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Background: Cause-specific prevalence data of vision loss and blindness is

fundamental for making public health policies and is essential for prioritizing scientific

advances and industry research.

Methods: Cause-specific vision loss data from the Global Health Data Exchange was

used. The burden of vision loss was measured by prevalence and years lived with

disability (YLDs).

Findings: In 2019, uncorrected refractory error and cataract were the most

common causes for vision loss and blindness globally. Women have higher rates

of cataract, age-related macular degeneration (AMD), and diabetic retinopathy (DR)

than men. In the past 30 years, the prevalence of moderate/severe vision loss and

blindness due to neonatal disorders has increased by 13.73 and 33.53%, respectively.

Retinopathy of prematurity (ROP) is the major cause of neonatal disorders related

vision loss. In 2019, ROP caused 101.6 thousand [95% uncertainty intervals (UI)

77.5–128.2] cases of vision impairment, including 49.1 thousand (95% UI 28.1–75.1)

moderate vision loss, 27.5 thousand (95% UI 19.3–36.60) severe vision loss and,

25.0 thousand (95% UI 14.6–35.8) blindness. The prevalence of new-onset ROP in

Africa and East Asia was significantly higher than other regions. Variation of preterm

birth prevalence can explain 49.8% geometry variation of ROP-related vision loss

burden among 204 countries and territories. After adjusting for preterm prevalence,

government health spending per total health spending (%), rather than total health

spending per person, was associated with a reduced burden of ROP-related vision

loss in 2019 (−0.19 YLDs for 10% increment). By 2050, prevalence of moderate,

severe vision loss and blindness due to ROP is expected to reach 43.6 (95% UI

35.1–52.0), 23.2 (95% UI 19.4–27.1), 31.9 (95% UI 29.7–34.1) per 100,000 population.
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Conclusion: The global burden of vision loss and blindness highlights the prevalent

of ROP, a major and avoidable cause for childhood vision loss. Advanced screening

techniques and treatments have shown to be effective in preventing ROP-related vision

loss and are urgently needed in regions with high ROP-related blindness rates, including

Africa and East Asia.
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INTRODUCTION

Vision loss is a major cause of functional impairment globally,
greatly decreasing life quality and increasing social burden.
Recently, two comprehensive reports on the burden of vision loss
were published by GBD and The Vision Loss Expert Group (1, 2).
It is estimated that 43.3 million [95% uncertainty intervals (UI)
37.6–48.4] people were blind globally, and 295 million (95% UI:
267–325) people had moderate and severe vision loss in 2020
(1). The leading causes globally for vision loss are uncorrected
refractive error and cataract (2, 3). Other vision-threatening
conditions include age-related macular degeneration (AMD),
glaucoma, and diabetic retinopathy (DR). Communicable
diseases, such as trachoma and onchocerciasis, are still major
communicable causes for vision loss in underdeveloped countries
and areas (4, 5). Besides, because of the rapid advance of
neonatal care, retinopathy of prematurity (ROP) and other
neonatal disorders are now the most common causes of vision
loss in children (6, 7). Despite national programs of vitamin
A supplementation has implemented in 82 countries, vitamin
A deficiency remains prevalent in south Asia and sub-Saharan
Africa (8, 9).

Cause-specific prevalence data of distance vision loss and
blindness is fundamental for making public health policies and
is essential for prioritizing scientific advances and industry
research. Previous studies have focused on primary blinding eye
disease, including glaucoma, cataract, AMD, DR, and refractive
error. Less attention has been paid to minor causes, such as
neonatal disorders and nutritional deficiencies. These causes are
the major contributions to the vision loss burden among children
and adolescents (7).

The present study aimed to quantify the vision loss estimates
due to 16 kinds of diseases from 1990 to 2019 using the
Global Burden of Diseases 2019 (GBD 2019). Based on the
current epidemiological situation, we mainly explore the current
disease burden, associated factors, and future ROP-related vision
loss burden.

METHOD

Data Source
The GBD 2019 Study provided Cause-specific vision loss data
in the Global Health Data Exchange (http://ghdx.healthdata.org/
gbd-results-tool, accessed on December 15, 2020). We included
distance vision loss and blindness data fromGBD dataset. Details
of the study’s methodology have been described previously
(6). In brief, The Vision Loss Expert Group has systematically

reviewed the scientific literature published between 1980 and
2018 by commissioning the YorkHealth Economics Consortium,
UK, to search Embase, SciELO, MEDLINE, WHOLIS, and
Open Gray, and additional gray literature sources (2). Bayesian
meta-regression tool synthesized all available data, adjusting
for different case definitions or sampling strategies. Distance
vision loss was divided into three categories: moderate vision
impairment (defined as visual acuity of≥6/60 and<6/18), severe
vision impairment (visual acuity of ≥3/60 and <6/60), and
blindness (visual acuity of <3/60 or <10◦ visual field around
central fixation). Then, location, year, age, and sex-specific
estimates of vision loss and blindness were calculated using a
wide range of standardized analytical procedures, including data
screening, data adjustment, DisMod-MR 2.1 modeling.

Outcomes and Related Factors
The primary outcomes of the present study were the total number
of cases in the population (Number), total cases per 100,000
population (Rate), age-standardized cases per 100,000 population
(age-standardized rate), and years lived with disability (YLDs)
due to various causes. YLDs were calculated by multiplying
the prevalence of the eye disease and its associated disability
weight in each age-sex-country-year population. The disability
weight represents the magnitude of health loss associated with
the outcome. It was measured on a scale from 0 to 1, where 0
implied a state equivalent to full health, and 1 was equivalent to
death (10). Age-standardization was computed using a standard
population age structure updated in each GBD round. Currently,
the standard population was taken as the average of age-
specific distributions (non-weighted) fromGBD 2019 population
estimates for countries with at least 5 million people in the year
2019 (11).

A total of 16 causes of vision loss were included in the analysis:
communicable diseases (meningitis, encephalitis, onchocerciasis,
trachoma, malaria), neonatal disorders (retinopathy of
prematurity, neonatal sepsis and other neonatal infections,
hemolytic disease, and other neonatal jaundice, neonatal
encephalopathy due to birth asphyxia and trauma), nutritional
deficiency (vitamin A deficiency), glaucoma, cataract, AMD,
DR, refractive error, and a residual category of other vision loss
(Supplementary Table 1).

We analyzed the relationship between temporal trends of
vision impairment burden and socio-demographic index (SDI).
SDI is a summary measurement constructed based on the
geometric mean of income per capita, average years of schooling
among people aged 15 years or older, and the total fertility rate.
It quantitates a country or territory’s level of socio-demographic
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FIGURE 1 | Age-standardized, cause-specific YLD rate of blindness and distance vision impairment by Socio-Demographic Index groups, 1990–2019.

development (12). Then SDIs were transformed into quintiles for
analysis (low-SDI, low-middle-SDI, middle-SDI, high-middle-
SDI, or high-SDI). For health spending estimates, four financing
sources were included in the analysis: government, out-of-
pocket, and prepaid private health spending, which collectively
makes up domestic health spending; and development assistance
for health, which includes international disbursements for health
low-income and middle-income countries (13).

Forecasting ROP-Related Vision Loss
Burden to 2050
Auto-Regressive Integrated Moving Average (ARIMA) model
predict future ROP-related vision loss burden. In ARIMA (p, d, q)
model, p represents the number of lag observations; d represents
the number of times input raw data are different to make the
model stationary; q represents the size of moving average window
applied to lagged observations. It was performed on Stats package
(version 4.1.1) to forecast the health burden caused by ROP in
terms of age-standardized prevalence rates from 2020 to 2050.

Statistics Analysis
Linear regression was used to estimate associated factors of ROP
disease burden. All analysis was performed in Stata version 15.0
(StataCorp LLC, College Station, TX, USA) and R Statistical
Software (version 4.0.3; R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

The Burden for Vision Loss and Blindness
in 2019
Regional differences were found in the burden of vision
impairment in 2019. We estimated that Southeast Asia,
South Asia, North Africa, Middle East, Ease and West
Sub-Saharan Africa, Tropical and Andean Latin America
remained the primary area with high age-standardized
YLDs for all-cause distance vision loss and blindness. To
explore regional differences, the predominant causes for
vision loss in 204 countries and territories were plotted
(Supplementary Tables 2–4; Supplementary Figures 1–18).
Cataract and uncorrected refractive error have become the
most common causes for vision impairment in most countries
and territories.

The burden of distance vision loss and blindness
was also different between age and sex. As exhibited in
Supplementary Figure 19, we observed a strong association
between age and vision impairment. To further elaborate on
the sex differences in all 16 causes of vision impairment, we
generated cause-YLD ratios by female YLD rates divided by
male YLD rates (Supplementary Figure 20). Among sex groups,
glaucoma [11 cases (95% UI 7–16) per 100,000 males vs. 10
(7–15) per 100,000 females] has a higher YLD rates in men,
while cataract [77 (95% UI 54–108) per 100,000 males vs. 113
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FIGURE 2 | Age-standardized, cause-specific YLD rate due to neonatal disorders.

(79–157) per 100,000 females], AMD [6.4 (95% UI 4.3–9.2) per
100,000 males vs. 9.8 (6.6–13.9) per 100,000 females], and DR
[4.1 (95% UI 2.6–5.8) per 100,000 males vs. 5.3 (3.5–7.6) per
100,000 females] have higher YLD rates in women. We did not
find a gender difference in neonatal disorders (including ROP)
or vitamin A deficiency in children.

Change of Burden for Vision Loss in
1990–2019 Highlights Neonatal Disorders
Globally, age-standardized blindness prevalence decreased by
−27.14% from 1990 to 2019. Although total cases of moderate,
severe vision loss and blindness increased, age-standardized
prevalence decreased or remained stable, which indicated
population growth and aging contributed to increased total
cases (Supplementary Table 5). YLDs trend across SDI quintiles
revealed refractive error was the major vision-threatening
condition in high and high-middle SDI countries. Cataract was
the major cause in middle, middle-low, and low SDI countries,
and it continued to decline alongside refractive error during
this period. Vision loss due to communicable diseases, the third
leading cause for vision impairment in low SDI countries, has
rapidly declined in last 30 years (Supplementary Figure 21).
In contrast there has been an increasing diseases burden of
neonatal disorders related vision loss during the past 30 years
(Figure 1). From 1990 to 2019, prevalence of moderate/severe
vision impairment and blindness due to neonatal disorders has

increased by 13.73 and 33.53%, respectively. ROP is the major
cause of neonatal disorders related vision loss. By 2019, the
prevalence of moderate, severe vision loss and blindness due to
ROP reached 35 (95%UI 20–53), 20 (95%UI 14–26), and 32 (95%
UI 24–40) (Figure 2).

The Global Burden and Trend of
ROP-Related Vision Loss Burden
For all age groups combined, it is estimated that 15.2 million
(95% UI 15.1–15.3) preterm babies, with 9.4% (95% UI 7.7–11.4)
complicated with any stage of ROP that causes moderate/severe
vision loss or blindness. The prevalence of ROP-related blinding
varies among 21 GBD regions, with the highest of 44 (95% UI
32–56) in Southern Sub-Saharan Africa and the lowest of 17 (95%
UI 11–24) cases per 100,000 population in East Asia (Figure 3).
The prevalence of ROP among all infants<1-year-old reflects
the annual incidence of ROP. In 2019, new-onset ROP caused
101.6 thousand (95% UI 77.5–128.2) cases of vision impairment,
including 49.1 thousand (95% UI 28.1–75.1) moderate vision
loss, 27.5 thousand (95% UI 19.3–36.60) severe vision loss, and
25.0 thousand (95% UI 14.6–35.8) blindness. Especially, the
incidence of new-onset ROP-related blindness was still higher in
Sub-Saharan Africa and Asia than other regions.

Variation of preterm birth prevalence can explain 49.8%
geometry variation of ROP-related vision loss burden among
204 countries and territories (Figure 4A). Health expenditure
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FIGURE 3 | Incidence and Prevalence of ROP-related blinding varies among 21 GBD regions. (A) Incidence of ROP in 2019; (B) Prevalence of ROP in 2019.

and social development were expected to be closely related
to preterm birth prevalence. Cross-sectional analysis revealed
that total healthy spending per person (−39.83 cases/100,000
population for 1,000 USD increment) and socio-demographic
index (−28.75 cases/100,000 population for 0.1 increment) was
significantly associated with preterm birth prevalence (Table 1).
As for financing sources of total health spending, government
health spending out-of-pocket health spending per person
were negatively associated with the preterm birth prevalence.
Development assistance for health per person was positively
associated with the preterm birth prevalence, reflecting deficient

total health spending. After adjusting for preterm prevalence,
only government health spending per total health spending was
associated with a reduced burden of ROP-related vision loss in
2019 (−0.19 YLDs for 10% increment, Table 1 and Figure 4B).
This association remained significant after adjusting for both
preterm prevalence and total health spending per person [−0.22
YLDs for 10% increment, 95% confidence interval (CI) −0.38 to
−0.06, P = 0.006].

During the past 30 years, the ROP-related vision loss burden
has increased in high, high-middle, middle SDI countries, and
decreased in low-middle, low SDI countries. By 2050, global
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FIGURE 4 | Scatter plot and linear prediction of YLDs related to retinopathy of prematurity. (A) association between preterm birth prevalence and ROP-related vision

loss burden among 204 countries and territories; (B) association between government health spending per total health spending (%) and ROP-related vision loss

burden among 204 countries and territories, adjusted for preterm birth prevalence.

TABLE 1 | Association between Health spending with burden of ROP-related vision loss and preterm prevalence among 204 countries and territories in 2019.

ROP-related vision loss (YLDs)† Preterm birth prevalence

Coefficient 95% Confidence

interval

Coefficient 95% Confidence

interval

Socio-demographic index (per 0.1 increment) −0.01 [−0.28, 0.10] –78.09 [–98.84, –57.35]

Total health spending per person (per 1,000 USD increment) −0.06 [−0.23, 0.10] –39.84 [–61.01, –18.67]

Total health spending per person (per 1,000 PPP increment) −0.01 [−0.18, 0.16] –47.39 [–68.28, –26.50]

Government health spending per person (per 1,000 USD increment) −0.07 [−0.31, 0.17] −63.11 [−93.23, −33.00]

Government health spending per person (per 1,000 PPP increment) −0.02 [−0.25, 0.22] −69.34 [−97.98, −40.69]

Prepaid private health spending per person (per 1,000 USD increment) −0.20 [−0.74, 0.34] −13.09 [−87.31, 61.13]

Prepaid private health spending per person (per 1,000 PPP increment) −0.10 [−0.72, 0.51] −7.35 [−91.67, 76.97]

Out-of-pocket health spending per person (per 1,000 USD increment) −0.24 [−1.23, 0.75] −283.34 [−406.59,

−160.09]

Out-of-pocket health spending per person (per 1,000 PPP increment) 0.28 [−0.65, 1.21] −318.02 [−427.18,

−208.85]

DAH per person (per 1,000 USD increment) −11.36 [−26.05, 1.33] 863.01 [−1015.49,

2741.67]

DAH per person (per 1,000 PPP increment) −4.81 [−15.16, 5.55] 2124.18 [769.89, 3478.47]

Government health spending per total health spending (per 10% increment) −0.19 [−0.33, −0.04] −51.27 [−68.29, −34.26]

Total health spending per GDP −0.03 [−0.13, 0.07] −14.62 [−27.56, −1.68]

Government health spending per GDP −0.10 [−0.22, 0.02] −38.71 [−53.59, −23.83]

PPP, Purchasing power parities; DAH, Development assistance for health. Preterm birth prevalence was measured as cases per 100,000 population.
†Adjusted for Preterm birth prevalence in 2019. Bold value indicates P < 0.05.

prevalence of moderate, severe vision loss and blindness due to
ROP is expected to reach 43.6 (95% UI 35.1–52.0), 23.2 (95%
UI 19.4–27.1), 31.9 (95% UI 29.7–34.1) per 100,000 population
(Figure 5).

DISCUSSION

This study found that cataract and uncorrected refractive error
remains the most common causes for distance vision loss

and blindness. Moreover, the gender difference was found
in the disease burden of vision loss. Women have higher
rates of cataract, AMD, and DR than men. In the past
30 years, there has been an increasing diseases burden of
neonatal disorders related vision loss. ROP is the primary

cause of neonatal disorders related vision loss. Without more
effective screening and interventions strategy, the burden
of ROP-related vision loss was expected to increase in
the future.

Frontiers in Pediatrics | www.frontiersin.org 6 March 2022 | Volume 10 | Article 735335

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Zhang et al. Global Burden of ROP

FIGURE 5 | Forecast of age-standardized prevalence per 100,000 population due to retinopathy of prematurity.

Avoidable visual impairments constitute major burden of
vision loss globally. We found that age-standardized YLDs for
cataract have declined rapidly in middle SDI, low-middle SDI,
and low SDI counties, indicating the improved efficiency of
ophthalmic screening and the quality of treatment delivered
in these areas. However, the residual YLDs indicated that it
had not been fully addressed in most world regions, including
high-incomes and high-SDI regions. Further efforts need to
promote the accessibility of high-quality cataract surgery,
especially in developing countries and remote areas. Further
initiatives, programs, or mass campaigns are needed to develop
infrastructure, personnel, and economic strategies to provide
sustainable, high-quality training, counseling, and facility (14).
Uncorrected refractive error, including myopia, hyperopia, and
astigmatism, is another major cause of vision impairment (15).
It is prevalent in Latin America, North Africa, the Middle East,
and South Asia and that is leading cause of vision impairment
in high and high-middle SDI countries. With decreased outdoor
time, increased near-work activities, and excessive use of near
electronic devices and other factors, myopia and high myopia
have been anticipated to significantly increase (16, 17). It is
estimated that 5.2% of the global population will have high
myopia in 2020 and will significantly increase to 9.8% of the
global population in 2050 (18). Myopia brings further vision
challenges because high myopia increases the risk of pathologic
ocular changes such as glaucoma, retinal detachment, and
myopic maculopathy, all of which can cause irreversible vision
loss (19). Because effective interventions formyopicmaculopathy
are still limited, future researches need to focus on preventing
or delaying myopia onset and retarding myopia progression
through lifestyle modifications and medical interventions.

In 2019, ROP caused 49.1 thousand, 27.5 thousand, and
25.0 thousand moderate, severe vision loss and blindness
cases, respectively. The increasing diseases burden of ROP-
related vision loss may be caused by the rapid advance of
neonatal care that improves preterm infants’ survival (20,
21). As advance of ROP screening and treatments in the
past 30 years (22), the blindness rate due to ROP sightly
decreased by 3.23%. However, we observed a significant disparity

between prevalence and new-onset ROP-related blindness
incidence. The developed regions, such as Europe and North
America, exhibited the “high prevalence and low incidence,”
whereas the developing regions, such as Africa and East
Asia, exhibited the “high prevalence and high incidence”
of ROP-related blindness incidence. These results highlight
that advanced screening techniques and treatments effectively
prevent ROP-related blindness but are unevenly distributed.
Early diagnosis and timely treatments are urgently needed in
these regions.

Compared to cataract and most uncorrected refractive error,
progression of glaucoma, AMD, DR, and myopic maculopathy
can lead to irreversible vision loss. The characteristics of these
diseases and limited options for curing these diseases highlight
the screening and effective management once diagnosed.
Unfortunately, we still lack precise diagnostic measures for
glaucoma in the screening setting, and a large proportion
of patients with glaucoma remain undiagnosed in developed,
developing, and underdeveloped regions of the world (23).
Furthermore, the number of adults with diabetes was expected
to surpass 700 million globally (24), and it is estimated that
about one-third of people with diabetes will develop DR (25).
Moreover, with global population growth and aging, AMD
increasingly becomes an important vision-threatening condition
in the elderly (26). Artificial intelligence-based screening and
referring could tackle these challenges. Nowadays, artificial
intelligence is applied for detecting DR, AMD, glaucoma,
myopic maculopathy, and papilledema by using multimodality
imaging, including fundus photographs, optical coherence
tomography (OCT), and fundus fluorescence angiography
(FFA) images (27, 28). Novel algorism systems have been
developed that are able to identify multiple ocular diseases
and lesions (29, 30). It can be anticipated that artificial
intelligence would provide automated, immediate feedback in
screening settings.

Vitamin A deficiency and communicable diseases
used to be two leading causes of vision impairment in
underdeveloped counties. Despite the established national
vitamin A supplementation programs in 82 countries,
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vitamin A deficiency remains prevalent in south Asia
and Africa (Supplementary Figure 18). With COVID-
19 interrupting global nutrition programs, it is entirely
possible vision loss due to vitamin A deficiency may
become newly resurgent in many countries (31). Among
communicable diseases, onchocerciasis is still the most
common cause of vision impairment in Central Africa.
Although the prevalence of these diseases declines rapidly,
national programs are needed to fully eliminate these
diseases (32).

This study has several limitations. First, the number of
studies and quality of the available data are still limited. We
found that “other causes” contributed to 124 (95% UI 105–
144) blindness in every 100,000 age-standardized population
worldwide. Thus, a major part of the causes of blindness and
vision impairment has remained uncovered, such as corneal
occupation and eye injury. Second, the burden of vision loss may
be underestimated due to lacking precise diagnostic measures
and universal diagnosis criteria for glaucoma. Furthermore,
Furthermore, SDI was used to measure socio-economic position,
but this index could not fully represent level of health care.
The application of SDI also ignored the social heterogeneity
within countries.

CONCLUSIONS

This study demonstrates the prevalence and time trend of
16 disease-related vision loss from 1990 to 2019, stratified by
age, gender, and regions. The efforts to eliminate avoidable
vision loss and improve unavoidable vision loss have been
suboptimal over the last 30 years, especially in ROP. Advanced
screening techniques and treatments are effective in preventing
ROP-related blindness and are urgently needed in regions
with high ROP-related blindness rates, including Africa and
East Asia.
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