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Abstract
Background  This study aimed to understand the vision health status of adolescents in the Western Pacific Region 
(WPR) using Global Burden of Disease (GBD) data from 1990 to 2019.

Methods  We conducted a comprehensive analysis of blindness and vision loss using GBD data from 1990 to 2019, 
analyzed trends in the prevalence and burden of blindness and vision loss over time using joinpoint regression, and 
analyzed their independent effects on blindness and vision loss in three dimensions using age-period-cohort (APC) 
modeling.

Results  The prevalence of blindness and vision loss among adolescents in the WPR showed an increasing trend 
between 1990 and 2019 (AAPC: 0.56%) and a slight increase in YLD (AAPC: 0.11%). The joinpoint regression showed 
a decreasing trend after 2017 (AAPC: -2.45%). The prevalence and burden trended downward in most Western 
Pacific countries, with only China rising significantly (AAPC prevalence: 0.57%). Refractive disorders had the highest 
prevalence among the subgroups. The risk of blindness and vision loss in adolescents reduced with age but grew 
later in time and at later birth. In addition, prevalence and burden were generally higher in females than males.

Conclusions  In the context of a declining global trend in the prevalence and burden of blindness and vision loss 
among adolescents, there is an increasing trend among adolescents in WPR, with the most pronounced rise in China. 
This finding has important implications for WPR, suggesting that more attention should be given to adolescent eye 
health in the region.
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Introduction
Blindness and vision loss are important global health 
problems and are the third most important disorders 
after anemia and hearing loss [1]. Eye diseases that can 
lead to vision loss or even blindness include age-related 
macular degeneration, cataracts, corneal opacity, diabetic 
retinopathy, glaucoma, refractive errors, and trachoma 
[2]. According to the World Health Organization, at least 
2.2  billion people worldwide suffer from visual impair-
ment, of which at least 1 billion suffer from preventable 
or unresolved visual impairment [3]. These striking fig-
ures indicate that visual problems are widespread.

Blindness and visual impairment significantly affects 
an individual’s quality of life [4]. Individuals with blind-
ness and vision loss are unable to participate in com-
mon daily activities, such as exercise, learning, work, and 
social interactions, which can lead to limited mobility 
or reduced cognitive ability [5]. Additionally, blindness 
and visual impairment impose a significant socioeco-
nomic burden. Particularly noteworthy is the reported 
economic burden caused by uncorrected myopia in East 
Asia, South Asia, and Southeast Asia, which is more than 
twice that of other regions, equivalent to over 1% of the 
gross domestic product (GDP) [6]. The global burden of 
vision problems is evident, and although it affects people 
of all ages, the visual health of adolescents is of particular 
concern.

Adolescence is an important stage in the development 
of the visual system, and any damage to vision during this 
stage may have long-term effects on an individual’s future 
[7, 8]. Unfortunately, we found that blindness and visual 
impairment can cause significant harm to the adolescent 
population. Certain eye diseases commonly occur during 
childhood, including myopia [9], retinopathy of prematu-
rity [10], and amblyopia [11]. These visual impairments 
may not only lead to limitations in physical activity, such 
as restricted mobility due to environmental barriers (e.g., 
transportation barriers) [12], but may also affect aca-
demic performance and limit developmental potential 
[13]. Moreover, visual impairment can trigger psycholog-
ical and emotional stress, influencing social interactions 
and mental health [14]. For example, research has dem-
onstrated a correlation between visual impairment and 
lower self-esteem [15].

With the development of global medical resources, 
some early vision problems in children and adolescents 
have improved significantly. However, the prevalence of 
certain visual conditions increases during adolescence. 
A trend analysis study using GBD data showed that the 
global burden of visual impairment in children under 5 
years of age has decreased markedly, whereas the bur-
den of myopia in adolescents aged 15–19 years has 
increased dramatically [16]. This trend is particularly evi-
dent in some regions, with studies finding that eye health 

problems among adolescents in East and Southeast Asia 
are more severe than those in other regions [17–19]. 
In China alone, 6.4  million children and adolescents 
are visually impaired, and this number is expected to 
increase to 180 million by 2030 according to a projection 
study on the burden of vision [20]. Other studies have 
found that the prevalence of myopia among adolescents 
is 70% in Singapore [21], 94.9% in Japan [22], and 96.5% 
in South Korea [23]. Although some of the data relied 
on self-reports or school physical examination records, 
which may be subject to error, they were derived from 
government-supported national surveys and research 
projects by academic institutions using large sample sizes 
and standardized methodologies, lending them high 
credibility. However, it is worth noting that these alarm-
ing data are concentrated in the Western Pacific Region 
(WPR), raising concerns regarding adolescent visual 
health.

The WPR encompasses 31 countries, including parts 
of East and Southeast Asia and many island nations, and 
spans multiple cultural and economic contexts, making it 
one of the most complex regions in the world [24]. As a 
result, the challenges facing adolescents’ vision of health 
vary from country to country. For instance, high-income 
countries in the region, such as Singapore and Japan, may 
have relatively high levels of visual impairment owing to 
educational pressures [21]. However, developing coun-
tries in the region are also exposed to stress on visual 
health due to rapid urbanization [25] as well as eco-
nomic factors that limit people’s ability to access appro-
priate healthcare resources and eye health services [26]. 
Furthermore, complex geographical factors also play an 
important role in cross-national inequalities in eye health 
[27]. A recent review of eye health in Pacific Island coun-
tries found that refractive errors and cataracts are of little 
concern in these islands [28]; however, they are the main 
causes of visual impairment globally. It is clear that West-
ern Pacific countries face complex challenges to adoles-
cent visual health because of multiple social, economic, 
and geographic conditions. A 2015 study also confirmed 
the high burden of visual impairment in this region [29]. 
Therefore, eye health research targeting this specific 
region is essential for addressing these issues.

However, we found that although there are studies ana-
lyzing adolescent vision health issues, they either focus 
on the global situation [30], lack in-depth analysis of the 
WPR, or are outdated and unable to reflect on recent 
trends [31]. As a result, there have been no specialized 
studies in recent years focusing on adolescent blindness 
and vision loss in WPR. Therefore, the core objective 
of this study was to systematically analyze trends in the 
prevalence of blindness and vision loss among adoles-
cents in the WPR using data from the Global Burden of 
Disease (GBD) study from 1990 to 2019. Additionally, the 
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secondary objective of the study was to analyze the prev-
alence of blindness and vision loss over time using join-
point regression and to assess the impact of age, period, 
and cohort on these trends using the age-period-cohort 
(APC) model. The study results showed that despite the 
global decline in the prevalence and burden of adolescent 
blindness and vision loss, the WPR, particularly in China, 
showed an opposite upward trend. This finding highlights 
the unique challenges within the region and suggests 
potential shortcomings in current preventive measures 
and policies addressing adolescent vision problems. Our 
research provides strong evidence for the future develop-
ment of targeted policies and plans to tackle adolescent 
vision health issues in WPR more effectively.

Materials and methods
Data sources
The Global Burden of Disease Study 2019 (GBD 2019) 
data we used are freely available from the Global Health 
Data Exchange (GHDx) ​(​​​h​t​​t​p​s​​:​/​/​v​​i​z​​h​u​b​.​h​e​a​l​t​h​d​a​t​a​.​o​r​g​
/​g​b​d​-​r​e​s​u​l​t​s​/​​​​​)​. GBD 2019 provides data on disease inci-
dence, prevalence, burden, and other indicators from 
1990 to 2019, covering 369 diseases and injuries across 
204 countries and territories. A detailed description of 
the original data and general methodology for blindness 
and vision loss in GBD have been presented in previous 
studies [32]. In short, the GBD team collected data on the 
prevalence and burden of visual impairment by reviewing 
relevant published research and other available epidemi-
ological surveys [32]. MR-BRT (Meta-Regression, Bayes-
ian, Regularized, Trimmed) models were used to adjust 
for uncertainty and trim anomalous input data, and the 
Bayesian mixed-effects meta-regression tool, DisMod-
MR 2.1 was used to ensure consistency between param-
eters [33].

The International Classification of Diseases (ICD)-
10 codes for blindness and vision loss are H25-H28.8, 
H31-H36.8, H40-H40.9, H42-H42.8, and H46-H54.9, 
which include conditions such as glaucoma, cataracts, 
age-related macular degeneration, refractive disorders, 
near vision loss, and other vision loss [27]. According to 
the Snellen chart, it can be categorized into the follow-
ing severity levels [34]: (1) Moderate: 6/18 > visual acu-
ity ≥ 6/60 (2), Severe: 6/60 > visual acuity ≥ 3/60, and (3) 
Blindness: Visual acuity of < 3/60 or < 10% visual field 
around central fixation. Near vision loss is defined as a 
progressive inability to focus on near objects with age 
(presbyopia) and near visual acuity of < 6/12 distance 
equivalent. Refractive error is blurred vision caused by 
the inability of the lens to focus (including myopia, astig-
matism, etc.). Glaucoma is characterized by elevated 
intraocular pressure that can lead to optic nerve dam-
age. A cataract is clouding of the lens of the eye due to 
protein buildup that impairs vision. Age-related macular 

degeneration is a progressive retinal disease that develops 
with age, primarily affecting the macular area and can 
lead to loss of central vision.

We explored blindness and vision loss with data from 
31 countries in the WPR: American Samoa, Australia, 
Brunei Darussalam, Cambodia, China, Cook Islands, Fiji, 
Guam, Japan, Kiribati, Lao People’s Democratic Republic, 
Malaysia, Marshall Islands, Micronesia (Federated States 
of ), Mongolia, Nauru, New Zealand, Niue, Northern 
Mariana Islands, Palau, Papua New Guinea, Philippines, 
Republic of Korea, Samoa, Singapore, Solomon Islands, 
Tokelau, Tonga, Tuvalu, Vanuatu and Viet Nam [24, 35].

Our study focuses on adolescents aged 10–24, divided 
into three age groups: 10–14, 15–19, and 20–24 years. 
10–24 years of age is a period of critical physiological 
change and social transition, but the physiological con-
ditions as well as the academic, life, and social pressures 
they face differ at each stage [36, 37]. Therefore, this divi-
sion allows for a more accurate capture of changes in 
visual health. In addition, since glaucoma and age-related 
macular degeneration develop after the age of 45 years 
and cataracts after 20 years of age [34], only cataracts 
(20–24 years age group), refractive disorders, near vision 
loss, and other vision loss were selected in the subgroups.

The data used in this study come from public databases 
and consist of aggregated data that do not involve direct 
human experiments or personal privacy-related informa-
tion. Therefore, ethical approval and informed consent 
were not required. Additionally, the Global Burden of 
Disease (GBD) study strictly adheres to the Guidelines 
for Accurate and Transparent Health Estimates Report-
ing (GATHER), ensuring the transparency, completeness, 
and scientific integrity of the data.

Statistical analysis
The number of cases and rates (per 100,000 popula-
tion) of prevalence and years lived with disability (YLD) 
were obtained directly from the GBD together with 95% 
uncertainty intervals (UIs) for each estimate (based on 
the ranked 1,000 estimates consisting of the 2.5th and 
97.5th percentiles). As GBD offers only all-age standard-
ized rates, we also calculated age-standardized rates for 
ages 10–24, based on the standard population to facilitate 
comparisons. Current data characterize the prevalence 
trends and disease burden of blindness and vision loss by 
sex, age, year, country, and disease subgroup strata.

Kim [38] showed that joinpoint regression analysis can 
divide longitudinal changes into different zones through 
segmental regression and identify statistically signifi-
cant trends in these zones. Briefly, the joinpoint regres-
sion model first determines the interval segmentation 
function connection points using log-linear modeling 
and the grid search method (GSM). Then, the Monte 
Carlo permutation test was applied to establish the 

https://vizhub.healthdata.org/gbd-results/
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optimal model for joinpoint regression, and the number 
of potential joints was set between 0 and 5. Finally, the 
optimal model was used to calculate the annual percent 
change (APC) between turning points and the average 
annual percent change (AAPC). This method is simple 
and flexible, allowing for clear identification of each key 
trend turning point, which is particularly critical when 
dealing with long-term data. Therefore, we used APCs, 
AAPCs, and the corresponding 95% confidence inter-
vals (CIs) obtained from the joinpoint regression analy-
ses to describe the trends in the prevalence and burden 
of blindness and vision loss in adolescents from 1990 to 
2019. Z-test and significance level of 0.05 were used to 
determine the difference between APC or AAPC and 0.

Age-period-cohort analysis based on Poisson distri-
bution can eliminate the linear relationship between 
age, cohort, and other factors, and accurately reflect the 
effects of age, period, and cohort on disease [39]. Com-
pared with other statistical models that can only analyze 
a single effect, it is more comprehensive in revealing the 
independent roles of multidimensional factors in dis-
ease prevalence trends [40]. Therefore, the APC model 
was used to simultaneously assess the age, period and 
cohort effects of the trend in the prevalence of blindness 
and vision loss to disaggregate and explore the underly-
ing physiological, social, historical and environmental 
factors [41]. In the APC model of this study, age, period, 
and cohort were categorized into three age groups with 
5-year intervals (10–14 years, 15–19 years, 20–24 years), 
six periods with 5-year intervals (1990–1994, 1995–1999, 
., 2015–2019) and eight birth cohorts (1965–1974, ., 
2000–2009), with partial overlap of neighboring birth 
cohorts. The model provides various estimates such as 
(1) net drift representing the overall time trend in preva-
lence, which is the overall annual percentage change over 
the entire period; (2) local drift the time trend in preva-
lence within each age group, which is expressed as the 
annual percentage change in prevalence for a specific age 
group; (3) longitudinal age effect which refers to changes 
caused by physical, psychological and social status shifts 
associated with changes in biological age; (4) period 
effect the relative risk of the period compared to the ref-
erence period adjusted for age and nonlinear effects; and 
(5) cohort effect the relative risk of the birth cohort com-
pared to the reference cohort adjusted for age and non-
linear effects. These parameters were tested for statistical 
significance using the Wald χ2 test with a significance 
level of 0.05.

All data processing, analysis, and visualization were 
performed using Excel 2016 and version R 4.2.1.

Results
Prevalence and YLDs of blindness and vision loss in 
adolescents
Table  1 presents the prevalence (per 100,000 popula-
tion) and YLDs (per 100,000 population) of blindness 
and vision loss. Global blindness and vision loss showed 
a decreasing trend, with the prevalence declining from 
1333.89 (95% UI: 1041.18 to 1682.05) in 1990 to 1290.80 
(95% UI: 997.71 to 1637.20) in 2019, AAPC of -0.11% 
(95% CI: − 0.13% to -0.08%), and YLD also decreased 
from 56.82 (95% UI: 36.20 to 84.62) in 1990 to 50.99 
(95% UI: 31.98 to 77.03) in 2019, and the AAPC was 
− 0.36% (95% CI: -0.41% to -0.31%). The prevalence and 
YLDs were also reduced to varying degrees in the other 
regions. However, the opposite was true for the WPR. Its 
prevalence grew from 959.96 (95% UI: 749.47 to 1210.71) 
in 1990 to 1117.08 (95% UI: 866.50 to 1414.64) in 2019, 
AAPC of 0.56% (95% CI: 0.35–0.76%), and the YLD also 
increased from 42.03 (95% UI: 26.74 to 62.90) in 1990 to 
43.16 (95% UI: 26.84 to 66.51) in 2019, AAPC of 0.11% 
(95% CI: -0.04–0.26%) (Fig. 1, Figure S1).

For countries in the WPR, the prevalence and burden 
of blindness and vision loss among adolescents were 
notably high in Cambodia, Singapore, New Zealand, 
Vietnam, and Australia. For example, although the overall 
trend of visual impairment in Cambodia declined signifi-
cantly, the prevalence in 2019 remained high, reaching 
1888.71 (95% UI: 1438.30 to 2432.63), with YLD being 
the highest among the WPR.(Table 2; Fig. 2A and Figure 
S2). However, particularly noteworthy was China, whose 
prevalence rose from 826.56 (95% UI: 643.01 to 1039.02) 
in 1990 to 987.95 (95% UI: 762.94 to 1249.61) in 2019, 
AAPC was 0.57% (95% CI: 0.12–1.01%), and YLD rose 
from 37.96 (95% UI: 24.41 to 56.50) to 39.42 (95% UI: 
24.70 to 60.58), AAPC was 0.16% (95% CI: -0.02–0.34%) 
(Table  2; Fig.  2B). This trend is in sharp contrast to the 
overall downward trend observed globally and in other 
Western Pacific countries.

Subgroups of blindness and vision loss
We examined the contribution of several subgroups to 
blindness and vision loss. Between 1990 and 2019, refrac-
tive disorders were the leading cause of vision impair-
ment across all age groups regardless of sex. Although 
its prevalence decreased with age, it remained dominant 
throughout adolescence, having the greatest impact on 
overall trends in blindness and vision impairment. As 
age increased, the impact of near vision loss gradually 
became more apparent, particularly in the 20–24 age 
group, where the burden increased significantly. The pro-
portion of other causes of vision loss remained relatively 
stable across the different age groups, whereas the effect 
of cataracts was only observed in the 20–24 age group 
(Tables S1-S4, Figures S3-S5). Overall, refractive errors 



Page 5 of 16Luo et al. BMC Public Health         (2024) 24:3193 

Ta
bl

e 
1 

Pr
ev

al
en

ce
 a

nd
 Y

LD
s o

f b
lin

dn
es

s a
nd

 v
isi

on
 lo

ss
 a

nd
 th

ei
r A

AP
Cs

 a
m

on
g 

ad
ol

es
ce

nt
s, 

gl
ob

al
 a

nd
 v

ar
io

us
 re

gi
on

s, 
19

90
 to

 2
01

9
lo

ca
tio

n
Pr

ev
al

en
ce

YL
D

s
Ca

se
(n

), 
19

90
A

ge
-s

ta
nd

ar
di

ze
d 

pr
ev

al
en

ce
 (p

er
 

10
0,

00
0 

po
pu

la
-

tio
n)

, 1
99

0

Ca
se

(n
), 

20
19

A
ge

-s
ta

nd
ar

di
ze

d 
pr

ev
al

en
ce

 (p
er

 
10

0,
00

0 
po

pu
la

-
tio

n)
, 2

01
9

A
A

PC
 (%

), 
19

90
–2

01
9

P Va
lu

e
Ca

se
(n

), 
19

90
A

ge
-s

ta
nd

ar
d-

iz
ed

 Y
LD

s 
(p

er
 

10
0,

00
0 

po
pu

la
-

tio
n)

, 1
99

0

Ca
se

(n
), 

20
19

A
ge

-s
ta

nd
ar

d-
iz

ed
 Y

LD
s 

(p
er

 
10

0,
00

0 
po

pu
la

-
tio

n)
, 2

01
9

A
A

PC
 (%

), 
19

90
–2

01
9

P Va
lu

e

G
lo

ba
l

20
,6

73
,3

37
(1

67
20

18
6 

to
 

25
23

95
48

)

13
33

.8
9

(1
04

1.
18

 to
 

16
82

.0
5)

24
,0

71
,7

97
(1

94
00

45
9 

to
 

29
44

12
43

)

12
90

.8
0

(9
97

.7
1 

to
 1

63
7.

20
)

-0
.1

1
(-0

.1
3 

to
 

-0
.0

8)

<
 0

.0
01

88
1,

08
7

(5
65

90
1 

to
 

13
01

04
9)

56
.8

2
(3

6.
20

 to
 8

4.
62

)
95

0,
96

3
(6

00
55

4 
to

 
14

26
68

7)

50
.9

9
(3

1.
98

 to
 7

7.
03

)
-0

.3
6

(-0
.4

1 
to

 
-0

.3
1)

<
 0

.0
01

Af
ric

an
 

Re
gi

on
1,

47
9,

77
7

(1
20

70
73

 to
 

17
92

28
7)

92
1.

67
(7

22
.3

3 
to

 1
15

7.
90

)
2,

98
9,

61
4

(2
42

54
69

 to
 

36
66

03
2)

84
5.

31
(6

53
.9

8 
to

 1
07

0.
82

)
-0

.3
0

(-0
.3

1 
to

 
-0

.2
8)

<
 0

.0
01

72
,7

04
(4

78
38

 to
 

10
36

95
)

45
.3

0
(2

9.
51

 to
 6

5.
37

)
13

5,
59

2
(8

69
85

 to
 

19
81

73
)

38
.3

3
(2

4.
46

 to
 5

6.
33

)
-0

.5
8

(-0
.5

9 
to

 
-0

.5
6)

<
 0

.0
01

Ea
st

er
n 

M
ed

ite
r-

ra
ne

an
 

Re
gi

on

2,
34

1,
73

7
(1

87
62

34
 to

 
28

77
59

9)

19
57

.5
4

(1
52

3.
51

 to
 

24
78

.1
5)

3,
68

6,
26

3
(2

98
05

18
 to

 
45

05
99

5)

17
47

.2
5

(1
35

0.
32

 to
 

22
19

.8
7)

-0
.3

9
(-0

.4
1 

to
 

-0
.3

8)

<
 0

.0
01

10
4,

69
4

(6
83

59
 to

 
15

22
64

)

87
.6

4
(5

6.
41

 to
 1

29
.1

8)
15

0,
79

7
(9

52
24

 to
 

22
65

53
)

71
.5

0
(4

5.
10

 to
 1

07
.2

9)
-0

.7
0

(-0
.7

2 
to

 
-0

.6
9)

<
 0

.0
01

Eu
ro

pe
an

 
Re

gi
on

2,
72

8,
97

7
(2

18
27

51
 to

 
33

58
37

0)

13
86

.3
7

(1
06

2.
26

 to
 

17
84

.1
0)

2,
22

1,
40

9
(1

77
31

63
 to

 
27

56
85

7)

13
60

.9
1

(1
03

7.
38

 to
 

17
57

.9
7)

-0
.0

6
(-0

.0
7 

to
 

-0
.0

6)

<
 0

.0
01

10
4,

52
6

(6
44

77
 to

 
15

82
40

)

53
.1

1
(3

2.
67

 to
 8

0.
72

)
82

,4
15

(5
06

36
 to

 
12

54
60

)

50
.5

1
(3

0.
58

 to
 7

8.
02

)
-0

.1
7

(-0
.1

8 
to

 
-0

.1
6)

<
 0

.0
01

Re
gi

on
 

of
 th

e 
Am

er
ic

as

3,
53

6,
00

0
(2

82
68

65
 to

 
43

74
24

1)

17
87

.1
1

(1
36

9.
13

 to
 

23
05

.5
6)

3,
97

5,
13

4
(3

17
76

63
 to

 
49

29
07

9)

17
04

.8
6

(1
29

5.
90

 to
 

21
96

.7
2)

-0
.1

5
(-0

.1
6 

to
 

-0
.1

4)

<
 0

.0
01

14
2,

17
7

(9
04

73
 to

 
21

16
20

)

71
.8

6
(4

4.
82

 to
 1

08
.3

3)
15

1,
36

3
(9

40
61

 to
 

22
93

90
)

64
.9

6
(3

9.
50

 to
 9

9.
24

)
-0

.3
4

(-0
.3

5 
to

 
-0

.3
3)

<
 0

.0
01

So
ut

h-
Ea

st
 A

sia
 

Re
gi

on

6,
07

0,
87

0
(4

94
05

95
 to

 
73

58
61

0)

15
18

.5
7

(1
18

4.
72

 to
 

19
05

.4
5)

7,
41

0,
82

8
(5

97
98

30
 to

 
89

92
42

8)

13
23

.2
3

(1
02

3.
50

 to
 

16
84

.5
6)

-0
.4

9
(-0

.5
4 

to
 

-0
.4

4)

<
 0

.0
01

25
8,

35
6

(1
66

99
1 

to
 

37
79

85
)

64
.7

2
(4

1.
22

 to
 9

5.
93

)
28

4,
29

6
(1

78
50

6 
to

 
42

48
82

)

50
.7

3
(3

1.
75

 to
 7

7.
02

)
-0

.8
4

(-0
.9

2 
to

 
-0

.7
6)

<
 0

.0
01

W
es

te
rn

 
Pa

ci
fic

 
Re

gi
on

4,
45

5,
97

7
(3

60
76

07
 to

 
53

80
89

0)

95
9.

96
(7

49
.4

7 
to

 1
21

0.
71

)
3,

71
5,

04
2

(2
96

02
07

 to
 

45
50

05
8)

11
17

.0
8

(8
66

.5
0 

to
 1

41
4.

64
)

0.
56

(0
.3

5 
to

 
0.

76
)

<
 0

.0
01

19
6,

34
2

(1
26

72
3 

to
 

28
92

13
)

42
.0

3
(2

6.
74

 to
 6

2.
90

)
14

3,
80

9
(9

08
75

 to
 

21
83

72
)

43
.1

6
(2

6.
84

 to
 6

6.
51

)
0.

11
(-0

.0
4 

to
 

0.
26

)

0.
15

3

N
ot

es
: Y

LD
, y

ea
rs

 li
ve

d 
w

ith
 d

isa
bi

lit
y;

 A
AP

C,
 a

ve
ra

ge
 a

nn
ua

l p
er

ce
nt

 c
ha

ng
e



Page 6 of 16Luo et al. BMC Public Health         (2024) 24:3193 

were the primary driver of vision impairment among 
adolescents, while near vision loss and cataracts had a 
greater impact in the older age groups.

The distribution of vision loss varies by country. Cata-
racts had the highest prevalence and burden in Papua 
New Guinea, Kiribati, and Cambodia. Near vision loss 
was found to have the highest prevalence and YLDs 
in China, Mongolia, and Papua New Guinea. Refrac-
tive disorders also show a higher prevalence and burden 
of disease in Cambodia, Singapore, and New Zealand. 
Other vision loss observed in Singapore, Brunei Darus-
salam, the Republic of Korea, and Mongolia was the most 
widely distributed (Tables S1-S4, Figures S6-S7, Figures 
S8-S11 A).

Joinpoint regression analysis
Across WPR, the prevalence of blindness and vision loss 
generally showed an upward trend. Specifically, the prev-
alence rose more rapidly between 1990 and 1994, with 
an APC of 1.33%, and increased slowly and steadily from 
1994 to 2014, with an APC of 0.18%. The most dramatic 
increase was from 2014 to 2017, with an APC of 4.11%. 
However, after 2017, the prevalence exhibited a sudden 
downward trend, with an APC of -2.45%. The prevalence 
trends for both males and females were broadly similar to 
the overall trend, although there was a slow reduction in 
female prevalence between 2007 and 2014 (Fig. 3A).

Similar to the prevalence, YLD for blindness and vision 
loss in WPR showed an overall upward trend. 1990 to 
1995 trended upward, with an APC of 0.35%. Between 
1995 and 1999, there was a rapid drop, with an APC 
of -1.12%. Between 1999 and 2014, the fall rate was 
slower (APC = -0.12%). Between 2014 and 2017, there 
was a similar rapid increase (APC = 3.47%), followed by 
a sudden decline after 2017 (APC = -1.25%)(Fig.  3B). 

Approximately parallel YLDs and overall trends were 
observed for both males and females. However, both 
prevalence and YLD were markedly higher in females 
than in males.

Among the different causes of vision loss, cataract 
prevalence and YLD showed an overall decreasing trend 
but increased after 2015 (Figure S12). Near vision loss 
increased from 1990 to 1999 and then showed a down-
ward trend (Figure S13). Refractive disorders were clos-
est to the trends for blindness and vision loss, with an 
upward trend from 1990 to 2017 followed by a swift fall 
after 2017 (Figure S14). Other vision loss decreased over-
all, but the YLD increased after 2016 (Figure S15). The 
prevalence and YLD trends for all causes were broadly 
similar for males, females, and both, and were higher for 
females than for males, except for other vision loss.

Age-period-cohort analyses
Figure  4 illustrates the age-period cohort effect in the 
WPR. A net drift of 0.45% between blindness and vision 
loss was observed over the entire study period (Table 
S6), which suggests increasingly severe vision loss. Local 
drift was also greater than 0% in every age group, with 
a maximum in the 10–14 years age group (0.62%) and a 
minimum in the 20–24 years age group (0.25%) (Table 
S7). The age effect showed that the risk was highest in 
the adolescent stage of 10 to 14 years but decreased with 
increasing age (Table S8). Compared to 1990, the period 
effect showed a gradual increase in risk from 1995 to 
2009 but a slight decrease from 2010 to 2014, followed 
by a very large increase in relative risk (Table S9), with 
an overall increase in the risk of disease as the period 
moved backward. Concerning birth cohort effects, those 
born before 1985 had a relatively low risk of disease with 
weak upward and downward fluctuation, characterized 

Fig. 1  The age-standardized (A) prevalence and (B) YLDs of blindness and vision loss among adolescents in the Western Pacific Region, 2019. Notes: YLD, 
years lived with disability
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by a decline followed by an increase and then a decline, 
whereas those born after 1985 had an increased risk of 
disease (Table S10). Moreover, regardless of the effect, 
girls were at higher risk.

There was considerable variation across countries, with 
only China and Vietnam showing a significant increase in 
the risk of disease (net drift of 0.52% and 0.16%, respec-
tively) (Table S5, Table S6). Localized drift increased with 
age in Australia, China, Malaysia, and Vietnam; decreased 
with age in Cambodia; and decreased or increased with 
age in the rest of the countries with non-significant 
homogeneous decreases (Table S7, Figure S16). In terms 
of the age effect, the risk of the disease improved with age 
in Cambodia, China, Laos, Malaysia, the Philippines, and 
Vietnam, but adolescents in Japan and Korea were signifi-
cantly more at risk (Table S8, Figure S17). The time effect 
showed that the overall prevalence risk of blindness and 
vision loss declined in almost all countries and was most 
pronounced in Cambodia. In China, however, there was 
only an improvement from 2000 to 2009, with adoles-
cents in later periods more likely to be at risk (Table S9, 
Figure S18). Similarly, birth cohorts also showed a higher 
risk of disease the later the cohort was born in China, 
the more marked the improvement in Cambodia (Table 
S10, Figure S19). In addition, there was a very high over-
lap between the prevalence patterns in China and WPR. 
The prevalence varied between men and women in each 
country; however, in general, girls were worse off in most 
cases.

Discussion
To our knowledge, this is the first study to explore blind-
ness and vision loss in adolescents aged 10–24 years in 
WPR. Our results showed an overall increasing trend in 
both the prevalence and YLD of blindness and vision loss 
among adolescents in the WPR, with an opposite pat-
tern observed globally and in other regions. Moreover, 
the prevalence and burden of blindness and vision loss 
among adolescents in China are also rising, with a dra-
matic impact on WPR. We also found that refractive dis-
orders dominate the visual impairment in adolescents in 
this region. Thus, the overall eyesight of Western Pacific 
adolescents was not encouraging.

Trends in the prevalence and burden of blindness and 
vision loss among adolescents
The complex composition of countries in the WPR, 
which is home to a large number of low-income coun-
tries as well as high-income countries with favorable 
economic status [42], all of which face different forms 
of vision loss pressures (such as barriers to access to pri-
mary health care services [43] or intensified education 
[44]), have contributed to the overall worsening of visual 
impairment in adolescents. However, amid an overall lo
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increase in prevalence and burden, vision deterioration 
eased after 2017, a trend attributed to multiple factors. 
First, this improvement is closely related to socioeco-
nomic development and enhancement of healthcare poli-
cies. As economies gradually improved, countries in the 
WPR increased their investments in public health, par-
ticularly ophthalmic care. Several nations have launched 
large-scale intervention programs that promote early 
screening and treatment, which significantly reduce the 
burden of eye diseases [45–48]. Technological advances 
have also played a key role in reversing this trend. For 
example, the widespread adoption of refractive correc-
tion techniques and cataract surgery has enabled many 
patients to receive timely treatment, reducing the long-
term accumulation of vision impairments [49, 50]. Addi-
tionally, the implementation of the WHO Global Action 
Plan for Eye Health (2014–2019) in the WPR had a posi-
tive impact [51]. The plan aimed to reduce avoidable 
vision impairment by increasing access to and coverage 
of eye care services in low- and middle-income countries 
through international aid and government funding, fur-
ther improving the region’s vision health.

Interestingly, we observed that this particular trend in 
adolescent vision problems in the WPR may be largely 
attributable to China’s influence. This is because China’s 
trend is consistent with the overall trend in the Western 
Pacific, whereas most other countries show a downward 
trend, consistent with previous reports [16]. This may be 
due to excessive Internet use among Chinese adolescents, 
which significantly increases screen time [52, 53]. Addi-
tionally, the “Chinese-style education” system requires 
children to spend most of their time studying, leaving 
little time for outdoor activities [54, 55]. Therefore, it 

is unsurprising that most teenagers in China have poor 
eyesight. A previous study reported that China’s teens 
and young adults went from less than 20% nearsighted 
in approximately 60 years to 90% in 2015 [19], which is a 
frightening figure. However, this situation has improved 
since 2017 and this turning point may be closely related 
to a series of proactive policies and measures. For exam-
ple, the Chinese government issued an Implementa-
tion Plan for Comprehensive Prevention and Control of 
Myopia among Children and Adolescents [56], which 
effectively alleviated vision impairment by promoting 
nationwide vision screening and preventive measures. 
Additionally, the deepening of healthcare reform has sig-
nificantly enhanced the capacity of primary healthcare 
services, and ophthalmic care resources in remote areas 
have also been strengthened [57]. Furthermore, techno-
logical advancements have played an important role in 
reducing the burden of vision impairments in China.

Among the countries where the burden of vision 
impairment has eased, Cambodia’s improvement has 
been particularly remarkable (despite having the highest 
prevalence). Historically, because of the Khmer Rouge 
regime, many educated professionals were killed or dis-
placed. Coupled with economic difficulties, the country 
faced a severe shortage of ophthalmic resources, leading 
to serious vision impairment issues. However, Cambo-
dia improved this situation through a series of measures, 
becoming the second country after China signed in sup-
port of the “Vision 2020” initiative [58]. With the grad-
ual economic recovery and support of international 
aid, Cambodia strengthened community education and 
early screening, established multiple specialized oph-
thalmology hospitals, and to some extent improved the 

Fig. 2  Distribution of blindness and vision loss among adolescents in the Western Pacific Region in 2019. (A) age-standardized rates; (B) AAPCs. Notes: 
YLD, years lived with disability; AAPC, average annual percent change
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accessibility and quality of eye care by training a large 
number of ophthalmologists and nurses. After years of 
effort, the cataract surgery rate increased from 1,182 per 
million in 2009 to 2,791 per million in 2019. In 2015, the 
country successfully eliminated trachoma [59]. Cambo-
dia’s success demonstrates that the effective integration 
of policies and resources can significantly improve vision 
and health, even in low- and middle-income countries. 
Therefore, developed countries such as South Korea, 
Japan, and Singapore are even better positioned to reduce 
the burden of adolescent vision impairment through 
comprehensive multi-faceted measures.

Blindness and visual loss subgroups
In our study, refractive disorders predominated in ado-
lescents with visual impairment, which has also been 

reported in other studies [16]. More than one study has 
shown that refractive disorders in adolescents are still 
mainly the result of close work and intensive education 
[60–62]. What caught our attention was that the trend 
in the prevalence of overall vision loss in Western Pacific 
adolescents was extremely similar to that in the preva-
lence of refractive disorders. It is not difficult to under-
stand that refractive disorders are the leading cause of 
blindness and vision loss in the entire population [34], 
as well as in adolescents [16], and when it produces a 
change it can greatly implicate the overall change in 
vision loss. The prevalence of near vision loss increased 
with age, similar to previous studies [17, 63]. Although 
the definition of near vision loss in GBD is relatively lim-
ited (it encompasses only correctable near vision loss), 
its burden can be mitigated through prevention and 

Fig. 3  Joinpoint regression analysis of age-standardized (A) prevalence and (B) YLDs of blindness and vision loss among adolescents in the Western 
Pacific Region, 1990–2019. Notes: YLD, years lived with disability; AAPC, average annual percent change; APC, annual percent change
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intervention. Thus, it an equally high public health signif-
icance. In contrast to refractive disorders and near vision 
loss, there was a notable reduction in the prevalence and 
burden of cataracts and other vision losses. This may 
be attributed to the global initiative to eliminate avoid-
able blindness, “Vision 2020: The Right to Sight“ [64], 
launched by the WHO in 1999. The initiative focuses 
on causes such as cataracts because it has cost-effective 
interventions that are already in place, and after many 
years of effort, its achievements are evident.

Refractive disorders pose a significant threat to ado-
lescents’ optical well-being. Although some policies 
and measures currently implemented by various coun-
tries have yielded certain results, there is still a need to 
strengthen public health education, raise awareness 
among parents and adolescents regarding prevention 
and control, conduct regular vision screenings, and pro-
mote intervention measures such as increasing outdoor 

activities and limiting screen time [65, 66]. Simultane-
ously, governments should continue to enhance policy 
support, promote international cooperation, and share 
preventive and control experiences. Furthermore, future 
interventions should be personalized and offer tailored 
prevention and correction plans for high-risk adoles-
cents. In summary, we call for more comprehensive and 
improved preventive and interventional efforts.

Age-period-cohort effects of blindness and vision loss in 
adolescents
We deconstructed the relative contributions of age, 
period, and cohort to vision impairment using the age-
period-cohort (APC) model, revealing the roles of the 
underlying physiological, social, historical, and environ-
mental factors. The results of the age effect showed that 
the risk of vision impairment among adolescents in the 
Western Pacific was highest at ages 10–14 and improved 

Fig. 4  Age-period-cohort analysis of the prevalence of blindness and vision loss among adolescents in the Western Pacific Region
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with increasing age. This finding may be related to the 
developmental characteristics of the human eye. One 
study on adolescent eye development used 13 years of age 
as the terminal stage of normal eye growth [8]. Another 
study on visual stability showed that refractive error in 
juveniles stabilizes in late adolescence (90% stabilization 
by age 21) [67]. In addition, myopia in adolescents usually 
progresses rapidly in the early years and then slows down 
[68]. These physiological factors are consistent with the 
age effect we observed.

Regarding the period effect, this study presents us with 
the fact that the later the period, the stronger the over-
all risk of the disease. Rapid economic development has 
introduced several risks. For example, technological 
advancements have transformed electronic devices from 
traditional large computers to portable smartphones, 
which have become an indispensable part of daily life. 
For instance, since the launch of smartphones, more than 
half of the children have exceeded the recommended 
guidelines for daily screen time use [69]; however, pro-
longed near-eye use increases the risk of eye disease. 
Studies have shown that as the use of digital media by 
adolescents increases, the incidence of vision problems 
is rising rapidly worldwide, especially in Asia, with the 
age of onset becoming younger [70–73]. Although expo-
sure to outdoor natural light can help prevent vision 
decline, the development of the economy and technol-
ogy has changed the way adolescents work and enter-
tain themselves, with more choosing indoor electronic 
entertainment or studying, leading to reduced time spent 
in natural light, thereby worsening vision problems [74]. 
Additionally, air pollution (such as PM2.5, PM10) is also 
associated with vision impairment, and the decline in air 
quality due to industrialization has exposed adolescents 
living in cities to greater risks to vision health [75].

For the birth cohort, we determined that the risk of 
disease increased only for those born after 1985. This 
increasing trend may be attributed to specific sociocul-
tural factors at that time. Sociocultural factors are closely 
related to economic development. Once people meet 
their basic living needs, higher pursuits such as educa-
tion, entertainment, and diet follow. Those born during 
these periods of sociocultural transformation are inevita-
bly influenced by these changes. Today higher education 
is increasingly promoted [76], and in many countries, 
children are constantly devoting more time to their stud-
ies to achieve their further educational goals. Several 
studies have confirmed that higher education is a risk 
factor for vision problems [77–79]. For example, it was 
reported that children who read more than two books 
per week had substantially longer axial lengths than those 
children who read less than two books per week [80]. 
In addition, the dietary quality of many adolescents has 
declined in today’s fast-paced society. Poor eating habits, 

such as consumption of fast food, may negatively impact 
overall health, including vision [81, 82]. Of course, the 
increasing use of electronic devices and gradual reduc-
tion in outdoor activities are also part of this societal 
shift. Consequently, countries should strengthen regular 
vision screening activities for children and adolescents 
as early detection and intervention can be effective in 
reducing the risk of vision loss.

Gender inequality in adolescent blindness and vision loss
We found, unsurprisingly, that blindness and vision loss 
were worse for girls than for boys, which is consistent 
with many prior studies [34, 83–85]. This is often related 
to the lower economic level and less access to education 
for females, resulting in fewer opportunities to obtain 
health information and eye care services [86, 87]. It may 
also be correlated with factors such as women spending 
more time at home and being exposed to higher levels 
of household air pollution [84]. To address this issue of 
gender inequality, countries in the WPR should take the 
following measures: enhance eye health education and 
awareness campaigns targeted at girls to improve their 
knowledge of eye care; improve the accessibility of oph-
thalmic services by establishing mobile eye clinics in low-
income areas; formulate policies that encourage families 
to support girls’ education, particularly in health educa-
tion; and strengthen cooperation between governments, 
non-governmental organizations, and communities to 
promote the status of women in health and education. 
Through these measures, we aimed to alleviate gender 
inequality in adolescent vision impairment and improve 
overall eye health.

Limitations
Subject to the GBD data, this study also has some limi-
tations. First, different measures were used to estimate 
visual acuity, which may have led to an increase in the 
measurement error. Such errors may affect the estima-
tion of the actual prevalence of blindness and visual 
loss, leading to an impact on the comparability of the 
data, which may lead to misinterpretation of the overall 
trend. Second, GBD estimates of disease burden were 
calculated in all regions based on available epidemiologic 
data; however, sparse data in some countries resulted in 
estimates that did not reflect true variation or had too 
large an uncertainty interval and overestimated disease 
prevalence and burden. Such inaccurate data will hin-
der our understanding of the actual challenges faced 
by these countries and further limit our comprehensive 
understanding of the overall trends. In addition, the GBD 
2019 does not provide data on factors associated with 
visual impairment in adolescents. Consequently, it is 
not possible to fully identify the factors that contribute 
to marked changes in blindness and vision loss. Finally, 
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in the GBD data, blindness and vision loss were only cat-
egorized into three subtypes; refractive disorders, near 
vision loss, and other vision loss for 10- to 19-year-olds, 
with an additional cataract subtype for 20- to 24-year-
olds. However, GBD 2019 did not have data on specific 
eye diseases associated with vision loss in adolescents, 
such as amblyopia and ocular trauma. These ocular dis-
eases have different developmental processes and poor 
adult outcomes, which cause differences in individual 
disease burden. Therefore, future studies on GBD should 
consider more specific eye diseases.

Conclusions
In conclusion, the burden of vision loss among adoles-
cents has decreased significantly globally and in other 
regions; however, high burdens persist in the WPR, with 
a high burden of refractive disorders being of particu-
lar concern. In countries where the prevalence and bur-
den continue to rise, such as China, a robust response is 
necessary. In the future, addressing the issue of declin-
ing vision among adolescents will hinge on developing 
and implementing more targeted preventive and inter-
vention measures. First, public health policies should 
focus on strengthening early screening and prevention 
of common eye diseases among adolescents, particu-
larly for high-prevalence conditions, such as refractive 
errors. Countries should promote eye health education, 
encourage outdoor activities, and advocate the use of 
electronic devices to reduce myopia. Additionally, poli-
cymakers should tailor healthcare resource allocation 
to the socioeconomic context of each country, ensuring 
that low-income populations have access to basic oph-
thalmic services. Furthermore, cross-sector collaboration 
should be promoted, encompassing fields such as educa-
tion, health, and social security, to establish a systematic 
approach to eye health intervention. These measures aim 
to effectively reduce the burden of vision impairment 
among adolescents and improve the overall eye health in 
the region.
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