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ABSTRACT

Background and Objectives:

Diabetic Retinopathy (DR) has become the leading cause of vision impairment (VI) wotldwide. Leveraging the most recent
data and analytical techniques from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD), we produced
comprehensive estimates of VI due to DR in Asia. These estimates were segmented by location, age, and gender for the
period between 1990 and 2021. Furthermore, we projected the burden of DR up to 2050.

Methods:

We analyzed data from the GBD 2021 to assess the prevalence and Years Lived with Disability (YLDs) due to DR in Asia,
examining age structure, trends over time, and gender differences. The study included an analysis of DR-induced VI severity
across Asian countries. The Estimated Annual Percentage Change (EAPC) was calculated to illustrate trends at regional
and national levels. Bayesian age-period-cohort (BAPC) analysis was used to project future prevalence trends up to 2050.
Results:

From 1990 to 2021, the age-standardized prevalence rate (ASR) and YLDs rate of DR in Asia significantly increased, with
higher rates consistently observed in women (p>0.05). The elderly experienced a greater burden, with increasing rates of
VI and YLDs with age. Moderate vision impairment (MVI) constituted the majority of DR-related ASR in Asia. There
wete notable differences in the burden of DR among Asian countries. In 2021, Mauritius, Seychelles, Malaysia, and Brunei
had the highest ASR, while Bangladesh, Bhutan, Mongolia, and Japan had the lowest. Cambodia exhibited the fastest
growth, whereas Singapore and Pakistan showed a decline. Most Asian countties have a Sociodemographic index (SDI) at
low-medium to medium levels, and correspondingly low ASR. According to BAPC projections, by 2050, the YLDs rate
for DR in Asia will dectease to 3.92 for males and 4.96 for females.
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which permits the user to copy, distribute, and transmit the work provided that the original author(s) and source are credited.
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Conclusion:

Over the past 30 years, the burden of DR in Asia has increased, with persistent gender disparities and substantial vatiation
among countries. This study displayed the importance of DR prevention, particularly for women and the elderly. BAPC
projections suggested a decreasing trend in YLDs rate due to DR over the next 30 years.

KEY WORDS Diabetic Retinopathy, the Burden of Disease, GBD Study, Asia

INTRODUCTION

In recent years, the burden of diabetes mellitus (IDM) has gradually increased globally, and it is estimated that by
2050, the prevalence numbers of DM will exceed 1.31 billion (Ong et al., 2023). As one of the microvascular
complications of DM, diabetic retinopathy (DR) is the leading cause of vision loss and blindness among the
working-age population (Cheung, Mitchell, & Wong, 2010; Sabanayagam, Yip, Ting, Tan, & Wong, 2010).
Approximately 30-40% of DM patients develop DR (Yau et al., 2012). In 2020, 1.07 million people were blind
due to DR, and neatly 3.28 million suffered from severe vision loss (Cutran et al., 2024). Studies have indicated
that blood glucose levels and the duration of DM were risk factors for DR among DM patients (Song, Yu, Chan,
Theodoratou, & Rudan, 2018).

According to the latest data, Asia accounts for approximately 59.3% of the global population
(https:/ /www.unfpa.otg/data/wotld-population-dashboard). Many countries in Asia are expetiencing an
increase in the aging population, resulting in Asia bearing the highest burden of DR worldwide (Tan & Wong,
2023). The significant disparities in wealth and population characteristics across Asian countries, including
differences in genetics, climate, culture, dietary habits, and economic conditions, may contribute to the variations
in DR burden among these countries (Kang et al., 2022; Wan, Wang, & Zhang, 2021).

This study sought to examine the trends over time, gender disparities, and age-related patterns in the prevalence
and Years Lived with Disability (YLDs) due to Diabetic Retinopathy (DR) in Asia from 1990 to 2021.
Additionally, we performed a comparative analysis of gender differences and the severity of vision impairment
(VI) across various Asian countries to identify the risk factors influencing the DR burden. Finally, we projected
the future burden of DR up to the year 2050.

MATERIALS AND METHODS

2.1 Data sources

The research on Global Burden of Disease Study (GBD) in 2021 was a comprehensive scientific study that
estimated the worldwide impact of 369 diseases and injuries from 1990 to 2021, categorized by gender, location,
age, and region (Diseases & Injuries, 2024). Visual impairment associated with DM, as defined by the GBD study,
was caused only by DR. The data on the prevalence and YLDs of DR from 1990 to 2021 were collected from
the Global Health Data Exchange query tool (https://ghdx.healthdata.org/gbd-2021). Prevalence refers to the
total number of cases among a particular population at a specific time. YLD is the product of the prevalence of
a sequela and its corresponding disability weight (Salomon et al., 2015). The calculation method has been reported
in previous studies (Vos et al., 2020). The population prediction data for 2020-2050 was obtained from the United
Nations (https://population.un.otg/websitewpp//Download//Stan). The GBD wotld population age standard
data came from an appendix table in the Lancet (Schumacher et al., 2024). According to the GBD study,
Modetate vision impairment (MVI) was defined as visual acuity (VA) =26/60 and <6/18 based on the Snellen
chart, Severe vision impairment (SVI) was VA 23/60 and <6/60, and blindness was VA < 3/60 or <10% visual
field around central fixation.

2.2 Asian countries

All data about Asia came from the GBD website, including four Asia regions: East Asia, South Asia, Southeast
Asia, and Central Asia. East Asia, as defined by GBD, includes China, Japan, South Korea, Taiwan, and North
Korea. South Asia includes Bangladesh, Bhutan, India, Nepal and Pakistan. Southeast Asia included Brunei,
Cambodia, Indonesia, Laos, Malaysia, Maldives, Mauritius, Myanmat, the Philippines, Seychelles, Singapore, Sri
Lanka, Thailand, Timor-Leste, and Vietnam. Central Asia includes Armenia, Azerbaijan, Georgia, Kazakhstan,
Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan and Uzbekistan. High-income Asia-Pacifici countries were
considered to be Brunei, Japan, the Republic of Korea, and Singapore.

2.3 Sociodemographic Index
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Sociodemographic Index (SDI) was widely quoted as an indicator of overall development(Diseases & Injuries,
2024). The SDI value changes between 0 ~ 1. The greater the value, the better the social and economic
development. According to SDI, regions were divided into 5 parts, including high SDI (> 0.81), medium-high
SDI (0.70-0.81), medium SDI (0.61-0.69), low-medium SDI (0.46-0.60), and low SDI (<0.46).

2.4 Statistical Analysis

Firstly, we obtained the prevalence and YLDs of DR in Asia and Asian countries from 1990 to 2021 and
calculated the estimated annual percentage change (EAPC) to show the trends. The methods for calculating
EAPC were previously described in detail(Ou et al., 2022). Secondly, we analyzed the gender differences, visual
impairment differences and age trends of diabetic retinopathy in Asia through Rstudio. Finally, the Bayesian age-
petiod-cohort analysis (BAPC) was used to predict the prevalence trend in diabetic retinopathy over the next 30
years. All data analyses were performed in IBM SPSS 24.0 Statistical software (IBM Corporation, Chicago, 1L).
A p value of p < 0.05 was considered statistically significant.

RESULTS

3.1 Overall IBD Burden and Time Trends in Asia

From 1990 to 2021, the burden of DR in Asia showed an overall increasing trend. The number of prevalence
rose from 1,079,707.0 cases (95% UIL: 828,237.5, 1,379,166.0) to 3,471,854.7 cases (95% UI: 2,729,341.2,
4,354,562.2) (Fig.S1A), and YLDs increased from 77,996.6 (95% UI: 52,462.4, 113,689.4) to 276,460.0 (95% UI:
182,713.5, 396,365.9) (Fig.S1B). The age-standardized prevalence rate (ASR) in Asia increased from 53.5 (95%
UL 41.6, 68.3) pet 100,000 in 1990 to 67.5 (95% UL: 53.4, 84.7) per 100,000 in 2021, with a peak of 61.7 (95%
UL 48.7, 77.8) per 100,000 in 2005 (Fig.S1C). Similatly, the age-standardized YLDs rose from 3.8 (95% Ul: 2.5,
5.4) pet 100,000 in 1990 to 5.3 (95% UL 3.6, 7.6) pet 100,000 in 2021 (Fig.S1D). Statistical results from four
continents indicated that Asia was the highest prevalence and YLDs numbers, with intermediate ASR and age-
standardized YLDs rate. America had the highest ASR and YLDs rate, while Europe retained the lowest.

FIGURE S1. TRENDS OF PREVALENCE NUMBERS(A), YLDS NUMBERS(B), THE ASR(C) AND
AGE-STANDARDIZED YLDS RATE(D) OF DR IN ASIA; AMERICA, AFRICA, AND EUROPE FROM
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FIGURE 1. TRENDS OF PREVALENCE(A) AND YLDS(B) NUMBERS AND ASR OF DR FOR
MALES AND FEMALESIN ASIA FROM 1990 TO 2021. B. TRENDS OF YLDS NUMBERS AND AGE-
STANDARDIZED YLDS RATE OF DR FOR MALES AND FEMALES IN ASIA FROM 1990 TO 2021.

AGE-SPECIFIC TRENDS OF ASR OF DR FOR MALESAND FEMALES IN ASIA IN 1990(C) AND

2021(D).
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From 1990 to 2021, prevalence numbers, YLDs numbers, the ASR, and age-standardized YLDs rate for DR in
Asia were higher in females than in males (p < 0.05) (Fig.1). In 2021, the amount of prevalence in Asia was
1,968,513.3 cases (95% UL 1,552,533.1, 2,473,196.4) among females, while 1,503,341.4 cases (95% ULl
1,174,463.2, 1,893,907.0) among males. The ASR for females was 73.9 (95% UI: 58.5, 92.5) per 100,000, and for
males, it was 60.6 (95% UI: 47.7, 76.1) per 100,000 (Fig.1A).
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Taking age 5 as the age group, the ASR of females was higher than that of males for each age group in both 1990
and 2021 (Fig.1C and Fig.1D). Analyzing the trends in each age group from 1990 to 2021 in 5-year intervals, it
was observed that the ASR of DR was 0 before the age of 20. Between the ages of 20 and 44, the increase in
ASR was relatively gradual, while the increase was more rapid between the ages of 45 and 89. The rate of increase
slowed down between the ages of 89 and 95+, reaching a peak at 95+ years (Fig.S2). Additionally, Fig.S2 showed
a yeat-by-year increase in ASR.

FIGURE S2. AGE-SPECIFIC TRENDS OF ASR OF DR IN ASIA FROM 1990 TO 2021.
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3.3 Distribution of DR burden for VI severity in 2021

From 1990 to 2021, the majority of the ASR in Asia was attributed to MVI, followed by blindness, with SVI
being the least (Fig.2A). All four indicators showed an increasing trend over the years. In terms of YLDs rate,
blindness accounted for the largest proportion, with MVI and SVI being roughly equivalent (Fig.2B). The YLDs
rate due to blindness showed the most significant variation over the years, while MVI and SVI remained relatively
stable.

In 2021, across all age groups in Asia, the ASR for VI severity was higher in females than in males (Fig.2C). For
both males and females, MVI had the highest proportion, followed by blindness, with SVI having the smallest
proportion (Fig.2C). In terms of YLDs rate, blindness accounted for the largest proportion across all age groups,
with MVI and SVI being approximately equal (Fig.2D).

FIGURE 2. DISTRIBUTION FOR VI SEVERITY OF ASR(A) AND YLDS RATE(B) IN 2021.
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FIGURE 3. THE DISTRIBUTION OF ASR LEVELS IN ASIA IN 2021.
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3.4 Asian countries of DR burden

In 2021, Mauritius, Seychelles, Malaysia, and Brunei had the highest ASR for DR in Asia. Conversely, Bangladesh,
Bhutan, Mongolia, and Japan had the lowest ASR(Fig.3).

In this study, the burden of DR exhibited varying increasing rates across different Asian countries and regions
(Table.S1). Cambodia showed the fastest growth with an annual increase of 3.57% (95% CI: 3.15, 4.00), followed
by Seychelles at 3.36% (95% CI: 3.17, 3.56) and Mauritius at 3.21% (95% CI: 2.78, 3.64). In contrast, Singapore
(EAPC = —0.71, 95% CI: —0.8, —0.62) and Pakistan (EAPC = —0.45, 95% CI: —0.71, —0.20) showed a decline
in ASR.
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TABLE S1. PREVALENCE NUMBERS, ASR AND EAPC OF DR FROM 1990 TO 2021.

location_name

1990

2021

1990-2021

Prevalence case

No. (95% UT)

ASR per 100,100
No. (95% UI)

Prevalence case

No. (95% UTI)

ASR per 100,100
No. (95% UT)

EAPC
No. (95% UT)

Global

Asia

Central Asia

1927881.4 (1498449.5-
2440698.5)
1079707 (828237.5-1379166)
16907.5 (12321-22546.5)

48.8(38.3-61.7)

53.5(41.6-68.3)
36.1(26.4-47.8)

5836465.6 (4622871-7298825.5)

3471854.7 (2729341.2-4354562.2)
44232.2 (31979.3-58733.5)

67.3(53.6-84.2)

67.5(53.4-84.7)
52.7(38.7-69)

117 (1.11-1.24)

0.74 (0.65-0.83)
1.32(1.23-1.41)

Armenia 1079 (770-1460.7) 39.2(28.4-52.9) 2252.6 (1630.9-2978.3) 52.2(38.1-68.3) 0.84(0.71-0.96)
Azerbaijan 1782.8 (1292.3-2382.6) 35.6(26-47.7) 5519.3(3922.5-7472.2) 51.6(37.7-68.6) 1.19(1.07-1.31)
Georgia 2257.6 (1639-3044.1) 36 (26.5-48.4) 3454.3 (2513.4-4559.8) 59.3 (42.6-77.5) 1.83 (1.67-1.99)
Kazakhstan 5205.9 (3781.4-6946.4) 41.2(30.2-55.3) 10221.6 (7402.7-13521.4) 55.9(40.8-73.2) 1.05(0.97-1.13)
Kyrgyzstan 1158 (840.7-1533) 39.2(28.7-51.7) 2608 (1888.7-3448.4) 52.8(38.9-69.6) 1.02 (0.95-1.08)
Mongolia 198.3 (140.8-281.1) 19.6 (14.1-27.9) 519.4 (365.5-746.6) 23.1(16.5-32.7) 0.84(0.73-0.95)
Tajikistan 977.6 (709.5-1287.1) 35.9(26.3-46.8) 3538.9 (2535.9-4670.1) 57.4 (42-75.5) 1.64 (1.59-1.68)
Turkmenistan 558.1(401.2-738.2) 28.4(20.4-37.6) 1645.4 (1161.1-2259.8) 38.3(27.7-52.1) 0.96 (0.83-1.08)
Uzbekistan 3690.2 (2641.3-4955.7) 32.2(23.2-43.3) 14472.7 (10562.7-19462.7) 53.2(39.1-70.5) 1.85(1.73-1.97)
East Asia 457601.7 (339589.1-601584.8) 55.3(42.1-72.6) 1412756.4 (1071813.3-1828519.2) 63.3 (48.9-81.5) 0.66 (0.47-0.86)
China 443403.4 (329131.8-582700.9) 55.6 (42.4-73) 1373475.7 (1040302-1779195.9) 63.7(49.1-82.1) 0.68 (0.47-0.88)

North Korea
Japan
South Korea

Taiwan (Province of

6693.8 (4859.8-9059.4)
48068 (37573.7-61674.9)
12149.2 (9343.2-15652.3)

7504.5 (5451.1-9934.8)

44.8 (32.9-60.4)
28.8(22.6-36.9)
411 (32-53.2)

50.4 (37.4-66.6)

17574.2 (12867.8-23634.1)
103734.5 (80925.9-135092.3)
39103.9 (30294.7-49893.4)

21706.5 (17539.5-26985.8)

53.9(39.5-72.3)
29.6/(23.1-38.1)
42.4(32.8-54.1)

50.2 (40.4-62.3)

0.6 (0.54-0.66)
0.01(-0.16-0.17)
0.13 (0.06-0.2)

-0.18 (-0.24--0.11)

China)
South Asia 316024.7 (245380.8-396163.8) 52.7(41.3-65.9) 1011674.3 (793425.2-1241505.7) 66.9 (52.8-81.9) 0.5 (0.24-0.76)
Bangladesh 6276 (4599.2-8582) 13.5(9.8-18.4) 22455.9 (16625.4-29855.8) 16.1 (12-21.3) 0.78 (0.69-0.88)
Bhutan 44.1(31.5-61.1) 19.2 (14-26.4) 127.2 (94-169.3) 21.2(15.7-28.3) 0.22(0.02-0.42)
India 240996 (187159.9-303282) 49.8 (39.4-62.7) 829342.5 (650782.3-1018022.4) 68.3 (53.8-84) 0.77 (0.44-1.11)
Nepal 5262.5 (3907.6-6823.1) 53.8(40.9-69.4) 22767.6 (17597.1-29563.8) 95.1(73.9-122.9) 1.49 (1.29-1.69)
Pakistan 63446.2 (48443.5-82604.2) 109.2 (83.5-143.2) 136981.1 (103545.1-179845.8) 103.3 (78.7-133.8) -0.45 (-0.71--0.2)
Southeast Asia 155301.5 (118965.1-201851.4) 58.8(45.5-75.2) 549893 (434921.5-674522.4) 79.8 (63.5-97.5) 0.75(0.5-1)
Brunei Darussalam 164.2 (135.8-197.9) 131.3 (108.1-158.4) 473.2 (391.6-575.8) 123.3(101.3-149.8)  -0.22 (-0.35--0.09)
Cambodia 1009.3 (754.7-1338.1) 22.3(16.8-29.5) 7860.4 (6280.7-9916.6) 60 (48-75.1) 3.57(3.15-4)
Indonesia 64145.4 (47417.3-85929.1) 62 (46.1-81.3) 207928.4 (158316.1-268848.4) 80.2(61.7-102.8) 0.65 (0.16-1.13)
Laos 671.8 (489.1-900.7) 33.4(25-44.3) 2251.4 (1728-2881.6) 48 (37.5-61.5) 1.11 (1.06-1.16)
Malaysia 11317.3 (9222.9-13688.4) 112.1(92.3-134) 38667.6 (31368-47792.9) 129.7 (104.8-159) 0.31(-0.19-0.81)
Maldives 31.2(23.2-41.5) 36.6(27.8-47.9) 156.1 (121-198.8) 44.7 (34.1-57.9) 0.56 (0.36-0.75)
Mauritius 575.1(452.3-725.1) 77 (61.1-96.9) 3014.9 (2403.5-3739.2) 162.8 (131-201.1) 3.21(2.78-3.64)
Myanmar 6705.1 (5018.1-8742.7) 28.9(21.9-37.3) 24336.8 (19087.2-30864.7) 47.8 (37.8-60.7) 1.51 (1.34-1.69)
Philippines 12849.1 (9874.2-16247.2) 42.7(33-54.7) 39920.8 (31090.3-50318.4) 47.4 (37-59.8) 0.1 (-0.06-0.27)
Seychelles 29.8(22.6-38.1) 53.3(40.5-68.1) 173.7 (137.3-214) 142 (113-174.3) 3.36(3.17-3.56)
Singapore 1726 (1366.1-2182) 74.8 (59.7-95.2) 5241.2 (4019.1-6709.8) 61 (47.3-78.1) -0.71 (-0.8--0.62)
Sri Lanka 6985.7 (5197.1-8979.2) 63.2(47.6-81.2) 32703.5 (25684.8-41514.3) 119 (93.8-150) 2.3(2.02-2.58)
Thailand 24721.5 (18294-32660.9) 65.7 (49-86.4) 85885.5 (66851.9-109127.5) 78.5(61.7-99.3) -0.08 (-0.41-0.24)
Timor-Leste 109.7 (80.4-146.3) 39.8(29.7-52.9) 568.8 (441.8-731) 66.8 (52-85.2) 1.68 (1.41-1.96)
Viet Nam 25925.8 (20308.3-32656.8) 65.1(51.2-81.7) 105658.1 (86661.1-127882.2) 101.5 (84-121.7) 1.13(0.9-1.36)

3.5 Leading causes of VI in Asia in 1990 and 2021

From 1990 to 2021, in the rankings of causes of VI by ASR for DR, Vietnam showed the most significant
improvement, rising from 9th to 5th. Most countries saw an increase in their DR rankings, with only Singapore's
ranking decreasing (from 7th to 6th) (Fig.S3A and Fig.S3C). In 2021, the DR ranking for most countries was
around 8th place, with Brunei Darussalam, Mauritius, Seychelles, Taiwan, and Vietnam ranked at 5th (Fig.S3C).
Regarding YLDs rate for DR from 1990 to 2021, the ranking of DR in Asian countries showed an upward trend,
with Vietnam's ranking rising most significantly (from 9th to 5th) (Fig.S3 B and Fig.S3D).
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FIGURE S3. RANKING OF LEADING CAUSES OF VI BY ASR (A) AND YLDS RATE (B) IN ASIA

IN 1990. RANKING OF LEADING CAUSES OF VI BY ASR (C) AND YLDS RATE (D) IN ASIA IN
2021.
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3.6 Gender Disparity and VI severity in Asian countries

In most Asian countries, the ASR for females was higher than for males, with the exception of 11 Southeast
Asian countries: Cambodia, Indonesia, Laos, Malaysia, Mauritius, Myanmar, the Philippines, Seychelles, Sti
Lanka, Timor-Leste, and Vietnam (Fig.S4). In most countries, MVI accounts for the largest

proportion of VI. However, in Cambodia, Mauritius, and Seychelles, blindness has the highest proportion. In
Brunei, India, Malaysia, and Myanmar, the proportions of MVI and blindness are comparable.
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FIGURE S4. GENDER DISPARITY AND VI SEVERITY IN ASIAN COUNTRIES IN 2021.
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3.7 ASR of DR by SDI

As shown in Fig.4, most Asian countries had a low-medium and medium Socio-demographic Index (SDI), and
their ASR was relatively low. Countties with a medium-high SDI had higher ASR, while those with a high SDI
had lower ASR. For example, Bangladesh represented the low-medium SDI with Asia's lowest ASR of DR.
Pakistan, which has the same SDI as Bangladesh, had an ASR four times higher than that of Bangladesh. Brunei
and Japan served as examples among high SDI countties: Brunei's DR ASR was ranked 4th out of 34, whereas
Japan was ranked 30th out of 34. With a medium-high SDI, China had ASR and YLDs rate at mid-levels, with
its ASR ranking 13th out of 34 in Asia.

3.8 Projection to 2050
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As shown in Fig.5 and Table.S2, the YLDs rate for both males and females is projected to decrease from 2022
to 2050. According to our predictions, by 2050, the YLDs rate will decline to 3.92 for males and to 4.96 for
females.

FIGURE 4. ASR (A) AND YLDS RATE(B) OF DR BY SDI IN ASTAN COUNTRIES IN 2021.
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FIGURE 5. TRENDS OF YLDS RATE OF DR FOR MALES (A) AND FEMALES (B) IN ASIA IN 2022-
2050.
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TABLE.S2. YLDS RATE OF DR FOR MALES AND FEMALES IN ASIA FROM 2022 TO 2025.

year male female

2022 4.73380916 5.78990853
2023 4.71289128 5.77420391
2024 4.6918211 5.75839146
2025 4.66968869 5.74189351
2026 4.64599551 5.72304072
2027 4.62208979 5.70371402
2028 4.59835618 5.68423177
2029 4.57448194 5.66412025
2030 4.54943228 5.64270249
2031 4.52253044 5.61886953
2032 4.49505515 5.59470245
2033 4.46814096 5.57039578
2034 4.44146203 5.54507763
2035 4.41382448 5.51797709
2036 4.38421534 5.4884554
2037 4.35372371 5.45863966
2038 4.32394052 5.42862084
2039 4.29462592 5.39741955
2040 4.26460636 5.36433644
2041 4.23276049 5.32920202
2042 4.19970252 5.29377901
2043 4.16690562 5.25773293
2044 4.13418414 5.21998976
2045 4.1005918 5.18002438
2046 4.0654415 5.13826009
2047 4.02927348 5.0962447
2048 3.99341674 5.05342939
2049 3.95772345 5.00881739
2050 3.92137181 4.96204991

DISCUSSION

Diabetic retinopathy (DR) has become a leading cause of vision loss and blindness, and it was the only cause of
blindness with an increasing prevalence from 1990 to 2020 (Steinmetz et al., 2021). Analyzing the prevalence and
YLDs of DR, we comprehensively explored the changing trend of DR in time, gender, and age from 1990 to
2021. In addition, we analyzed the prevalence and its increase in Asian countries, as well as the gender differences
and the ranking of DR in the leading causes of VI in Asian countries, and predicted the trend of DR to 2050.

Our results showed that the ASR of DR in Asia rose, peaking in 2005 and declined after. The change trend of
YLDs rate was the same. Our analysis may be related to the following points. Firstly, in the early 21st century,
the International Clinical Diabetic Retinopathy (ICDR) grading system and severity scale were widely adopted,
leading to a global consensus on DR (Wilkinson et al., 2003), indicating that DR had gained widespread global
attention. Secondly, in 20006, anti-vascular endothelial growth factor (anti-VEGF) drugs were approved for the
treatment of neovascular age-related macular degeneration (AMD) (Ferrara, Damico, Shams, Lowman, & Kim,
2006). Numerous clinical trials for anti-VEGF drugs were conducted simultaneously, opening new avenues for
DR treatment (Elman et al., 2010; Nguyen et al., 2012). Lastly, since 2000, blood glucose levels in DM patients
have been effectively controlled, thereby reducing the risk of developing DR (Ford, 2011).
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In this study, from 1990 to 2021, the burden of DR in Asia was higher in females than in males, consistent with
findings from other studies (Khairallah et al., 2014; Li et al., 2020). Firstly the global average lifespan of women
longer than that of males ((https://www.wotldometers.info/demogtraphics/life-expectancy); also, women bear a
higher risk of disease (Candore et al., 2024). The global aging population exacerbated this phenomenon. Women
tended to have a longer duration of diabetes mellitus (DM), resulting in a higher burden of DR compared to
men. Secondly, estrogen could prevent retinal damage caused by DR through various pathways(Nuzzi, Scalabrin,
Becco, & Panzica, 2018). Many research indicated that irregular menstrual cycles(Kiconco, Teede, Earnest,
Loxton, & Joham, 2022), pregnancy(Complications, 2000), and eatly menopause (Appiah, Winters, & Hornung,
2014) could affect blood glucose control, leading to a higher burden of DR in women.

We found that as age increased, the ASR for DR also increased, peaking at 95+ years. The YLDs rate followed
the same trend. Previous studies showed that the global prevalence of DM peaked at 24.4% between the ages of
75 and 79(Ong et al., 2023). The duration of DM was one of the most important risk factors for the occurrence
of DR and to progress to proliferative DR (Bulum, Tomic, Vrabec, Brkljacic, & Ljubic, 2023). This indicated that
the duration of DR extended beyond that of DM, which was consistent with the findings of this study.

In terms of the VI severity, MVI accounted for the most significant proportion of ASR in Asia, followed by
blindness. For the YLDs rate in Asia, blindness accounted for the largest proportion, with MVI and SVI being
similar, consistent with other research findings (Shan et al., 2021). Vision loss not only affects the quality of life
for patients and their families but also increases economic burdens (Matza, Rousculp, Malley, Boye, & Oglesby,
2008). Early, regular screening and timely treatment are crucial for preventing blindness. However, less than half
of DM patients adhered to recommended screening guidelines (Kuo et al., 2005). The unequal distribution of
medical resources exacerbates this issue also. Previous studies indicated that poorer regions had fewer retinal
specialists (Pandit et al., 2020). These factors contribute to the lack of timely treatment for many DR patients,
accelerating the progression of DR and leading to blindness.

From 1990 to 2021, the ranking of DR as a leading cause of VI increased in most countries. This may be related
to the World Health Organization's "Vision 2020" initiative. The WHO defined refractive errors and cataracts as
avoidable causes of blindness and aimed to eliminate avoidable blindness by 2020 (Murray McGavin, 1998;
Pararajasegaram, 1999). Although the target was not fully achieved, VI, due to cataracts and refractive errors, had
decreased globally from 1999 to 2020 (Steinmetz et al., 2021). The increased detection of DR due to better
visualization of the retina post-cataract surgery, along with factors such as aging populations and improved living
standards, had collectively contributed to the higher ranking of DR.

There were significant differences in the burden of DR among Asian countries. Firstly, hich BMI and dietary
habits were the major risk factors for DM(Ong et al., 2023). The three countries in Asia with the highest ASR of
DR, Mauritius, Seychelles and Malaysia, had modern lifestyles, which led to the prevalence of high-calorie diet
and lack of exercise, as well as the increasing prevalence of overweight and obesity, which increased the
prevalence of DR (Aly, Viswanathan, Mangroo, Gedeon, & Bovet, 2018; Bundhun, Rampadarath, Puchooa, &
Jeewon, 2018; Lai, Palaniveloo, Mohd Sallehuddin, & Ganapathy, 2024). Moreover, the three countries in Asia
with the lowest ASR of DR, Bangladesh and Bhutan, had low-fat diets, resulting in lower prevalence rates (Al
Hasan et al., 2020). As a high-income region in the Asia-Pacific, Japan had a healthy diet characterized by low
salt and oil, effectively controlling the progression of DM (Shobako, Itoh, & Honda, 2024). Secondly, there was
a certain relationship between SDI and the burden of DR. Areas with high SDI, such as Singapore, which has
well-developed medical facilities, advanced public health systems and various policies to prevent and control the
progression of DM, had the most significant reduction in ASR of DR (Chen et al., 2023). Areas with medium
and high SDI, such as Sri Lanka, had an aging population structure, long life expectancy, and adequate medical
resources, leading to an increased disease burden of chronic diseases. In addition, the process of urbanization
may also affect the ASR of DR. The data showed that the urban population of Cambodia more than doubled
from 19.7 in 2008 to 39.4 in 2019, while the ASR of DR In Cambodia has also increased the
most("https://nis.gov.kh/nis/Census2019/Final%20General¥620Population%:20Census%6202019-
English.pdf").

Additionally, gender differences in DR burden varied among Asian countries. In 2021, except for 11 Southeast
Asian countries (Cambodia, Indonesia, Laos, Malaysia, Mauritius, Myanmar, the Philippines, Seychelles, Sti
Lanka, Timor-Leste, and Vietnam), the ASR for females was higher than for males in other Asian countries. This
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disparity may be related to the status of women. In Southeast Asia, men were typically the decision-makers for
family healthcare, making it harder for women to access medical services compared to men, which led to a
significant underestimation of DR prevalence in women(Khairallah et. al., 2014). Moteover, the higher the level
of education, the more access one has to health knowledge and resources (Chung & Lim, 2020). Women in
Southeast Asia generally had lower educational attainment than men, which limited their access to medical
information and resources, contributing to the observed differences in DR prevalence.

This study predicted a downward trend in the DR burden over the next thirty years, consistent with previous
research(Curran et al., 2024; Hashimoto et al., 2023). We consideted this to be related to several factors. Firstly,
advancements in medical technology have played a crucial role in preventing and controlling DR. Improved early
detection methods, such as fundus photography and optical coherence tomography (OCT), could identify retinal
lesions at the eatly stages of DR(Fujimoto & Swanson, 2016). Additionally, the application of artificial intelligence
(Al) technology has made automated screening systems more accurate and efficient(Gulshan et al., 2010).
Progress in treatment methods is also essential. For instance, anti-VEGF drug injections could effectively inhibit
abnormal blood vessel growth, preventing and delaying the progression of retinal lesions(Wells et al., 2016).
Improvements in surgical methods, such as laser photocoagulation and vitrectomy, provided effective treatment
options for patients with advanced DR(Alasil & Waheed, 2014). Secondly, strengthened public health policies
and preventive measures have significantly reduced the incidence of DR. Many countries have implemented
screening programs that facilitate eatly detection, diagnosis, and treatment of DR(Mugqit et al., 2019). Policies
have been formulated to increase healthcare access, such as Thailand’s universal healthcare coverage, which
reached 99.8% of the population in 2013(Reutrakul & Deerochanawong, 2016). Moreover, lifestyle
improvements are a key factor in reducing the incidence of DR. An increasing number of people recognize the
importance of a healthy diet, adopting low-sugar and low-fat dietary habits, which helps in preventing diabetes
and its complications.

This study has several limitations. Firstly, our research is constrained by the limitations of the GBD study
methodology. The data used were estimated through stratified models from representative population-based
studies, and the diagnosis criteria for DR may not be consistent across different regions. Therefore, the original
data and statistical assumptions from these studies may introduce biases. Secondly, our data are sourced from
the GBD 2021 database, and we have only accounted for the disease burden of DR without further distinguishing
type 1 and type 2 diabetes. Additionally, it is challenging to identify the primary cause of blindness in patients
with multiple complications.

CONCLUSION

In summary, the overall disease burden of diabetic retinopathy (DR) in Asia has been on an upward trend from
1990 to 2021. There was a persistent gender disparity, with females consistently showing higher rates than males.
Among the VI severity, MVI was the most prevalent. Significant differences existed between Asian countries due
to economic, dietary, and cultural factors. Predictive models suggest the YLDs rate will decline in the next 30
years. As the population ages, it is crucial to pay more attention to vision loss and blindness caused by DR.
Adopting low-fat, low-sugar dietary habits and engaging in regular exercise are essential preventive measures.
Additionally, countries should implement public policies to reduce the incidence of DR.

Page 14



Zhang et al. | JGH Fall 2025, Volume XV Issue Il
REFERENCES

Page 15

1.

20.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Al Hasan, S. M., Saulam, J., Kanda, K., Murakami, A., Yamadori, Y., Mashima, Y., . . . Hirao, T. (2020). Temporal Trends in Apparent
Energy and Macronutrient Intakes in the Diet in Bangladesh: A Joinpoint Regression Analysis of the FAO's Food Balance Sheet Data
from 1961 to 2017. Nutrients, 12(8). doi:10.3390/nu12082319

Alasil, T., & Waheed, N. K. (2014). Pan retinal photocoagulation for proliferative diabetic retinopathy: pattern scan laser versus argon
laser. Curr Opin Ophthalmol, 25(3), 164-170. doi:10.1097 /icu.0000000000000048

Aly, R., Viswanathan, B., Mangroo, G., Gedeon, J., & Bovet, P. (2018). Trends in Obesity, Overweight, and Thinness in Children in the
Seychelles Between 1998 and 2016. Obesity (Silver Spring), 26(3), 606-612. doi:10.1002/0by.22112

Appiah, D., Winters, S. J., & Hornung, C. A. (2014). Bilateral oophorectomy and the risk of incident diabetes in postmenopausal
women. Diabetes Care, 37(3), 725-733. doi:10.2337/dc13-1986

Bulum, T., Tomic, M., Vrabec, R., Brkljacic, N., & Ljubic, S. (2023). Systolic and Diastolic Blood Pressure Are Independent Risk
Factors for Diabetic Retinopathy in Patients with Type 2 Diabetes. BIOMEDICINES, 11(8). doi:10.3390/biomedicines11082242
Bundhun, D., Rampadarath, S., Puchooa, D., & Jeewon, R. (2018). Dietary intake and lifestyle behaviors of children in Mauritius.
Heliyon, 4(2), ¢00546. doi:10.1016/j.heliyon.2018.¢00546

Candore, G., Accardi, G., Aiello, A., Baggio, G., Bellini, T., Calabrese, V., . . . Caruso, C. (2024). Sex and Gender in Ageing and
Longevity: Highlights from an International Course. Translational Medicine @ UniSa, 26(1). doi:10.37825/2239-9747.1049

Chen, J., Zhu, Y., Li, Z., Zhang, Y., Ye, G., Chen, K., . . . Zhuo, Y. (2023). Trends in prevalence rates of blindness among patients with
diabetic retinopathy in high-income countries from 1990 to 2019: A joinpoint regression analysis. Diabetes Research and Clinical
Practice, 202. doi:10.1016/j.diabres.2023.110823

Cheung, N., Mitchell, P., & Wong, T. Y. (2010). Diabetic retinopathy. Lancet, 376(9735), 124-136. doi:10.1016/s0140-6736(09)62124-3
Chung, W., & Lim, S. (2020). Factors contributing to educational differences in obesity among women: evidence from South Korea.
Bmc Public Health, 20(1), 1136. doi:10.1186/512889-020-09221-3

Complications, D. C. a. (2000). Effect of pregnancy on microvascular complications in the diabetes control and complications trial. The
Diabetes Control and Complications Ttial Research Group. Diabetes Care, 23(8), 1084-1091. doi:10.2337 /diacare.23.8.1084

Curran, K., Peto, T, Jonas, J. B., Friedman, D., Kim, |. E., Leasher, J., . . . Zheng, P. (2024). Global estimates on the number of people
blind or visually impaired by diabetic retinopathy: a meta-analysis from 2000 to 2020. Eye. doi:10.1038/s41433-024-03101-5

Diseases, G. B. D., & Injuries, C. (2024). Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted life-years
(DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational
locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet, 403(10440), 2133-2161.
doi:10.1016/S0140-6736(24)00757-8

Elman, M. J., Aiello, L. P., Beck, R. W, Bressler, N. M., Bressler, S. B., Edwards, A. R., . .. Diabetic Retinopathy Clinical, R. (2010).
Randomized Trial Evaluating Ranibizumab Plus Prompt or Deferred Laser or Triamcinolone Plus Prompt Laser for Diabetic Macular
Edema. Ophthalmology, 117(6), 1064-U1065. doi:10.1016/j.ophtha.2010.02.031

Ferrara, N., Damico, L., Shams, N., Lowman, H., & Kim, R. (2006). Development of ranibizumab, an anti-vascular endothelial growth
factor antigen binding fragment, as therapy for neovascular age-related macular degeneration. Retina, 26(8), 859-870.
doi:10.1097/01.iae.0000242842.14624.e7

Ford, E. S. (2011). Trends in the control of risk factors for cardiovascular disease among adults with diagnosed diabetes: findings from
the National Health and Nutrition Examination Survey 1999-2008*. | Diabetes, 3(4), 337-347. doi:10.1111/§.1753-0407.2011.00148.x
Fujimoto, J., & Swanson, E. (2016). The Development, Commercialization, and Impact of Optical Coherence Tomography. Invest
Ophthalmol Vis Sci, 57(9), Octl-oct13. doi:10.1167 /iovs.16-19963

Gulshan, V., Peng, L., Coram, M., Stumpe, M. C., Wu, D., Narayanaswamy, A., . . . Webster, D. R. (2016). Development and Validation
of a Deep Learning Algorithm for Detection of Diabetic Retinopathy in Retinal Fundus Photographs. Jama, 316(22), 2402-2410.
doi:10.1001/jama.2016.17216

Hashimoto, S., Yasuda, M., Fujiwara, K., Ueda, E., Nakamura, S., Hirakawa, Y., . .. Sonoda, K. H. (2023). Secular trends in the
prevalence, incidence, and progression of diabetic retinopathy: the Hisayama Study. Graefes Archive for Clinical and Experimental
Ophthalmology, 261(3), 641-649. doi:10.1007/s00417-022-05839-8

https://nis.gov.kh/nis/Census2019/Final%20General %020Population%20Census%202019-English.pdf.

https:/ /www.unfpa.org/data/world-population-dashboard.

https:/ /www.wotldometers.info/demographics/life-expectancy.

Kang, S., Eum, S., Chang, Y., Koyanagi, A., Jacob, L., Smith, L., . . . Song, T.-J. (2022). Burden of neurological diseases in Asia from
1990 to 2019: a systematic analysis using the Global Burden of Disease Study data. Bmj Open, 12(9). doi:10.1136/bmjopen-2021-
059548

Khairallah, M., Kahloun, R., Flaxman, S. R., Jonas, J. B., Keeffe, |., Leasher, |., . . . Bourne, R. R. (2014). Prevalence and causes of vision
loss in North Africa and the Middle East: 1990-2010. Br ] Ophthalmol, 98(5), 605-611. doi:10.1136/bjophthalmol-2013-304068
Khairallah, M., Kahloun, R., Flaxman, S. R., Jonas, J. B., Keeffe, |., Leasher, |., . . . Vision Loss Expert, G. (2014). Prevalence and causes
of vision loss in North Africa and the Middle East: 1990-2010. British Journal of Ophthalmology, 98(5), 605-611.
doi:10.1136/bjophthalmol-2013-304068

Kiconco, S., Teede, H. J., Earnest, A., Loxton, D., & Joham, A. E. (2022). Menstrual cycle regularity as a predictor for heart disease and
diabetes: Findings from a large population-based longitudinal cohort study. Clin Endocrinol (Oxf), 96(4), 605-616.
doi:10.1111/cen.14640

Kuo, S., Fleming, B. B., Gittings, N. S., Han, L. F., Geiss, L. S., Engelgau, M. M., & Roman, S. H. (2005). Trends in care practices and
outcomes among Medicare beneficiaries with diabetes. Am ] Prev Med, 29(5), 396-403. doi:10.1016/j.amepre.2005.08.010

Lai, W. K., Palaniveloo, L., Mohd Sallehuddin, S., & Ganapathy, S. S. (2024). Double burden of malnutrition and its socio-demographic
determinants among children and adolescents in Malaysia: National Health And Morbidity Survey 2019. ] Health Popul Nutr, 43(1), 94.
doi:10.1186/541043-024-00583-7

Li, M., Wang, Y., Liu, Z., Tang, X., Mu, P., Tan, Y., . . . Chen, Y. (2020). Females with Type 2 Diabetes Mellitus Are Prone to Diabetic
Retinopathy: A Twelve-Province Cross-Sectional Study in China. ] Diabetes Res, 2020, 5814296. doi:10.1155/2020/5814296

Matza, L. S., Rousculp, M. D., Malley, K., Boye, K. S., & Oglesby, A. (2008). The longitudinal link between visual acuity and health-
related quality of life in patients with diabetic retinopathy. HEALTH AND QUALITY OF LIFE OUTCOMES, 6. doi:10.1186/1477-
7525-6-95

Mugqit, M. M. K., Kourgialis, N., Jackson-deGraffenried, M., Talukder, Z., Khetran, E. R., Rahman, A, ... Friedman, D. S. (2019).
Trends in Diabetic Retinopathy, Visual Acuity, and Treatment Outcomes for Patients Living With Diabetes in a Fundus Photograph-
Based Diabetic Retinopathy Screening Program in Bangladesh. JAMA NETWORK OPEN, 2(11).
doi:10.1001/jamanetworkopen.2019.16285

Murray McGavin, D. D. (1998). Global initiative for the elimination of avoidable blindness. Community Eye Health, 11(25), 3.



Zhang et al. | JGH Fall 2025, Volume XV Issue Il

33.  Nguyen, Q. D., Brown, D. M., Marcus, D. M., Boyer, D. S., Patel, S., Feiner, L., . . . Ehrlich, J. S. (2012). Ranibizumab for Diabetic
Macular Edema. Ophthalmology, 119(4), 789-801. doi:10.1016/j.ophtha.2011.12.039

34.  Nuzz, R, Scalabrin, S., Becco, A., & Panzica, G. (2018). Gonadal Hormones and Retinal Disorders: A Review. Front Endocrinol
(Lausanne), 9, 66. doi:10.3389/fendo.2018.00066

35.  Ong, K. L, Stafford, L. K., McLaughlin, S. A., Boyko, E. J., Vollset, S. E., Smith, A. E., ... Vos, T. (2023). Global, regional, and
national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis for the Global Burden of
Discase Study 2021. The Lancet, 402(10397), 203-234. doi:10.1016/s0140-6736(23)01301-6

36. Ou, Y, Long Y.C,Ji, L. L, Zhan, Y. X, Qiao, T. K., Wang, X. D., ... Cheng, Y. F. (2022). Trends in Disease Burden of Chronic
Lymphocytic Leukemia at the Global, Regional, and National Levels From 1990 to 2019, and Projections Until 2030: A Population-
Based Epidemiologic Study. FRONTIERS IN ONCOLOGY, 12. doi:10.3389/fonc.2022.840616

37.  Pandit, R. R., Wibbelsman, T. D., Considine, S. P., Jenkins, T. L., Xu, D., Levin, H. |, ... Ho, A. C. (2020). Distribution and Practice
Patterns of Retina Providers in the United States. Ophthalmology, 127(11), 1580-1581.

38.  Pararajasegaram, R. (1999). VISION 2020-the right to sight: from strategies to action. Am J Ophthalmol, 128(3), 359-360.
doi:10.1016/50002-9394(99)00251-2

39.  Reutrakul, S., & Deerochanawong, C. (2016). Diabetes in Thailand: Status and Policy. Curr Diab Rep, 16(3), 28. doi:10.1007/s11892-
016-0725-7

40.  Sabanayagam, C., Yip, W., Ting, D. S., Tan, G., & Wong, T. Y. (2016). Ten Emerging Trends in the Epidemiology of Diabetic
Retinopathy. Ophthalmic Epidemiol, 23(4), 209-222. doi:10.1080/09286586.2016.1193618

41.  Salomon, J. A., Haagsma, J. A., Davis, A., de Noordhout, C. M., Polinder, S., Havelaar, A. H., . .. Vos, T. (2015). Disability weights for
the Global Burden of Disease 2013 study. Lancet Global Health, 3(11), E712-E723. doi:10.1016/52214-109X(15)00069-8

42, Schumacher, A. E., Kyu, H. H., Aali, A., Abbafati, C., Abbas, J., Abbasgholizadeh, R., ... Murray, C. J. L. (2024). Global age-sex-
specific mortality, life expectancy, and population estimates in 204 countries and territories and 811 subnational locations, 1950-2021,
and the impact of the COVID-19 pandemic: a comprehensive demographic analysis for the Global Burden of Disease Study 2021. The
Lancet, 403(10440), 1989-2056. doi:10.1016/s0140-6736(24)00476-8

43.  Shan, Y., Xu, Y., Lin, X,, Lou, L., Wang, Y., & Ye, J. (2021). Burden of vision loss due to diabetic retinopathy in China from 1990 to
2017: findings from the global burden of disease study. Acta Ophthalmologica, 99(2), E267-E273. doi:10.1111/a0s.14573

44, Shobako, N., Itoh, H., & Honda, K. (2024). Typical Guidelines for Well-Balanced Diet and Science Communication in Japan and
Worldwide. Nutrients, 16(13). doi:10.3390/nu16132112

45.  Song, P., Yu, J., Chan, K. Y., Theodoratou, E., & Rudan, 1. (2018). Prevalence, risk factors and burden of diabetic retinopathy in China:
a systematic review and meta-analysis. Journal of Global Health, 8(1). doi:10.7189/jogh.08.010803

46.  Steinmetz, |. D., Bourne, R. R. A, Briant, P. S., Flaxman, S., Taylor, H. R., Jonas, J. B., ... Vision Loss Expert Grp Global, B. (2021).
Causes of blindness and vision impairment in 2020 and trends over 30 years, and prevalence of avoidable blindness in relation to
VISION 2020: the Right to Sight: an analysis for the Global Burden of Disease Study. Lancet Global Health, 9(2), E144-E160.
doi:10.1016/52214-109x(20)30489-7

47.  Tan, T-E., & Wong, T. Y. (2023). Diabetic retinopathy: Looking forward to 2030. Frontiers in Endocrinology, 13.
doi:10.3389/fendo.2022.1077669

48.  Vos, T., Lim, S. S., Abbafati, C., Abbas, K. M., Abbasi, M., Abbasifard, M., . .. Murray, C. ]. L. (2020). Global burden of 369 diseases
and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet,
396(10258), 1204-1222. doi:10.1016/50140-6736(20)30925-9

49.  Wan, G. H., Wang, C., & Zhang, X. (2021). The Poverty-Growth-Inequality Triangle: Asia 1960s to 2010s. SOCIAL INDICATORS
RESEARCH, 153(3), 795-822. doi:10.1007/s11205-020-02521-6

50.  Wells, J. A, Glassman, A. R., Ayala, A. R., Jampol, L. M., Bressler, N. M., Bressler, S. B., . . . Beck, R. W. (20106). Aflibercept,
Bevacizumab, or Ranibizumab for Diabetic Macular Edema: Two-Year Results from a Comparative Effectiveness Randomized Clinical
Trial. Ophthalmology, 123(6), 1351-1359. doi:10.1016/j.ophtha.2016.02.022

51.  Wilkinson, C. P., Ferris, F. L., Klein, R. E., Lee, P. P., Agardh, C. D., Davis, M., . .. Gobal Diabetic Retinopathy, P. (2003). Proposed
international clinical diabetic retinopathy and diabetic macular edema disease severity scales. Ophthalmology, 110(9), 1677-1682.
doi:10.1016/S0161-6420(03)00475-5

52. Yau,]. W. Y, Rogers, S. L., Kawasaki, R., Lamoureux, E. L., Kowalski, J. W., Bek, T., ... Wong, T. Y. (2012). Global Prevalence and
Major Risk Factors of Diabetic Retinopathy. Diabetes Care, 35(3), 556-564. doi:10.2337/dc11-1909

Page 16



