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Abstract

Background: To evaluate global burden of refraction disorders by year, age, region, gender, socioeconomic status
and other national characteristics in terms of disability adjusted life years (DALYs) and prevalence from Global
Burden of Disease (GBD) study 2019 and World Bank Open Data 2019.

Methods: Global, regional, and national DALY numbers, crude DALY rates, age-standardized DALY and prevalence
rates of refraction disorders were acquired from the GBD study 2019. Mobile cellular subscriptions, urban
population, GDP per capita, access to electricity and total fertility rate were obtained from the World Bank to
explore the factors that influenced the health burden of refraction disorders. Kruskal-Wallis test, linear regression
and multiple linear regression were performed to evaluate the associations between the health burden with
socioeconomic levels and other national characteristics. Wilcoxon Signed-Rank Test was used to investigate the
gender disparity.

Results: Globally, age-standardized DALY rates of refraction disorders decreased from 88.9 (95% UI: 60.5–120.3) in
1990 to 81.5 (95% UI: 55.0–114.8) in 2019, and might fall to 73.16 (95% UI: 67.81–78.51) by 2050. Age-standardized
prevalence rates would also reduce to 1830 (95% UI: 1700–1960) by 2050, from 2080 (95% UI: 1870–2310) in 1990
to 1960 (95% UI: 1750–2180) in 2019. In low SDI region, age-standardized DALY rates (equation: Y = 114.05*X +
27.88) and prevalence rates (equation: Y = 3171.1*X + 403.2) were positively correlated with SDI in linear regression
respectively. East Asia had the highest blindness rate caused by refraction disorders in terms of age-standardized
DALY rates (11.20, 95% UI: 7.38–16.36). Gender inequality was found among different age groups and SDI regions.
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Conclusion: Health burden of refraction disorders decreased in recent years, and may continue to alleviate in the
next three decades. Older ages, females and lower socioeconomic status were associated with higher refraction
disorders health burden.

Keywords: Refraction disorders, Health burden, Vision loss, Disability adjusted life year

Synopsis
We explored the health burden caused by refraction dis-
orders using the GBD data 2019, which requires more
public health policies and studies.

Background
Refraction disorders affect a large proportion of the
world population, and is the major cause of visual im-
pairment and second cause of blindness [1]. In 2020, 1.1
billion people get distance visual impairment or uncor-
rected presbyopia worldwide, of whom 596 million has
distance visual impairment with 43 million are blind [2,
3]. By 2050, an estimated 1.8 billion people will suffer
from vision loss due to refraction disorders. Refraction
disorders may reduce educational opportunities, prod-
uctivity, and overall quality of life. The productivity loss
has been estimated at $202 billion per annum after ad-
justment for country specific labor force participation
and employment rates, which are mainly caused by vi-
sion loss [4, 5].
Visual impairment due to refraction disorders is a pre-

ventable cause of disability. The health burden of refrac-
tion disorders has been assessed by disability-adjusted
life years (DALYs). Encouragingly, more than 90%
people with visual impairment caused by refraction error
can be prevented with existing cost-effective interven-
tions [6]. The year of 2020 marks the culmination of a
global initiative to eliminate avoidable blindness, VI-
SION 2020: The Right to Sight, preceded by the publica-
tion of a WHO World Report on Vision [7] and the
73rd World Health Assembly resolution on integrated
people-centered eye care.
Refraction disorders remain a major medical challenge

around the world. Recent studies have revealed that re-
fraction disorders, especially myopia have become a glo-
bal pandemic. In East Asia, about 80% of 20-year-olds
now have myopia, compared with 20–30% in the mid-
twentieth century [8]; cases of severe myopia—with
complications such as myopic macular degeneration, ret-
inal detachment, and glaucoma—are presenting at much
younger ages [8]. This study evaluated the health burden
of refraction disorders in terms of prevalence and
DALYs by using the most recent data from the GBD
2019 study, and we tried to find the factors that influ-
enced the burden globally by using more data from
World Band Open Data 2019. We aimed to raise the at-
tention of the public to prevent refraction disorders at

younger age and provide more qualitive eye care ser-
vices. If this decade is truly to be the Decade of Action
for Sustainable Development Goals (SDGs), equity and
quality of eye care services must be at the heart of all we
do to achieve the ambition.

Methods
Data extraction
The most common refraction disorders included my-
opia, hyperopia, and astigmatism. Methods to generate
DALYs estimates in the GBD 2019 study have been pre-
viously described [9]. Generally, DALYs were the sums
of years lived with disability (YLDs) and years of life lost
(YLLs) because of premature death, while DALYs esti-
mates for refraction disorders were equal to YLDs, ac-
cording to the GBD 2019 study [9]. The following data
regarding refraction disorders were acquired from the
Global Health Data Exchange (http://ghdx.healthdata.
org/gbd-results-tool), (1) global total and age- and
gender-specific of prevalence and DALYs data, as abso-
lute number and age-standardized rates (per 100,000
population) from 1990 to 2019, (2) global total data of
DALY, as crude rates (per 100,000 population) from
1990 to 2019, (3) GBD super region’s total and gender-
specific DALY data in 1990 and 2019, as age-
standardized rates; (4) GBD super region’s DALY data,
as age-standardized rates of causes attribute to vision
loss in 1990 and 2019; and (5) Socio-demographic Index
(SDI) of GBD countries in 2019. The following data were
extracted from Word Bank open data (http://data.
worldbank.org/) in 2019, (1) mobile cellular subscrip-
tions (per 100 people); (2) urban population (% of total
population); (3) GDP per capita (current US$); (4) access
to electricity (% of population); (5) fertility rate, total
(births per woman). Ethics approval and informed con-
sent were not required for this study because of public
accessibility to the data.

Variables
The Socio-demographic Index (SDI) of GBD 2019 indi-
cated the overall development, which included total fer-
tility rate, lagged distributed income and education level
[10]. The SDI ranged from 0 to 1, while higher SDI im-
plicated better socioeconomic development: high SDI (>
0.81), high-middle SDI (0.70–0.81), middle SDI (0.61–
0.69), low-middle SDI (0.46–0.60) and low SDI (< 0.46).
Moderate and serve visual acuity (MSVI) indicated visual
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acuity (VA) < 6/18 but ≧ 3/60 based on Snellen chart,
while the blindness was VA < 3/60 or visual field around
central fixation < 10%. All vision loss equaled to the sum
of different stages of vision loss [3].

Forecasting refraction disorders burden beyond 2019
Auto-Regressive Integrated Moving Average (ARIMA)
model was widely used in epidemiological study to pre-
dict future outcomes [11]. It was performed on R Statis-
tical Software (version 4.0.3) with forecast (version 8.13)
and tseries (version 0.10–48) packages. We forecasted
health burden caused by refraction disorders in terms of
age-standardized rates of DALY and prevalence from
2020 to 2050. In ARIMA (p, d, q) model, p represented
the number of lag observations; d represented the num-
ber of times input raw data are different to make the
model stationary; and q represented the size of moving
average window applied to lagged observations. We
established an ARIMA model to make the prediction
and then tested the model.

Statistical analyses
Age-standardized rates of DALY and prevalence were
expressed as the number per 100,000 population with
95% uncertainty intervals (UIs). Wilcoxon Signed-Rank
Test [12] was used to make the comparisons of gender
difference in national DALY numbers and crude DALY
rates for each age group. The difference of age-

standardized DALY rates among five SDI regions were
explored by Kruskal-Wallis test [13], followed by evalu-
ation for multiple comparisons between genders using
Wilcoxon Signed-Rank Test with Bonferroni Correction.
Linear regression analyses were used to investigate the
effects of national SDI on age-standardized rates of
DALY and prevalence. Multiple linear regression ana-
lysis was performed to investigate the influence of five
other variations acquired from Word Bank on age-
standardized rates of DALY and prevalence. All statis-
tical analyses were performed using R Statistical Soft-
ware (version 4.0.3; R Foundation for Statistical
Computing, Vienna, Austria). P value less than 0.05 was
considered statistically significant.

Results
Global trends in DALY of refraction disorders
GBD included 204 countries in DALY numbers, crude
and age-standardized DALY rates in 2019. The global
DALYs of refraction disorders increased by 61.0% from
4.1 (95% UI: 2.8–5.8) million in 1990 to 6.6 (95% UI:
4.4–9.3) million in 2019 (Fig. 1A). After accounting for
population growth, the crude DALY rates rose slightly
from 76.3 (95% UI: 51.5–108.2) in 1990 to 84.9 (95% UI:
57.3–120.1) in 2019 (Fig. 1B). In terms of age-
standardized DALY rates, it fell by 8.3% from 88.9 (95%
UI: 60.5–120.3) in 1990 to 81.5 (95% UI: 55.0–114.8) in
2019 (Fig. 1C).

Fig. 1 Trends in global burden of refraction disorders in terms of DALY numbers (A), crude DALY rates (B), and age-standardized DALY rates (C),
from 1990 to 2019. Sbade areas represent 95% uncertainty intervals. DALYs = disability adjusted life years
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Refraction disorders burden stratified by age and gender
DALY numbers, crude and age-standardized DALY rates
stratified by age and gender were available for 204 coun-
tries in 2019. Wilcoxon Signed-Rank Test showed sig-
nificant gender difference in global DALY numbers and
crude DALY rates in different age groups (p < 0.05). The
gender inequality of DALYs was small between 1 to 30
years old, while peaked at in the 65–70 age group, with
DALYs of 0.35 (95% UI: 0.23–0.50) million among
women versus 0.30 (95% UI: 0.20–0.43) million among
men (Fig. 2A). Global DALY crude rates were also

higher in older females than in males of the same age,
and the biggest difference was observed in the 60–65
age group, with crude DALY rates of 214.76 (95% UI:
138.07–314.05) among women versus 196.63 (95% UI:
127.87–287.89) among men (Fig. 2B).

Predicted global burden of refraction disorders
ARIMA model was used to predict the global burden of
refraction disorders in terms of age-standardized rates of
DALY and prevalence beyond 2019. Generally, both age-
standardized DALY rates and prevalence rates declined

Fig. 2 Global burden of refraction disorders in terms of DALY numbers (A), crude DALY rates (B) by age and gender in 2019. DALYs = disability
adjusted life years
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from 1990 to 2019, but there was an increase in recent
years since 2015. Decreased burden was expected to-
wards 2050 by ARIMA (2,1,1) model in terms of age-
standardized DALY rates to 73.16 (95% UI: 67.81–
78.51). While another ARIMA (0,1,2) model revealed
that age-standardized prevalence rates would also reduce
to 1830 (95% UI: 1700–1960) (Fig. 3).

Refraction disorders burden by socioeconomic status
Data of SDI were available for 179 countries in 2019 and
were classified into five groups, including high (n = 34),
high-middle (n = 41), middle (n = 40), low-middle (n =
31), low (n = 33) SDI countries and territories. Kruskal-
Wallis tests revealed that age-standardized DALY rates
significantly different among countries with different

Fig. 3 Global burden of refraction disorders from 1990 to 2050 in terms of age-standardized DALY rates (A), and age-standardized prevalence
rates (B). Sbade areas represent 95% uncertainty intervals. DALYs = disability adjusted life years

Li et al. BMC Public Health         (2021) 21:1619 Page 5 of 12



SDI regions in 2019 (χ2(4) = 57.86, p < 0.001). At the
same time, there was strong difference of age-
standardized prevalence rates among countries in differ-
ent SDI regions in 2019 (χ2(4) = 56.50, p < 0.001). Wil-
coxon Signed-Rank Test with Bonferroni Correction
showed gender inequality in all SDI regions in terms of
age-standardized DALY rates in 2019, except in low SDI

region (p < 0.05). We also found gender inequality in
low-middle, middle, and high-middle SDI regions in
terms of age-standardized prevalence rates in 2019 (p <
0.05). Generally, low-middle SDI region had higher both
age-standardized rates of DALY and prevalence in 2019
(Fig. 4A, B). The inverted U curve depicted the associ-
ation between SDI and the burden of refraction

Fig. 4 Health burden of refraction disorders in SDI regions in 2019. Gender-specific burden in terms of age-standardized DALY rates (A), and age-
standardized prevalence rates (D) in 174 countries. Age-standardized DALY rates (B), and age-standardized prevalence rates (E) by SDI. Age-
standardized DALY rates (C), and age-standardized prevalence rates (F) in different SDI regions. Sbade areas represent 95% uncertainty intervals.
SDI = socio-demographic index; DALYs = disability adjusted life years. ****p < 0.0001, ns: no significant (with Bonferroni Correction)
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Fig. 5 Age-standardized DALY rates of blindness, moderate and severe visual impairment associated with refraction disorders by GBD super
regions and gender in 2019
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disorders in terms of age-standardized rates of DALY
and prevalence, which peaked when SDI was approxi-
mately 0.5. (Fig. 4C, D) In low SDI region, age-
standardized DALY rates and age-standardized preva-
lence rates were positively correlated with SDI in Pear-
son correlation (r = 0.462, p = 0.005) and (r = 0.474, p =
0.003), with linear regression (equation: Y = 114.05*X +
27.88) and (equation: Y = 3171.1*X + 403.2), respectively.
While in middle SDI region, both rates decreased more
rapidly with socioeconomic development than in any
other SDI regions (Fig. 4E, F).

Refraction disorders vision loss burden by GBD super
regions
The dual-ring chart depicted the proportion of gender
and visual impairment burden caused by refraction dis-
orders in 26 GBD super regions in 2019 counted by age-
standardized DALY rates (Fig. 5). Generally, moderate
vision loss took the majority parts in all of the GBD
super regions, with Southeast Asia [50.61 (95% UI:
30.96–80.20)] and Central Europe [38.64 (95% UI:
23.61–61.25)] in the leading place in terms of age-
standardized DALY rates. While East Asia [11.20 (95%
UI: 7.38–16.36)] had the highest blindness rate caused
by refraction disorders in terms of age-standardized
DALY rates. In 22 of the 26 GBD super regions, com-
pared to males, females suffered a slightly higher age-
standardized DALY rates due to refraction disorders vi-
sion loss in 2019. Details of vision loss burden in terms

of age-standardized DALY rates due to refraction disor-
ders were showed in Table 1.

Refraction disorders burden by national characteristics
While multiple factors may influence the development
of refraction disorders. Multiple regression analyses
were used to explore the relationship between age-
standardized rates of DALY and prevalence with five
other factors, including mobile cellular subscriptions
(β1), urban population (β2), GDP per capita (β3), ac-
cess to electricity (β4) and total fertility rate (β5) in
174 GBD countries in 2019. The five factors ex-
plained 9.24% of the variation across countries in
terms of age-standardized DALY rates (p < 0.05), with
β3 = − 3.247 (p < 0.05). While they explained 4.03% of
the variation across countries in terms of age-
standardized prevalence rates (p < 0.05), with β4 =
4.932 (p < 0.05) (Fig. 6).

Discussion
This study reveals the global health burden of refraction
disorders by year, age, gender, region, socioeconomic
status, and other national characteristics, including mo-
bile cellular subscriptions, urban population, GDP per
capita, access to electricity and total fertility rate. The
DALY numbers increase, and the crude DALY rates re-
main stable, while the age-standardized DALY rates de-
cline from 1990 to 2019 globally. This indicates that it is
the increasing and aging population that keeps DALYs
rising and the crude DALY rates stable. According to

Fig. 6 Health burden of refraction disorders by national characteristics regions in 2019 in terms of age-standardized DALY rates and age-
standardized prevalence rates. Colors indicate Pearson Product-Moment Correlation Coefficient (PPMCC), with red representing Pearson’s r = 1,
and purple representing Pearson’s r = −1
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ARIMA model, the age-standardized rates of DALY and
prevalence will decrease in the next three decades to-
wards 2050. Global health burden of refraction disorders
increases with age, females, and lower socioeconomic
levels.
Ye’s study has found higher burden of refraction disor-

ders in countries with lower socioeconomic status,
which has been also confirmed in our study [14]. We
further reveal that the health burden of refraction disor-
ders increases before it decreases, which peaks when
SDI is about 0.50 in 2019. One reason may be that
people in developed countries have easier accessibility to
eye care services. The average number of eye doctors
per million population varies with economic develop-
ment, from 3.7 per million in low income countries to
76.2 per million in high income countries [15]. Consid-
ering the quality of care, socioeconomic level is not the
only factor that influence the health burden, because re-
fraction disorders in developed countries could also be
undetected [16, 17]. It is suggested that the health bur-
den may also be affected by races, cultures, and accessi-
bility to eye care services.
Xu’s study has revealed that China’s vision loss burden

had increased more rapidly than other G20 countries
from 1990 to 2019 [18]. The main cause of moderate
and severe visual impairment are uncorrected refraction
disorders, cataract, and macular degeneration in 2019,
which were the same in 1990. Refraction disorders is the
main cause of moderate visual impairment in people
younger than 70 years [18]. Consist with these findings,
refraction disorders are less affected by population aging
than other eye diseases and the population affected are
becoming younger. We also collect more data from
Word Bank to further explore why health burden of re-
fraction disorders is so heavy and happens at younger
ages, and we reveal the gender disparity from 1990 to
2019.
WHO have showed that at least 2.2 billion people

around the world are affected by blindness and visual
impairment. 1 billion blind people caused by refraction
disorders worldwide are preventable [19], which can be
solved through corrective glasses or refractive surgery
[20]. Uncorrected refractive disorders, cataract, age-
related macular degeneration, glaucoma, and diabetic
retinopathy are the leading causes of visual impairment
worldwide [19]. Myopia is one of the most common eye
diseases globally, with a prevalence of 10–30% in the
adult population in many countries and 80–90% in
young adults in parts of East and Southeast Asia [20–
22]. It should be noted that myopia is the biggest burden
of refraction disorders [23]. Excessive eye use, improper
reading posture, and prolonged eye use in a dark envir-
onment could result in myopia among younger genera-
tions, especially in East Asia, where has the highest rate

of blindness due to refraction disorders in terms of age-
standardized DALY rates [24]. The overuse of electronic
products and the lacks of outdoor activity time also con-
tribute to the high incidence and low age of myopia [6].
We find that access to electricity could also affect the
health burden of refraction disorders. The results of this
studies may help to make better health policies that pro-
mote the SDGs.
It has been found that females were more vulnerable

to health burden and vision loss due to refraction disor-
ders than males, and the gender inequality would be in-
fluenced by age and socioeconomic levels. No significant
difference of gender inequality is found in high SDI re-
gion in terms of age-standardized prevalence rates,
which set an example for other countries. Women also
suffer more eye diseases which occur late in life, such as
presbyopia, the age-related loss of accommodation [25].
The gender inequality, especially among old people, may
because that women have less access to eye care services
than men, and the life expectancy of women is longer.
Vision loss will not only reduce educational chances and
the quality of life, but also cause productivity loss that
might increase income gap between men and
women [26]. In this way, eye care services should be em-
phasized more on old females. It should be noticed that
the gender disparity has appeared among people in their
thirties, and more studies are needed to analyze gender
inequality in the next three decades in order to fulfill
gender equality, because erasing the gender disparity is
an important part towards SDGs.
Limitations of this study should be also noted. Since

the research is subject to the methodological defects of
the GBD study 2019 and World Bank Open Data 2019,
further exploration of the methods and data are required
to cover with the annual update of the databases. The
absence of relevant data in some countries might lead to
bias in the model estimates, and the number and quality
of current data is not yet enough that may influence the
accuracy. Second, different clinical procedures were used
to measure visual acuity, which may increase measure-
ment errors, and estimates before 2005 might be uncer-
tain due to limited knowledge and data. Moreover, some
people may suffer from multipile diseases rather than re-
fraction disorders, which makes it difficult to determine
the main cause of vision loss. Another limitation is that
COVID-19 has changed the lifestyles of people around
the world, which may causes the prediction of ARIMA
model less precise.
In summary, this study finds that the global health of

refraction disorders is improving, though an increasing
and aging population keeps crude DALY rates stable.
But this doesn’t mean fewer demands of refractive ser-
vices. More quality refractive services should be given to
females, elder population, and people in lower SDI
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regions. This study may raise public awareness of refrac-
tion disorders burden and is important for health policy
making, which may help us to fulfill the SDGs in time.
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