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A b s t r a c t

Introduction: Age-related macular degeneration (AMD) is a  leading cause 
of central vision loss, with an increasing prevalence related to a  growing 
economic burden. Understanding the epidemiological changes of AMD is 
essential for targeting the resource allocation of medicine, interventions, 
and the economy. 
Material and methods: The global prevalence and years lived with disability 
of AMD by sociodemographic index (SDI), sex, and age groups from 1990 to 
2019 based on the Global Burden of Disease Study 2019 were retrieved and 
utilized to estimate epidemiological changes. 
Results: The global AMD population increased significantly from 3581.33 
thousand in 1990 to 7792.53 thousand in 2019, and the years lived with dis-
ability significantly increased from 296.77 thousand years to 564.06 thou-
sand years. The AMD burden was higher among females (57.77% to 59.20%), 
the elderly (65–74 years old), and individuals in high-middle and middle SDI 
regions from 1990 to 2019. The most significant increase in global burden 
occurred between 2014 and 2019. The age-standardized rate was predicted 
to remain stable, but the AMD case number was predicted to increase over 
the next 20 years. Tobacco use was the major diminishing risk factor. 
Conclusions: The present study demonstrated the increasing AMD burden in 
the past 30 years and predicted the increasing change of AMD prevalence in 
the next 20 years in the context of the aging global population. Disease bur-
dens, including case number and age-standardized rate, were higher among 
females, the elderly, and individuals in high-middle and middle SDI regions. The 
present findings will contribute to healthcare investment and policymaking.

Key words: age-related macular degeneration, years lived with disability, 
epidemiological changes, GBD 2019 Study.

Introduction

Age-related macular degeneration (AMD) is a leading cause of central 
vision loss in the developed world, with 6–9% of legal blindness glob-
ally and an increasing prevalence (0.2% to 13%) related to the growing 
economic burden [1–5]. From 1990 to 2017, global disability-adjusted 
life years (DALYs) increased by 108.2% (2.5 million to 5.3 million) due 
to AMD [6]. The Blue Mountains Eye Study reported that the 15-year 
incidence was 22.7% for early-stage AMD and 6.8% for late-stage AMD 
[7]. Vision impairment causes significant challenges in both personal life 
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and the global economy [8], and it increases the 
probability of mortality [9]. To restore the quali-
ty of life of patients with visual impairment, var-
ious types of interventions are required, including 
psychotherapy, self-management, education, and 
problem-solving treatment [10]. Understanding 
the epidemiological change of AMD is essential 
for targeting resource allocation of medicine, in-
terventions, and the economy.

As an age-related disease, the prevalence of 
AMD is correlated with patient longevity. The 
prevalence of age-related disorders is generally 
impacted by changes in population growth, global 
age patterns, and life expectancy worldwide [11]. 
The Global Burden of Disease Study (GBD 2019) 
comprehensively estimated the global and annual 
burden of diseases from 1990 to 2019, including 
case number, incidence, and DALYs, or years lived 
with disability (YLDs) in each country, region, gen-
der, and year, providing a systematic scientific as-
sessment of the AMD burden [12, 13]. Although 
AMD affects fewer middle-aged and older indi-
viduals compared to other age-related disorders, 
central vision loss of AMD usually causes great 
inconvenience to life and requires more rehabil-
itation investment. The sociodemographic index 
(SDI) and YLDs can be used to estimate the prev-
alence of AMD in various sociodemographic con-
ditions, as well as its impact on the population. 
The increase in YLDs reflects the aging global pop-
ulation, corresponding to the decline in mortality 
[14]. Thus, instead of DALYs, YLDs may be more 
valuable for prevalence assessment and policy-
making in the evaluation of AMD burden [15]. 

In the present study, data comprising the glob-
al prevalence and YLDs of AMD by SDI, gender, 
region, and age group from 1990 to 2019 based 
on the GBD 2019 were retrieved and used to esti-
mate the epidemiological changes of the disease. 
The present findings serve as an important sup-
plement and extension to previous studies [6, 16], 
thus contributing to the development of global 
strategies for AMD prevention.

Material and methods

Data source

Annual data from 1990 to 2019 on AMD bur-
den were extracted by SDI (high, high-middle, 
middle, low-middle, and low), gender (female and 
male), 5-year age group, and 21 GBD regions from 
the Institute for Health Metrics and Evaluation 
(http://ghdx.healthdata.org/gbdresults-tool.). The 
data included prevalence, YLDs, and risk factors 
of AMD. The 95% uncertainty intervals (UI) for 
all estimates were generated using 2.5 and 97.5 
centiles of the posterior distributions from 1000 
random draws. The estimated world population 

was extracted from the United Nations World 
Population 2022 (https://population.un.org/wpp/
Download/Standard/Population/).

Statistical analysis

The prevalence (numbers and percentages of 
patients in the population) and YLDs (years and 
age-standardized rate) were used to evaluate 
the effects caused by AMD. R software (version 
4.3.0; https://www.R-project.org/) and the Join-
point regression model (version 4.9.1.0; https://
surveillance.cancer.gov/joinpoint/) were used to 
evaluate the temporal changes in the prevalence 
of AMD. Changes were described by connecting 
line segments at the “joinpoints”, where the lin-
ear slope significantly changed. Annual percent 
changes (APCs) were also calculated by Joinpoint. 
The number of new cases and age-standardized 
rate due to AMD were predicted from 2019 to 
2039 by running a NORDPRED age-period-cohort 
analysis. The p-value was estimated with a signif-
icance level of 0.05.

Results

Global burden due to AMD

The global number of AMD patients increased 
from 3581.33 (95% UI: 3025.62 to 4188.84) thou-
sand in 1990 to 7792.53 (95% UI: 6526.08 to 
9159.39) thousand in 2019, and the YLDs increased 
from 296.77 (95% UI: 6526.08 to 9159.39) thou-
sand years to 564.06 (95% UI: 392.93 to 789.19) 
thousand years. The prevalence and YLDs of all 
subgroups, including gender, region, and SDI, in-
creased correspondingly. Female, high-middle SDI, 
and middle SDI accounted for a  large proportion 
(Table I). Although the number of YLDs increased, 
the age-standardized rate of YLDs decreased in  
30 years (Figure 1).

Temporal changes of global AMD burdens 
and risk factors of tobacco

The prevalence of AMD has increased signifi-
cantly since 1990. The epidemiological changes of 
AMD during past 30 years are presented in Fig- 
ure 2. The most significant increase occurred be-
tween 2014 and 2019 (APC = 3.61%, p < 0.05), 
followed by 2000–2005 (APC = 3.20%, p < 0.05).

Searching the GBD 2019 database for risk fac-
tors associated with AMD indicated that tobacco 
was the only related factor. Figure 2 shows the 
YLDs changes in 30 years of AMD related to to-
bacco, and the most significant increase occurred 
between 1990 and 1994 (APC = 3.59%, p < 0.05), 
followed by 2014–2017 (APC = 2.80%, p < 0.05). 
The APCs from 2006 to 2009 and 2017 to 2019 
were near zero.
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Table I. Global and regional age-related macular degeneration burdens in 1990 and 2019

Characteristics Age-related macular degeneration

1990 2019

Number, in thousand 
(95% UI)

YLDs, in thousand 
(95% UI)

Number, in thousand 
(95% UI)

YLDs, in thousand 
(95% UI)

Global: 3581.33 
(3025.62 to 4188.84)

296.77 
(205.46 to 418.7)

7792.53 
(6526.08 to 9159.39)

564.06 
(392.93 to 789.19)

Female 2118.52 
(1791.46 to 2473.21)

181.28 
(125.52 to 254.38)

4506.55 
(3789.11 to 5266.14)

336.96 
(235.3 to 468.59)

Male 1462.81 
(1221.22 to 1724.28)

115.5 
(79.65 to 162.54)

3285.98 
(2715.08 to 3893.32)

227.1 
(157.23 to 318.77)

SDI rank:

High SDI 589.37 
(495.59 to 687.09)

56.55 
(38.7 to 79.75)

1016.42 
(857.44 to 1185.66)

89.19 
(61.51 to 125.37)

High-middle SDI 974.82 
(822.77 to 1140.73)

80.58 
(55.73 to 112.86)

2170.54 
(1834.35 to 2543.93)

151.43 
(105.8 to 210.71)

Middle SDI 1033.91 
(853.46 to 1226.65)

80.17 
(54.57 to 113.96)

2612.13 
(2156.47 to 3116.3)

178.88 
(123.12 to 252.64)

Low-middle SDI 694.71 
(570.67 to 822.9)

56.34 
(38.63 to 79.39)

1362.7 
(1122.78 to 1621.78)

98.28 
(67.79 to 136.49)

Low SDI 287.16 
(239.35 to 339.03)

23 
(16.02 to 32.35)

628 
(521.12 to 747.87)

46.04 
(31.7 to 64.13)

21 GBD regions:

Andean Latin 
America

21.7 
(17.77 to 26.07)

1.71 
(1.16 to 2.43)

61.46 
(50.86 to 73.16)

4.39 
(3.02 to 6.18)

Australasia 9.75 
(8.01 to 11.57)

1.06 
(0.71 to 1.52)

20.59 
(17.01 to 24.5)

2.08 
(1.41 to 2.99)

Caribbean 6.06 
(4.84 to 7.42)

0.5 
(0.34 to 0.73)

11.53 
(9.27 to 14.07)

0.89 
(0.59 to 1.28)

Central Asia 32.3 
(26.04 to 39.73)

2.19 
(1.49 to 3.1)

46.95 
(37.4 to 57.82)

2.99 
(2.03 to 4.2)

Central Europe 95.78 
(78.78 to 113.94)

6.76 
(4.61 to 9.51)

143.53 
(116.96 to 172.03)

9.43 
(6.45 to 13.18)

Central Latin 
America

44.02 
(35.83 to 52.94)

3.86 
(2.64 to 5.53)

120.61 
(98.25 to 144.37)

9.52 
(6.52 to 13.53)

Central Sub-
Saharan Africa

4.92 
(3.83 to 6.16)

0.33 
(0.22 to 0.47)

12.02 
(9.52 to 14.78)

0.78 
(0.51 to 1.12)

East Asia 899.06 
(731.15 to 1079.38)

55.35 
(37.83 to 78.43)

2633.28 
(2160.68 to 3154.89)

143.16 
(97.84 to 198.79)

Eastern Europe 74.58 
(60.74 to 89.14)

6.19 
(4.12 to 8.84)

92.66 
(76.04 to 109.66)

7.15 
(4.79 to 10.14)

Eastern Sub-
Saharan Africa

86.94 
(72.27 to 102.77)

9.53 
(6.37 to 13.6)

166.81 
(136.76 to 199.38)

16.28 
(10.77 to 23.26)

High-income 
Asia Pacific

40.98 
(33.4 to 49.28)

4.55 
(3.01 to 6.48)

105.85 
(87.55 to 125.06)

10.62 
(7.19 to 15.4)

High-income 
North America

106.58 
(88.74 to 125.4)

10.8 
(7.4 to 15.4)

187.1 
(156.48 to 219.52)

18.17 
(12.53 to 25.67)

North Africa and 
Middle East

280.65 
(232.46 to 333.39)

25.15 
(16.79 to 35.94)

641.22 
(528.27 to 762.56)

51.54 
(34.3 to 73.2)

Oceania 0.86 
(0.68 to 1.05)

0.09 
(0.06 to 0.13)

1.86 
(1.45 to 2.3)

0.17 
(0.11 to 0.25)

South Asia 746.81 
(610.99 to 894.88)

61.52 
(42.1 to 86.25)

1499.08 
(1227.08 to 1798.35)

110.82 
(76.99 to 154.67)

Southeast Asia 221.5 
(183.01 to 264.02)

20.46 
(13.7 to 29.39)

469.43 
(390.41 to 557.15)

39.75 
(26.95 to 56.34)
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Global gender- and age-specific AMD 
burden

In the subgroup analysis of gender, the total 
burden of AMD among females was higher than 
among males every year, and the proportion of fe-
males was stable at 57.77–59.20% (Figure 1).

In the subgroup analysis of age, the YLDs and 
prevalence were highest among individuals in the 
65–74 age group, and the data were similar for in-
dividuals in the 65–69 and 70–74 age groups (Fig-
ure 3). Among individuals younger than 45, the 
prevalence of AMD was close to 0.

Variation in AMD burden at the SDI  
and regional levels

The YLDs and prevalence of AMD varied great-
ly with SDI. As shown in Figure 4, the YLDs and 
prevalence were highest in high-middle SDI and 
middle SDI countries, which accounted for 56.09% 

of the total AMD patients worldwide in 1990 and 
61.38% in 2019.

Regionally, East Asia had the highest number 
of AMD patients from 1990 to 2019, followed by 
South Asia. The two regions accounted for 45.96% 
of the total AMD worldwide in 1990 and 53.03% 
in 2019 (Table I). Among the countries in East and 
South Asia, mainland China (number 2,601 thou-
sand) and India (number 1,100 thousand) account-
ed for 62.96% and 26.64% of the total AMD world-
wide in 2019. Western Sub-Saharan Africa had 
the highest age-standardized rate of prevalence 
in 1990 and 2019. Moreover, the age-standardized 
rate of prevalence declined in all regions in 2019, 
except in Western Sub-Saharan Africa (Figure 5).

Predictions of AMD patient number  
and age-standardized rate

The number of AMD patients worldwide was 
predicted to increase for each sex. The total 

Characteristics Age-related macular degeneration

1990 2019

Number, in thousand 
(95% UI)

YLDs, in thousand 
(95% UI)

Number, in thousand 
(95% UI)

YLDs, in thousand 
(95% UI)

Southern Latin 
America

15.31 
(12.21 to 18.59)

1.46 
(0.97 to 2.11)

26.82 
(21.55 to 32.52)

2.37 
(1.61 to 3.41)

Southern Sub-
Saharan Africa

10.09 
(8.29 to 12.03)

0.75 
(0.51 to 1.07)

22.31 
(18.14 to 26.71)

1.63 
(1.11 to 2.33)

Tropical Latin 
America

68.38 
(56.26 to 82.04)

4.14 
(2.88 to 5.7)

193.6 
(161.06 to 230.81)

11.32 
(7.85 to 15.62)

Western Europe 648.36 
(546.25 to 759.67)

68.79 
(47.04 to 97.2)

976.39 
(825.78 to 1138.81)

97.36 
(67.09 to 137.77)

Western Sub-
Saharan Africa

166.71 (137.63 to 
198.93)

11.61 (8.11 to 16) 359.41 (292.8 to 
436.02)

23.62 (16.15 to 
32.54)

YLDs – years lived with disability, SDI – socio-demographic index, GBD – global burden of disease, UI – uncertainty interval.

Table I. Cont.

Figure 1. Global prevalence and years lived with disability of age-related macular degeneration patients from 1990 
to 2019. A – Global number of AMD patients. B – Age-standardized rate of years lived with disability
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Figure 2. Temporal trends of global age-related macular degeneration burdens and the risk factor of tobacco for 
both genders combined for all ages. A – Temporal trends of global prevalence. B – Temporal trends of prevalence 
related to tobacco use. *Indicates that the annual percent change (APC) is significantly different from zero at the 
a = 0.05 level; final selected model: 5 Joinpoints
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number of AMD cases was predicted to reach 
16 377.82 thousand by 2039, which is 2.1 times 
the number of cases in 2019. The age-standard-
ized rates of AMD prevalence were predicted to be 
relatively stable (928.85 per 100 k). The predicted 
number and rate were predicted to be substantial-
ly lower in males than in females (Figure 6).

Discussion

The present study summarized the temporal 
changes between 1990 and 2019, as well as the 
prevalence and YLDs, of AMD on a  worldwide 
and regional scale. Over these 30 years, the bur-
den of AMD continuously increased, with an in-
crease of 4.21 million people for prevalence and 
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267.29 thousand years for YLDs. This dual growth 
may be attributed to the following two reasons:  
1) an increase in global life expectancy and a shift 
in population age structure, which increases the 
number of patients and YLDs [11]; and 2) the sig-
nificant increase in the global number of smokers 

[17]. Although the prevalence of AMD is increas-
ing rapidly, it is still far lower than the 193 million 
AMD cases in 2020 predicted by a previous study 
[18]. Under the background of continuous preva-
lence growth, the burden of AMD varies among 
subgroups of age, sex, SDI, and region. Therefore, 
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from 1990 to 2019. A – Prevalence. B – Years lived with disability
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Low
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High

1990 

210 (174.12 to 247.64) Western Sub-Saharan Africa 

184.2 (153.87 to 217.79) North Africa and Middle East 

154.5 (128.24 to 182.79) South Asia 

136.98 (114.83 to 161.38) Eastern Sub-Saharan Africa 

118.47 (98.5 to 140.87) East Asia 

116.27 (95.42 to 139.18) Andean Latin America 

107.85 (91.59 to 125.39) Western Europe

100.04 (83.5 to 117.72) Southeast Asia

83.77 (69.15 to 99.38) Tropical Latin America

75.27 (60.84 to 92.16) Central Asia

66.62 (55.04 to 79) Central Europe

60.08 (49.01 to 71.73) Central Latin America

42.92 (35.44 to 50.82) Australasia

42.05 (34.77 to 49.95) Southern Sub-Saharan Africa

35.63 (28.85 to 43.12) Southern Latin America

35.46 (28.73 to 42.89) Oceania

29.31 (23.31 to 35.76) Central Sub-Saharan Africa

28.65 (23.95 to 33.59) High-income North America

27.83 (22.8 to 33.02) Eastern Europe

24.31 (19.47 to 29.6) Caribbean

22.22 (18.27 to 26.57) High-income Asia Pacific 

Figure 5. Ranking of age-standardized prevalence rate for 21 regions in 1990 and 2019

2019 

Western Sub-Saharan Africa 219.31 (179.65 to 262.11) 

North Africa and Middle East 168.45 (139.37 to 199.2) 

East Asia 128.83 (106.73 to 153.26) 

Eastern Sub-Saharan Africa 121.92 (101.38 to 144.97) 

South Asia 114.72 (94.59 to 136.68) 

Andean Latin America 113.58 (94.1 to 135.01) 

Western Europe 93.13 (78.71 to 108.25) 

Southeast Asia 84.69 (70.55 to 99.84) 

Tropical Latin America 82.06 (68.01 to 97.85) 

Central Asia 73.9 (59.71 to 90.29) 

Central Europe 63.26 (51.59 to 75.97) 

Central Latin America 53.36 (43.57 to 63.61) 

Southern Sub-Saharan Africa 45.6 (37.46 to 54.38) 

Australasia 37.96 (31.26 to 45.24) 

Oceania 32.74 (26.39 to 39.96) 

Southern Latin America 31.2 (25.06 to 37.81) 

Central Sub-Saharan Africa 30.94 (24.56 to 37.73)

High-income North America 27.17 (22.58 to 31.92) 

Eastern Europe 25.9 (21.29 to 30.65)

Caribbean 22.29 (17.9 to 27.25)

High-income Asia Pacific 19.69 (16.3 to 23.36)
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the precise patterns of differences and changes 
may contribute to the design of global targeted 
strategies for AMD prevention.

Previous studies on the disease burden of AMD 
have mainly focused on the DALYs, demonstrat-
ing a  decreasing tendency among the age-stan-
dardized AMD burden [6, 19]. The leading caus-
es of DALYs in middle-aged and older individuals 
are ischemic heart disease, stroke, diabetes, and 
chronic obstructive pulmonary disease [12]. For 
blindness and vision loss diseases, however, AMD 
accounted for only 2.5% in 2019 [16]. As a leading 
cause of central vision loss and blindness, assess-
ing the disease burden of AMD by YLDs may be 
more useful in guiding public health practice. The 
present study found that during the past 30 years, 
both the overall YLDs and the YLDs increased in 
all subgroups, including gender, region, age (over 
45), and SDI. The worldwide YLDs increased by  
1.9 times, which indicated a considerable increase 
in the burden of central visual impairment and the 
consequent economic productivity loss and medi-
cal rehabilitation [8, 10]. 

In terms of AMD burden, the number of AMD 
patients and YLDs tended to be more prevalent 
in middle and high-middle SDI regions, as well as 
in East and South Asia. The SDI is a composite of 
per capita income, years of education, and fertili-
ty rates for women under 25 years of age [12]. In 
the GBD database, East Asia and West Asia are 
divided into mainland China, the Democratic Peo-
ple’s Republic of Korea, India, Nepal, Bhutan, Ban-
gladesh, and Pakistan. Among these countries, 
China and India, with a vast population, account 
for the majority of the AMD population [19]. For 
the age-standardized rate of prevalence, West-
ern Sub-Saharan Africa was highest during 1990 
and 2019. Moreover, the rate of AMD in Western 
Sub-Saharan Africa continually increased, which 
may result in higher demands for controlling the 
growth of AMD. Regarding the age subgroups, 
the YLDs and prevalence were highest among 

individuals in the 65–74 age group. With the in-
crease in the world population and the shifting 
of age structure, the number of AMD patients un-
der 65 years old may also increase, which would 
increase the YLDs. Because YLDs is a factor that 
increases with age, the decrease in YLDs in the 
74-year-old and older age groups was attributed 
to a  declining number of elderly AMD patients. 
The YLDs were similar between the 65–69 and 
70–74 age groups, reflecting the dynamic bal-
ance of a declining number of patients and an in-
creasing AMD prevalence with age. In the present 
study, the total burden of AMD among females 
was higher than among males from 1990–2019, 
and it was predicted to be higher in females from 
2020 to 2039. These findings suggested that fe-
males with AMD need more economic investment 
and medical attention.

The epidemiological changes in AMD prev-
alence were also analyzed in the present study. 
The prevalence of AMD has increased signifi-
cantly since 1990. The most significant increase 
occurred between 2014 and 2019. The increase 
in the prevalence of AMD and the increase in 
life expectancy are attributed to the populari-
ty of optical  coherence  tomography equipment 
and its high sensitivity to detect AMD [20]. The 
increasing prevalence rate suggests that the eco-
nomic and medical demands caused by AMD will 
continue to increase and may accelerate in the 
future. Current smokers (both male and female) 
have a  higher risk of AMD compared to former 
smokers and those who have never smoked 
[21–23]. In the present study, the most signifi-
cant increase in YLDs related to tobacco occurred 
between 1990 and 1994, whereas there was no 
significant increase in 2006–2009 or 2017–2019, 
which may be due to the significant decrease in 
smoking rates of females and males aged 15 and 
above in recent years [17]. Despite significant 
progress in reducing tobacco use in all regions 
and all stages of development, population growth 
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Figure 6. Predicted trends in the number of global AMD patients and age-standardized rate by sex: observed (solid 
lines) and predicted rates (dashed lines). A – Prevalence. B – Age-standardized rate
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has led to a significant increase in the total num-
ber of smokers [17]. Accelerating the reduction 
of the smoking rate may bring health benefits 
to citizens. In the GBD database, tobacco use is 
a risk factor for AMD, and other risk factors may 
be involved and should be explored, such as ge-
netic variants, ultraviolet radiation, gout, obesity, 
and diabetes [24–29].

Along with the aging population and the in-
creasing world population, understanding the ep-
idemiological changes of AMD burden is essential 
for public health policy planning and healthcare 
investment. With the development of artificial 
intelligence, the early detection rate of AMD has 
also increased [30]. NORDPRED age-period-cohort 
analysis can be used to predict the case number 
and rate of esophageal cancer [31]. The present 
study predicted an increase in the number of fu-
ture global AMD patients and showed a relative-
ly stable age-standardized rate by NORDPRED 
age-period-cohort analysis. As predicted in the 
present study, the number of AMD patients will 
double in 2039 compared to 2019, indicating the 
need for increased attention to AMD patients, as 
well as the innovation of treatment programs, 
economic investment, and policymaking. 

To the best of our knowledge, the present study 
is the first systematic analysis of spatiotemporal 
changes in AMD burden. Interpretation of the 
present results should consider that biases in 
fitting unavailable data were inevitable when as-
sessing the global burden of disease in the GBD 
Study 2019. 

In conclusion, the present study demonstrated 
an increasing AMD burden in the past 30 years, 
and it predicted that this trend will continue 
during the next 20 years. Disease burdens were 
higher among females, the elderly, and individuals 
in high-middle and middle SDI regions. The pres-
ent findings will contribute to healthcare invest-
ment and policymaking.
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