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Objectives: This study aims to estimate the trends and disparities in the worldwide 
burden for health of AMD, overall and by age, sex, socio-demographic index (SDI), 
region, and nation using prevalence and years lived with disability (YLDs) from 
Global Burden of Disease (GBD) study 2019.

Methods: This retrospective study presents the prevalent AMD cases and YLDs 
from 1990–2019, as well as the age-standardized prevalence rate (ASPR) and age-
standardized YLD rate (ASYR) of AMD. To measure changes over time, estimated 
annual percentage changes (EAPCs) of the age-standardized rates (ASRs) were 
analyzed globally, then studied further by sex, SDI, region, and nation. We included 
data from the 2019 Global Burden of Disease (GBD) database to examine AMD 
prevalence and YLDs from 1990–2019 in 204 countries and territories, as well as 
demographic information such as age, sex, SDI, region, and nation.

Results: Globally, the number of prevalent AMD cases increased from 3,581,329.17 
(95% uncertainty interval [UI], 3,025,619.4–4,188,835.7) in 1990 to 7,792,530 
(95% UI, 6,526,081.5–9,159,394.9) in 2019, and the number of YLDs increased 
from 296,771.93 (95% uncertainty interval [UI], 205,462.8–418,699.82) in 1990 
to 564,055.1 (95% UI, 392,930.7–789,194.64) in 2019. The ASPR of AMD had a 
decreased trend with an EAPC of −0.15 (95% confidence interval [CI], −0.2 to 
−0.11) from 1990 to 2019, and the ASYR of AMD showed a decreased trend 
with an EAPC of −0.71 (95% confidence interval [CI], −0.78 to −0.65) during this 
period. The prevalence and YLDs of AMD in adults over 50 years of age showed a 
significant increase. The prevalence and YLDs of AMD were significantly higher in 
females than males, overall. The ASPRs and ASYRs in low SDI regions was greater 
than in high SDI regions from 1990 to 2019. In addition, increases in prevalence 
and YLDs differed by regions and nations, as well as level of socio-economic 
development.

Conclusion: The number of prevalent cases and YLDs due to AMD increased 
over 30 years and were directly linked to age, sex, socio-economic status, and 
geographic location. These findings can not only guide public health work but 
also provide an epidemiological basis for global strategy formulation regarding 
this global health challenge.
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Introduction

Globally, age-related macular degeneration (AMD) is a leading 
cause of irreversible vision loss in many patients with posterior segment 
eye diseases (1, 2). AMD has imposed a heavy burden on these 
individuals and society: poor vision due to AMD can cause negative 
consequences, such as increased risk of falls, depression, lack of 
meaningful activities in daily life, and requirement of long-term care 
(3–5). More importantly, the overall aging of the population means that 
the cases of AMD have risen exponentially in recent years. The number 
of patients affected by AMD is expected to increase globally, from 
around 200 million in 2020 to nearly 300 million in 2040 (6, 7). Vision 
complications from AMD can significantly affect the quality of life in 
older adults and contribute to already-challenging health problems and 
comorbidities (8, 9). Understanding the AMD disease burden over time 
(and any influencing factors) may aid in formulating targeted public 
policies and reducing the public disease burden.

Many population-based AMD studies have been conducted 
worldwide. A cohort study reported that the incidence rate of early 
AMD was highest among White people (5.3%), medium among 
Chinese (4.5%) and Spanish people (3.3%), and the lowest among Black 
people (1.6%). The incidence rate of late AMD was similar; 4.1, 2.2, 0.8, 
and 0.4%, respectively (10). One meta-analysis of studies with European 
populations indicated that the prevalence of early or late AMD was 
lower in the group of 50–55 year old participants (0.08%) than in the 
group of 90+ year old participants (20.1%) (11). Another meta-analysis 
showed that in Asian participants aged 40–79 years, early AMD 
prevalence was 6.8% and late AMD prevalence was 0.56%; the 
corresponding prevalence in the White participants of the same age 
range were 8.8 and 0.59%, respectively (12). Although there have been 
several studies on the disease burden of AMD, few studies described the 
prevalence of the condition globally, across geographical regions, over 
time, and any overall influencing factors (13–15).

The 2019 Global Burden of Disease Study (GBD 2019) is the latest 
published data from 204 countries and territories, and it includes the 
most recent estimates of disease burden and data of influencing factors 
for researchers to study. The GBD database (GBDx) is essential for 
understanding the global burden of many diseases and Global Burden 
of Disease Study in 2019 (GBD 2019) is the most updated and 
comprehensive systematic study on the prevalence and years lived with 
disability (YLDs) of AMD. The purpose of this study is to understand 
the global, regional, and national prevalence and YLDs of AMD and 
influences on this prevalence and YLDs. In this study, we investigated 
the changes in the global prevalence and YLDs of AMD from 1990 to 
2019 and assessed the global burden of AMD by age, sex, socio-
demographic index (SDI), region, and nation. Our findings can not only 
guide public health work, but also provide an epidemiological basis for 
global strategy formulation regarding AMD burden.

Methods

Data

Our global burden data on AMD are from the GBD 2019 which 
is freely available; therefore, no ethical approval or informed consent 
was required. These data include the estimated number of prevalent 
AMD cases and YLDs each year, age-standardized prevalence rate 

(ASPR), age-standardized YLD rate (ASYR), and change over time by 
age, sex, SDI, region, and nation from 1990 to 2019. Results are 
presented as number of prevalent cases, ASPR, ASYR and the 
estimated annual percentage change (EAPC), using 95% uncertainty 
intervals (UI) and 95% confidence intervals (CI).

Factor calculations

The Disease Modeling-Meta Regression (DisMod-MR) version 
2.1 was used to model the epidemiological outcomes of AMD, a 
Bayesian meta-regression framework widely used for GBD 
epidemiological modeling. The general methods and disease burden 
estimation methods of GBD 2019 have been previously reported (16). 
The prevalent cases, YLDs, prevalence and YLD rate of AMD were 
reported from the GBDx and stratified by age, sex, SDI, region, 
and nation.

SDI assignment is based on the country’s per capita income 
distribution, average years of education and the fertility rate of 
women younger than 25 years old. The GBDx divided the countries 
and territories into five SDI levels (high, high-middle, middle, 
low-middle, and low). In this study, the SDI ranged from 0 to 1 (low 
to high) and was used to describe the development level of a 
country or geographical region. The GBDx also grouped the 
countries and territories into 21 regions, the details of which have 
been previously reported (16–18). The disability-adjusted life-years 
(DALYs) are the sum of YLDs and years of life lost (YLLs) due to 
premature death. As for AMD, DALYs generally mean YLDs. 
Trends of AMD were quantified using ASPR, ASYR and 
EAPC. When considering variations in the age structure, it was 
necessary to standardize the ASR calculation (18). The ASR was 
obtained by the formula:

 

ASR

A
i

aiwi

A
i

wi
per , population100 000 1

1

100 000( ) =
∑

=

∑
=

× ,

The EAPC was used to explain the ASR change trend over time. 
A linear relationship between ASR and time can be seen in its natural 
logarithm. The natural logarithm rate that a regression line fit is given 
by the equation y = α + βx + ɛ, where y = ln (ASR), and x = calendar 
year. The EAPC was calculated as 100 × (exp(β) − 1). The linear 
regression model was used to obtain the EAPC’s 95% CI (17). All data 
visualization was completed using the R program (version 4.2.2) and 
GraphPad Prism 9.0 statistics software.

Results

Global AMD burden

The number of prevalent AMD cases increased from 
3,581,329.17 (95% uncertainty interval [UI], 3,025,619.4–
4,188,835.7) in 1990 to 7,792,530 (95% UI, 6,526,081.5–
9,159,394.9) in 2019, and the number of YLDs increased from 
296,771.93 (95% uncertainty interval [UI], 205,462.8–418,699.82) 
in 1990 to 564,055.1 (95% UI, 392,930.7–789,194.64) in 2019 
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(Tables 1, 2). However, the ASPR of AMD dropped from 98.8 (95% 
UI, 83.7–114.6) per 100,000 people in 1990 to 96.8 (95% UI, 81.3–
113.2) per 100,000 people in 2019, with an EAPC of −0.15 (95% 
CI, −0.2 to −0.11), and the ASYR of AMD dropped from 8.29 (95% 
UI, 5.8–11.58) per 100,000 people in 1990 to 7.05 (95% UI, 4.92–
9.84) per 100,000 people in 2019, with an EAPC of −0.71 (95% CI, 
−0.78 to −0.65). Despite the decrease in overall ASPR and ASYR, 
the number of cases and YLDs due to AMD revealed increasing 
trends that changed between 1990 and 2019 (Figures 1A,B).

AMD burden by age

With age increasing, the global number of cases and YLDs due 
to AMD gradually increased when age was 50 years old in 1990, 
reaching the peak at age of 65–69, after that it decreased with age 
increasing (Figures  2A,C). It has the similar trend in 2019 
(Figures 2B,D). The crude prevalence rates and YLD rates of AMD 
increased with age, the fastest increasing speed is the age over 
80 years old in 1990. In 2019, the general trend of the crude 
prevalence rates and YLD rates is similar to the trend in 1990. 
Additionally, the rate of increasing of the curves after age of 
90 years old showed a significantly increasing in both 1990 
and 2019.

AMD burden by sex

Between 1990 and 2019, the number of AMD cases and YLDs, 
and ASPRs and ASYRs in females was significantly higher than in 
males (Tables 1, 2; Figure 1). The female number of AMD cases and 
YLDs due to AMD were all significantly larger than males in 1990 
and 2019, and the difference in crude rates was obviously, especially 
the age after 80 years old in 1990 and 2019 (Figure 2).

AMD burden by SDI

In 2019, the number of AMD cases and YLDs were the highest 
in middle SDI regions and the lowest in low SDI regions. 
Meanwhile, the ASPRs and ASYRs of AMD were highest in the low 
SDI regions and lowest in the high SDI regions (Tables 1, 2). The 
relationship between ASPR and ASYR and SDI in 204 countries 
and territories in 2019 are shown in Figure 3. The relationship 
between ASPR and ASYR and SDI in 21 regions between 1990 and 
2019 are shown in Supplementary Figure S1. ASPRs and ASYRs in 
developing countries and regions were significantly higher than 
those in developed countries and regions.

Regional AMD burden

At the regional level in 1990 and 2019, the number of AMD 
cases and YLDs were highest in East Asia, followed by South Asia, 
and lowest in Oceania (Tables 1, 2). The ASPR and ASYR were 
highest in Western Sub-Saharan Africa, followed by North Africa 
and Middle East, and lowest in High-income Asia Pacific. From 

1990 to 2019, the EAPCs of ASPR and ASYR in South Asia were 
lowest at −1.41 (95% CI, −1.55 to −1.27) and − 1.75 (95% CI, 
−1.87 to −1.62), followed by Southeast Asia at −0.75 (95% CI, 
−0.82 to −0.68) and − 1.09 (95% CI, −1.18 to −1). In contrast, the 
EAPC of ASPR and ASYR in Southern Sub-Saharan Africa was 
highest at 0.37 (95% CI, 0.29–0.45) and 0.37 (95% CI, 0.22–0.51), 
followed by Central Sub-Saharan Africa were 0.26 (95% CI, 0.23–
0.29) and 0.2 (95% CI, 0.14–0.26).

National AMD burden

The growth rates of cases and YLDs in Burkina Faso, Benin, and 
Niger were more than 300% increase from 1990 to 2019. While 
Ukraine, Belarus, Latvia, and Georgia were less than 20% increase 
during this period (Figures  4A,B). In addition, China and India 
demonstrated the largest cases and YLDs of AMD in 2019,  
while Tokelau, Niue and Nauru demonstrated the lowest 
(Supplementary Tables S1, S2). The ASPRs of AMD in 2019 ranged 
from 19.1 to 390.9 per 100,000 people in 204 countries and territories, 
Nepal demonstrated the highest ASPR of AMD, while Barbados 
demonstrated the lowest (Figure 4C; Supplementary Table S1). The 
ASYRs in 2019 ranged from 0.51 to 21.6 per 100,000 people in 204 
countries and territories, Iran demonstrated the highest ASYR of 
AMD, while Barbados demonstrated the lowest (Figure  4D; 
Supplementary Table S2). In addition, Malaysia saw the largest 
decline in ASPR (EAPC, −1.97; 95% CI, −2.16 to −1.78) and ASYR 
(EAPC, −2.62; 95% CI, −2.87 to −2.37), followed by Thailand, 
Iceland, and India. Only a few countries or territories (such as 
Burkina Faso, Gambia, Chad, Benin, and Côte d’Ivoire) reported an 
increasing ASPR and ASYR of AMD between 1990 and 2019 
(Figures 4E,F; Supplementary Tables S1, S2).

Discussion

This study reported on the cases and YLDs, and ASPRs and 
ASYRs of AMD from 1990 to 2019 in 204 countries and territories 
around the world and revealed disparities by age, sex, socio-
economic level, region, and nation. Although the ASPR and ASYR 
decreased overall from 1990 to 2019 (with a global EAPC of −0.15 
and − 0.71), the overall cases and YLDs due to AMD still increased. 
Furthermore, compared with other age groups, the ASPRs and 
ASYRs in older adults increased significantly. Globally, aging 
population is the most important medical and social demographic 
issue. The global population aged 65 and over in 2000 was 18 
percent, while by 2050 it will reach 38 percent (19). The aging 
population and high prevalence and YLDs of AMD in people over 
60 may be the main reasons for the near doubling of overall cases 
between 1990 and 2019. Due to the age of the global population is 
increasing, AMD cases will continue to rise.

Global policy making and economic restructuring can guide 
the prevention and treatment of AMD. Initially, for the purpose 
of eliminating preventable blindness by 2020, the WHO and the 
International Agency for the Prevention of Blindness (IAPB) 
started the VISION 2020 global initiative in 1999 to prevent, 
control, and eliminate avoidable blindness at the national level 
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TABLE 1 Estimated number and age-standardized rate (per 100,000 persons) of prevalence and temporal trends for AMD from 1990 to 2019 by sex, SDI, and GBD regions.

Characteristics 1990 2019 1990–2019

Number (95% UI) ASR (95% UI) Number (95% UI) ASR (95% UI) EAPC (95% CI)

Global 3,581,329.17 (3,025,619.44–4,188,835.66) 98.78 (83.72–114.63) 7,792,530.04 (6,526,081.5–9,159,394.94) 96.76 (81.32–113.2) −0.15 (−0.2—0.11)

Sex

Female 2,118,523.4 (1,791,457–2,473,214.1) 103.97 (88.4–121) 4,506,554.63 (3,789,113.1–5,266,137.2) 102.42 (86.1–119.7) −0.15 (−0.2—0.11)

Male 1,462,805.76 (1,221,218.7–1,724,282.3) 90.94 (76.8–106.1) 3,285,975.41 (2,715,084.1–3,893,320) 89.55 (74.5–105.3) −0.1 (−0.15—0.06)

SDI region

High SDI 5,89,371.09 (4,95,590.14–6,87,094.36) 55.48 (47.03–64.67) 1,016,422.12 (8,57,435.16–1,185,659.08) 48.37 (40.74–56.29) −0.53 (−0.59—0.46)

High-middle SDI 9,74,824.6 (8,22,768.73–1,140,725.42) 99.43 (84.57–115.34) 2,170,539.67 (1,834,349.22–2,543,933.37) 106.02 (89.95–123.71) 0.21 (0.15–0.28)

Middle SDI 1,033,914.12 (8,53,461.05–1,226,652.56) 115.34 (96.54–135.56) 2,612,130.53 (2,156,473.44–3,116,298.3) 111.12 (92.18–131.19) −0.25 (−0.32—0.18)

Low-middle SDI 6,94,714.54 (5,70,668.71–8,22,902.11) 132.95 (111.23–156.27) 1,362,695.17 (1,122,775.79–1,621,775.89) 107.55 (89.44–127.05) −0.9 (−0.97—0.83)

Low SDI 2,87,161.52 (2,39,354.86–3,39,032.18) 141.57 (119.62–165.63) 6,28,003.99 (5,21,118.82–7,47,865.96) 139.46 (116.25–164.76) −0.14 (−0.19—0.09)

South–East Asia, East Asia, and 

Oceania

East Asia 8,99,060.25 (7,31,153.2–1,079,383.03) 118.47 (98.5–140.87) 2,633,284.4 (2,160,679.12–3,154,893.43) 128.83 (106.73–153.26) 0.21 (0.06–0.36)

Southeast Asia 2,21,497.53 (1,83,008.36–2,64,015.65) 100.04 (83.5–117.72) 4,69,432.79 (3,90,412.44–5,57,154.75) 84.69 (70.55–99.84) −0.75 (−0.82—0.68)

Oceania 855.47 (675.02–1,054.89) 35.46 (28.73–42.89) 1,857.22 (1,453.94–2,300.81) 32.74 (26.39–39.96) −0.18 (−0.21—0.16)

Sub-Saharan Africa

Eastern Sub-Saharan Africa 86,940.82 (72,271.67–1,02,765.09) 136.98 (114.83–161.38) 1,66,809.58 (1,36,759.2–1,99,384.13) 121.92 (101.38–144.97) −0.22 (−0.29—0.16)

Central Sub-Saharan Africa 4,916.47 (3,827.5–6,163.78) 29.31 (23.31–35.76) 12,022.37 (9,520.59–14,777.57) 30.94 (24.56–37.73) 0.26 (0.23–0.29)

Southern Sub-Saharan Africa 10,093.32 (8,289.38–12,031.54) 42.05 (34.77–49.95) 22,310.37 (18,139.13–26,708.64) 45.6 (37.46–54.38) 0.37 (0.29–0.45)

Western Sub-Saharan Africa 1,66,710.92 (1,37,627.01–1,98,928.82) 210 (174.12–247.64) 3,59,408.81 (2,92,801.3–4,36,020.69) 219.31 (179.65–262.11) 0.03 (−0.06—0.13)

South Asia

South Asia 7,46,805.46 (6,10,989.39–8,94,878.54) 154.5 (128.24–182.79) 1,499,084.21 (1,227,077.74–1,798,350.9) 114.72 (94.59–136.68) −1.41 (−1.55—1.27)

Latin America and Caribbean

Caribbean 6,064.03 (4,840.04–7,421.13) 24.31 (19.47–29.6) 11,526.89 (9,272.32–14,073.93) 22.29 (17.9–27.25) −0.24 (−0.27—0.21)

Central Latin America 44,019.28 (35,831.2–52,938.98) 60.08 (49.01–71.73) 1,20,607.08 (98,249.09–1,44,367.12) 53.36 (43.57–63.61) −0.32 (−0.35—0.29)

Tropical Latin America 68,381.04 (56,261.86–82,040.25) 83.77 (69.15–99.38) 1,93,602.3 (1,61,055.55–2,30,808.98) 82.06 (68.01–97.85) 0.18 (0.01–0.34)

Andean Latin America 21,698.24 (17,766.47–26,067.51) 116.27 (95.42–139.18) 61,461.71 (50,861.49–73,157.27) 113.58 (94.1–135.01) −0.09 (−0.2—0.02)

North Africa and Middle East

North Africa and Middle East 184.2 (153.9–217.8) 184.2 (153.9–217.8) 6,41,221.43 (5,28,275–7,62,563.1) 168.45 (139.4–199.2) −0.21 (−0.27—0.16)

(Continued)
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(20). In line with earlier studies, the fact that the AMD cases 
presented a growing tendency globally in the last 30 years, 
nevertheless, the age-standardized prevalence rates showed a 
descending trend during this period (13, 21). It indicates that 
we  have made some progress in the fight against AMD, but 
preventing vision loss caused by AMD remains a major challenge 
due to population growth and aging.

Although previous studies have implicated many risk factors 
related to AMD progression, age is uniquely important (22–25). 
A meta-analysis in 2020, combining data of 26 studies, showed 
an overall increase in prevalence of AMD in people aged 60+ 
years; the prevalence of early or intermediate AMD increased by 
25.3%, and the prevalence of late AMD increased by 2.4%. The 
combined annual incidence rate of late AMD in all age groups 
was 1.4/1000 people (26). Another meta-analysis showed that for 
late AMD, the prevalence rates of people aged 55–59 and 85+ 
years were 0.1 and 9.8%, respectively. For early AMD, the 
prevalence rates of the two groups were 3.5% and 17.6%, 
respectively (27). Our study found similar results. The prevalence 
and YLDs of AMD in the older groups was significantly higher 
than that of the young group. Aging is the most significant risk 
factor for AMD because changes in retinal structure and function 
can promote the development of AMD (28). In time, this may 
cause other pathological risk factors to have a cumulatively 
detrimental effect.

The number of AMD cases and YLDs, and the ASPRs and 
ASYRs were significantly higher in females than in males overall 
from 1990 to 2019. AMD and its subtypes are equally prevalent in 
both males and females, and while some studies have shown that 
females have a faster progression rate than males, this difference 
was not observed in the more recent 2005–2008 NHANES study 
(29–31). Sex is often regarded as an independent risk factor, with 
some studies reporting higher risk in females, while other studies 
report the opposite (32–35). Possible explanations for the 
conflicting results include differences in follow-up time points 
and longer life expectancy in women (36). However, some studies 
suggested that the progression of AMD may be  related to the 
difference of sex hormones in the body, such as estrogen (37). 
Another hypothesis is that the difference in AMD progression is 
related to the number of X-linked genes, which may be associated 
with the pathogenesis of AMD (38). Further studies may 
be  needed to explore the possible mechanisms between sex 
and AMD.

Between 1990 and 2019, the ASPRs and ASYRs of low SDI 
regions were higher than those of high SDI regions. There is no 
doubt those a higher socio-economic level reduces the burden of 
disease because in more developed countries, health care systems 
are better equipped to provide access to preventative medicine, 
including services for early detection, early diagnosis, and early 
treatment of diseases (14). In this study, the burden of AMD was 
significantly different in regions with different socioeconomic 
statuses. SDI is a summary index that can be used to represent the 
position of a nation on the spectrum of economic development, 
and different regions in each nation can have significantly 
different SDI levels (39). A previous study has reported the AMD 
burden to be higher in low SDI regions (40). However, this study 
showed that the middle SDI regions demonstrated the highest 
number of AMD cases and YLDs, and the low SDI region T
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TABLE 2 Estimated number and age-standardized rate (per 100,000 persons) of YLDs and temporal trends for AMD from 1990 to 2019 by sex, SDI, and GBD regions.

Characteristics 1990 2019 1990–2019

Number (95% UI) ASR (95% UI) Number (95% UI) ASR (95% UI) EAPC (95% CI)

Global 2,96,771.93 (2,05,462.8–4,18,699.82) 8.29 (5.8–11.58) 5,64,055.1 (3,92,930.7–7,89,194.64) 7.05 (4.92–9.84) −0.71 (−0.78—0.65)

Sex

Female 1,81,276.1 (1,25,519.65–2,54,378.31) 8.98 (6.29–12.52) 3,36,957.39 (2,35,303.4–4,68,589.1) 7.66 (5.35–10.66) −0.72 (−0.78—0.65)

Male 1,15,495.83 (79,647.83–1,62,540.46) 7.22 (5.03–10.12) 2,27,097.7 (1,57,225.88–3,18,773.44) 6.24 (4.33–8.7) −0.64 (−0.69—0.58)

SDI region

High SDI 56,549.62 (38,698.89–79,752.38) 5.36 (3.65–7.52) 89,186.24 (61,512.91–1,25,367.71) 4.23 (2.91–5.94) −0.86 (−0.93—0.79)

High-middle SDI 80,577.72 (55,730.14–1,12,856.78) 8.42 (5.92–11.74) 1,51,425.15 (1,05,795.89–2,10,706.32) 7.47 (5.24–10.37) −0.51 (−0.6—0.43)

Middle SDI 80,168.16 (54,566.35–1,13,955.76) 8.93 (6.14–12.58) 1,78,884.37 (1,23,116.19–2,52,644.56) 7.62 (5.26–10.74) −0.83 (−0.96—0.7)

Low-middle SDI 56,343.01 (38,634.82–79,390.34) 10.71 (7.4–15.07) 98,275.14 (67,790.85–1,36,494.68) 7.78 (5.42–10.82) −1.31 (−1.38—1.24)

Low SDI 23,002.94 (16,015.48–32,345.57) 11.38 (7.98–15.91) 46,042.97 (31,703.49–64,125.98) 10.29 (7.06–14.36) −0.45 (−0.5—0.41)

South–East Asia, East Asia, and Oceania

East Asia 55,353.98 (37,834.15–78,429.21) 7.28 (5.02–10.25) 1,43,162.91 (97,844.99–1,98,785.38) 7.01 (4.77–9.78) −0.53 (−0.8—0.26)

Southeast Asia 20,462.27 (13,700.6–29,390.74) 9.28 (6.26–13.31) 39,747.55 (26,951.3–56,339.11) 7.18 (4.9–10.22) −1.09 (−1.18—1)

Oceania 86.03 (56.26–125.09) 3.46 (2.33–4.94) 172.19 (113.34–250) 2.95 (1.99–4.26) −0.4 (−0.44—0.35)

Sub-Saharan Africa

Eastern Sub-Saharan Africa 9,525.57 (6,372.84–13,595.76) 15.01 (10.11–21.38) 16,275.43 (10,767.18–23,258.98) 11.89 (7.89–16.94) −0.54 (−0.66—0.42)

Central Sub-Saharan Africa 328.39 (218.34–473.88) 1.94 (1.32–2.79) 780.39 (511.67–1,120.21) 1.99 (1.32–2.85) 0.2 (0.14–0.26)

Southern Sub-Saharan Africa 749.07 (507.68–1,070.84) 3.08 (2.11–4.34) 1,625.79 (1,109.26–2,325.68) 3.29 (2.26–4.7) 0.37 (0.22–0.51)

Western Sub-Saharan Africa 11,611.15 (8,105.96–15,995.84) 14.82 (10.31–20.34) 23,623.94 (16,146.99–32,542.97) 14.57 (10.11–20.1) −0.35 (−0.48—0.22)

South Asia

South Asia 61,518.15 (42,096.2–86,249.88) 12.59 (8.75–17.7) 1,10,817.8 (76,989.61–1,54,669.96) 8.54 (5.96–11.93) −1.75 (−1.87—1.62)

Latin America and Caribbean

Caribbean 504.5 (337.94–729.04) 2.03 (1.36–2.9) 886.71 (590.77–1,280.88) 1.71 (1.14–2.46) −0.52 (−0.58—0.45)

Central Latin America 3,855.6 (2,640.4–5,531.32) 5.25 (3.6–7.51) 9,524.43 (6,524.96–13,529.82) 4.21 (2.89–5.97) −0.71 (−0.77—0.65)

Tropical Latin America 4,137.05 (2,878.72–5,695.31) 5.12 (3.56–7.04) 11,324.86 (7,848.25–15,618.62) 4.82 (3.34–6.68) −0.09 (−0.25—0.06)

Andean Latin America 1,709.42 (1,157.77–2,427.37) 9.18 (6.25–13.14) 4,391.82 (3,022.64–6,180.43) 8.12 (5.58–11.41) −0.42 (−0.5—0.34)

(Continued)
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TABLE 2 (Continued)

Characteristics 1990 2019 1990–2019

Number (95% UI) ASR (95% UI) Number (95% UI) ASR (95% UI) EAPC (95% CI)

North Africa and Middle East

North Africa and Middle East 25,151.77 (16,785.47–35,942.95) 16.5 (10.96–23.58) 51,536.01 (34,297.27–73,195.78) 13.57 (9.12–19.3) −0.63 (−0.66—0.6)

Central Europe, Eastern Europe, and Central 

Asia

Central Asia 2,186.86 (1,488.98–3,099.7) 5.1 (3.49–7.24) 2,989.07 (2,031.26–4,199.87) 4.73 (3.23–6.57) −0.31 (−0.41—0.21)

Eastern Europe 6,188.36 (4,124.41–8,842.04) 2.31 (1.56–3.27) 7,150.62 (4,794.29–10,139.43) 2.01 (1.36–2.84) −0.67 (−0.74—0.61)

Central Europe 6,758.13 (4,613.22–9,511.59) 4.74 (3.24–6.63) 9,434.8 (6,450.88–13,175.46) 4.19 (2.87–5.85) −0.41 (−0.46—0.37)

High–income regions

Southern Latin America 1,460.83 (966.34–2,107.65) 3.42 (2.3–4.89) 2,371.84 (1,606.53–3,410.71) 2.76 (1.87–3.95) −0.68 (−0.7—0.67)

Western Europe 68,785.27 (47,042.98–97,198.86) 11.52 (7.89–16.29) 97,364.81 (67,087.7–1,37,766.58) 9.31 (6.39–13.09) −0.76 (−0.79—0.73)

North America 10,796.58 (7,397.68–15,397.11) 2.91 (2–4.14) 18,170.68 (12,528.56–25,673.35) 2.64 (1.81–3.75) −0.45 (−0.6—0.31)

Australasia 1,055.49 (707.49–1,520.13) 4.66 (3.15–6.69) 2,080.78 (1,405.74–2,989.83) 3.86 (2.59–5.58) −0.63 (−0.69—0.58)

Asia Pacific 4,547.43 (3,014.94–6,477.05) 2.44 (1.63–3.44) 10,622.68 (7,186.98–15,401.48) 2.01 (1.36–2.9) −0.7 (−0.84—0.55)

AMD, age-related macular degeneration; SDI, socio-demographic index; UI, uncertainty interval; CI, confidence interval; ASR, age-standardized rate; EAPC, estimated annual percentage change; GBD, global burden of disease; YLDs, years lived with disability.
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demonstrated the lowest. The main reason may be that China and 
India are considered middle SDI regions. In addition, the ASPRs 
and ASYRs in developing countries and regions were higher than 
those in developed countries and regions. The burden of AMD in 
developing countries were higher than those of developed 
countries. Possible explanations for this phenomenon that the 
increased levels of ultraviolet radiation in the countries of the 
South, the prevalence of arterial hypertension, diabetes, et  al. 
maybe contribute to the spread of this pathology (41, 42). 
Moreover, in response to the VISION 2020, the developed 
countries funded for various programs to reduce levels of low 

vision and blindness. Along with more active diagnosis, early 
detection and treatment could positively influence the 
performance of the developed countries. More attention and 
further studies are supposed to be paid to this phenomenon, to 
explore the possible mechanisms of the disparities.

The prevalence and YLDs of AMD also varied significantly in 
different regions and nations. From 1990 to 2019, the number of 
AMD cases and YLDs increased by 117.59 and 90.06%, and the 
disease burden more than doubled. The ASPR and ASYR of AMD 
decreased by an EAPC, which may indicate that the increase in 
overall AMD cases and YLDs are related to the increasing age of 

A

B

FIGURE 1

Changes in global burden of the prevalence and YLDs of AMD from 1990 to 2019. (A) The number of cases and age-standardized prevalence rates of 
AMD from 1990 to 2019. (B) The number of YLDs and age-standardized YLD rates of AMD from 1990 to 2019. Red and blue dashed line indicates the 
upper and lower limits of the 95% uncertainty intervals (95% UIs) for females and males, respectively. AMD, age-related macular degeneration; UI, 
uncertainty interval; YLDs, years lived with disability.
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the global population, as well as the increasing population. The 
number of AMD cases and YLDs in East Asia remained highest, 
followed by South Asia, while the number of AMD cases and 
YLDs in Oceania remained lowest in 2019. In the past 30 years, 
East Asia and South Asia have demonstrated increasing cases and 
YLDs of AMD, primarily because of the population sizes and land 
area of China and India. However, the ASPR and ASYR in East 
Asia demonstrated an increasing trend, while the ASPR and ASYR 
in South Asia demonstrated a decreasing trend. This discrepancy 
may be due to the different population structures and average ages 
of the major countries in the two regions. The population of India 
is also growing much faster than the population of  
China; however, the proportion of older adults (older than 
65 years) in China is far higher than in India because China 
experienced population aging earlier than India (43–45). One 
meta-analysis of Chinese populations has indicated that, as a 
result of the rapid population aging, the total prevalent AMD 
cases and its subtypes has increased dramatically: from 1990 to 
2015, cases of AMD had increased by 121.80% in China (46). The 
social security system of China and India should be improved so 
that older adults have the basic financial security they need to 
reduce the burden of AMD.

Between 1990 and 2019, the EAPCs of ASPR and ASYR in 
Southern Sub-Saharan Africa were 0.37 (the highest among all 
regions), and the number of cases and YLDs in this region 

increased significantly in the past 30 years. This region has unique 
characteristics, including the highest population growth rate and 
high rates of poor living conditions and poor health; the average 
life expectancy of people born in this region is only 54 years (47). 
Compared with other regions of the world, the burden of 
non-communicable and communicable diseases in this region is 
significantly heavier (48). The overall level of social, economic, 
and educational development in this region is low, which 
represents a microcosm of many low and low-middle SDI regions. 
Additionally, because many people still live in tribal societies, 
most countries of Southern Sub-Saharan Africa are highly 
underdeveloped (49). Thus, in developing countries, it is as 
important as developed counties to emphasize the priority of 
reducing AMD burden when making health policy.

Limitations

Although the 2019 GBD study enables us to study the global 
AMD burden with high confidence, some limitations should 
be noted. First, as noted by other research reports of the GBD study, 
actual data on disease burden cannot be obtained, only estimated. 
Second, the nature of the database makes differences inevitable in 
data collection methods and data source quality between studies. 
Thirdly, because of the lack of relevant data in the GBD database, 

A B

C D

FIGURE 2

Global burden of the prevalence and YLDs of AMD by age and sex in 1990 and 2019. (A) The number of cases and crude prevalence rates of AMD in 
1990. (B) The number of cases and crude prevalence rates of AMD in 2019. (C) The number of YLDs and crude YLD rates of AMD in 1990. (D) The 
number of YLDs and crude YLD rates of AMD in 2019. Red and blue dashed line indicates the upper and lower limits of the 95% uncertainty intervals 
(95% UIs) for females and males, respectively. AMD, age-related macular degeneration; UI, uncertainty interval; YLDs, years lived with disability.

https://doi.org/10.3389/fpubh.2023.1138428
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Jiang et al. 10.3389/fpubh.2023.1138428

Frontiers in Public Health 10 frontiersin.org

prevalence over time based on specific characteristics of AMD, such 
as dry (non-neovascular) versus wet (neovascular), could not 
be assessed in this study. Moreover, the incidence of AMD was not 
examined in this study.

Conclusion

Overall, despite reductions in ASPR and ASYR, with the 
global aged population increasing, AMD remains a major cause of 
irreversible vision loss and burden across the world. The prevalent 

AMD cases and YLDs, and the ASPR and ASYR due to AMD were 
higher in females than in males. The prevalence and YLDs of 
AMD were also closely related to socio-economic status, and they 
varied geographically, especially people in less developed 
countries seemed to be  more likely to bear heavier burden of 
AMD. Knowledge of differences in development levels of countries 
and how these differences affect the prevalence and YLDs of AMD 
could help policy-makers and public health specialists formulate 
better approaches to treatment and prevention. These findings can 
help us better understand the global disease burden of AMD, and 
the influences of the included factors may provide a theoretical 

A

B

FIGURE 3

Global burden of the prevalence and YLDs of AMD by SDI. (A) The black line represents the average expected relationship between SDIs and age-
standardized prevalence rates for AMD based on values from 204 countries and territories in 2019. (B) The black line represents the average expected 
relationship between SDIs and age-standardized YLD rates for AMD based on values from 204 countries and territories in 2019. AMD, age-related 
macular degeneration; SDI, socio-demographic index; YLDs, years lived with disability.
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basis for governments and health care planners to establish more 
effective and targeted AMD prevention strategies.
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FIGURE 4

Global burden of the prevalence and YLDs of AMD in 204 countries and territories. (A) The growth rates of AMD cases from 1990 to 2019. (B) The 
growth rates of AMD YLDs from 1990 to 2019. (C) The ASPR of AMD in 2019. (D) The ASYR of AMD in 2019. (E) The EAPC of ASPR for AMD from 1990 
to 2019. (F) The EAPC of ASYR for AMD from 1990 to 2019. AMD, age-related macular degeneration; ASR, age-standardized rate; EAPC, estimated 
annual percentage change; YLDs, years lived with disability.

https://doi.org/10.3389/fpubh.2023.1138428
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Jiang et al. 10.3389/fpubh.2023.1138428

Frontiers in Public Health 12 frontiersin.org

Acknowledgments

We highly appreciate the works by the Global Burden of Disease 
Study 2019 collaborators. Thanks to Xiao Ming (Xiaoming_room@
hotmail.com) for his work in the GBD database. His excellent sharing 
of GBD database analysis procedure and other public database, makes 
it easier for us to explore the GBD database.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1138428/
full#supplementary-material

References
 1. Klein R, Klein BE, Knudtson MD, Meuer SM, Swift M, Gangnon RE. Fifteen-year 

cumulative incidence of age-related macular degeneration: the beaver dam eye study. 
Ophthalmology. (2007) 114:253–62. doi: 10.1016/j.ophtha.2006.10.040

 2. Mitchell P, Liew G, Gopinath B, Wong TY. Age-related macular degeneration. 
Lancet. (2018) 392:1147–59. doi: 10.1016/S0140-6736(18)31550-2

 3. Casten RJ, Rovner BW. Update on depression and age-related macular 
degeneration. Curr Opin Ophthalmol. (2013) 24:239–43. doi: 10.1097/
ICU.0b013e32835f8e55

 4. Augustin A, Sahel JA, Bandello F, Dardennes R, Maurel F, Negrini C, et al. Anxiety 
and depression prevalence rates in age-related macular degeneration. Invest Ophthalmol 
Vis Sci. (2007) 48:1498–503. doi: 10.1167/iovs.06-0761

 5. Bandello F, Lafuma A, Berdeaux G. Public health impact of neovascular age-
related macular degeneration treatments extrapolated from visual acuity. Invest 
Ophthalmol Vis Sci. (2007) 48:96–103. doi: 10.1167/iovs.06-0283

 6. Liang KH, Chen CH, Tsai HR, Chang CY, Chen TL, Hsu WC. Association between 
Oral metformin use and the development of age-related macular degeneration in 
diabetic patients: a systematic review and meta-analysis. Invest Ophthalmol Vis Sci. 
(2022) 63:10. doi: 10.1167/iovs.63.13.10

 7. Wong WL, Su X, Li X, Cheung CM, Klein R, Cheng CY, et al. Global prevalence 
of age-related macular degeneration and disease burden projection for 2020 and 2040: 
a systematic review and meta-analysis. Lancet Glob Health. (2014) 2:e106–16. doi: 
10.1016/S2214-109X(13)70145-1

 8. Thomas CJ, Mirza RG, Gill MK. Age-related macular degeneration. Med Clin 
North Am. (2021) 105:473–91. doi: 10.1016/j.mcna.2021.01.003

 9. Gopalakrishnan S, Velu S, Raman R. Low-vision intervention in individuals with 
age-related macular degeneration. Indian J Ophthalmol. (2020) 68:886–9. doi: 10.4103/
ijo.IJO_1093_19

 10. Fisher DE, Klein BE, Wong TY, Rotter JI, Li X, Shrager S, et al. Incidence of age-
related macular degeneration in a multi-ethnic United States population: the multi-
ethnic study of atherosclerosis. Ophthalmology. (2016) 123:1297–308. doi: 10.1016/j.
ophtha.2015.12.026

 11. Rudnicka AR, Jarrar Z, Wormald R, Cook DG, Fletcher A, Owen CG. Age and 
gender variations in age-related macular degeneration prevalence in populations of 
European ancestry: a meta-analysis. Ophthalmology. (2012) 119:571–80. doi: 10.1016/j.
ophtha.2011.09.027

 12. Kawasaki R, Yasuda M, Song SJ, Chen SJ, Jonas JB, Wang JJ, et al. The prevalence 
of age-related macular degeneration in Asians: a systematic review and meta-analysis. 
Ophthalmology. (2010) 117:921–7. doi: 10.1016/j.ophtha.2009.10.007

 13. GBD 2019 Blindness and vision impairment collaborators; vision loss expert 
Group of the Global Burden of disease study. 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 Glob Health. (2021) 9:e144–60. doi: 10.1016/S2214-109X(20)30489-7

 14. Xu X, Wu J, Yu X, Tang Y, Tang X, Shentu X. Regional differences in the global 
burden of age-related macular degeneration. BMC Public Health. (2020) 20:410. doi: 
10.1186/s12889-020-8445-y

 15. Lin X, Lou L, Miao Q, Wang Y, Jin K, Shan P, et al. The pattern and gender 
disparity in global burden of age-related macular degeneration. Eur J Ophthalmol. 
(2021) 31:1161–70. doi: 10.1177/1120672120927256

 16. GBD 2019 Diseases and Injuries Collaborators. 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. Lancet. (2020) 396:1204–22. doi: 10.1016/
S0140-6736(20)30925-9

 17. Yuan M, Lu Q. Trends and disparities in the incidence of intraocular foreign bodies 
1990-2019: a global analysis. Front Public Health. (2022) 10:858455. doi: 10.3389/
fpubh.2022.858455

 18. Liu Z, Jiang Y, Yuan H, Fang Q, Cai N, Suo C, et al. The trends in incidence of primary 
liver cancer caused by specific etiologies: results from the global burden of disease study 
2016 and implications for liver cancer prevention. J Hepatol. (2019) 70:674–83. doi: 
10.1016/j.jhep.2018.12.001

 19. Rudnicka E, Napierała P, Podfigurna A, Męczekalski B, Smolarczyk R, Grymowicz 
M. The World Health Organization (WHO) approach to healthy ageing. Maturitas. (2020) 
139:6–11. doi: 10.1016/j.maturitas.2020.05.018

 20. Bourne Rupert RA. Vision 2020: where are we? Curr Opin Ophthalmol. (2020) 
31:81–4. doi: 10.1097/ICU.0000000000000647

 21. Xu T, Wang B, Liu H, Wang H, Yin P, Dong W, et al. Prevalence and causes of vision 
loss in China from 1990 to 2019: findings from the global burden of disease study 2019. 
Lancet Public Health. (2020) 5:e682–91. doi: 10.1016/S2468-2667(20)30254-1

 22. Shim SH, Kim SG, Bae JH, Yu HG, Song SJ. Risk factors for progression of early age-
related macular degeneration in Koreans. Ophthalmic Epidemiol. (2016) 23:80–7. doi: 
10.3109/09286586.2015.1129425

 23. Hallak JA, de Sisternes L, Osborne A, Yaspan B, Rubin DL, Leng T. Imaging, genetic, 
and demographic factors associated with conversion to Neovascular age-related macular 
degeneration: secondary analysis of a randomized clinical trial. JAMA Ophthalmol. (2019) 
137:738–44. doi: 10.1001/jamaophthalmol.2019.0868

 24. Connolly E, Rhatigan M, O'Halloran AM, Muldrew KA, Chakravarthy U, Cahill M, 
et al. Prevalence of age-related macular degeneration associated genetic risk factors and 
4-year progression data in the Irish population. Br J Ophthalmol. (2018) 102:1691–5. doi: 
10.1136/bjophthalmol-2017-311673

 25. Heesterbeek TJ, Lorés-Motta L, Hoyng CB, Lechanteur YTE, den Hollander AI. Risk 
factors for progression of age-related macular degeneration. Ophthalmic Physiol Opt. (2020) 
40:140–70. doi: 10.1111/opo.12675

 26. Li JQ, Welchowski T, Schmid M, Mauschitz MM, Holz FG, Finger RP. Prevalence and 
incidence of age-related macular degeneration in Europe: a systematic review and meta-
analysis. Br J Ophthalmol. (2020) 104:1077–84. doi: 10.1136/bjophthalmol-2019-314422

 27. Colijn JM, Buitendijk GHS, Prokofyeva E, Alves D, Cachulo ML, Khawaja AP, et al. 
Prevalence of age-related macular degeneration in Europe: the past and the future. 
Ophthalmology. (2017) 124:1753–63. doi: 10.1016/j.ophtha.2017.05.035

 28. Ehrlich R, Harris A, Kheradiya NS, Winston DM, Ciulla TA, Wirostko B. Age-related 
macular degeneration and the aging eye. Clin Interv Aging. (2008) 3:473–82. doi: 10.2147/
cia.s2777

 29. Joachim N, Mitchell P, Rochtchina E, Tan AG, Wang JJ. Incidence and progression of 
reticular drusen in age-related macular degeneration: findings from an older Australian 
cohort. Ophthalmology. (2014) 121:917–25. doi: 10.1016/j.ophtha.2013.10.043

 30. Aninye IO, Digre K, Hartnett ME, Baldonado K, Shriver EM, Periman LM, et al. The 
roles of sex and gender in women's eye health disparities in the United States. Biol Sex Differ. 
(2021) 12:57. doi: 10.1186/s13293-021-00401-3

 31. Klein R, Chou CF, Klein BE, Zhang X, Meuer SM, Saaddine JB. Prevalence of age-
related macular degeneration in the US population. Arch Ophthalmol. (2011) 129:75–80. 
doi: 10.1001/archophthalmol.2010.318

 32. Age-Related Eye Disease Study Research Group. Risk factors associated with age-
related macular degeneration. A case-control study in the age-related eye disease study: 

https://doi.org/10.3389/fpubh.2023.1138428
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
mailto:Xiaoming_room@hotmail.com
mailto:Xiaoming_room@hotmail.com
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1138428/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1138428/full#supplementary-material
https://doi.org/10.1016/j.ophtha.2006.10.040
https://doi.org/10.1016/S0140-6736(18)31550-2
https://doi.org/10.1097/ICU.0b013e32835f8e55
https://doi.org/10.1097/ICU.0b013e32835f8e55
https://doi.org/10.1167/iovs.06-0761
https://doi.org/10.1167/iovs.06-0283
https://doi.org/10.1167/iovs.63.13.10
https://doi.org/10.1016/S2214-109X(13)70145-1
https://doi.org/10.1016/j.mcna.2021.01.003
https://doi.org/10.4103/ijo.IJO_1093_19
https://doi.org/10.4103/ijo.IJO_1093_19
https://doi.org/10.1016/j.ophtha.2015.12.026
https://doi.org/10.1016/j.ophtha.2015.12.026
https://doi.org/10.1016/j.ophtha.2011.09.027
https://doi.org/10.1016/j.ophtha.2011.09.027
https://doi.org/10.1016/j.ophtha.2009.10.007
https://doi.org/10.1016/S2214-109X(20)30489-7
https://doi.org/10.1186/s12889-020-8445-y
https://doi.org/10.1177/1120672120927256
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.3389/fpubh.2022.858455
https://doi.org/10.3389/fpubh.2022.858455
https://doi.org/10.1016/j.jhep.2018.12.001
https://doi.org/10.1016/j.maturitas.2020.05.018
https://doi.org/10.1097/ICU.0000000000000647
https://doi.org/10.1016/S2468-2667(20)30254-1
https://doi.org/10.3109/09286586.2015.1129425
https://doi.org/10.1001/jamaophthalmol.2019.0868
https://doi.org/10.1136/bjophthalmol-2017-311673
https://doi.org/10.1111/opo.12675
https://doi.org/10.1136/bjophthalmol-2019-314422
https://doi.org/10.1016/j.ophtha.2017.05.035
https://doi.org/10.2147/cia.s2777
https://doi.org/10.2147/cia.s2777
https://doi.org/10.1016/j.ophtha.2013.10.043
https://doi.org/10.1186/s13293-021-00401-3
https://doi.org/10.1001/archophthalmol.2010.318


Jiang et al. 10.3389/fpubh.2023.1138428

Frontiers in Public Health 13 frontiersin.org

age-related eye disease study report number 3. Ophthalmology. (2000) 107:2224–32. doi: 
10.1016/s0161-6420(00)00409-7

 33. Lechanteur YT, van de Ven JP, Smailhodzic D, Boon CJ, Klevering BJ, Fauser S, 
et al. Genetic, behavioral, and sociodemographic risk factors for second eye progression 
in age-related macular degeneration. Invest Ophthalmol Vis Sci. (2012) 53:5846–52. doi: 
10.1167/iovs.11-7731

 34. Klein R, Klein BE, Jensen SC, Meuer SM. The five-year incidence and progression 
of age-related maculopathy: the beaver dam eye study. Ophthalmology. (1997) 104:7–21. 
doi: 10.1016/s0161-6420(97)30368-6

 35. Fraser-Bell S, Donofrio J, Wu J, Klein R, Azen SP, Varma R, et al. Sociodemographic 
factors and age-related macular degeneration in Latinos: the Los Angeles Latino eye 
study. Am J Ophthalmol. (2005) 139:30–8. doi: 10.1016/j.ajo.2004.08.029

 36. Yonekawa Y, Miller JW, Kim IK. Age-related macular degeneration: advances 
in management and diagnosis. J Clin Med. (2015) 4:343–59. doi: 10.3390/
jcm4020343

 37. Fraser-Bell S, Wu J, Klein R, Azen SP, Varma R. Smoking, alcohol intake, estrogen 
use, and age-related macular degeneration in Latinos: the Los Angeles Latino eye study. 
Am J Ophthalmol. (2006) 141:79–87. doi: 10.1016/j.ajo.2005.08.024

 38. Vladan B, Biljana SP, Mandusic V, Zorana M, Zivkovic L. Instability in X 
chromosome inactivation patterns in AMD: a new risk factor? Med Hypothesis Discov 
Innov Ophthalmol. (2013) 2:74–82.

 39. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, 
regional, and national incidence, prevalence, and years lived with disability for 354 
diseases and injuries for 195 countries and territories, 1990-2017: a systematic analysis 
for the global burden of disease study 2017. Lancet. (2018) 392:1789–858. doi: 10.1016/
S0140-6736(18)32279-7

 40. Zou M, Zhang Y, Chen A, Young CA, Li Y, Zheng D, et al. Variations and trends 
in global disease burden of age-related macular degeneration: 1990-2017. Acta 
Ophthalmol. (2021) 99:e330–5. doi: 10.1111/aos.14589

 41. Chalam KV, Khetpal V, Rusovici R, Balaiya S. A review: role of ultraviolet radiation 
in age-related macular degeneration. Eye Contact Lens. (2011) 37:225–32. doi: 10.1097/
ICL.0b013e31821fbd3e

 42. Sanya RE, Johnston ES, Kibe P, Werfalli M, Mahone S, Levitt NS, et al. Effectiveness 
of self-financing patient-led support groups in the management of hypertension and 
diabetes in low- and middle-income countries: systematic review. Tropical Med Int 
Health. (2023) 28:80–9. doi: 10.1111/tmi.13842

 43. Wei Y, Wang Z, Wang H, Li Y, Jiang Z. Predicting population age structures of 
China, India, and Vietnam by 2030 based on compositional data. PLoS One. (2019) 
14:e0212772. doi: 10.1371/journal.pone.0212772

 44. Selvamani Y, Arokiasamy P. Association of life course socioeconomic status and 
adult height with cognitive functioning of older adults in India and China. BMC Geriatr. 
(2021) 21:354. doi: 10.1186/s12877-021-02303-w

 45. Stewart Williams J, Norström F, Ng N. Disability and ageing in China and India - 
decomposing the effects of gender and residence. Results from the WHO study on global 
AGEing and adult health (SAGE). BMC Geriatr. (2017) 17:589. doi: 10.1186/
s12877-017-0589-y

 46. Song P, Du Y, Chan KY, Theodoratou E, Rudan I. The national and subnational 
prevalence and burden of age-related macular degeneration in China. J Glob Health. 
(2017) 7:020703. doi: 10.7189/jogh.07.020703

 47. Naidoo K, Gichuhi S, Basáñez MG, Flaxman SR, Jonas JB, Keeffe J, et al. Prevalence 
and causes of vision loss in sub-Saharan Africa: 1990-2010. Br J Ophthalmol. (2014) 
98:612–8. doi: 10.1136/bjophthalmol-2013-304081

 48. Dalal S, Beunza JJ, Volmink J, Adebamowo C, Bajunirwe F, Njelekela M, et al. 
Non-communicable diseases in sub-Saharan Africa: what we know now. Int J Epidemiol. 
(2011) 40:885–901. doi: 10.1093/ije/dyr050

 49. Kalabamu FTJ. Land tenure reforms and persistence of land conflicts in sub-
Saharan Africa-the case of Botswana. Land Use Policy. (2019) 81:337–45. doi: 10.1016/j.
landusepol.2018.11.002

https://doi.org/10.3389/fpubh.2023.1138428
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/s0161-6420(00)00409-7
https://doi.org/10.1167/iovs.11-7731
https://doi.org/10.1016/s0161-6420(97)30368-6
https://doi.org/10.1016/j.ajo.2004.08.029
https://doi.org/10.3390/jcm4020343
https://doi.org/10.3390/jcm4020343
https://doi.org/10.1016/j.ajo.2005.08.024
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1111/aos.14589
https://doi.org/10.1097/ICL.0b013e31821fbd3e
https://doi.org/10.1097/ICL.0b013e31821fbd3e
https://doi.org/10.1111/tmi.13842
https://doi.org/10.1371/journal.pone.0212772
https://doi.org/10.1186/s12877-021-02303-w
https://doi.org/10.1186/s12877-017-0589-y
https://doi.org/10.1186/s12877-017-0589-y
https://doi.org/10.7189/jogh.07.020703
https://doi.org/10.1136/bjophthalmol-2013-304081
https://doi.org/10.1093/ije/dyr050
https://doi.org/10.1016/j.landusepol.2018.11.002
https://doi.org/10.1016/j.landusepol.2018.11.002

	Trends and disparities in disease burden of age-related macular degeneration from 1990 to 2019: Results from the global burden of disease study 2019
	Introduction
	Methods
	Data
	Factor calculations

	Results
	Global AMD burden
	AMD burden by age
	AMD burden by sex
	AMD burden by SDI
	Regional AMD burden
	National AMD burden

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

