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Abstract
Background  Refraction disorders are the leading cause of visual impairment worldwide. This study investigates the 
global burden and trends of refraction disorders from 1990 to 2021, with projections extending to 2050.

Methods  Data on prevalence and disability-adjusted life years (DALYs) for refraction disorders, along with their 
95% uncertainty intervals (UIs), were obtained from the Global Burden of Diseases, Injuries, and Risk Factors Study 
(GBD) 2021. The study provides a comprehensive analysis of the epidemiology of refraction disorders at global, 
regional, and national levels. It examines trends from 1990 to 2021 from multiple dimensions, including overall and 
localized changes. Burden decomposition was performed to assess contributions from population size, age structure, 
and epidemiological changes. Cross-country inequalities were quantified using standard health equity methods 
recommended by the World Health Organization. Future changes in the burden of refraction disorders were also 
projected through 2050.

Results  According to GBD 2021 estimates, there were 159,765,917 prevalent cases (95% UI: 142,526,915–178,698,348) 
and 6,618,600 DALYs (95% UI: 4,599,082–9,528,676) due to refraction disorders globally in 2021. From 1990 to 2021, 
prevalence and DALYs rates demonstrated a steady decline, although prevalence numbers, incidence numbers, 
and rates were consistently higher among females compared to males. Decomposition analysis showed that aging, 
population growth, and epidemiological changes contributed 36.25%, 76.92%, and − 13.18%, respectively, to changes 
in the age-standardized prevalence rate (ASR). The concentration index declined from − 0.17 (95% CI: −0.21 to − 0.13) 
in 1990 to − 0.10 (95% CI: −0.13 to − 0.07) in 2021, indicating a reduction in SDI-related inequalities. By 2050, the 
ASR for prevalence and DALYs is projected to decline to 1815.27 (95% UI: 534.15–3096.40) and 69.11 (95% UI: 21.45–
116.77), respectively.

Conclusion  The global burden of refraction disorders decreased significantly from 1990 to 2021 and is expected to 
decline further by 2050. Females continue to experience a greater burden compared to males. Population growth 
emerged as the primary driver of changes in the ASR of prevalence and DALYs. While countries with low socio-
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Background
Refraction disorders, such as myopia, hyperopia, and 
astigmatism, are complex ocular conditions with mul-
tifactorial origins, though their exact causes remain 
unclear [1]. These disorders affect a significant portion of 
the global population, representing the leading cause of 
visual impairment and the second leading cause of blind-
ness after cataracts [2]. The consequences of uncorrected 
refractive error (URE) are substantial, as socioeconomic 
factors like poverty and limited access to healthcare 
often hinder timely correction. Additionally, URE can 
exacerbate economic challenges for affected individuals 
and their families [3]. Vision impairment (VI) from URE 
has wide-reaching social and economic repercussions, 
restricting educational and employment opportunities 
for individuals and communities. For instance, Varma et 
al. estimated that 8.4 million adults in the United States 
experienced VI from URE (20/40 or worse), with another 
0.29 million cases of blindness due to URE [4]. The preva-
lence of URE is expected to double by 2050 in the U.S., 
with over 10% prevalence in 15 states. Among Americans 
aged ≥ 50 years, approximately 1 in 8 experiences near-
VI worse than 20/40 [5]. Globally, by 2050, an estimated 
1.8 billion people are projected to suffer vision loss from 
refraction disorders [6]. Smith et al. reported that UREs 
result in a global economic loss of $269 billion annually 
due to reduced productivity [7].

Fortunately, VI from refractive disorders is largely pre-
ventable. More than 90% of such cases can be avoided 
through existing cost-effective interventions [8]. The year 
2020 marked the culmination of VISION 2020: The Right 
to Sight, a global initiative to eliminate avoidable blind-
ness, in which refractive disorders were identified as one 
of five priority conditions [9]. Building on this, the World 
Health Organization set a global target of a 40% increase 
in effective refractive error coverage by 2030, established 
at the 73rd World Health Assembly [10].

Despite these efforts, refractive disorders remain a 
significant global health challenge, particularly in low-
income and remote areas [11, 12]. For instance, in Nige-
ria, URE was closely linked to poverty, with eyeglass 
usage being three times lower in poorer households [13]. 
Factors such as nonwhite ethnicity, older age, lower edu-
cational attainment, lack of private health insurance, 
and poverty are associated with a higher risk of near-VI 
[5]. The Global Burden of Disease (GBD) study provides 
valuable data on the prevalence and trends of refractive 
disorders across diverse regions, enabling assessments 
of disease burden based on factors like geography, age, 

gender, and socio-demographic index (SDI). Leverag-
ing data from GBD 2021, this study seeks to provide 
an updated and comprehensive analysis of the burden, 
trends, and inequalities associated with refractive disor-
ders [14]. It aims to offer critical insights to inform tar-
geted prevention strategies and improve outcomes for 
affected populations.

Method
Data acquisition
The 2021 GBD study provides an extensive analysis of 
health loss related to 369 diseases, injuries, and impair-
ments, as well as 88 risk factors, across 204 countries and 
territories. This study leverages the latest epidemiologi-
cal data and refined standard methods to ensure reliable 
findings [15]. Advanced techniques are used in the GBD 
database to handle missing data and adjust for confound-
ing factors. Further details on the study’s design and 
methodology are available in previous GBD literature 
[16]. For this analysis, we extracted prevalence and dis-
ability-adjusted life years (DALYs), along with their 95% 
uncertainty intervals (UIs), for refraction disorders from 
the GBD 2021 dataset. DALYs are calculated by sum-
ming years lived with disability (YLDs) and years of life 
lost due to premature death. For refraction disorders spe-
cifically, DALYs equal YLDs, per GBD 2021 definitions 
[17]. We also used the SDI, a composite indicator of a 
country’s development level based on fertility, education, 
and income levels [18]. With SDI values ranging from 0 
to 1, we categorized countries and regions into five SDI 
levels (low to high) to examine the relationship between 
the burden of refraction disorders and socioeconomic 
development.

Burden description
In 2021, a comprehensive analysis was conducted to 
quantify the national burden of refraction disorders, 
focusing on their prevalence and associated DALYs. This 
study also investigated demographic factors affecting the 
impact of refraction disorders, assessing burden distribu-
tion across age groups and genders.

Joinpoint regression analysis
The Joinpoint regression model, commonly used in epi-
demiology for trend analysis, was applied here to assess 
temporal trends in the prevalence of refraction disorders 
at global, continental, and national levels. This model 
identifies significant trend changes in time-series data, 
facilitating calculations of annual percent change (APC) 

demographic index (SDI) face a disproportionately high burden, SDI-related inequalities have gradually lessened over 
time.
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with corresponding 95% confidence intervals (CI) over 
specified periods. Additionally, the average annual per-
cent change (AAPC) was calculated to provide an over-
view of trends from 1990 to 2021.

Age-period-cohort analysis
We used the age-period-cohort model to analyze trends 
in prevalence and DALYs for refraction disorders. The 
age-period-cohort model, often employed to assess 
trends in chronic disease metrics, explores age, period, 
and cohort effects to describe disease trends and predict 
future trajectories. Given the inherent linear relation-
ship among these three factors (period = age + cohort), 
estimating parameters can be challenging. This study 
addressed this by developing estimable age-period-
cohort parameters and functions without imposing 
constraints on the model parameters. The model was 
implemented using R tools, with detailed methods 
described in prior literature [19–22]. Prevalence and 
DALYs data for refraction disorders from GBD 2021, 
along with population data, were used as inputs. Data 
for 20 age groups (0–4, 5–9,…, 95+) and six time periods 
(1992–1996, 1997–2001,…, 2017–2021) were structured 
to represent age and period-specific trends. The model 
calculated age-period-cohort in age-specific prevalence 
and DALYs, with a randomly selected reference group for 
the cohort [23]. Relative risk was used to estimate age-
specific incidence ratios, and statistical significance was 
assessed using the Wald χ2 test (P < 0.05). All analyses 
were conducted in R (version 4.2.1).

Decomposition analysis
Decomposition analysis was used to quantify how 
changes in age structure, population size, and epidemiol-
ogy contribute to overall trends. This method helps high-
light heterogeneity in demographic and epidemiological 
patterns [24]. Using Das Gupta’s decomposition method 
[25], we examined changes in age structure (reflecting 
population aging), population size (reflecting population 
growth), and epidemiological factors (reflecting inci-
dence and mortality rates) for refraction disorders bur-
den from 1990 to 2021 [26].

Cross-country inequality analysis
Monitoring health inequalities is essential for evidence-
based health planning, helping inform policies to address 
disparities. In this study, we used the slope index of 
inequality and concentration index to assess inequali-
ties in refraction disorders burden across countries [27, 
28]. The slope index of inequality was derived by regress-
ing national DALY rates against a relative position scale 
linked to sociodemographic development, while the 
concentration index was calculated from the area under 
the Lorenz curve, constructed using the cumulative 

distribution of DALYs and the cumulative population dis-
tribution ranked by SDI [25].

Predictive analysis
To inform public health policy and resource allocation, 
we conducted a prediction analysis of the future burden 
of refraction disorders. Using the Bayesian age-period-
cohort (BAPC) model with integrated nested Laplace 
approximation (INLA), which offers improved coverage 
and precision over traditional APC models, we projected 
the global burden of refraction disorders to 2050 [28]. 
INLA with BAPC model approximates marginal poste-
rior distributions, which can avoid convergence issues 
and mixing problems associated with Bayesian methods 
that rely on Markov Chain Monte Carlo techniques [29].

Result
Global level
In 2021, refraction disorders continued to pose a substan-
tial global health challenge, with an estimated prevalence 
of 159,765,917 cases (95% UI: 142,526,915–178,698,348). 
The age-standardized prevalence rate (ASPR) decreased 
from 2,053.56 per 100,000 individuals (95% UI: 1,835.31–
2,275.8) in 1990 to 1,919.66 per 100,000 (95% UI: 
1,715.24–2,135.28) in 2021 (Table  1; Fig.  1A). DALYs 
associated with refraction disorders reached 6,618,600 
cases (95% UI: 4,599,082–9,528,676) in 2021. Further-
more, the age-standardized rate (ASR) of DALYs declined 
from 88.04 per 100,000 (95% UI: 62.19–125.15) in 1990 
to 79.11 per 100,000 (95% UI: 54.94–114.14) in 2021 
(Table 1; Fig. 1B).

Regional level
In 2021, the ASPR of refraction disorders varied signifi-
cantly across regions and SDI levels. The highest ASPR 
was observed in regions with a low-middle SDI, reaching 
2,774.05 per 100,000 (95% UI: 2,453.7–3,115.98) (Table 1; 
Fig.  1A). In contrast, high-SDI regions reported the 
lowest ASPR at 1,286.91 per 100,000 (95% UI: 1,153.4–
1,412.4) (Table  1; Fig.  1A). Geographically, South Asia 
exhibited the highest ASPR at 3,397.67 per 100,000 (95% 
UI: 2,991.52–3,859.72), followed by Tropical Latin Amer-
ica at 2,810.82 per 100,000 (95% UI: 2,524.81–3,085.81) 
(Table 1). On the other hand, High-income North Amer-
ica recorded the lowest ASPR at 1,065.69 per 100,000 
(95% UI: 950.02–1,181.34) (Table 1).

The age-standardized DALY rate for refraction dis-
orders was also highest in low-middle SDI regions, at 
115.82 per 100,000 (95% UI: 80.26–165.83), and lowest 
in high-SDI regions, at 48.7 per 100,000 (95% UI: 32.87–
71.33) (Table  1; Fig.  1C). Among geographic regions, 
South Asia had the highest age-standardized DALY rate 
at 141.73 per 100,000 (95% UI: 98.52–201.42), whereas 
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Location Prevalence (95% uncertainty interval) DALYs (95% uncertainty interval)
Cases
(1990)

ASR
(1990)

Cases
(2021)

ASR
(2021)

Cases
(1990)

ASR
(1990)

Cases
(2021)

ASR
(2021)

Global 
(both sex)

95978319 
(86236197–
106044403)

2053.56 
(1835.31–2275.8)

159765917 
(142526915–
178698348)

1919.66 
(1715.24–
2135.28)

4029084 
(2821217–
5812174)

88.04 
(62.19–
125.15)

6618600 
(4599082–
9528676)

79.11 
(54.94–
114.14)

Global 
(female)

50828803 
(45686966–
56154379)

2122.71 
(1898.65–
2359.66)

85542335 
(76384917–
95629800)

2010.3 (1795.38–
2236.72)

2135778 
(1498780–
3063246)

90.52 
(63.93–
128.48)

3549323 
(2475790–
5089344)

82.63 
(57.5–
118.94)

Global 
(male)

45149517 
(40528116–
49979248)

1988.64 
(1779.77–
2199.85)

74223582 
(66109341–
83068548)

1828.35 
(1631.82–
2032.97)

1893306 
(1319889–
2748928)

85.73 
(60.55–
122.05)

3069277 
(2123253–
4439332)

75.52 
(52.31–
109.24)

High SDI 11796392 
(10574699–
12980520)

1266.1 (1134.08–
1396.02)

16532003 
(14744586–
18239386)

1286.91 
(1153.4–1412.4)

460957 
(314571–
669985)

48.76 
(32.95–
71.39)

651929 
(453966–
929362)

48.7 
(32.87–
71.33)

High-mid-
dle SDI

18429393 
(16515827–
20423165)

1781.54 
(1594–1976.58)

27421792 
(24305264–
30943682)

1717.63 
(1535.02–
1903.64)

748735 
(523143–
1078997)

72.61 (50.9–
104.27)

1136033 
(792645–
1626121)

69.3 
(47.99–
100.28)

Middle SDI 30450445 
(27410659–
33726613)

2222.7 (1989.98–
2471.07)

54543247 
(48754426–
61052227)

2083.27 
(1863.56–
2310.25)

1306760 
(908852–
1882212)

99.52 
(71.24–
139.67)

2311240 
(1613507–
3308195)

87.81 
(61.48–
126.06)

Low-mid-
dle SDI

27847244 
(24958860–
30907719)

3469.56 
(3090.76–
3878.16)

46004885 
(40990725–
51552083)

2774.05 
(2453.7–3115.98)

1191346 
(834617–
1705275)

155.73 
(110.68–
218.15)

1886272 
(1297734–
2736015)

115.82 
(80.26–
165.83)

Low SDI 7378532 
(6606296–
8197508)

2338.79 
(2086.21–
2609.68)

15155638 
(13499747–
16856286)

2062.51 
(1826.09–2328.2)

318437 
(222737–
452158)

107.51 
(77.31–
149.99)

629029 
(435086–
910576)

89.83 
(62.97–
126.44)

An-
dean Latin 
America

857004 
(769940–947111)

2733.78 
(2448.24–
3024.76)

1711240 
(1539436–
1893867)

2642.66 
(2381.51–
2927.88)

33925 
(22875–49853)

113.29 
(78.18–
164.54)

66855 
(45187–97656)

103.92 
(70.64–
151.08)

Australasia 283175 
(254230–311935)

1372.15 
(1232.94–
1524.83)

458789 
(408260–506019)

1370.99 
(1223.5–1526.15)

10426 
(7097–15435)

50.09 
(34.07–74.3)

17272 
(11889–25063)

49.73 
(33.15–
73.88)

Caribbean 596665 
(531840–662766)

1831.48 
(1639.68–
2029.86)

854693 
(761320–954030)

1717.08 
(1531.96–
1909.93)

23031 
(15497–34081)

72.39 
(49.28–
106.48)

33093 
(22425–49070)

65.96 
(44.48–
97.75)

Central 
Asia

1068170 
(955419–
1188286)

1826.84 
(1619.37–
2049.87)

1599533 
(1409713–
1804634)

1746.41 
(1546.44–
1964.81)

39882 
(26628–59063)

69.16 
(46.84–
101.42)

59718 
(40061–88841)

65.59 
(44.25–
97.47)

Central 
Europe

1763264 
(1554068–
1997193)

1282.96 
(1137.58–
1436.73)

2044563 
(1782705–
2326908)

1259.82 
(1114.76–
1410.88)

62153 
(41054–91617)

45.19 
(29.83–67)

72485 
(48717–
105660)

44.5 
(29.49–
65.52)

Central 
Latin 
America

3173170 
(2840150–
3534416)

2412.28 
(2160.22–
2667.54)

5734174 
(5118445–
6344218)

2226.69 
(1990.96–
2459.71)

131636 
(90119–189569)

106.26 
(74.75–
152.23)

240347 
(166816–
349851)

93.6 
(65.18–
135.81)

Central 
Sub-Saha-
ran Africa

534501 
(473470–600708)

1706.33 
(1515.21–
1921.43)

1391685 
(1239630–
1546248)

1741.79 
(1548.33–
1952.78)

19134 
(12715–28438)

63.79 
(43.85–
92.54)

49849 
(32874–74546)

64.98 
(44.13–
94.29)

East Asia 15325817 
(13678032–
17105161)

1557.41 
(1387.6–1731.54)

27707612 
(24235005–
31689353)

1456.79 
(1291.02–
1629.15)

708410 
(507328–
982029)

73.35 
(53.26–
100.85)

1264468 
(893967–
1758611)

64.98 
(46–
91.1)

Eastern 
Europe

5691994 
(5078235–
6394207)

2241.99 
(2007.75–
2503.35)

5992338 
(5304238–
6778118)

2188.17 
(1961.21–2444.5)

206374 
(138674–
303154)

81.17 
(54.56–
120.6)

214816 
(143055–
316878)

78.06 
(52.35–
115.98)

Eastern 
Sub-Saha-
ran Africa

1436051 
(1282887–
1589453)

1121.13 
(1014.05–
1235.77)

3244072 
(2869561–
3609905)

1068.75 
(958.13–1188.04)

65472 
(46025–93093)

56.42 
(41.36–
77.58)

143294 
(100041–
205828)

51.29 
(36.68–
71.99)

High-in-
come Asia 
Pacific

2122794 
(1903099–
2348266)

1189.5 (1071.02–
1307.36)

2769221 
(2466596–
3070249)

1192.53 
(1070.1–1310.75)

83451 
(56730–121337)

46.26 
(31.31–
67.56)

113455 
(79621–
161746)

45.78 
(31.03–
67.33)

Table 1  The case number and ASR of prevalence and dalys for refraction disorders in 1990 and 2021 by SDI quintiles and GBD regions
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High-income North America reported the lowest rate at 
39.69 per 100,000 (95% UI: 26.6–58.45) (Table 1).

National level
The ASPR of refraction disorders in 2021 varied widely, 
ranging from approximately 700 to 4,000 per 100,000 
individuals. Countries with the highest ASPR included 
Oman (4,007.19 per 100,000; 95% UI: 3,604.72–4,429.02), 
India (3,495.7 per 100,000; 95% UI: 3,079.16–3,974.25), 
Paraguay (3,407.02 per 100,000; 95% UI: 3,100.74–
3,724.79), Peru (3,196.68 per 100,000; 95% UI: 2,875.97–
3,553.96), and Saudi Arabia (3,015.33 per 100,000; 95% 
UI: 2,762.64–3,293.38) (Fig.  1A, Supplementary Table 
S1). Conversely, the lowest ASPR values were observed 
in Sweden (706.37 per 100,000; 95% UI: 613.59–797.73), 
Barbados (748.8 per 100,000; 95% UI: 665.92–830.7), 
Somalia (754.16 per 100,000; 95% UI: 682.41–822.67), 
Uganda (790.76 per 100,000; 95% UI: 702.69–884.3), and 

Burundi (805.99 per 100,000; 95% UI: 711.57–897.96) 
(Fig. 1A, Supplementary Table S1).

Similarly, the age-standardized DALY rates for refrac-
tion disorders ranged from 28 to 230 per 100,000 popu-
lation. The highest rates were recorded in Oman (158.56 
per 100,000; 95% UI: 108.57–231.4), India (146.97 per 
100,000; 95% UI: 102.34–207.98), Iran (Islamic Repub-
lic of ) (130.81 per 100,000; 95% UI: 93.78–182.09), 
Saudi Arabia (125.68 per 100,000; 95% UI: 86.99–178.6), 
and Peru (124.86 per 100,000; 95% UI: 85.14–180.98) 
(Fig. 1B, Supplementary Table S1). In contrast, the low-
est age-standardized DALY rates were found in Sweden 
(28.3 per 100,000; 95% UI: 19.14–40.94), Barbados (28.38 
per 100,000; 95% UI: 19.09–41.64), Taiwan (Province of 
China) (35.98 per 100,000; 95% UI: 23.44–54.17), Soma-
lia (36.92 per 100,000; 95% UI: 26.54–50.89), and Burundi 
(36.96 per 100,000; 95% UI: 26.22–51.79) (Fig.  1B, Sup-
plementary Table S1).

Location Prevalence (95% uncertainty interval) DALYs (95% uncertainty interval)
Cases
(1990)

ASR
(1990)

Cases
(2021)

ASR
(2021)

Cases
(1990)

ASR
(1990)

Cases
(2021)

ASR
(2021)

High-
income 
North 
America

3080307 
(2766556–
3406529)

1051.17 
(935.58–1165.51)

4279805 
(3813432–
4707427)

1065.69 
(950.02–1181.34)

118905 
(80870–173610)

39.97 
(26.92–
58.58)

165979 
(114395–
239719)

39.69 
(26.6–
58.45)

North 
Africa and 
Middle 
East

6586898 
(5939819–
7292767)

2386.92 
(2147.7–2636.84)

12976695 
(11647714–
14349490)

2280.95 
(2040.24–
2514.18)

276369 
(189259–
403521)

106.87 
(75.37–
151.65)

539124 
(370628–
782669)

97.01 
(67.72–
139.63)

Oceania 112742 
(100089–126892)

2595.06 
(2253.14–
2965.26)

259189 
(226992–291462)

2518.86 
(2183.35–
2876.59)

3656 
(2353–5560)

83.02 
(53.33–
126.54)

8294 
(5272–12522)

79.66 
(50.59–
121.23)

South Asia 32081349 
(28516567–
36037814)

4446.18 
(3962.59–
5006.29)

55485190 
(49062021–
62842997)

3397.67 
(2991.52–
3859.72)

1391910 
(972604–
1965521)

201.54 
(144.62–
281.61)

2285352 
(1576821–
3281211)

141.73 
(98.52–
201.42)

Southeast 
Asia

7178590 
(6390500–
8012839)

1838.75 
(1644.85–
2042.66)

11320903 
(10179658–
12496512)

1633.62 
(1470.42–
1800.88)

288187 
(193142–
422905)

77.89 
(53.77–
111.99)

451649 
(305473–
661764)

65.31 
(44.11–
95.59)

Southern 
Latin 
America

967604 (869171–
1072960)

1978.74 
(1782.79–
2187.75)

1363645 
(1215905–
1512654)

1893.73 
(1692.83–
2098.87)

36046 
(23944–53479)

74.15 
(49.72–
109.58)

50358 
(34087–74033)

68.76 
(45.66–
101.75)

Southern 
Sub-Saha-
ran Africa

602786 
(538259–663849)

1568.84 
(1402.08–
1742.35)

1059805 
(938589–1177798)

1535.31 
(1361.35–
1716.51)

25596 
(17847–36935)

70.29 
(50.26–
97.95)

44575 
(31164–64303)

66.2 
(46.92–
93.48)

Tropi-
cal Latin 
America

4067963 
(3650308–
4493560)

2968.45 
(2679.31–
3262.59)

6759436 
(6077276–
7435843)

2810.82 
(2524.81–
3085.81)

160632 
(108646–
237288)

122.13 
(84.37–
177.31)

272422 
(186998–
398263)

112.22 
(77–
163.19)

Western 
Europe

6730264 
(6031222–
7394682)

1600.58 
(1437.43–
1763.41)

8083424 
(7223640–
8953331)

1564.83 
(1401.07–
1733.45)

268013 
(185734–
388314)

61.9 (42.03–
90.52)

323694 
(226166–
466150)

59.23 
(39.76–
87.31)

Western 
Sub-Saha-
ran Africa

1717211 
(1540538–
1895977)

1199.13 
(1073.99–
1329.43)

4669907 
(4157775–
5186404)

1350.54 
(1202.95–
1519.49)

75876 
(52404–108277)

57.78 
(41.61–80.8)

201501 
(138395–
290933)

63.29 
(44.79–
89.46)

Abbreviations: ASR, age-standardized rate; DALYs, disability-adjusted life-years; SDI, sociodemographic index; GBD, Global Burden of Diseases, Injuries, and Risk 
Factors Study

Table 1  (continued) 
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Fig. 1  Global distribution of refraction disorders disease burden in 2021. (A) The ASR of prevalence; (B) The ASR of DALYs. Abbreviations: ASR, age-
standardized rate; DALYs, disability-adjusted life-years

 



Page 7 of 20Dai and Ouyang BMC Public Health         (2025) 25:1247 

Age and sex patterns
In 2021, the lowest global age-standardized rates (ASRs) 
for both prevalence and DALYs of refraction disorders 
were observed in children under the age of 5 (Fig.  2A). 
Prevalence rates increased steadily with age, peaking at 
80–84 years for females and 75–79 years for males, before 
gradually declining in both sexes (Fig. 2A). Across all age 
groups, females exhibited higher prevalence rates than 
males (Fig.  2A). Similarly, DALY rates peaked at 80–84 
years for both sexes, with females consistently experienc-
ing higher rates than males across all age groups (Fig. 2B).

Overall temporal trends in gender and age structures
Between 1990 and 2021, both the prevalence and DALYs 
numbers showed a general increase across all groups. 
Throughout this period, females consistently exhibited 
higher prevalence and DALY numbers and rates com-
pared to males (Fig.  3). Despite the rising numbers, a 
steady decline was observed in prevalence rates and 
DALY rates, with an AAPC of -0.21 (95% CI: -0.23–-0.19) 
and − 0.33 (95% CI: -0.36–-0.31), respectively (Fig.  3; 
Table 2).

Temporal joinpoint analysis
Joinpoint regression analysis revealed a general down-
ward trend in the global ASPR of refraction disorders 
from 1990 to 2021 (AAPC = -0.21; 95% CI: -0.23–-0.19; 
P < 0.001). However, a brief upward trend occurred from 
2015 to 2019 (APC = 0.61; 95% CI: 0.52–0.7; P < 0.001) 
(Fig. 4A; Table 2). The most significant decrease in ASPR 
was observed between 2010 and 2015 (APC = -0.66; 
95% CI: -0.72–-0.61; P < 0.001) (Fig.  4A; Table  2). Simi-
larly, age-standardized DALY rates followed a down-
ward trajectory from 1990 to 2021 (AAPC = -0.33; 95% 
CI: -0.36–-0.31; P < 0.001), with an increase observed 
between 2015 and 2018 (APC = 0.26; 95% CI: 0.17–0.35; 
P < 0.001).

An analysis of the five SDI regions showed a general 
downward trend in both ASPR and age-standardized 
DALY rates from 1990 to 2021 for the high-middle SDI, 
middle SDI, low-middle SDI, and low SDI regions (Fig. 4; 
Table  2). The low-middle SDI region experienced the 
most notable decline in both ASPR (AAPC = -0.71; 95% 
CI: -0.75–-0.68; P < 0.001) and age-standardized DALYs 
(AAPC = -0.95; 95% CI: -0.98–-0.92; P < 0.001). In con-
trast, the high SDI region showed a slight increase in 
ASPR (AAPC = 0.06; 95% CI: 0.05–0.08; P < 0.001), and 
the age-standardized DALY rates remained largely 
unchanged (AAPC = 0; 95% CI: -0.01–0.02; P < 0.001) 
from 1990 to 2021.

Age-period-cohort analysis
After adjusting for period and birth cohort effects, the 
age effect was found to significantly influence the risk 

of both refraction disorders prevalence and DALYs. 
The relative prevalence risk increased initially before 
10–15 years, then declined up to 30–35 years, before ris-
ing again to the highest risk at ages 75–80, followed by 
a gradual decrease (Fig. 5A; Table 3). Similarly, the rela-
tive DALYs risk followed a similar pattern, rising before 
10–15 years, falling up to 25–30 years, and then increas-
ing again to the highest risk at ages 75–80, with a gradual 
decline thereafter (Fig. 5B; Table 3).

After controlling for age and period effects, the birth 
cohort effect showed a significant influence on the risk 
of both refraction disorders prevalence and DALYs. The 
analysis indicated higher risks in earlier birth cohorts 
compared to later ones, with the relative risk (RR) steadily 
decreasing from the 1897–1901 cohort to the 2017–2021 
cohort (Fig. 5; Table 3).

When adjusting for age and birth cohort effects, the 
period effect also significantly impacted the risk of 
refraction disorders prevalence and DALYs. The period 
effect demonstrated an increasing trend, with a 1.21 and 
1.22 times increase in RR for prevalence and DALYs risk, 
respectively, from the period 1992 to 2017. The highest 
risks for both incidence and prevalence were observed in 
the period 2017 (Fig. 5; Table 3).

Decomposition analysis
Population growth and aging were the main drivers 
behind the global decrease in ASR of prevalence and 
DALYs (Fig. 6, Supplementary Table S2). Aging, popula-
tion growth, and epidemiological changes contributed 
36.25%, 76.92%, and − 13.18% to the global decrease in 
ASPR, respectively (Fig.  6A, Supplementary Table S2). 
Notably, the highest contributions from aging, popula-
tion growth, and epidemiological changes were seen in 
the high-middle SDI region (60.05%), low SDI region 
(112.09%), and low-middle SDI region (-43.13%) (Supple-
mentary Table S2). Similarly, these factors accounted for 
42.51%, 79.17%, and − 21.68% of the global increase in 
age-standardized DALY rates, respectively (Fig. 6B, Sup-
plementary Table S2). The most significant contributions 
were observed in the high-middle SDI region (63.99%), 
low SDI region (118.93%), and low-middle SDI region 
(-62.59%) (Supplementary Table S2). Notably, epidemio-
logical changes had a negative impact on the decrease in 
ASPR, except in the high SDI region, and similarly, they 
negatively affected DALY decreases globally and across 
the five SDI regions.

Cross-country inequality analysis
An analysis of age-standardized DALY rates across 204 
countries revealed trends in SDI-associated inequalities 
in the burden of refraction disorders. According to the 
slope index of inequality, the DALYs per 100,000 popula-
tion between countries with the highest and lowest SDI 
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Fig. 2  Age- and sex-structured analysis of refraction disorders disease burden in 2021. (A) The ASR of prevalence; (B) The ASR of DALYs. Abbreviations: 
ASR, age-standardized rate; DALYs, disability-adjusted life-years
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Fig. 3  Overall temporal trends in gender and age structures of refraction disorders disease burden from 1990 to 2021. (A) The ASR of prevalence; (B) The 
ASR of DALYs. Abbreviations: ASR, age-standardized rate; DALYs, disability-adjusted life-years
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was − 20.42 (95% CI: −30.70–−10.14) in 1990, decreas-
ing to − 17.65 (95% CI: −25.69–−9.60) in 2021, indicat-
ing a decline in absolute SDI-associated inequalities 
(Fig. 7A). The concentration curve lay above the diagonal 
line, signifying that the burden was disproportionately 
concentrated in countries with lower socioeconomic 
development levels (Fig. 7B). The concentration index, a 
measure of relative gradient inequality, was − 0.17 (95% 
CI: −0.21–−0.13) in 1990 and declined to − 0.10 (95% CI: 
−0.13–−0.07) in 2021, further confirming a reduction in 
relative SDI-associated inequalities (Fig. 7B).

Predictive analysis of refraction disorders burden to 2050
Predictive analysis results for refraction disorders indi-
cated that by 2050, case numbers for prevalence and 
DALYs were projected to rise to 222768558.2 (95% UI: 
67412657.71–378124458.8) and 8684314.99 (95% UI: 
2768725.2–14599904.78) (Fig. 8, Table S3). However, the 
ASR for prevalence and DALYs were expected to decline 
to 1815.27 (95% UI: 534.15–3096.40) and 69.11 (95% UI: 
21.45–116.77) (Fig. 8, Table S3).

Discussion
This study presents updated data on the global, regional, 
and national prevalence and DALYs associated with 
refraction disorders from 1990 to 2021. It includes 

Table 2  Joinpoint regression analysis: trends in age-standardized prevalence, incidence, dalys rates (per 100,000 persons) of refraction 
disorders in global and 5 SDI regions, 1990–2021
Location Prevalence DALYs

Period APC (95% CI) P value AAPC (95% CI) Period APC (95% CI) P value AAPC (95% CI)
Global 1990–1995 -0.37 (-0.4–-0.33) < 0.001 -0.21 (-0.23–-0.19) 1990–1995 -0.41 (-0.45–-0.36) < 0.001 -0.33 (-0.36–-0.31)

1995–2001 0.03 (0–0.07) 0.079 1995–2001 0.15 (0.1–0.19) < 0.001
2001–2010 -0.34 (-0.36–-0.32) < 0.001 2001–2010 -0.52 (-0.54–-0.5) < 0.001
2010–2015 -0.66 (-0.72–-0.61) < 0.001 2010–2015 -0.82 (-0.88–-0.76) < 0.001
2015–2019 0.61 (0.52–0.7) < 0.001 2015–2019 0.26 (0.17–0.35) < 0.001
2019–2021 -0.45 (-0.62–-0.28) < 0.001 2019–2021 -0.72 (-0.9–-0.53) < 0.001

High SDI 1990–1993 -0.06 (-0.2–0.08) 0.398 0.06 (0.05–0.08) 1990–1995 -0.12 (-0.15–-0.1) < 0.001 0 (-0.01–0.02)
1993–2015 0.04 (0.03–0.05) < 0.001 1995–2000 0.11 (0.07–0.14) < 0.001
2015–2021 0.2 (0.15–0.25) < 0.001 2000–2005 -0.11 (-0.15–-0.08) < 0.001

2005–2016 0.03 (0.02–0.04) < 0.001
2016–2019 0.21 (0.1–0.32) 0.001
2019–2021 -0.13 (-0.24–-0.02) 0.02

High-middle SDI 1990–1995 -0.19 (-0.24–-0.14) < 0.001 -0.11 (-0.13–-0.08) 1990–1995 -0.29 (-0.39–-0.2) < 0.001 -0.13 (-0.18–-0.09)
1995–2000 0.58 (0.51–0.66) < 0.001 1995–2000 1.04 (0.9–1.18) < 0.001
2000–2015 -0.33 (-0.34–-0.32) < 0.001 2000–2015 -0.39 (-0.41–-0.37) < 0.001
2015–2019 0.64 (0.53–0.75) < 0.001 2015–2019 0.35 (0.13–0.57) 0.003
2019–2021 -1.41 (-1.63–-1.18) < 0.001 2019–2021 -1.68 (-2.1–-1.25) < 0.001

Middle SDI 1990–1995 -0.27 (-0.33–-0.21) < 0.001 -0.2 (-0.22–-0.17) 1990–1995 -0.46 (-0.51–-0.4) 0 -0.39 (-0.42–-0.36)
1995–2001 0.31 (0.25–0.37) < 0.001 1995–2000 0.64 (0.56–0.72) 0
2001–2015 -0.52 (-0.54–-0.51) < 0.001 2000–2006 -0.59 (-0.65–-0.53) 0
2015–2019 0.46 (0.33–0.59) < 0.001 2006–2015 -0.81 (-0.84–-0.78) 0
2019–2021 -0.55 (-0.81–-0.28) < 0.001 2015–2019 -0.06 (-0.19–0.07) 0.321

2019–2021 -0.89 (-1.14–-0.64) 0
Low-middle SDI 1998–2010 -0.54 (-0.56–-0.52) < 0.001 -0.71 (-0.75–-0.68) 1990–1999 -1.15 (-1.17–-1.13) < 0.001 -0.95 (-0.98–-0.92)

2010–2015 -1.63 (-1.72–-1.53) < 0.001 1999–2006 -0.75 (-0.79–-0.71) < 0.001
2015–2019 0.66 (0.5–0.81) < 0.001 2006–2010 -1.1 (-1.22–-0.98) < 0.001
2019–2021 -0.45 (-0.75–-0.15) 0.006 2010–2015 -1.82 (-1.9–-1.75) < 0.001

2015–2019 0.28 (0.16–0.4) < 0.001
2019–2021 -0.67 (-0.91–-0.42) < 0.001

Low SDI 1990–1995 -0.34 (-0.41–-0.27) < 0.001 -0.41 (-0.45–-0.37) 1990–1995 -0.31 (-0.38–-0.25) < 0.001 -0.58 (-0.62–-0.54)
1995–1999 -0.85 (-1.01–-0.69) < 0.001 1995–1998 -0.79 (-1.08–-0.5) < 0.001
1999–2010 -0.22 (-0.24–-0.19) < 0.001 1998–2010 -0.44 (-0.46–-0.42) < 0.001
2010–2015 -1.5 (-1.6–-1.4) < 0.001 2010–2015 -1.75 (-1.84–-1.66) < 0.001
2015–2019 0.69 (0.53–0.85) < 0.001 2015–2019 0.27 (0.12–0.42) 0.001
2019–2021 -0.22 (-0.54–0.09) 0.155 2019–2021 -0.54 (-0.83–-0.25) 0.001

Abbreviations: SDI, sociodemographic index; DALYs, disability-adjusted life-years; annual percent change, APC; average annual percent change, AAPC
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Fig. 4  Joinpoint regression analysis of the refraction disorders disease burden temporal trends, 1990–2021. (A) The ASR of prevalence; (B) The ASR of 
DALYs. Abbreviations: ASR, age-standardized rate; DALYs, disability-adjusted life-years
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Fig. 5  The effects of age, period, and birth cohort on the relative risk of refraction disorders. (A) The ASR of prevalence; (B) The ASR of DALYs. Abbrevia-
tions: ASR, age-standardized rate; DALYs, disability-adjusted life-years

 



Page 13 of 20Dai and Ouyang BMC Public Health         (2025) 25:1247 

Factor Prevalence DALYs
RR (95% CI) P RR (95% CI) P

Age (years)
0–4 0.309 (0.309–0.309) < 0.001 0.258 (0.257–0.259) < 0.001
5–9 0.593 (0.592–0.593) < 0.001 0.517 (0.516–0.519) < 0.001
10–14 0.65 (0.65–0.651) < 0.001 0.583 (0.581–0.584) < 0.001
15–19 0.632 (0.631–0.632) < 0.001 0.58 (0.579–0.582) < 0.001
20–24 0.592 (0.591–0.592) < 0.001 0.554 (0.553–0.555) < 0.001
25–29 0.564 (0.564–0.565) < 0.001 0.532 (0.531–0.534) < 0.001
30–34 0.564 (0.563–0.564) < 0.001 0.54 (0.539–0.541) < 0.001
35–39 0.618 (0.618–0.619) < 0.001 0.603 (0.602–0.604) < 0.001
40–44 0.726 (0.726–0.726) < 0.001 0.727 (0.726–0.728) < 0.001
45–49 0.945 (0.944–0.945) < 0.001 0.969 (0.968–0.971) < 0.001
50–54 1.182 (1.182–1.183) < 0.001 1.226 (1.224–1.228) < 0.001
55–59 1.473 (1.472–1.473) < 0.001 1.534 (1.532–1.537) < 0.001
60–64 1.721 (1.721–1.722) < 0.001 1.815 (1.811–1.818) < 0.001
65–69 1.928 (1.927–1.928) < 0.001 2.074 (2.07–2.078) < 0.001
70–74 2.039 (2.038–2.04) < 0.001 2.244 (2.24–2.249) < 0.001
75–79 2.068 (2.067–2.069) < 0.001 2.307 (2.302–2.313) < 0.001
80–84 1.971 (1.97–1.972) < 0.001 2.183 (2.177–2.189) < 0.001
85–89 1.794 (1.792–1.795) < 0.001 1.937 (1.931–1.944) < 0.001
90–94 1.511 (1.509–1.513) < 0.001 1.593 (1.585–1.601) < 0.001
95–99 1.279 (1.276–1.281) < 0.001 1.326 (1.314–1.339) < 0.001
Period
1992–1996 0.91 (0.909–0.91) < 0.001 0.899 (0.898–0.9) < 0.001
1997–2001 0.953 (0.953–0.953) < 0.001 0.953 (0.952–0.954) < 0.001
2002–2006 0.989 (0.989–0.989) < 0.001 0.994 (0.993–0.995) < 0.001
2007–2011 1.02 (1.02–1.02) < 0.001 1.025 (1.024–1.026) < 0.001
2012–2016 1.04 (1.04–1.04) < 0.001 1.045 (1.044–1.046) < 0.001
2017–2021 1.1 (1.1–1.1) < 0.001 1.096 (1.095–1.097) < 0.001
Birth cohort
1897–1901 1.782 (1.769–1.795) < 0.001 1.946 (1.883–2.01) < 0.001
1902–1906 1.71 (1.705–1.715) < 0.001 1.846 (1.821–1.871) < 0.001
1907–1911 1.644 (1.641–1.647) < 0.001 1.763 (1.749–1.776) < 0.001
1912–1916 1.544 (1.543–1.546) < 0.001 1.646 (1.637–1.656) < 0.001
1917–1921 1.481 (1.479–1.482) < 0.001 1.588 (1.58–1.595) < 0.001
1922–1926 1.378 (1.377–1.38) < 0.001 1.464 (1.458–1.471) < 0.001
1927–1931 1.315 (1.314–1.316) < 0.001 1.38 (1.375–1.385) < 0.001
1932–1936 1.266 (1.265–1.267) < 0.001 1.32 (1.315–1.324) < 0.001
1937–1941 1.203 (1.202–1.203) < 0.001 1.238 (1.234–1.242) < 0.001
1942–1946 1.134 (1.134–1.135) < 0.001 1.158 (1.154–1.161) < 0.001
1947–1951 1.066 (1.065–1.067) < 0.001 1.077 (1.074–1.08) < 0.001
1952–1956 1.017 (1.016–1.017) < 0.001 1.015 (1.013–1.018) < 0.001
1957–1961 0.978 (0.977–0.978) < 0.001 0.962 (0.959–0.964) < 0.001
1962–1966 0.934 (0.933–0.934) < 0.001 0.909 (0.907–0.911) < 0.001
1967–1971 0.878 (0.878–0.878) < 0.001 0.85 (0.849–0.852) < 0.001
1972–1976 0.847 (0.847–0.848) < 0.001 0.815 (0.813–0.816) < 0.001
1977–1981 0.834 (0.834–0.834) < 0.001 0.798 (0.796–0.799) < 0.001
1982–1986 0.804 (0.804–0.805) < 0.001 0.767 (0.766–0.769) < 0.001
1987–1991 0.757 (0.757–0.757) < 0.001 0.721 (0.719–0.722) < 0.001
1992–1996 0.728 (0.728–0.728) < 0.001 0.69 (0.689–0.691) < 0.001
1997–2001 0.698 (0.697–0.698) < 0.001 0.659 (0.658–0.661) < 0.001
2002–2006 0.662 (0.661–0.662) < 0.001 0.625 (0.624–0.627) < 0.001
2007–2011 0.631 (0.631–0.631) < 0.001 0.597 (0.595–0.599) < 0.001

Table 3  RRs of refraction disorders prevalence and dalys for both sexes due to age, period, and birth cohort effects
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a comprehensive analysis through trend evaluation, 
decomposition, inequality assessment, and predictive 
modeling. Despite variations in prevalence and DALYs 
across countries, the global burden has generally declined 
over this period, with females being more affected than 
males. Decomposition analysis highlights population 
growth and aging as primary contributors to the bur-
den. Inequality analysis shows that low-SDI countries 
have shouldered a disproportionate share of the burden, 
although these disparities have diminished over time. 
The ASR for both prevalence and DALYs are projected to 
experience a slight annual decline from 2022 to 2050.

Focusing on the prevention of refraction disorders has 
significantly reduced their health burden [6]. In 2021, 
refraction disorders accounted for 159.8  million preva-
lent cases and 6.6 million DALYs globally, with the high-
est burden observed in low-middle SDI regions and the 
lowest in high-SDI regions. Notably, the low-middle SDI 
region experienced the most significant decline in both 
ASPRs and age-standardized DALYs. Tang et al. reported 
that in 2017, lower middle-income countries bore the 
highest burden of refraction disorders and saw the great-
est decline in age-standardized DALY rates, whereas 
high-income countries had the lowest age-standardized 
DALY rates [11]. Their study classified countries by 
World Bank income levels, while our study used SDI clas-
sifications, but the findings were consistent. Li et al. also 
found that the low-middle SDI region had higher ASRs 
of both DALY and prevalence in 2019, potentially due 
to better access to eye care services in developed coun-
tries [6]. Surprisingly, although high-SDI regions had 
the lowest burden overall, only these regions exhibited a 
slight increase in ASPR from 1990 to 2021. This suggests 
that high-SDI areas should not become complacent and 
should actively implement policies to prevent refractive 
errors and curb the rising ASPR.

At the national level, disparities in the burden and 
trends of refraction disorders suggest the need for adapt-
able health policies tailored to specific country con-
ditions. In 2021, Oman recorded the highest ASR for 
prevalence and DALYs of refraction disorders. Recent 
improvements in health and living standards in Oman 
have led to a reduction in environment-related and infec-
tious diseases. The country is now undergoing an epi-
demiological transition characterized by a baby boom, 
youth bulge, and increasing longevity, with chronic non-
communicable diseases becoming unexpectedly common 

[30]. Khandekar et al. observed that myopia rates among 
Omani schoolchildren increased with grade, with 
younger students more frequently affected. Female stu-
dents had a significantly higher risk of myopia compared 
to males [31]. Vankudre et al. found that most partici-
pants at the University of Oman had inappropriate vision 
correction with spectacles and had not undergone prior 
ocular examinations. Few wore spectacles, and those 
who did often had inappropriate prescriptions. Reasons 
for not wearing spectacles included ordering new ones 
or losing/breaking existing pairs [32]. As the burden of 
refraction disorders continues to rise in Oman, it is cru-
cial to develop preventive strategies, improve manage-
ment approaches, and implement more evidence-based 
treatments.

To better understand the relationship between age and 
refraction disorders, the population was divided into 
5-year age groups to account for the impact of aging. 
Females were found to be more vulnerable to health 
burdens and vision loss due to refraction disorders than 
males, with gender inequality influenced by age and 
socioeconomic levels [6]. Li et al. also noted that global 
DALY numbers and crude DALY rates of refraction dis-
orders were significantly higher in females than in males 
of the same age [6]. Pan et al. examined gender disparities 
in the global burden of refractive disorders in children 
under 15 by year, age, and national development status, 
finding that girls had a higher burden than boys of the 
same age, with disparities increasing with age [23]. Our 
study similarly found that females consistently exhibited 
higher prevalence and DALY numbers and rates com-
pared to males from 1990 to 2021, with this trend per-
sisting across all age groups in 2021. The higher burden 
of refractive disorders in females may be attributed to 
physiological, social, educational, cultural, and economic 
differences between the sexes [23].

Examining the effects of age, period, and birth cohort 
on refraction disorders enhances our understanding of 
the disease’s epidemiology. By 2050, over 700  million 
people are projected to experience moderate and severe 
vision impairment (MSVI) or blindness, primarily due to 
the growing and aging global population [33]. Refraction 
disorders are the leading cause of MSVI and the second 
leading cause of blindness after cataracts. The relative 
risk of prevalence increases with age, peaking in the 
75–79 years age group, indicating the need for focused 
eye care in this demographic. Regarding birth cohort 

Factor Prevalence DALYs
RR (95% CI) P RR (95% CI) P

2012–2016 0.606 (0.606–0.607) < 0.001 0.575 (0.573–0.577) < 0.001
2017–2021 0.58 (0.579–0.581) < 0.001 0.553 (0.55–0.557) < 0.001
Abbreviations: DALYs, disability-adjusted life-years; RR, relative risk; CI, confidence interval

Table 3  (continued) 
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Fig. 6  Decomposition Analysis of refraction disorders disease burden in 2021. (A) The ASR of prevalence; (B) The ASR of DALYs. Abbreviations: ASR, age-
standardized rate; DALYs, disability-adjusted life-years
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Fig. 7  Cross-country inequality analysis of refraction disorders in 1990 and 2021. (A) SDI-related health inequality regression; (B) concentration curves for 
the DALYs of refraction disorders worldwide. Abbreviations: SDI, sociodemographic index; DALYs, disability-adjusted life-years
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Fig. 8  Predictive Analysis of refraction disorders Burden to 2050. (A) The predicted case number and ASR of prevalence to 2050; (B) The predicted case 
number and ASR of DALYs to 2050. Abbreviations: ASR, age-standardized rate; DALYs, disability-adjusted life-years
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effects, a declining trend in relative risks for prevalence 
and DALYs was observed with each successive cohort, 
suggesting that earlier-born individuals have a higher risk 
of refraction disorders than later-born individuals. This 
may be linked to improvements in living conditions, edu-
cation, and health services over time. In terms of period 
effects, the relative risks for prevalence and DALYs have 
slightly increased, likely due to the rising use of elec-
tronic devices like smartphones and tablets, especially 
among children and adolescents, which has heightened 
near-eye activity and possibly exacerbated refractive 
errors [34]. Additionally, modern lifestyles have reduced 
outdoor time, which has been shown to protect against 
myopia [35]. The decomposition analysis indicated that 
the overall reduction in the burden of refractive disorders 
is primarily attributable to population growth. This find-
ing suggests that current strategies for preventing refrac-
tive disorders are effective, as the prevalence has not 
increased in proportion to the growing population.

The cross-country inequality analysis revealed that a 
disproportionate burden of refraction disorders is con-
centrated in low SDI countries, aligning with previous 
studies indicating that nations with lower sociodemo-
graphic development bear a greater share of this bur-
den [6, 11]. The average number of eye doctors per 
million population increases with a country’s income, 
and people in developed countries have easier access 
to eye care services [36]. Major barriers to correcting 
refraction disorders in lower-income countries include 
the availability and affordability of eye care services, 
such as a shortage of ophthalmologists and the cost of 
spectacles or refractive surgery [37]. Additional factors 
include parental unawareness of vision problems, atti-
tudes towards the necessity of spectacles, high costs, and 
concerns that wearing spectacles may worsen refractive 
errors [38]. Efforts such as providing free spectacles and 
vision screening have been implemented to improve eye 
care services, especially in low and middle SDI countries 
[39–43].

This study has several limitations. Firstly, the GBD 
database primarily aggregates data from national and 
regional reports and publications rather than direct 
country reports, resulting in considerable variability in 
data collection methods across different countries. This 
variability may lead to significant heterogeneity in the 
findings. Secondly, the accuracy of refraction disorder 
diagnoses and the level of medical expertise differ among 
the 204 countries and regions included in the study. 
In some low- and middle-income countries, the lack of 
reliable epidemiological data and the underreporting 
of refraction disorder cases could result in an under-
estimation of the true disease burden. Lastly, although 
GBD collaborators employ data cleaning, correction, and 
advanced statistical modeling techniques to address these 

limitations, the findings still rely heavily on assumptions 
and modeling, which may introduce some uncertainty 
into the estimates.

In conclusion, the global burden of refraction disorders 
decreased steadily from 1990 to 2021, and was expected 
to decline by 2050. The burden on females was greater 
compared to males. Population growth was the main 
driver behind the global changes in ASR of prevalence 
and DALYs. Countries with low SDI have borne a dis-
proportionately high burden, and SDI-related inequali-
ties have lessen over time. However, although high-SDI 
regions had the lowest burden overall, only these regions 
exhibited a slight increase in ASPR from 1990 to 2021. 
This suggests that high-SDI areas should not become 
complacent and should actively implement policies to 
prevent refractive errors and curb the rising ASPR.
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