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Introduction: The global distribution and trends in the attributable burden of 
cataract risk have rarely been systematically explored. To guide the development 
of targeted and accurate cataract screening and treatment strategies, we 
analyzed the burden of cataract disease attributable to known risk factors.

Method: This study utilized detailed cataract data from the Global Burden of 
Disease e 2019, and we analyzed disability-adjusted life years (DALYs) e each 
risk factor from 1990 to 2019. Additionally, we calculated estimated annual 
percentage changes (EAPCs) during the study period.

Results: The results revealed that from 1990−2019, the global age-standardized 
DALYs of e attributable to particulate matter pollution, smoking, high fasting 
glucose plasma and high BMI showed steady downward trends (1990−2009: EAPC 
= −0.21 [−0.57 −0.14]); 2000−2009: EAPC = −0.95 [−1.01 −0.89]; 2010−2019: EAPC 
= −1.41 [−1.8 −1.02]). The age-standardized DALYs and mortality caused by each risk 
factor were highest in the low-middle sociodemographic index (SDI) region (EAPC 
= −1.77[(−2.19–−1.34)]). The overall disease burden of cataracts is lower in males 
than in females. When analyzing the EAPCs of cataract disease burden for each 
risk factor individually, we found that the age-standardized disability-adjusted life 
years caused by particulate matter pollution and smoking decreased (PMP1990-
2009: EAPC = −0.53 [−0.9–−0.16]; 2000−2009: EAPC = −1.39 [−1.45--1.32]; 
2010−2019: EAPC = −2.27 [−2.75–−1.79]; smoking 2000 to 2009: EAPC = −1.51 
[−1.6–−1.43], 2009 to 2019: EAPC = −1.34 [−1.68–−1])), while high fasting plasma 
glucose and high body mass index increased annually (HFPG1990 to 1999: EAPC = 
1.27 [0.89−1.65], 2000 to 2009: EAPC = 1.02 [0.82−1.22], 2010−2019: EAPC = 0.44 
[0.19−0.68]; HBMI 1990 to 1999: EAPC = 1.65 [1.37−1.94], 2000 to 2009: EAPC = 
1.56 [1.43−1.68], 2010−2019: EAPC = 1.47 [1.18−1.77]).

Disscussion: The burden of cataracts caused by ambient particulate matter and 
smoking is increasing in low, low-middle SDI areas, and specific and effective 
measures are urgently needed. The results of this study suggest that reducing 
particulate matter pollution, quitting smoking, controlling blood glucose, and 
lowering BMI could play important roles in reducing the occurrence of cataracts, 
especially in older people.
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1 Introduction

Cataract is defined as the loss of transparency of the lens, resulting 
in changes in refractive properties and increased light scattering, 
resulting in blurred vision or blindness (1). Cataracts are one of the 
leading causes of blindness worldwide (1, 2). The impact of cataracts 
on vision loss, particularly in older age groups, can significantly 
impact an individual’s quality of life (3) by exacerbating the possibility 
of dementia (4), falls (5) and road traffic accidents (6).

Although cataracts can be treated with simple and cost-effective 
surgery, one of the e challenges facing global ophthalmology today 
remains the high risk of operable cataract blindness, especially in 
developing countries (7, 8).

The 2017 Global Burden of Disease (GBD) study reported that 
cataracts are the second largest burden of eye disease (8 million) 
resulting in disability-adjusted life years (DALYs), just behind near 
vision loss (9.8million) (9).

Globally, the number of DALYs due to cataracts increased by 91.2% 
globally from 1990 to 2019. Previous study also approved that aging, 
female sex, and lower socioeconomic status were associated with a higher 
cataract burden (10). Previous studies have shown that areas with a low 
sociodemographic index (SDI) have a greater burden of cataracts (11).

However, detailed information about cataract disease burden by 
region, sex, and age group at the specific risk factor level remains 
elusive, hampering cataract prevention and control. GBD research 
data from 1990 to 2019 show that the prevalence of risk factors has 
changed significantly over the past 30 years. Summary exposure values 
(SEVs) for household air pollution from smoking and solid fuels 
decreased in all SDI quintiles. In contrast, the SEV of environmental 
particulate matter pollution increased significantly (10). Findings 
from a UK Biobank study revealed a correlation between higher 
ambient exposure to PM 2.5 and an increased likelihood of future 
cataract surgery (12). The number of deaths and DALYs caused by 
high body mass index (BMI) increased significantly globally. A pattern 
of a temporary increase in disease burden is associated with a high 
BMI in areas with the lowest SDI (13). Previous Mendelian 
randomization studies have associated genetically higher BMI and 
susceptibility to type 2 diabetes with an increased likelihood of 
age-related cataracts (14). High fasting plasma glucose (HFPG), also 
occurs in males and in areas with lower SDI, is an important factor in 
increasing global and regional disease burden (15).

Changes in these risk factors that contribute to cataract disease 
burden are primarily influenced by economic development and 
demographic changes. Therefore, in addition to delineating the overall 
pattern of cataract burden, timely studies are needed to 
comprehensively examine the impact of various risk factors on 
cataract burden. In this study, we analyzed the burden of cataracts 
attributable to four risk factors from 1990 to 2019 by SDI, age, and sex 
to reveal the different trends and distribution characteristics of the 
burden caused by each risk factor.

2 Materials and methods

2.1 Data sources and definitions

The GBD study established a freely accessible database containing 
data on estimated attributable burdens obtained through standardized 

methods for various risk factors in all countries. GBD 2019 includes 
more than 3.5 billion estimates for 369 diseases and injuries, 286 
causes of death, and 87 behavioral, environmental, occupational, and 
metabolic risk factors in 204 countries and territories from 1990 
to 2019.

The GBD 2019 estimates the global burden by age and sex of 369 
diseases and injuries and 87 risk factors in 204 countries and territories 
between 1990 and 2019 by quantifying the health costs of premature 
death and nonfatal disability (16).

The sociodemographic index (SDI) was developed by GBD 
researchers and calculated as the geometric mean of these indices: 
total fertility rate in those under 25 years old, mean education for 
those aged 15 years or older, and lag-distributed income per capita. 
The global countries and territories were categorized into five super 
regions according to the quintiles of country-level estimates of SDI for 
the year 2019: low-SDI (0 ∼ <0.455), low-middle-SDI (0.455 ∼ <0.608), 
middle-SDI (0.608 ∼ <0.690), high-middle-SDI (0.690 ∼ <0.805), and 
high-SDI (0.805–1).1

The particulate matter pollution in GBD 2019 included both 
outdoor and indoor PM 2.5 pollution. PM 2.5 refers to particulate 
matter with an aerodynamic diameter ≤ 2.5 μm. GBD 2019 identified 
different sources of PM 2.5: outdoor PM 2.5 pollution, also known as 
ambient particulate matter pollution (APMP), due to exposure to PM 
2.5 in outdoor air, and indoor PM 2.5 pollution, also known as solid 
particulate matter pollution (HAP) fuel, which refers to exposure to 
PM 2.5 due to the use of solid cooking fuels (wood, coal, charcoal, 
agricultural residues and manure). The theoretical minimum risk 
exposure levels for APMP and HAP are evenly distributed between 
2.4 μg/m3 and 5.9 μg/m3 and represent the level that minimizes risk at 
the population level or captures the maximum attributable 
burden (17).

According to the GBD Project, a current smoker is an individual 
who currently uses any smoked tobacco product on a daily or 
occasional basis. Ex-smokers included individuals who had quit 
smoking for at least 6 months when possible or according to the 
definition used in the survey (18).

High fasting plasma glucose was defined as any level of FPG above 
the theoretical minimum-risk exposure level (TMREL), which is 
4.8–5.4 mmol/L in the GBD study (16).

A high BMI is defined as a BMI greater than or equal to 25 kg/m2 
for people over 20 years old, and a BMI of 20–25 kg/m2 is considered 
the theoretical minimum risk exposure level (19).

This study of cataract burden and its risk factors did not involve 
human subjects, and data were taken from the Global Health Data 
Exchange GBD Results Tool (See Footnote 1). This study complies 
with the Guidelines for Accurate and Transparent Reporting of Health 
Estimates (GATHER) guidelines for reporting health estimates (20). 
The detailed diagnostic and estimation methods for GBD 2019 have 
been published previously (16). In our study, we obtained publication 
estimates of DALYs with “cataracts” from the “all cause” category of 
the GBD website across 204 countries and territories. The statistical 
code used for GBD estimation is publicly available on the internet.

The GDB study was approved by the institutional review board of 
the University of Washington. Original data were collected with 

1 http://ghdx.healthdata.org/gbd-results-tool
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informed consent from the study participants or with a waiver from 
the institutional review board. As this was a secondary analysis of 
publicly available data, no further review by an institutional review 
board was required following the data use agreement of The Institute 
for Health Metrics and Evaluation.

2.2 Statistical analysis

The number of deaths or DALYs, age-standardized rates (ASRs) 
and estimated annual percentage change (EAPC) with a 95% 
uncertainty interval (UI) were adopted to quantify the cataract burden 
attributable to risk factors. The ASR, as a weighted mean of the 
age-specific rates, was considered necessary when comparing 
populations from different locations or for the same population over 
time in which the age profiles changed accordingly. The ASR was 
calculated as:

 

ASR
a w
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A

i i

i
A

i
= ×=

=

∑
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100 000,

ai : specific age ratio, wi: number of people (or weight).
of selected standard population, 100,000: per 100,000 population 

(21). The EAPC, which is widely accepted to reflect the annual change 
in rate over a specific period, was calculated based on the linear 
regression model y = α + βx + ε, where y = ln(ASR) and x = calendar 
year. Then, the EAPC can be obtained from 100 × (exp(β) − 1), as well 
as its 95% UI (22). If both the EAPC estimation and the lower limit of 
the 95% UI were positive, then the ASR showed a non-decreasing 
trend. Conversely, if both the EAPC estimation and the upper limit of 
the 95% UI were negative, the ASR exhibited a non-increasing trend. 
Under other conditions, the ASR was considered stable. A locally 
weighted regression analysis was applied to identify the association 
between the EAPC and the SDI. Z score hierarchical cluster analysis 
and Pearson’s test were performed to assess the patterns of ASR of risk 
factor-related DALYs in 204 countries and territories and 21 GBD 
regions and their temporal trends. Linear regression analysis is used 
to identify best-fit points and evaluate trends between these 
consecutive points.

Furthermore, we evaluated the relationship between the SDI and 
cataract disease burden. A two-sided p value of less than 0.05 was 
considered to indicate statistical significance. All the statistical 
analyses were performed using R version 4.3.1 (23).

3 Results

3.1 Overall impact of risk factors on 
cataract burden

From 1990 to 2019, the global age-standardized DALYs of 
cataracts attributable to risk factors showed steady decreasing trends 
(Figure 1A).

In 2019, among the five SDI quintiles, the age-standardized 
DALYs of cataracts due to risk factors were highest in low-middle-SDI 
areas (135.47 [82.97–196.56]), followed by low-SDI areas (113.23 
[67.61–165.67]). High-SDI areas had the lowest disease burden (6.39 

[4.08–9.52]; Supplementary Tables S1–S3). This trend was similar 
among males and females, as shown in Figure 1, with males having a 
lower overall disease burden of cataracts than females.

Figures 1B,C shows scatter plots of the SDI and DALYs among 
cataract patients in 22 countries/regions and 204 countries/regions. 
Age-standardized rates of cataract-related DALYs were lower in 
regions with SDIs larger than 0.6 (Figure 1B). The age-standardized 
rate of cataract-related DALYs was greater in low-SDI areas and 
decreased with increasing SDI. Figure  1C shows the association 
between age-standardized DALY rates and the SDI across countries in 
2019. Across countries, age-standardized DALY rates increased with 
increasing SDI up to an SDI of approximately 0.38 but then declined 
with increasing SDI.

3.2 Cataract burden stratified by age and 
sex

From the perspective of age distribution, cataract DALYs increase 
with age, and the growth rate after the age of 60 years in low-middle- 
and low-SDI countries/regions seems to be higher than that in other 
SDI countries/regions (Figure 2A).

Subsequent analysis of the male/female ratio revealed that after 
the age of 20, the male/female ratio continued to approach 1, peaking 
at the age of 50–54 and then declining with age (Figure 2B).

By comparing the 1990 data with the 2019 data (Figure  2C), 
we found that overall, global cataract DALYs declined significantly 
among people over 60 years old, with almost no significant change in 
high-SDI countries/regions. As the SDI decreases, the changes 
gradually become apparent until middle-low-SDI countries. The 
change in DALYS of cataract burden in low-SDI countries from 1990 
to 2019 was smaller than that in low-medium-SDI and medium-SDI 
countries/regions.

3.3 Contributions of risk factors to cataract 
burden by SDI, sex and age

From 1990 to 2019, the DALYs attributed to risk factors for 
cataracts showed a steady downward trend. In terms of overall risk 
factors, the age-standardized rate of cataract EAPC caused by risk 
factors decreased significantly from 2010 to 2019, and with the 
continuous development of society, the decrease in the EAPC 
continued to accelerate (1990–2009: EAPC = −0.21 [− 0.57–0.14]; 
2000 to 2009: EAPC = −0.95 [−1.01–−0.89]; 2010–2019: 
EAPC = −1.41 [−1.8–−1.02]; Table 1).

As shown in Figure 3, from a global perspective, the main risk 
factor leading to cataract disease burden in 2019 was particulate 
matter pollution, followed by smoking, high fasting plasma glucose 
(HFPG) and high body mass index (BMI).

From the perspective of population age, as age increases, the 
burden of cataract disease caused by any type of risk factor increases 
(Figure 4A).

It is important to note that when analyzing the EAPC for cataract 
disease burden for each risk factor separately, we found a downward 
trend in age-standardized disability-adjusted life years due to 
particulate matter pollution and smoking, while high fasting plasma 
glucose and high body mass index increased over time.
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https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2024.1366677

Frontiers in Public Health 04 frontiersin.org

FIGURE 1

(A) From 1990 to 2019, the global age-standardized DALYs of cataracts attributable to risk factors showed steady downward trends in males, females 
and both sexes. (B) Changes in the SDI age-standardized DALY rates by region from 1990 to 2019. Areas above the solid black line have a greater 

(Continued)
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3.4 Particulate matter pollution

Globally, particulate matter pollution is the leading risk factor 
responsible for the burden of cataracts (Figure 4B). Almost all SDI 
regions showed a downward trend in DALYs. The largest decreases in 
age-standardized disability-adjusted life years due to particulate 
matter pollution occurred in low-middle-SDI regions. From the 
perspective of regional classification, particulate matter pollution 
causes cataract disease burden in low-middle-SDI and low-SDI 
regions, which is much greater than that in other SDI regions. With 
the continuous development of society, the decrease in the EAPC 
continued to accelerate (1990–2009: EAPC = −0.53 [−0.9–−0.16]; 
2000–2009: EAPC = −1.39 [−1.45–−1.32]; 2010–2019: EAPC = −2.27 
[−2.75–−1.79]).

In terms of sex, females are more likely to suffer from cataracts 
due to particulate matter pollution than males are. In 2019, the 
age-standardized DALY for cataracts due to particulate matter 
pollution was slightly greater in females than in males.

Moreover, among all age groups (Figure 4A), particulate matter 
pollution had a greater impact on cataracts among DALYs. In 
particular, for the population over 60 years old, those aged 70–74 years 
had the highest DALY rate, while a lighter burden appeared for those 
under 50 years old.

3.5 Smoking

In terms of regional classification, the regions with the 
largest decreases in age-standardized disability-adjusted life 
years due to smoking were low-middle-SDI regions and 
middle-SDI regions (Figure 3). The decrease in the EAPC due to 
smoking in other regions slowed in the past decade (2000 to 
2009: EAPC = −1.51 [−1.6–−1.43], 2009 to 2019: EAPC = −1.34 
[−1.68–−1]; Table 1).

Additionally, the impact of smoking on cataracts was much 
greater in men than in women (Figure  4B). In 2019, the disease 
burden attributable to smoking was greater in men than in women 
across all age groups and SDI regions. The global cataract DALY rate 
due to smoking increased with age, peaked among those aged 
70–74 years, and then decreased (Figure 4A).

3.6 High fasting plasma glucose

From the perspective of regional classification, HFPG leads to 
smaller differences in age-standardized disability-adjusted life years in 
different countries/regions (Figure 3). The greatest burden of cataract 
disease was in low-middle-SDI regions, followed by low-SDI regions. 
It should be  noted that from 1990 to 2019, the age-standardized 
disability-adjusted life-year rate for cataracts caused by HFPG showed 
an increasing trend (1990 to 1999: EAPC = 1.27 [0.89–1.65], 2000 to 

2009: EAPC = 1.02 [0.82–1.22], 2010–2019: EAPC = 0.44 [0.19–0.68]; 
Table 1).

3.7 High body mass index

From the perspective of regional classification, a high BMI leads 
to smaller differences in age-standardized disability-adjusted life years 
in different SDI countries/regions (Figure 3). From 1990 to 2019, the 
age-standardized disability-adjusted life-year rate of cataracts caused 
by high BMI also showed an upward trend (1990 to 1999: EAPC = 1.65 
[1.37–1.94], 2000 to 2009: EAPC = 1.56 [1.43–1.68], 2010–2019: 
EAPC = 1.47 [1.18–1.77]; Table 1). In terms of sex, we found that a 
high BMI had a stronger impact on cataract burden in females than 
in males, and a high BMI caused a greater difference in cataract 
DALYs among females in different SDI areas than among males in 
different SDI areas (Figure 4B).

4 Discussion

In this study, we comprehensively analyzed the current burden, 
trends, and risk factors for cataract DALYs at the global and regional 
levels from 1990 to 2019 based on the GBD 2019 study. This study 
provides further evidence for the implementation of relevant policies 
and strategies to prevent and control the increase in cataract burden 
in the future by longitudinally and cross-sectionally comparing risk 
factor exposure levels and the disease burden that each risk factor 
can cause.

This study revealed that, in terms of overall risk factors, the 
age-standardized rate of cataracts caused by risk factors decreased 
from 2010 to 2019, and with the continuous development of society, 
the decline in the EAPC continued to accelerate. When analyzing the 
EAPC of cataract disease burden for each risk factor separately, 
we  found that the age-standardized disability-adjusted life years 
caused by particulate matter pollution and smoking showed a 
downward trend, while high fasting plasma glucose and high body 
mass index increased annually.

The age-standardized incidence of cataracts is decreasing globally. 
However, the incidence of cataracts varies greatly in different SDI 
regions, and the burden of cataracts caused by major risk factors, 
especially particulate matter pollution and smoking, varies greatly 
among SDI regions. Research shows that in areas with higher SDI 
levels, the burden of disease caused by risk factors is relatively small. 
In contrast, the cataract burden caused by risk factors is relatively high 
in low-SDI areas. SDI levels are directly related to population health, 
and the large wealth gap in many parts of the world has implications 
for health equity.

Previous studies have shown that in areas with lower SDI and 
lower health literacy, inadequate medical resources and preventive 
measures may lead to a greater burden of cataract disease. Moreover, 

burden than expected (based on the SDI), while those below the line have a lower burden than expected. (C) Association between age-standardized 
DALY rates and SDI across countries in 2019. DALYs, disability-adjusted life years; SDI, sociodemographic index.

FIGURE 1 Continued
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FIGURE 2

(A) Cataract DALY age distribution in SDI countries/regions, analysis of the (B) male/female ratio and (C) comparison between 1990 and 2019. EAPC, 
estimated annual percentage change; SDI, sociodemographic index.
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residents of more socioeconomic areas are more likely to have greater 
health literacy, better access to medical care, healthier diets and 
regular exercise, which may help reduce disease burden (24). A 
previous study suggested that lower income may be associated with an 
increased risk of a variety of vision-threatening diseases and may 
adversely affect ophthalmologists’ professional diagnostic and 
treatment approaches (25).

Interestingly, we  found that the cataract disease burden was 
greater in low-middle-SDI regions (135.47 [82.97–196.56]) than in 

low-SDI regions (113.23 [67.61–165.67]). This may be  due to 
socioeconomic development, as cataract risk factors such as high body 
mass index (BMI), unhealthy diet, low physical activity, environmental 
pollutants, and smoking have increased significantly, but the health 
system has failed to keep up with the relevant population health needs 
(26, 27).

In addition, another possible explanation is that there are fewer 
medical institutions and health resources in low-SDI areas, which may 
lead to the underreporting of cataract data. In terms of sex, this study 

TABLE 1 The temporal trends of cataract age-standardized DALYs attributed to risk factors across different SDI regions from 1990 to 2019.

EAPC Years All risk factors High fasting 
plasma 
glucose

High body-
mass index

Particulate matter 
pollution

Smoking

Global EAPC (95% 

CI)

1990–1999
−0.21

(−0.57–0.14)

1.27

(0.89–1.65)

1.65

(1.37–1.94)

−0.53

(−0.9--0.16)

0

(−0.3–0.3)

2000–2009
−0.95

(−1.01--0.89)

1.02

(0.82–1.22)

1.56

(1.43–1.68)

−1.39

(−1.45--1.32)

−1.51

(−1.6--1.43)

2010–2019
−1.41

(−1.8--1.02)

0.44

(0.19–0.68)

1.47

(1.18–1.77)

−2.27

(−2.75--1.79)

−1.34

(−1.68--1)

High SDI EAPC 

(95% CI)

1990–1999
−0.93

(−1.13--0.74)

−0.25

(−0.68–0.18)

0.93

(0.91–0.94)

−4.84

(−5.31--4.37)

−1.23

(−1.29--1.18)

2000–2009
−0.6

(−0.62--0.58)

1.57

(1.49–1.65)

0.36

(0.32–0.39)

−6.09

(−6.18--6.01)

−1.52

(−1.57--1.48)

2010–2019
0.22

(0.13–0.3)

1.28

(1.21–1.34)

0.99

(0.9–1.08)

−3.52

(−3.98--3.07)

−0.79

(−0.91--0.67)

High-middle SDI 

EAPC (95% CI)

1990–1999
0.19

(−0.57–0.95)

1.54

(0.96–2.13)

1.16

(0.85–1.48)

−0.47

(−1.47–0.55)

0.76

(0.24–1.29)

2000–2009
−1.19

(−1.34--1.04)

1.52

(1.1–1.94)

0.87

(0.83–0.91)

−2.74

(−2.95--2.54)

−1.34

(−1.45--1.22)

2010–2019
−0.85

(−1.35--0.34)

−0.14

(−0.53–0.25)

1.17

(0.88–1.46)

−2.68

(−3.44--1.92)

−0.17

(−0.63–0.29)

Middle SDI EAPC 

(95% CI)

1990–1999
−0.83

(−1.23--0.42)

0.93

(0.56–1.3)

1.65

(1.33–1.97)

−1.36

(−1.78--0.93)

0.12

(−0.26–0.5)

2000–2009
−1.77

(−1.85--1.7)

0.25

(0.07–0.44)

1.33

(1.23–1.43)

−2.42

(−2.51--2.33)

−1.92

(−2.03--1.81)

2010–2019
−2.48

(−2.89--2.07)

−0.37

(−0.63--0.11)

1.11

(0.79–1.43)

−3.86

(−4.39--3.33)

−1.89

(−2.23--1.54)

Low-middle SDI 

EAPC (95% CI)

1990–1999
−0.76

(−1.02--0.49)

0.68

(0.41–0.96)

1.89

(1.49–2.29)

−0.9

(−1.16--0.63)

−1.05

(−1.24--0.86)

2000–2009
−1.3

(−1.34--1.25)

0.46

(0.28–0.63)

2.11

(1.75–2.48)

−1.5

(−1.54--1.46)

−2.19

(−2.26--2.11)

2010–2019
−1.77

(−2.19--1.34)

0.39

(0.19–0.6)

1.75

(1.28–2.21)

−2.23

(−2.7--1.75)

−2.22

(−2.58--1.85)

Low SDI EAPC 

(95% CI)

1990–1999
−0.13

(−0.25--0.02)

1.07

(0.93–1.22)

1.43

(1.21–1.66)

−0.22

(−0.33--0.11)

−0.42

(−0.48--0.36)

2000–2009
−0.47

(−0.5--0.44)

0.74

(0.59–0.88)

2.31

(2.15–2.47)

−0.59

(−0.62--0.56)

−0.98

(−1.01--0.95)

2010–2019
−1.3

(−1.58--1.01)

0.13

(−0.01–0.26)

1.24

(1.11–1.38)

−1.49

(−1.8--1.17)

−2.24

(−2.49--1.99)

DALYs, disability-adjusted life years; EAPC, estimated annual percentage change; CI, certainty interval; SDI, Sociodemographic Index.
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FIGURE 3

EAPC in DALYs attributable to risk factors for cataracts between 1990 and 2019 globally among different SDI quintiles and regions. EAPC, estimated 
annual percentage change; DALYs, disability-adjusted life years.
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FIGURE 4

(A) Proportions of cataract risk across age groups in both sexes. (B) Trends in cataract risk across SDI countries/regions stratified by sex. SDI, 
sociodemographic index.
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revealed that in most regions and age groups, the disease burden of 
cataract patients was slightly greater for females than for males. One 
possible explanation is that women have a greater incidence of 
cataracts and a longer life expectancy (28, 29). Another explanation 
may relate to gender inequality, with evidence that women are 
disadvantaged in areas such as education, employment opportunities, 
income distribution and health care (28). Previous research revealed 
that although 60% of cataract patients are female, males are 1.39 times 
more likely to undergo cataract surgery than females are (30). Women 
possess less family support and less control over their finances than 
men, which may prevent them from undergoing cataract surgery. For 
children with bilateral cataracts, girls are also less likely to undergo 
surgery than boys in low-income countries (31). Therefore, more 
emphasis should be  placed on eye care services for women, and 
eliminating gender inequality is an important component in 
combating the global burden of cataracts.

In terms of risk factors, this study revealed that particulate matter 
pollution causes a greater disease burden for cataracts globally than 
smoking does, as previously recognized (2010–2019: 
EAPC = −2.27[−2.75–−1.79] vs. −1.34[−1.68–−1]). This may 
be attributed to two assumptions: first, the global population-weighted 
PM 2.5 concentration continued to increase rapidly from 2010 to 
2015, reaching 44.2 μg/m3 in 2015 (32); second, population growth 
and aging, which led to increased air pollution and increased disease 
burden (33).

For males, in addition to particulate matter pollution, smoking 
is a major risk factor for cataract burden. Approximately 25% of 
men and 5.4% of women globally are smokers, posing a significant 
obstacle to tobacco control (34). Smoking not only affects the health 
of smokers but also has a greater impact on the health of people in 
the surrounding areas. In 2019, secondhand smoke was the sixth 
leading risk factor for death from cataracts. In addition, tobacco has 
a substantial negative impact not only on cataracts but also on 
cardiovascular disease, lung tumors, and fertility (35, 36). Many 
countries have adopted various approaches to reduce tobacco 
consumption with positive results, but this study indicated that 
more practical efforts are still needed (37).

For the HFGP (2010–2019: EAPC = 0.44 [0.19–0.68]) and high 
BMI (2010–2019: EAPC = 1.47 [1.18–1.77]), the associated increase in 
DALYs cannot be entirely attributed to population growth and aging. 
Other factors also contribute to the exacerbation of risk factors for 
HFPG and high BMI, and the two are correlated. The prevalence of 
overweight or obesity, physical inactivity, and unhealthy diet has been 
reported to be associated with an increased burden of hyperglycemia 
in recent decades (38, 39).

As the world is facing a serious situation of preventing and 
treating blindness, the World Health Organization (WHO) launched 
the global action “VISION 2020” (40). Over the span of 1990 to 2010, 
the number of individuals afflicted with cataract-induced blindness 
decreased by 11.4%, and the corresponding blindness rate decreased 
from 38.6 to 33.4% (41, 42).

Taken together, these results suggest the need to strengthen early 
cataract screening in specific groups (women in medium-low and 
low-SDI countries/regions). Furthermore, efforts to reduce cataract 
risk must be  combined with comprehensive control strategies, 
including efforts to support early diagnosis and effective treatment. 
The results of this study suggest that reducing particulate matter 
pollution, quitting smoking, controlling blood sugar, and lowering 

BMI play important roles in reducing the occurrence of cataracts, 
especially in the older population.

To the best of our knowledge, this is the first study to use the latest 
data from GBD 2019 to comprehensively assess the disease burden of 
cataracts by calendar year, age, sex, location, socioeconomic status, and 
risk factors, which will be useful to the public as well as health policy 
makers. However, some potential limitations of our study should not 
be overlooked. First, based on GBD 2019, few data on the prevalence, 
incidence, and subtypes of cataracts are available, which limits the 
analysis of the results to a certain extent. Second, predictions rely 
heavily on the quality of registration data based on the original 
population. The sparsity of cataract data, especially in low-SDI regions, 
may affect the accuracy of the estimates. However, the GBD 2019 study 
utilized a number of powerful statistical tools to reduce this effect. 
Third, as a population epidemiological study, we were unable to obtain 
individual-level data, which are inevitably affected by confounding 
factors when calculating correlation coefficients. However, our results 
provide clinical scientists and socioeconomists with updated big data 
and a more comprehensive analysis of the burden of cataracts.

5 Conclusion

Our study delineates the overall pattern of cataract burden and 
emphasizes the need to bolster prevention and management efforts 
focused on reducing particulate matter pollution, quitting smoking, 
controlling blood sugar, and lowering BMI, especially for older people. 
More targeted and effective global public health strategies should 
be  developed and implemented to control cataracts and their 
associated risk factors.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

As the data were freely available, no ethical approval or informed 
consent was obtained.

Author contributions

DW: Conceptualization, Writing – original draft. TT: 
Methodology, Software, Writing – review & editing. PL: Data curation, 
Formal analysis, Investigation, Writing – original draft. JZ: Writing – 
review & editing. BS: Supervision, Writing – review & editing. MZ: 
Funding acquisition, Supervision, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

https://doi.org/10.3389/fpubh.2024.1366677
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2024.1366677

Frontiers in Public Health 11 frontiersin.org

Acknowledgments

We appreciate the work of the Global Burden of Disease Study 
2019 collaborators. Thanks to Zayatta Zungar, PhD, School of 
Medicine, University of New England, Armidale, NSW, 2351, 
Australia, for revising the language of this article.

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.2024.1366677/
full#supplementary-material

References
 1. Ruiss M, Findl O, Kronschläger M. The human lens: An antioxidant-dependent 

tissue revealed by the role of caffeine. Ageing Res Rev. (2022) 79:101664. doi: 10.1016/j.
arr.2022.101664

 2. Liu Y-C, Wilkins M, Kim T, Malyugin B, Mehta JS. Cataracts. Lancet. (2017) 
390:600–12. doi: 10.1016/S0140-6736(17)30544-5

 3. Burton MJ, Ramke J, Marques AP, Bourne RRA, Congdon N, Jones I, et al. The 
lancet Global Health Commission on global eye health: vision beyond 2020. Lancet Glob 
Health. (2021) 9:e489–551. doi: 10.1016/S2214-109X(20)30488-5

 4. Lee CS, Gibbons LE, Lee AY, Yanagihara RT, Blazes MS, Lee ML, et al. Association 
between cataract extraction and development of dementia. JAMA Intern Med. (2022) 
182:134–41. doi: 10.1001/jamainternmed.2021.6990

 5. Foss A. Prompt access to cataract surgery is vital for preventing falls in older people. 
Med J Aust. (2022) 217:84–5. doi: 10.5694/mja2.51617

 6. Keay L, Ho KC, Rogers K, McCluskey P, White A Jr, Morlet N, et al. The incidence 
of falls after first and second eye cataract surgery: a longitudinal cohort study. Med J 
Aust. (2022) 217:94–9. doi: 10.5694/mja2.51611

 7. Hashemi H, Pakzad R, Yekta A, Aghamirsalim M, Pakbin M, Ramin S, et al. Global 
and regional prevalence of age-related cataract: a comprehensive systematic review and 
meta-analysis. Eye. (2020) 34:1357–70. doi: 10.1038/s41433-020-0806-3

 8. Lee CM, Afshari NA. The global state of cataract blindness. Curr Opin Ophthalmol. 
(2017) 28:98–103. doi: 10.1097/ICU.0000000000000340

 9. GBD 2017 DALYs and HALE Collaborators. Global, regional, and national 
disability-adjusted life-years (DALYs) for 359 diseases and injuries and healthy life 
expectancy (HALE) for 195 countries and territories, 1990-2017: a systematic analysis 
for the global burden of disease study 2017. Lancet. (2018) 392:1859–922. doi: 10.1016/
S0140-6736(18)32335-3

 10. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 
countries and territories, 1990-2019: a systematic analysis for the global burden of 
disease study 2019. Lancet. (2020) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2

 11. Fang R, Yu Y-F, Li E-J, Lv N-X, Liu Z-C, Zhou H-G, et al. Global, regional, national 
burden and gender disparity of cataract: findings from the global burden of disease study 
2019. BMC Public Health. (2022) 22:2068. doi: 10.1186/s12889-022-14491-0

 12. Chua SYL, Khawaja AP, Desai P, Rahi JS, Day AC, Hammond CJ, et al. The 
Association of Ambient air Pollution with Cataract Surgery in UK biobank participants: 
prospective cohort study. Invest Ophthalmol Vis Sci. (2021) 62:7. doi: 10.1167/
iovs.62.15.7

 13. Dai H, Alsalhe TA, Chalghaf N, Riccò M, Bragazzi NL, Wu J. The global burden 
of disease attributable to high body mass index in 195 countries and territories, 
1990-2017: an analysis of the global burden of disease study. PLoS Med. (2020) 
17:e1003198. doi: 10.1371/journal.pmed.1003198

 14. Chen J, Zhu Y, Li Z, Chen X, Chen X, Huang S, et al. Global impact of population 
aging on vision loss prevalence: a population-based study. Global Transitions. (2024) 
6:28–36. doi: 10.1016/j.glt.2023.12.003

 15. Liang R, Feng X, Shi D, Yang M, Yu L, Liu W, et al. The global burden of disease 
attributable to high fasting plasma glucose in 204 countries and territories, 1990-2019: 
an updated analysis for the global burden of disease study 2019. Diabetes Metab Res Rev. 
(2022) 38:e3572. doi: 10.1002/dmrr.3572

 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/
S1474-4422(23)00287-9

 17. Wang L, Wu X, Du J, Cao W, Sun S. Global burden of ischemic heart disease 
attributable to ambient PM pollution from 1990 to 2017. Chemosphere. (2021) 
263:128134. doi: 10.1016/j.chemosphere.2020.128134

 18. Gandini S, Botteri E, Iodice S, Boniol M, Lowenfels AB, Maisonneuve P, et al. 
Tobacco smoking and cancer: a meta-analysis. Int J Cancer. (2008) 122:155–64. doi: 
10.1002/ijc.23033

 19. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, 
regional, and national prevalence of overweight and obesity in children and adults 
during 1980-2013: a systematic analysis for the global burden of disease study 2013. 
Lancet. (2014) 384:766–81. doi: 10.1016/S0140-6736(14)60460-8

 20. Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, et al. Guidelines 
for accurate and transparent health estimates reporting: the GATHER statement. Epidemiol 
Serv Saude. (2017) 26:215–22. doi: 10.5123/S1679-49742017000100023

 21. Bu X, Xie Z, Liu J, Wei L, Wang X, Chen M, et al. Global PM2.5-attributable health 
burden from 1990 to 2017: estimates from the global burden of disease study 2017. 
Environ Res. (2021) 197:111123. doi: 10.1016/j.envres.2021.111123

 22. Pan Z, Zhang J, Cheng H, Bu Q, Li N, Deng Y, et al. Trends of the incidence of drug 
use disorders from 1990 to 2017: an analysis based on the global burden of disease 2017 
data. Epidemiol Psychiatr Sci. (2020) 29:e148. doi: 10.1017/S2045796020000657

 23. R Core Team. (2020). R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. Available at: https://www.R-
project.org/.

 24. Levy H, Janke A. Health literacy and access to care. J Health Commun. (2016) 
21:43–50. doi: 10.1080/10810730.2015.1131776

 25. Lane M, Lane V, Abbott J, Braithwaite T, Shah P, Denniston AK. Multiple 
deprivation, vision loss, and ophthalmic disease in adults: global perspectives. Surv 
Ophthalmol. (2018) 63:406–36. doi: 10.1016/j.survophthal.2017.10.009

 26. Martyn JAJ, Kaneki M, Yasuhara S. Obesity-induced insulin resistance and 
hyperglycemia: etiologic factors and molecular mechanisms. Anesthesiology. (2008) 
109:137–48. doi: 10.1097/ALN.0b013e3181799d45

 27. Manne-Goehler J, Geldsetzer P, Agoudavi K, Andall-Brereton G, Aryal KK, Bicaba 
BW, et al. Health system performance for people with diabetes in 28 low- and middle-
income countries: a cross-sectional study of nationally representative surveys. PLoS Med. 
(2019) 16:e1002751.

 28. Courtright P, Lewallen S. Why are we addressing gender issues in vision loss? 
Community Eye Health. (2009) 22:17–9. doi: 10.1371/journal.pmed.1002751

 29. World Health Statistics (2022). Available at: https://www.who.int/news/
item/20-05-2022-world-health-statistics-2022 [Accessed December 7, 2023]

 30. Ramke J, Petkovic J, Welch V, Blignault I, Gilbert C, Blanchet K, et al. Interventions 
to improve access to cataract surgical services and their impact on equity in low- and 
middle-income countries. Cochrane Database Syst Rev. (2017) 2017:CD011307. doi: 
10.1002/14651858.CD011307.pub2

 31. Gilbert CE, Lepvrier-Chomette N. Gender inequalities in surgery for bilateral 
cataract among children in low-income countries: a systematic review. Ophthalmology. 
(2016) 123:1245–51. doi: 10.1016/j.ophtha.2016.01.048

 32. Cohen AJ, Brauer M, Burnett R, Anderson HR, Frostad J, Estep K, et al. Estimates 
and 25-year trends of the global burden of disease attributable to ambient air pollution: 
an analysis of data from the global burden of diseases study 2015. Lancet. (2017) 
389:1907–18.

 33. Dodson JC, Dérer P, Cafaro P, Götmark F. Population growth and climate change: 
addressing the overlooked threat multiplier. Sci Total Environ. (2020) 748:141346. doi: 
10.1016/j.scitotenv.2020.141346

 34. The Lancet. Tobacco control: far from the finish line. Lancet. (2021) 398:1939. doi: 
10.1016/S0140-6736(21)02650-7

 35. Meyers DG, Neuberger JS, He J. Cardiovascular effect of bans on smoking in public 
places: a systematic review and meta-analysis. J Am Coll Cardiol. (2009) 54:1249–55. doi: 
10.1016/j.jacc.2009.07.022

https://doi.org/10.3389/fpubh.2024.1366677
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1366677/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1366677/full#supplementary-material
https://doi.org/10.1016/j.arr.2022.101664
https://doi.org/10.1016/j.arr.2022.101664
https://doi.org/10.1016/S0140-6736(17)30544-5
https://doi.org/10.1016/S2214-109X(20)30488-5
https://doi.org/10.1001/jamainternmed.2021.6990
https://doi.org/10.5694/mja2.51617
https://doi.org/10.5694/mja2.51611
https://doi.org/10.1038/s41433-020-0806-3
https://doi.org/10.1097/ICU.0000000000000340
https://doi.org/10.1016/S0140-6736(18)32335-3
https://doi.org/10.1016/S0140-6736(18)32335-3
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1186/s12889-022-14491-0
https://doi.org/10.1167/iovs.62.15.7
https://doi.org/10.1167/iovs.62.15.7
https://doi.org/10.1371/journal.pmed.1003198
https://doi.org/10.1016/j.glt.2023.12.003
https://doi.org/10.1002/dmrr.3572
https://doi.org/10.1016/S1474-4422(23)00287-9
https://doi.org/10.1016/S1474-4422(23)00287-9
https://doi.org/10.1016/j.chemosphere.2020.128134
https://doi.org/10.1002/ijc.23033
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.5123/S1679-49742017000100023
https://doi.org/10.1016/j.envres.2021.111123
https://doi.org/10.1017/S2045796020000657
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1080/10810730.2015.1131776
https://doi.org/10.1016/j.survophthal.2017.10.009
https://doi.org/10.1097/ALN.0b013e3181799d45
https://doi.org/10.1371/journal.pmed.1002751
https://www.who.int/news/item/20-05-2022-world-health-statistics-2022
https://www.who.int/news/item/20-05-2022-world-health-statistics-2022
https://doi.org/10.1002/14651858.CD011307.pub2
https://doi.org/10.1016/j.ophtha.2016.01.048
https://doi.org/10.1016/j.scitotenv.2020.141346
https://doi.org/10.1016/S0140-6736(21)02650-7
https://doi.org/10.1016/j.jacc.2009.07.022


Wang et al. 10.3389/fpubh.2024.1366677

Frontiers in Public Health 12 frontiersin.org

 36. Peña S, Ilmarinen K, Kestilä L, Ruokolainen O, Ollila H, Parikka S, et al. Changes 
in prevalence and sociodemographic correlates of tobacco and nicotine use in Finland 
during the COVID-19 pandemic. Eur J Pub Health. (2023) 33:844–50. doi: 10.1093/
eurpub/ckad104

 37. WHO. WHO global report on trends in prevalence of tobacco use 2000-2025. 
Geneva: World Health Organization (2021). 150 p.

 38. Moradi-Lakeh M, Forouzanfar MH, El Bcheraoui C, Daoud F, Afshin A, Hanson 
SW, et al. High fasting plasma glucose, diabetes, and its risk factors in the eastern 
Mediterranean region, 1990-2013: findings from the global burden of disease study 
2013. Diabetes Care. (2017) 40:22–9. doi: 10.2337/dc16-1075

 39. Safiri S, Kolahi A-A, Cross M, Carson-Chahhoud K, Hoy D, Almasi-Hashiani A, 
et al. Prevalence, incidence, and years lived with disability due to gout and its attributable 

risk factors for 195 countries and territories 1990-2017: a systematic analysis of the 
global burden of disease study 2017. Arthritis Rheum. (2020) 72:1916–27. doi: 10.1002/
art.41404

 40. Safiri S, Kolahi A-A, Cross M, Carson-Chahhoud K, Hoy D, Almasi-Hashiani A, 
et al.Blindness and vision impairment. (2020) Available at: http://www.who.int/
mediacentre/factsheets/fs282/en/ [Accessed February 27, 2024]

 41. He M, Wang W, Huang W. Variations and trends in health burden of visual 
impairment due to cataract: a global analysis. Invest Ophthalmol Vis Sci. (2017) 
58:4299–306. doi: 10.1167/iovs.17-21459

 42. GBD Spinal Cord Injuries Collaborators. Global, regional, and national burden of 
spinal cord injury, 1990-2019: a systematic analysis for the global burden of disease study 
2019. Lancet Neurol. (2023) 22:1026–47.

https://doi.org/10.3389/fpubh.2024.1366677
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1093/eurpub/ckad104
https://doi.org/10.1093/eurpub/ckad104
https://doi.org/10.2337/dc16-1075
https://doi.org/10.1002/art.41404
https://doi.org/10.1002/art.41404
http://www.who.int/mediacentre/factsheets/fs282/en/
http://www.who.int/mediacentre/factsheets/fs282/en/
https://doi.org/10.1167/iovs.17-21459

	The global burden of cataracts and its attributable risk factors in 204 countries and territories: a systematic analysis of the global burden of disease study
	1 Introduction
	2 Materials and methods
	2.1 Data sources and definitions
	2.2 Statistical analysis

	3 Results
	3.1 Overall impact of risk factors on cataract burden
	3.2 Cataract burden stratified by age and sex
	3.3 Contributions of risk factors to cataract burden by SDI, sex and age
	3.4 Particulate matter pollution
	3.5 Smoking
	3.6 High fasting plasma glucose
	3.7 High body mass index

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

