Figure 5]

FIGURE 5
 Trends in burden of BVL caused by NCDs by health system grouping level and causes. (A) ASR of prevalence and YLDs of BVL caused by NCDs by health system grouping level, 1990–2021; (B) ASR of prevalence and YLDs of BVL caused by diabetes mellitus by health system grouping level, 1990–2021; (C) ASR of prevalence and YLDs of BVL caused by glaucoma by health system grouping level, 1990–2021; (D) ASR of prevalence and YLDs of BVL caused by cataract by health system grouping level, 1990–2021; (E) ASR of prevalence and YLDs of BVL caused by age-related macular degeneration by health system grouping level, 1990–2021; (F) ASR of prevalence and YLDs of BVL caused by refraction disorders by health system grouping level, 1990–2021; (G) ASR of prevalence and YLDs of BVL caused by near vision loss by health system grouping level, 1990–2021; (H) ASR of prevalence and YLDs of BVL caused by other vision loss by health system grouping level, 1990–2021. BVL, blindness and vision loss; NCDs, non-communicable diseases; ASR, age-standardized rate; YLDs, years lived with disability; MHS, minimal health system; LHS, limited health system; BHS, basic health system; AHS, advanced health system.




Future prediction of burden

On the basis of the trend observed, ARIMA model was applied to project the future trend towards 2045. As shown in Figures 1G,H, in 2045, there will be approximately 1332370.8 (95% UI: 1107580.1–1646730.0) thousand female cases and 1086769.1 (95% UI: 893705.6–1425214.0) thousand male cases. The prevalence rate per 100,000 population will reach approximately 21937.6 (95% UI: 19364.9–27043.1) in females and 19662.9 (95% UI: 15681.3–25735.4) in males. The YLDs rate will reach approximately 371.7 (95% UI: 254.2–536.0) in females and 343.1 (95% UI: 235.2–490.0) in males.




Discussions

The current study meticulously delineates the global landscape of burden of BVL caused by NCDs across various dimensions, including year, age, sex, region, socio-economic status and health system levels from 1990 to 2021. NCDs encompass a wide array of chronic maladies, such as neoplasms, cardiovascular diseases, chronic respiratory diseases, digestive diseases, diabetes and kidney diseases, sense organ diseases, and etc. As societies progress and life expectancies lengthen, NCDs have progressively emerged as the predominant factors influencing health and disease burden. Over the past few decades, there has been an overall upward trajectory in both the global prevalence and YLDs numbers of BVL caused by NCDs. When adjusted for age and population, the ASR of prevalence has shown an increase, while the ASR of YLDs has remained largely stable. In terms of disease severity, a rising trend in presbyopia has been observed, concurrently with a decline in the prevalence of blindness. The launch of the WHO’s “VISION 2020” initiative has spurred intensified efforts to prevent blindness, achieving partial success in alleviating the disease burden associated with blindness. However, with the burgeoning aging population structure and enhanced detection rates, the escalating burden of presbyopia appears to be an almost inescapable consequence.

Regarding gender disparities, the burden of BVL had persistently been greater among females than males, a finding that aligns with prior researches (3, 13, 14). One plausible explanation is that women generally enjoy a longer life expectancy compared to men, which is often coupled with an increased susceptibility to age-related ocular conditions (15). Besides, in many countries, especially developing countries, the social norms and cultural beliefs, and poverty prevent them to come forward for medical consultation in time (16). And patients presenting to hospitals are predominantly males. This may worsen the disease condition. Additionally, it is suggested that women may face greater financial constraints in accessing spectacles for the correction of distance refractive errors and presbyopia, as well as in obtaining adequate cataract surgical coverage. To redress these extant inequities, concerted efforts must be directed towards enhancing the eye healthcare services available to women (17, 18).

Regarding age disparities, the numbers of prevalence and YLDs for BVL initially increased and then decreased. However, after adjusting for population, the rates of prevalence and YLDs continued to rise with age. This trend is primarily attributed to the specific causes of BVL caused by NCDs, which include diabetes mellitus, glaucoma, cataract, age-related macular degeneration, refraction disorders, and near vision loss, most of which are age-related conditions. Notably, the peak increase rate occurred between the ages of 35 and 40, indicating that more attention should be paid not only to the older adult but also to individuals in the 35–40 age group. This suggests that preventive measures and early interventions should be targeted at this age group to mitigate the rising burden of BVL.

Regarding regional disparities, it was not surprising that populous countries such as India and China bear the largest burden. Upon standardization, highest ASR of burden were predominantly found in underdeveloped countries, such as India, Pakistan, South Africa. Further analysis based on SDI reveals countries with low-middle or low SDI experience significantly higher burdens. The regression curve further illustrated a negative correlation between SDI and burden of BVL. In the World Health Survey, lower socioeconomic status was pinpointed as a significant risk factor for vision difficulties, with over 90% of the burden of eye diseases occurring in low-income and middle-income countries (13, 19). Further disparity analysis based on health system infrastructure robustly corroborated this observation. Generally, regions with subpar health systems bear a disproportionately higher burden. Specifically, conditions such as cataracts, age-related macular degeneration, refractive disorders, and near vision loss exhibit higher prevalence rates in areas with underdeveloped health systems. Considering the data sources of the GBD study, it is plausible that the data from countries with minimal health system may be inadequate to accurately capture the true extent of the burden, potentially leading to an underestimation in these regions. Moreover, the burden associated with the aforementioned diseases, as well as glaucoma, tends to diminish as health system levels improve. Notably, the BVL burden of glaucoma also demonstrated a significant downward trajectory over time. However, it is crucial to highlight that the BVL burden linked to diabetes mellitus has persistently increased over time and in tandem with the level of health systems.

Cataract, recognized as the most common cause of blindness, had been previously identified as inversely correlated with socioeconomic status (20). A possible explanation for this correlation is that the level of the SDI is intricately linked to both the output and quality of cataract surgery. Cataract surgery is widely regarded as one of the most cost-effective health interventions, and its frequency is on the rise across all regions. A systematic review has highlighted that there exists inequality in cataract surgery rates among countries categorized by income levels, with this disparity being associated with various socioeconomic indicators (21). Glaucoma, the second most prevalent cause of blindness, has also been reported to exhibit an unequal distribution of its burden (22). This inequality may potentially be attributed to factors such as prolonged exposure to ultraviolet radiation and limited access to medical care (23). Similarly, age-related macular degeneration has been previously found to follow a pattern of inequality in its burden distribution (24). Regarding BVL caused by diabetes mellitus, the highest burden is observed in regions with basic health systems. In line with this, our previous research has also described a higher burden attributable to high fasting plasma glucose in regions with middle SDI (25), and a higher burden caused by diabetic retinopathy in regions with high-middle SDI (26). There is no doubt that a higher socioeconomic level, coupled with better-equipped healthcare systems, can significantly enhance access to preventative medicine. This includes a range of services vital for early detection, early diagnosis, and early treatment of diseases, thereby playing a crucial role in mitigating the overall burden of BVL (27). Countries with low SDI are facing a dual challenge: they contend with a broad spectrum of diseases while also grappling with limited human resources and poor accessibility to specialized tertiary eye-care services (28).

Our study offered a comprehensive understanding of the burden of BVL caused by NCDs and the disparities that exist across multiple dimensions. However, it is important to acknowledge several limitations inherent in our approach. Firstly, our analysis focused on global, regional, and national epidemiological trends, which may overlook micro-level variations, particularly in countries with large populations. To gain a more nuanced understanding, sub-national analyses are necessary to accurately estimate the BVL burden attributable to NCDs, and future research should be directed towards specific areas where such detailed assessments are lacking. Secondly, our study relied on data from the GBD study. The data estimates within the GBD study are derived from a diverse array of data collection methods and sources. In less-developed countries, data collection may be either absent or limited, leading to potential heterogeneity and impacting the overall data quality. This variability in data sources and collection methods could introduce uncertainties in our findings. Thirdly, given that the data in the GBD Study are updated periodically, the results of our current analysis may not remain applicable in the near future. As new data becomes available and methodologies evolve, the landscape of BVL burden and its associated disparities may shift, necessitating ongoing research and updates to our understanding.



Conclusion

In conclusion, this study revealed the global health burden of BVL caused by NCDs from 1990 to 2021, dissecting the data by region, sex, age, SDI, health system levels and specific causes. As we project into the future, even up to 2045, BVL caused by NCDs is poised to remain a pressing public health concern, with disparities persisting across different regions, genders, and age groups. Healthcare programs that target BVL must become increasingly imperative, especially for females, the older adult, regions with lower SDI or less advanced health systems. Policies support for blindness early screening, preferential policies for females and the older adult and strengthening healthcare systems in vulnerable regions, such as more comprehensive insurance coverage, incorporating eye health into primary care settings or routine check-ups, emphasizing preventive care and co-morbid conditions management for older adults, raising public awareness and enhancing public health capacity, if effectively implemented, can help reduce disparities in vision and eye health. We hope that this study can prove instrumental in informing policy decisions and guiding the allocation of resources to effectively address this significant health challenge.
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