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Abstract 

Background Analyzing the glaucoma burden in "Belt and Road" (B&R) countries based on age, gender, and risk fac-
tors from 1990 to 2019 in order to provide evidence for future prevention strategies.

Methods We applied global burden of disease(GBD) 2019 to compare glaucoma prevalence and Years lived with dis-
abilities (YLDs) from 1990 to 2019 in the B&R countries. Trends of disease burden between 1990 and 2019 were evalu-
ated using the average annual percent change and the 95% uncertainty interval (UI) were reported.

Results From 1990 to 2019, most B&R countries showed a downward trend in age-standardized prevalence 
and YLDs (all P < 0.05). Additionally, only the age-standardized YLDs in males of Pakistan has a 0.35% increase 
(95%CI:0.19,0.50,P < 0.001), and most B&R countries has a decline(all P < 0.05) in age-standardized YLDs in every 5 years 
age group after 45 years old except for Pakistan(45–79 years and > 85 years), Malaysia(75–84 years), Brunei Darus-
salam(45–49 years), Afghanistan(70–79 years). Finally, in all Central Asian countries, the age-standardized YLDs due 
to glaucoma caused by fasting hyperglycemia demonstrated have an increase between 1990 and 2019 (all P < 0.05), 
but Armenia and Mongolia have a decrease between 2010 and 2019 (all P < 0.05).

Conclusion The prevalence of glaucoma continues to pose a significant burden across regions, ages, and genders 
in countries along the "B&R". It is imperative for the "B&R" nations to enhance health cooperation in order to collabora-
tively tackle the challenges associated with glaucoma.

Keywords B&R countries, Glaucoma, Burden of disease, Years lived with disability (YLDs), Trend analysis, Average 
annual percent change
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Background
In 2013, the Chinese government introduced the vision-
ary Belt and Road (B&R) Initiative, aiming to foster global 
trade, lead infrastructure development, and nurture com-
mercial partnerships across 66 nations in Asia, Africa, 
South America, and Europe [1, 2]. This transformative 
project concentrates on establishing economic corridors, 
promoting connectivity, and strengthening mutual coop-
eration for shared prosperity and sustainable develop-
ment. While the primary emphasis of the B&R Initiative 
(BRI) lies in economic growth and infrastructure invest-
ment, its increasingly evident influence on global health 
is emerging [3].

In 2017, the Chinese government further bolstered 
global health collaboration through the launch of the 
"Health Silk Road" (HSR) initiative [4]. Within the con-
text of the Health Systems Research framework, a multi-
tude of regional and trans-regional initiatives have been 
executed, encompassing the training of healthcare prac-
titioners, the establishment of disease control centers, 
and the formation of research and knowledge-sharing 
networks. Leveraging the HSR, China has the capacity 
to utilize the transportation networks of the B&R Initia-
tive to extend medical and healthcare aid to collaborating 
nations [5]. In light of the COVID-19 pandemic, the B&R 
Initiative serves as a significant platform for member 
countries to engage in discourse regarding clinical treat-
ment protocols and strategies for epidemic control [6].

At present, member states face the threat of glaucoma 
to varying degrees. Glaucoma, a debilitating ailment pri-
marily affecting the elderly [7], ranks as the second most 
prevalent cause of blindness and the foremost contribu-
tor to global irreversible visual impairment [8]. A recent 
investigation revealed that 3.5% of the global populace, 
equivalent to 64.3 million individuals, suffer from glau-
coma. Of this population, approximately 5.7 million 
individuals experience visual impairment, while 3.1 mil-
lion are blind [7, 8]. Furthermore, projections indicate 
that the number of individuals afflicted with glaucoma 
worldwide may escalate to 111.8 million by 2040 [8]. 
Unlike cataracts and refraction/accommodation disor-
ders, glaucoma currently lacks a cure, leading to perma-
nent visual impairment. Currently, member states are 
confronted with varying degrees of the glaucoma threat 
[9]. To ensure the success of the initiative, it is crucial to 
establish an internally consistent and comparable evalua-
tion of glaucoma’s burden, and their trends in both China 
and its partner countries. The utilization of the Global 
Burden of Disease (GBD) 2019 framework, which incor-
porates a wide range of data sources and statistical mod-
eling techniques, facilitates the comparable assessment of 
glaucoma burden in terms of prevalence and years lived 
with disability (YLDs). GBD is a comprehensive initiative 

spearheaded by the Institute for Health Metrics and Eval-
uation (IHME). It systematically collects and synthesizes 
global health data, utilizing advanced statistical models 
to provide a detailed understanding of the prevalence 
and impact of various health conditions, including glau-
coma. This framework plays a crucial role in quantifying 
the overall health challenges faced by populations world-
wide, informing evidence-based decision-making in pub-
lic health policies and interventions. At present, there is 
limited knowledge regarding the prevalence and achieve-
ment of glaucoma across 66 countries participating in 
the B&R countries [9, 10]. This study seeks to examine 
and compare the burden of glaucoma between 1990 and 
2019. Additionally, we aim to investigate the evolving 
trends of YLDs in relation to gender, age, and risk factors 
within the member nations of the "B&R". The findings 
of this research endeavor will serve as a foundation for 
the development of effective policies aimed at preventing 
and controlling glaucoma, thereby promoting the overall 
health of the "B&R" region.

Methods
Data sources and definitions
The data utilized in this investigation were obtained 
from the GBD 2019 study, which encompassed an esti-
mation of 369 diseases and injuries, 87 risk factors, and 
various combinations of risk factors across 204 coun-
tries and territories. A comprehensive description of the 
methodology employed in this study has been previously 
published [11, 12]. Standard epidemiological measures, 
including prevalence and summary measures of health 
such as YLDs, were adopted to assess the impact of glau-
coma. Age-standardized rates (ASRs) for prevalence and 
YLDs were calculated utilizing a global age structure 
from 2019. YLDs serve as a metric for quantifying the 
amount of time individuals lose due to diseases and inju-
ries that diminish their health without resulting in death. 
The ASRs were adjusted utilizing the direct method and 
the world standard population to accommodate vari-
ations in the age composition of the populace. In order 
to guarantee transparency and the ability to reproduce 
our findings, our study adheres to the Guidelines for 
Accurate and Transparent Health Estimates Reporting 
(GATHER) (Table S1) [13]. All data utilized in this study 
were sourced from the Institute for Health Metrics and 
Evaluation (IHME) website.

Statistical analyses
The prevalence and YLDs for glaucoma were determined 
in "B&R" countries, both in absolute numbers and ASRs. 
The 95% uncertainty interval (UI) was provided for each 
estimated metric. The 95% UI was derived by sampling 
1000 draws from the posterior distribution of each 
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quantity and identifying the 2.5th and 97.5th ordered 
draws of the uncertainty distribution. The ASRs for 
prevalence and YLDs were calculated using a global age 
structure from 2019, enabling comparisons across differ-
ent time periods, countries, and subregions. We divided 
the age into nine groups: 45 to 49 years, 50 to 54 years, 55 
to 59 years, 60 to 64 years, 65 to 69 years, 70 to 74 years, 
75 to 79 years, 80 to 85 years, and ≥ 85 years. The study 
assessed the temporal patterns of disease burden between 
1990 and 2019 by employing the average annual percent 
change values(AAPCs) through the utilization of join-
point regression software. Additionally, the model identi-
fied 95% confidence intervals (CIs) for each segment of 
the trend. Moreover, we calculated the AAPCs of ASRs 
for YLDs related to glaucoma, categorized by gender, age, 
and high fasting plasma glucose levels. Furthermore, we 
compared the variations in AAPCs for glaucoma burden 
over the past decade and throughout the entire study 
period (1990–2019 and 2010–2019). If both the estimated 
AAPCs and the lower limit of the 95% uncertainty inter-
val (UI) were positive, there was an observed increasing 
trend in ASRs of prevalence and YLDs. Conversely, if 
both the AAPCs estimate and the upper limit of the 95% 
UI were negative, there was an observed decreasing trend 
in ASRs of prevalence and YLDs (with a cut-off point of 
1.5% and a larger decrease defined as ≥ 1.5%). In all other 
scenarios, the ASRs was considered stable. The analysis 
was performed using the Joinpoint Regression Program 
(Version 4.9.0.0. March 2021) [14]. A significance level of 
P < 0.05 was used to determine statistical significance.

Results
Absolute number of mortality and YLDs in 1990 and 
2019 caused by glaucoma attributed to modifiable dietary 
risk factors in each member country of the "B&R" are 
shown in Table  1. We found geographical differences in 
prevalence and YLDs of glaucoma among member 
countries, with China (1,338,209.52, 95% UI: 1,111,297.55–
1,592,225.46; 112,528.2942, 95% UI: 77,532.87–160,898.46), 
India (1,297,391.73, 95% UI: 1,071,982.08–1549274.88; 
120,634.0813, 95% UI: 82,875.91–167,884.62), and Indonesia 
(183,723.67, 95% UI: 151,064.45–219,098.40; 22,929.84187, 
95% UI: 14,980.50–33050.51) being the three highest coun-
tries in 2019. The country with the lowest number of preva-
lence and YLDs is the Maldives in Southeast Asia (209.76, 
95% UI: 169.52–254.07; 18.27972415, 95% UI: 11.96 to 26.12)  
in 2019.

Figure  1 intuitively showed the ASRs of prevalence 
and YLDs due to glaucoma in 1990 and 2019 in member 
countries of the B&R initiative. In 1990 and 2019, Eastern 
Europe was the region with the lowest age-standardized 
glaucoma prevalence and YLDs rates along the B&R, 

while Central Asia was the highest. On an individual 
country basis in 2019, Iran (291.64 per 100,000; 35.57 
per 100,000), located in Central Asia, has the highest 
age-standardized prevalence and YLDs for glaucoma and 
Estonia (32.57 per 100,000; 2.91 per 100,000), located in 
Eastern Europe, has the lowest. See supplementary Table 
S2 for more details.

The AAPCs of ASRs of prevalence and YLDs due to 
glaucoma from 1990 to 2019 for the B&R countries were 
displayed in Fig. 2. From 1990 to 2019 and 2010 to 2019, 
the AAPCs of age-standardized prevalence and YLDs 
for glaucoma in most member countries of the B&R ini-
tiative were decreased (all P < 0.05). However, there are 
some exceptions, such as Pakistan and Afghanistan, the 
AAPCs of age-standardized YLDs due to glaucoma sta-
tistically increased from 1990 to 2019. In addition, there 
was also no decrease in AAPCs for age-standardized 
prevalence in Yemen and Afghanistan. Furthermore, 
AAPCs for glaucoma prevalence in China have decreased 
statistically from 2010 to 2019, but that for glaucoma 
YLDs have remained stable. See supplementary Table S3 
for more details.

Figure  3 illustrated the AAPCs of age-standardized 
YLDs in each member country of the “B&R” in males 
and females. Most of countries in the “B&R” countries 
showed a downward trend in AAPCs in both male and 
female(all P < 0.05), except for Pakistan (0.35, 95% UI: 
0.19–0.5, P < 0.001)and Malaysia (-0.17, 95% UI: -0.45–
0.11, P > 0.05). It also revealed that the trend of the age-
adjusted YLDs due to glaucoma was similar in male and 
female in most B&R countries from 1990 to 2019. See 
supplementary Table S4 for more details.

Figure 4 showed the long-term trends of age-standard-
ized YLDs due to glaucoma, stratified by age for 1990–2019 
for the “B&R” countries. It is revealed that the age-stand-
ardized YLDs caused by glaucoma showed a decreas-
ing trend with the increase of age in the most of B&R 
countries(all P < 0.05), except for Pakistan(45–79  years 
and > 85  years), Malaysia(75–84  years),Brunei Darus-
salam(45–49  years),Afghanistan(70–79  years). See sup-
plementary Table S5 for more details.

Figure  5 illustrated the trends in age-adjusted DALYs 
rates for glaucoma due to high fasting glucose in B&R 
countries. In all Central Asian countries, the age-stand-
ardized YLDs due to glaucoma caused by fasting hyper-
glycemia demonstrated have a increase between 1990 
and 2019(all P < 0.05), but Armenia and Mongolia have a 
decrease between 2010 and 2019 (all P < 0.05).

In addition, a stable or even increasing trend was 
observed in age-standardized glaucoma YLDs resulting 
from fasting hyperglycemia in most of Eastern Europe 
countries from 1990 to 2019. Conversely, a declining 
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Table 1 The absolute number of prevalence and YLDs due to glaucoma of B&R countries in 2019

Prevanlence YLDs

Countries Number 95%UI Number 95%UI

Global 7,473,399.79 6,347,182.54 to 8,769,519.94 748,307.7133 515,635.65 to 1,044,667.15

SDI level
 High SDI 1,084,524.37 916,780.41 to 1,273,891.87 112,534.0245 78,104.93 to 154,478.24

 High-middle SDI 1,641,067.35 1,387,922.30 to 1,922,561.74 164,966.7355 113,868.59 to 227,607.15

 Middle SDI 2,525,627.89 2,125,515.19 to 2,988,280.25 246,219.3199 169,632.56 to 347,587.04

 Low-middle SDI 1,449,916.97 1,210,185.57 to 1,717,083.17 138,558.6102 95,424.58 to 194,860.61

 Low SDI 767,565.61 646,729.91 to 904,910.47 85,508.61347 58,215.82 to 121,783.52

East Asia
 China 1,338,209.52 1,111,297.55 to 1,592,225.46 112,528.2942 77,532.87 to 160,898.46

Central Asia
 Armenia 3979.35 3224.24 to 4792.51 421.5585509 277.53 to 601.28

 Azerbaijan 7395.22 6044.15 to 8933.77 807.5446915 524.52 to 1181.62

 Georgia 6553.28 5335.72 to 7943.18 708.3913687 470.46 to 1012.61

 Kazakhstan 14,116.87 11,565.75 to 17,102.46 1478.639081 985.94 to 2115.74

 Kyrgyzstan 4578.44 3787.32 to 5440.91 523.4107737 339.57 to 748.57

 Mongolia 2185.80 1774.71 to 2633.98 261.5663943 170.20 to 378.91

 Tajikistan 4211.51 3417.11 to 5119.02 493.9767556 316.56 to 728.34

 Turkmenistan 2369.69 1939.59 to 2847.83 261.009947 170.69 to 372.85

 Uzbekistan 14,414.17 11,548.14 to 17,780.29 1582.502745 1014.74 to 2313.09

South Asia
 Bangladesh 101,125.22 83,443.18 to 121,571.18 10,358.30648 6787.86 to 14,695.12

 Bhutan 333.55 274.79 to 405.67 29.84674337 20.12 to 41.73

 India 1,297,391.73 1,071,982.08 to 1,549,274.88 120,634.0813 82,875.91 to 167,884.62

 Maldives 209.76 169.52 to 254.07 18.27972415 11.96 to 26.12

 Nepal 15,633.75 13,509.40 to 17,880.70 1432.779668 977.59 to 2033.88

 Pakistan 106,700.88 88,071.50 to 126,046.62 9358.402846 6344.68 to 13,254.44

Southeast Asia
 Cambodia 8046.26 6560.99 to 9759.45 885.1481027 579.14 to 1289.38

 Indonesia 183,723.67 151,064.45 to 219,098.40 22,929.84187 14,980.50 to 33,050.51

 Lao 2779.15 2245.81 to 3358.44 240.2745611 160.39 to 341.10

 Malaysia 15,082.11 12,249.47 to 18,423.17 1351.884785 897.17 to 1944.79

 Burma 36,319.19 28,953.38 to 45,001.56 4355.234768 2789.12 to 6453.93

 Philippines 60,511.50 50,909.38 to 71,427.22 6131.574679 4212.32 to 8736.08

 Sri Lanka 18,638.53 14,877.78 to 22,860.50 1471.662121 964.88 to 2112.61

 Thailand 67,151.66 54,976.95 to 81,616.42 4551.913527 3123.99 to 6419.22

 Viet Nam 61,181.16 51,729.09 to 71,352.27 5426.473225 3696.58 to 7565.75

High-income Asia pacific
 Brunei Darussalam 111.41 90.42 to 135.26 12.29524088 8.11 to 18.01

 Singapore 5140.82 4306.52 to 6152.32 544.4982192 366.67 to 771.77

North Africa and Middle East
 Afghanistan 22,751.07 18,337.80 to 27,372.74 2975.459071 1958.43 to 4296.38

 Bahrain 1107.38 882.79 to 1353.69 114.2428934 74.95 to 164.47

 Egypt 102,215.24 82,664.85 to 124,638.92 11,067.67001 7265.52 to 15,896.63

 Iran 181,879.99 155,555.98 to 211,333.82 22,099.85413 15,041.48 to 30,935.24

 Iraq 36,404.58 29,637.32 to 44,038.82 4112.458357 2719.89 to 5962.08

 Jordan 7879.24 6440.84 to 9573.20 859.0955954 570.54 to 1255.34

 Kuwait 3074.77 2517.21 to 3704.21 325.7471695 215.98 to 459.83

 Lebanon 8715.61 7072.30 to 10,616.33 864.9381246 576.21 to 1224.34
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trend has been observed in the majority of nations situ-
ated in East, South, and Southeast Asia (all P < 0.05). See 
supplementary Table S6 for more details.

Discussion
In our study, we deliberately selected the BRI countries 
due to their diverse populations and cultures, spanning 
Asia, Europe, and Africa. This diversity allows for an 
in-depth analysis of societal behaviors and structures, 
essential for our research. The BRI’s unique transnational 
interconnectedness, facilitating cross-border flows, pro-
vides a distinct context for examining the dynamics of 

our study variables. Additionally, these countries are 
undergoing significant economic and infrastructural 
changes, presenting an ideal setting to observe the inter-
play between development and societal shifts. This con-
centrated approach, in contrast to a global scope, enables 
a focused and in-depth exploration, ensuring clarity 
and specificity in our findings, and avoiding the poten-
tial complexities and generalized results that a broader, 
global study might produce.

The current investigation involved an examination 
of the burden and its trends of glaucoma across a span 
of 30 years, commencing from 1990 to 2019, within the 

Table 1 (continued)

Prevanlence YLDs

Countries Number 95%UI Number 95%UI

 Oman 2534.67 2031.42 to 3080.28 246.0814766 161.78 to 352.60

 Palestine 2474.88 1995.17 to 3011.93 278.6286624 179.77 to 406.42

 Qatar 1246.27 1032.39 to 1489.86 149.2095133 99.92 to 210.59

 Saudi Arabia 28,888.68 23,375.00 to 34,544.18 3225.660009 2107.48 to 4648.64

 Syrian Arab Republic 21,467.24 17,407.58 to 26,071.63 2449.235064 1611.95 to 3574.44

 Turkey 107,762.14 87,277.76 to 129,918.70 11,676.37256 7723.82 to 16,848.22

 United Arab Emirates 2993.20 2359.84 to 3742.36 325.4976394 207.59 to 476.44

 Yemen 19,273.78553 15,558.56 to 23,612.35 2353.561387 1525.98 to 3487.15

Central Europe
 Albania 1827.51 1488.06 to 2214.38 175.8650531 116.75 to 252.43

 Bosnia and Herzegovina 2406.87 1956.88 to 2920.23 224.9864853 149.47 to 319.62

 Bulgaria 5090.96 4042.09 to 6280.88 451.6914781 295.57 to 642.46

 Croatia 3519.55 2840.99 to 4305.82 307.4423272 203.41 to 441.12

 Czechia 8160.02 6594.46 to 9957.80 704.2018281 472.53 to 995.58

 Hungary 9552.37 7825.04 to 11,576.32 934.7361516 615.99 to 1340.65

 Montenegro 368.58 296.75 to 446.78 33.30636741 21.68 to 47.77

 Macedonia 1155.05 925.08 to 1415.67 106.839011 69.76 to 156.46

 Poland 28,151.54 23,761.46 to 33,080.25 2518.145902 1721.63 to 3441.09

 Romania 16,318.54 13,214.05 to 19,888.60 1548.691203 1029.93 to 2198.82

 Serbia 6341.47 5096.90 to 7753.75 581.1478256 379.17 to 841.44

 Slovakia 3517.10 2861.20 to 4338.52 315.5117895 211.18 to 449.35

 Slovenia 1739.27 1398.01 to 2126.03 149.9960642 99.51 to 214.43

Eastern Europe
 Belarus 8551.31 6976.65 to 10,443.72 795.5879013 532.29 to 1125.44

 Estonia 989.23 796.45 to 1218.76 88.58499243 58.44 to 125.66

 Latvia 2312.19 1871.03 to 2865.14 213.4766043 140.45 to 305.08

 Lithuania 3356.15 2700.15 to 4118.12 311.0442683 203.94 to 446.22

 Moldova 3585.58 2975.05 to 4279.80 334.4649694 226.35 to 463.53

 Russian Federation 169,403.81 143,872.76 to 198,597.54 16,348.30839 11,198.98 to 22,489.08

 Ukraine 43,888.12 36,720.97 to 51,940.86 4185.672623 2810.27 to 5817.71

Western Europe
 Cyprus 927.80 749.65 to 1124.13 104.9716307 70.15 to 150.30

 Greece 14,902.37 11,936.43 to 18,266.88 1745.46265 1158.91 to 2504.26

 Israel 6823.31 5578.67 to 8165.12 792.5247161 529.64 to 1119.65
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constituent states of the "B&R". Our findings suggest that 
the risk of glaucoma varied significantly among mem-
ber states, particularly in the Asian region where China, 
India, and Indonesia exhibited the highest prevalence 
numbers of glaucoma in 2019. Similarly, the results of 
this study indicated that these three countries also had 
the highest numbers of YLDs due to glaucoma among the 
"B&R" nations in 2019. The elevated prevalence and YLDs 
numbers of glaucoma in China, India, and Indonesia 
can potentially be attributed to their status as the three 
most populous nations in the region [15], accounting for 
31.8%, 31.5%, and 6.2% of the population, respectively.

Upon adjusting for population and age structure, our 
analysis revealed that the European region exhibited 
the lowest age-standardized prevalence and YLDs rates 
in both 1990 and 2019, while the Middle East demon-
strated the highest rates. Previous studies have demon-
strated a correlation between regions characterized by 
low income and low Socio-demographic Index (SDI) and 
an increased prevalence of glaucoma [16–19]. It is widely 
recognized that Europe exhibits substantial economic 
and social progress, accompanied by a high income, in 

stark contrast to the Middle East, where political instabil-
ity, ongoing conflicts, terrorism, and social unrest persist 
[20]. Consequently, this disparity may explain the rela-
tively lower incidence of glaucoma in Europe, juxtaposed 
with the disproportionately higher burden of the disease 
in the Middle East.

The findings of this study also indicated that a sig-
nificant proportion of nations participating in the B&R 
initiative experienced a decline in AAPCs of age-stand-
ardized prevalence and YLDs for glaucoma from 1990 
to 2019 and 2010 to 2019. This decline can potentially 
be attributed to the contributions of advancements in 
glaucoma screening and diagnostic technologies, such 
as automated perimetry and optical coherence tomog-
raphy [21], which were developed in 1990 and first 
reported as novel tools for glaucoma diagnosis in 1995 
[22]. Additionally, the decrease in prevalence and YLDs 
may also be linked to the progress made in pharmaceu-
ticals, laser therapy, and surgical interventions aimed 
at managing intraocular pressure. However, it should 
be noted that in certain countries, namely Afghani-
stan and Pakistan in Central Asia, there has been no 

Fig. 1 The age-standardized prevalence and YLDs due to glaucoma in 1990 and 2019 for B&R countries. A Age-standardized prevalence rate 
in 1990; B Age-standardized prevalence rate in 2019; C Age-standardized YLDs rate in 1990; D Age-standardized YLDs rate in 2019
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Fig. 2 The trends of age-standardized prevalence and YLDs due to glaucoma for B&R countries. AThe AAPCs of age-standardized prevalence rate 
from 1990–2019; B The AAPCs of age-standardized prevalence rate from 2010–2019; C The AAPCs of age-standardized YLDs rate from 1990–2019; D 
The AAPCs of age-standardized YLDs rate from 2100–2019

Fig. 3 The trends of age-standardized YLDs due to glaucoma stratified by gender for B&R countries. A The AAPCs of age-standardized YLDs rate 
in male from 1990 to 2019; B The AAPCs of age-standardized YLDs rate in female from 1990 to 2019

(See figure on next page.)
Fig. 4 The trends of age-standardized YLDs due to glaucoma stratified by age for B&R countries. AThe AAPCs of age-standardized YLDs rate 
in people aged 45–49 yrs from 1990 to 2019; B YLDs rate in people aged 50–54 yrs from 1990 to 2019; C YLDs rate in people aged 55–59 yrs 
from 1990 to 2019; D YLDs rate in people aged 60–64 yrs from 1990 to 2019; E YLDs rate in people aged 65–69 yrs from 1990 to 2019; F YLDs 
rate in people aged 70–74 yrs from 1990 to 2019; G YLDs rate in people aged 75–79 yrs from 1990 to 2019; H YLDs rate in people aged 80–84 yrs 
from 1990 to 2019; I YLDs rate in people aged ≥ 85 yrs from 1990 to 2019
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Fig. 4 (See legend on previous page.)
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significant decrease in the AAPCs of age-standardized 
YLDs from 1990 to 2019. This lack of improvement can 
potentially be attributed to the frequent occurrence of 
terrorist events in these two nations [23], which have 
hindered the advancement of healthcare over the past 
two decades.

In a paradoxical manner, the AAPCs of age-standard-
ized prevalence in China have exhibited a decline over 
the previous decade, while the AAPCs of age-standard-
ized YLDs have remained constant. The former trend 
can potentially be attributed to a decrease in angle-clo-
sure glaucoma cases, which may be a consequence of 
the increased rate of cataract surgeries facilitated by the 
promotion of cataract rehabilitation programs in China 
during the past ten years. Conversely, the latter trend 
may be linked to a substantial rate of underdiagnosis of 
glaucoma within the Chinese population, resulting in 
patients missing the optimal window for disease man-
agement. The high underdiagnosis rate of glaucoma in 
China can be attributed to several factors. Firstly, the 
large population base, coupled with a low awareness of 
glaucoma, contributes to the problem. Secondly, there 
is a shortage of glaucoma doctors in hospitals [24], 
leading to varying levels of disease diagnosis and ulti-
mately resulting in a low detection rate of glaucoma 
patients. Finally, the prevalence and progression of 
myopia among Chinese children and adolescents have 
been significantly high in recent years [25, 26]. Nota-
bly, Mild, moderate, and high myopia are recognized as 
risk factors for primary open angle glaucoma (POAG) 
[27], leading to an elevated incidence of glaucoma. 
Nevertheless, myopic patients, particularly those with 
high myopia, frequently exhibit atypical early signs and 
symptoms of POAG, which increases their vulnerabil-
ity to misdiagnosis. Hence, it is imperative for China 
to enhance the public’s awareness regarding glaucoma, 

improve the diagnostic proficiency of glaucoma special-
ists in primary healthcare facilities, and bolster efforts 
in myopia prevention and control.

Furthermore, we assessed the age-adjusted YLDs due 
to glaucoma by sex in each member country of the “B&R” 
in depth. Our research reveals that the trend of the age-
adjusted YLDs due to glaucoma was similar in male and 
female in most B&R countries from 1990 to 2019. This 
similarity can be attributed to the adoption of a uni-
form glaucoma prevention strategy for both genders in 
these regions. However, numerous studies have consist-
ently demonstrated that men have higher glaucoma bur-
den than women in the majority of global regions [28]. 
This suggests that the implementation of gender-specific 
strategies for glaucoma prevention and treatment may 
lead to more effective outcomes in mitigating the burden 
associated with this condition.

In addition, our research also indicates that the age-
standardized YLDs caused by glaucoma showed a 
decreasing trend with the increase of age in the most of 
B&R countries, except for Malaysia, Pakistan, and Brunei 
Darussalam. This trend could potentially be attributed 
to the increased life expectancy experienced in these 
nations. Overall, variations in the trend of age-stand-
ardized YLDs for glaucoma were observed among dif-
ferent age groups within various member countries of  
the "B&R" initiative. These disparities could potentially 
be ascribed to disparities in genetic predisposition, life-
style preferences, dietary patterns, and localized environ-
mental factors prevalent in diverse geographical regions 
[28, 29].

Diabetes has emerged as a prevalent chronic ailment on 
a global scale, exhibiting a substantial surge in its occur-
rence over the past few decades. This condition, referring 
to diabetes, is closely linked to a diverse range of ocu-
lar complications, encompassing retinopathy, cataracts, 

Fig. 5 The trends of age-standardized YLDs due to glaucoma stratified by plasma glucose for B&R countries. A The AAPCs of age-standardized YLDs 
rate by high fasting plasma glucose from 1990–2019; B The AAPCs of age-standardized YLDs rate by high fasting plasma glucose from 2010–2019
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uveitis, and neovascularization. Furthermore, a number 
of investigations have indicated a potential correlation 
between diabetes and an elevated susceptibility to glau-
coma [30]. Nevertheless, the mechanisms underlying 
the relationship between diabetes and glaucoma remain 
unclear. Speculatively, this could be partly due to the 
heightened incidence of neovascular glaucoma associated 
with high blood glucose levels. In addition, regular ocular 
examinations in hyperglycemic patients make it easier to 
detect glaucoma-like changes in the optic fundus. With 
this in mind, the present study endeavors to evaluate 
the trend of age-adjusted YLDs attributed to glaucoma 
resulting from high fasting glucose levels in countries 
associated with the B&R Initiative. During the past thirty 
years, our observations have indicated a consistent or 
potentially rising trend in age-standardized YLDs linked 
to glaucoma resulting from fasting hyperglycemia in 
a large number of Central Asian and Eastern European 
countries. This trend may be attributed to an augmented 
prevalence of diet-related type 2 diabetes, potentially 
caused by excessive consumption of unprocessed red 
meat, processed meat, and potatoes in these regions 
[31]. Conversely, a decreasing trend has been observed 
in many countries situated in East, South, and Southeast 
Asia. This observation aligns with the economic pro-
gress, population expansion, and increased urbanization 
experienced in Southeast and East Asia during the pre-
ceding three decades. Furthermore, it is noteworthy that 
the trend in age-standardized YLDs associated with this 
condition has exhibited a downward trajectory in a con-
siderable portion of B&R countries over the past decade, 
as compared to the preceding three decades, indicat-
ing that these regions have made commendable strides 
in enhancing dietary habits and implementing effective 
strategies for the prevention and management of diabetes 
in recent years [31].

This study is subject to several limitations. Firstly, it is 
influenced by the limitations inherent in the GBD meth-
odology, as previously discussed. Secondly, the measure-
ment of visual disability for calculating YLDs may not be 
consistent across different demographic and sociodemo-
graphic groups. Moreover, the identification of glaucoma 
cases in the GBD data might not always clearly differenti-
ate true glaucoma from conditions with similar optic disc 
characteristics, such as in individuals with myopia. Lastly, 
disparities in the quality and comprehensiveness of avail-
able data may contribute to the observed variations when 
comparing different ’B&R’ countries.

Conclusion
This study conducted a comparative analysis of the bur-
den and trends of glaucoma, as well as an examination 
of age-standardized YLDs stratified by gender and age, 

within the "B&R" countries from 1990 to 2019 and 2010 
to 2019. The findings indicate that the burden of glau-
coma varied among member states, with China, India, 
and Indonesia exhibiting the highest absolute num-
bers. The prevalence and YLDs of glaucoma, adjusted 
for age, exhibited a downward trend, while the AAPCs 
of age-standardized YLDs varied across gender and 
age cohorts in countries belonging to the "B&R" ini-
tiative. Consequently, fostering health cooperation 
and resource sharing among member states within the 
framework of a community with a shared future for 
mankind will facilitate collective efforts in tackling the 
risks and challenges associated with glaucoma.
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