journal of

glebal

health

Electronic supplementary material:
The online version of this article contains supplementary material.

© 2023 The Author(s) Cite as: Zhou CD, Li S, Ye LY, Chen C, Liu S, Yang HX, Zhuang P, Liu Z, Jiang H, Jing H, Jiang Y, Zhou L, Zhou X, Xiao J, Zhang C, Wen L, Lan C, Wang
Y, Sun T, Jiang L, Xie P, Chen F, Liang G, Fu D, Zhang T, Shi X, Son Z, Liu X, Li S, Li P, Xu X, Wei Q, Wang W, Huang X, De Z, Deng A, Ding L, Pan X,
Wen H, Zhang Z, Lv H, Zhang J, Tian X, Deng Z, Wang H, Wang F, Wang Y, Zhao H, Fang Y, Wu Yu, W Yf, Shen N, Li B, Li X, Dai H, Zhao N, Sun X,

Zheng Z, Liu K, Xu X. Visual impairment and blindness caused by retinal diseases: A nationwide register-based study. ] Glob Health 2023;13:04126.

Visual impairment and blindness

caused by retinal diseases:

A nationwide register-based study

Chuandi Zhou™, Shu Li?*, Luyao Ye™, Chong Chen!, Shu Liu?, Hongxia
Yang*, Peng Zhuang®, Zengye Liu®, Hongwen Jiang’, Jing Han®, Yiping
Jiang’, Liqin Zhou'®, Xiyuan Zhou', Jun Xiao'?, Cangxia Zhang'®, Lihui
Wen!*, Changjun Lan®, Yuging Wang'¢, Tao Sun", Li Jiang'¢, Peipei

Xie', Fan Chen?, Ge Liang®!, Dongdong Fu??, Tianzi Zhang?, Xuetao
Shi?*, Zhengyu Song?, Xinghong Liu?®, Shanshan Li¥, Pengcheng Li%,
Xiangzhou Xu?’, Qinfeng Wei*°, Weibang Wang®', Xionggao Huang®,
Zhen De*, Aijun Deng*, Lin Ding®, Xiuhong Pan®, Haiyan Wen¥,
Zhongchen Zhang®®, Hongbin Lv®, Jian Zhang*’, Xuemin Tian*, Zhen
Deng*, Hua Wang*?, Fang Wang**, Yu Wang*, Hongchao Zhao*¢, Yanhong
Fang*, Yuyu Wu*, Yufeng Wu*, Nian Shen®, Bo Li!, Xiaorong Li*!, Hong
Dai*?, Naiqing Zhao®, Xiaodong Sun', Zhi Zheng't, Kun Liu'f, Xun Xu'f

Afiliations are at the end of the article

Correspondence to:

Xun Xu

Department of Ophthalmology, Shanghai General Hospital, Shanghai Jiao Tong University
School of Medicine, National Clinical Research Center for Eye Diseases, Shanghai Key Laboratory
of Ocular Fundus Diseases, Shanghai Engineering Center for Visual Science and Photomedicine,
Shanghai engineering center for precise diagnosis and treatment of eye diseases

No. 100 Haining Road, Hongkou District, Shanghai

China

drxuxun@sjtu.edu.cn

Kun Liu

Department of Ophthalmology, Shanghai General Hospital, Shanghai Jiao Tong University
School of Medicine, National Clinical Research Center for Eye Diseases, Shanghai Key Laboratory
of Ocular Fundus Diseases, Shanghai Engineering Center for Visual Science and Photomedicine,
Shanghai engineering center for precise diagnosis and treatment of eye diseases

No. 100 Haining Road, Hongkou District, Shanghai

Background Retinal disorders
cause substantial visual burden
globally. Accurate estimates of
the vision loss due to retinal
diseases are pivotal to inform
optimal eye health care plan-
ning and allocation of medical
resources. The purpose of this
study is to describe the propor-
tion of visual impairment and
blindness caused by major ret-
inal diseases in China.

Methods A nationwide reg-
ister-based study of vitreoret-
inal disease covering all 31
provinces (51 treating centres)
of mainland China. A total of
28320 adults diagnosed with
retinal diseases were included.
Participants underwent stan-
dardised ocular examinations,
which included best-corrected
visual acuity (BCVA), dilat-
ed-fundus assessments, and
optical coherence tomography.
Visual impairment and blind-
ness are defined using BCVA
according to the World Health
Organization (WHO) (visual

China impairment: <20/63->20/400;
drliukun@sjtu.edu.cn blindness: <20/400) and the
Zhi Zheng United States (visual impair-

Department of Ophthalmology, Shanghai General Hospital, Shanghai Jiao Tong University
School of Medicine, National Clinical Research Center for Eye Diseases, Shanghai Key Laboratory
of Ocular Fundus Diseases, Shanghai Engineering Center for Visual Science and Photomedicine,
Shanghai engineering center for precise diagnosis and treatment of eye diseases

No. 100 Haining Road, Hongkou District, Shanghai

China

zzheng88@sjtu.edu.cn

ment: <20/40->20/200; blind-
ness: <20/200) definitions. The
risk factors of vision loss were
explored by logistic regression

¢ analyses.
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Results Based on the WHO definitions, the proportions for unilateral visual impairment and blind-
ness were 46% and 18%, respectively, whereas those for bilateral visual impairment and blindness
were 31% and 3.3%, respectively. Diabetic retinopathy (DR) accounts for the largest proportion of pa-
tients with visual impairment (unilateral visual impairment: 32%, bilateral visual impairment: 60%)
and blindness (unilateral blindness: 35%; bilateral blindness: 64%). Other retinal diseases that con-
tributed significantly to vision loss included age-related macular degeneration, myopic maculopathy,
retinal vein occlusion, and rhegmatogenous retinal detachment and other macular diseases. Women
(bilateral vision loss: P=0.011), aged patients (unilateral vision loss: 45-64 years: P<0.001, 265 years:
P<0.001; bilateral vision loss: 45-64 years: P=0.003, 265 years: P<0.001 (reference: 18-44 years))
and those from Midwest China (unilateral and bilateral vision loss: both P<0.001) were more likely
to suffer from vision loss.

Conclusions Retinal disorders cause substantial visual burden among patients with retinal diseases in

China. DR, the predominant retinal disease, is accountable for the most prevalent visual disabilities. Bet-

ter control of diabetes and scaled-up screenings are warranted to prevent DR. Specific attention should
be paid to women, aged patients, and less developed regions.

Visual impairment and blindness cause substantial functional and social limitations [1-3], and preventing
visual disabilities is a major goal of eye care services. In 2020, approximately 43.3 million people are blind
globally, and 553 million have varying degrees of visual impairment [4], and as much as 64% of them are
in Asia [5].

The causes of vision loss vary greatly among different regions [1,5]. Apart from cataract and refractive er-
ror, retinal diseases remain significant contributors [1,5-7]. The most frequent retinal disorders attributed
to vision loss included diabetic retinopathy (DR), age-related macular degeneration (AMD), myopic macu-
lopathy, retinal vein occlusion (RVO), retinal detachment, and et al. Unlike completely curable causes, the
vision loss caused by retinal diseases is hard to reverse. Therefore, prevention, early detection and time-
ly treatment of retinal abnormalities may be more beneficial. On the other hand, in the past few decades,
significant advances in diagnosis, new drugs and surgical techniques have revolutionised the prognosis of
retinal diseases. Therefore, a contemporary update on the visual burden caused by retinal diseases is war-
ranted for optimal policy planning and allocation of medical resources.

DR and AMD have been among the top five causes of vision loss globally [1,5]. In addition, myopic mac-
ulopathy, with a rising prevalence worldwide, has caused a severe visual burden particularly in East Asia
and Europe [8-10]. Moreover, RVO, which exhibits the highest prevalence in Asian and Hispanics, is also a
frequent cause of vision loss [11,12]. And other common retinal diseases, such as rhegmatogenous retinal
detachment (RRD), macular hole, retinal pigmentosa and et al., also result in varying degrees of visual im-
pairment. China, as the most populous country in the world, has a fifth of the global population. With the
rapidly growing numbers of ageing population and diabetes, visual impairment due to AMD, DR and other
chronic retinal diseases may also have elevated. Nevertheless, the contribution to visual disabilities by ma-
jor types of retinal diseases has not been assessed on a national scale.

To our knowledge, most of the previous studies explored vision loss through population-based studies. How-
ever, in these studies, cataract accounts for a substantial proportion of visual impairment, in which, lens
opacity precludes identifying retinal diseases. And most of studies did not include detailed dilated-fundus
assessments. All these factors might have underestimated retinal diseases. Moreover, prior population-based
studies only had a small number of patients in the subset with retinal disorders [13-15], which may induce a
bias in assessing its impact on vision. However, in most large studies, the retinal disease type was not spec-
ified or only included very limited number of retinal abnormalities [7,16,17]. Therefore, a comprehensive
evaluation of visual disabilities caused by retinal diseases needs to be assessed in a large sample including
a wide spectrum of retinal disorders on the basis of detailed fundus examinations.

In this multicenter study covering all 31 provinces of mainland China, we analysed best-corrected visual
acuity (BCVA) of 28320 adults with various retinal disorders from 51 medical centres, to estimate the pro-
portion of visual impairment and blindness among patients with retinal disorders.
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METHODS
Study design and procedures

A nationwide registration of vitreoretinal disease (Official website: http://www.brightnesscenter.com/) was
constructed by National Clinical Research Center for Eye Diseases from April 2020 based on personal inter-
actions, linking to professional societies and communications at scientific conferences. Our system includ-
ed an expert panel, an academic committee and an independent panel for quality control. This consortium
has expanded to 51 treating centres covering all 31 provinces of mainland China till now. Treating cen-
tres, at least could perform fundus OCT and intravitreal injection of anti-VEGEF, were eligible to participate.

Ocular examinations and data collection

This study adhered to the tenets of the Declaration of Helsinki. A centralised Institutional Review Boards
(IRB) Review Process was applied in this multicentre study. This study was approved by the IRB of the lead
unit, Shanghai General Hospital (No. 2022-KY-021). Informed consent was obtained from all patients.

Consecutive patients who were diagnosed with retinal diseases from April 2020 to November 2021 were
included. The exclusion criteria were as follows: (1) incomplete data collection for major parameters; (2)
younger than 18 years.

All practitioners were trained before joining this programme using unified protocols. They collected and
input the data to the same system. At each study site, all patients underwent standardised ocular examina-
tions, which included visual acuity (VA) testing, a slit-lamp and fundus examination before and after pupil
dilation and fundus OCT (Heidelberg Engineering, Heidelberg, Germany). Other tests consisting of intra-
ocular pressure (Canon Medical System, US), ocular B-ultrasonography (Aviso, Quantel Medical, France),
fundus photographs (Neitz, Japan), fundus fluorescein angiography (FFA) (Heidelberg Engineering, Hei-
delberg, Germany), and indocyanine green angiography were performed if necessary. For each eye, the VA
was measured with a logarithm E chart at a distance of five meters [18]. If no letters were recognised at five
meters, the patient moved to four, three, two or one meter, consecutively. If no letters could be read on the
chart, VA was assessed as counting fingers, hand movements, light perception, and no light perception.
When the presenting VA was 20/30 or worse, BCVA, in which refraction was corrected by certified optom-
etrists without cycloplegia, was documented. And all BCVA test was rechecked by a senior optometrist.

Two definitions of visual impairment and blindness, the United States (US) and the World Health Organiza-
tion (WHO) criteria, were applied in this study. In the WHO definition, visual impairment and blindness are
defined as BCVA<20/63->20/400 and BCVA<20/400, respectively. In the US definition, visual impairment
and blindness mean BCVA<20/40->20/200 and BCVA<20/200, respectively. In addition to reporting the bi-
lateral vision loss on the basis of the better-seeing eye among bilateral patients, we also documented the data
on unilateral visual impairment, which was assessed in terms of the worse-seeing eye for the overall sample.

Data retrieved from medical charts included place of residence, contact information, laterality (unilateral/
bilateral), gender, age, baseline BCVA, primary diagnosis of vision loss. Patients were subdivided using the
age groups of 18 to 44 years, 45 to 64 years, and 65 years or older.

Attribution of retinal causes of visual impairment and blindness

DR was graded according to the Arlie House classification system for the Early Treatment Diabetic Retinop-
athy Study [19] based on retinal photographs. AMD was assessed using the Wisconsin Age-related Macu-
lopathy grading system [20]. Myopic maculopathy was defined as spherical equivalent of at least -6.0 di-
optres with axial elongation and additional atrophic, tractional or neovascular changes [21]. The diagnosis
of RVO is based on the fundus examination, aided by colour fundus photographs and/or FFA. Moreover,
the diagnoses of other retinal diseases followed the clinical standard, such as RRD, epiretinal membrane,
macular hole, central serous chorioretinopathy (CSC), hypertensive retinopathy, retinal pigmentosa, retinal
artery occlusion (RAO), idiopathic choroidal neovascularisation (CNV), and vitreous macular traction. Of
note, the relative rare retinal disorders, such as Coats disease, traumatic retinal diseases, and et al, which
accounted for <0.1% of total sample, were grouped as other retinal disorders.

After data collection, a panel of senior investigators (KL, XX, ZZ, XL, HD) checked all retinal causes of vi-
sual impairment and blindness. After reviewing medical charts and imaging data, only one diagnosis was
chosen as the primary cause. Nevertheless, when multiple disorders were present in one patient, the disor-
der causing the greatest visual limitation was identified as the primary cause. The clinical data of each pa-
tient was reviewed by at least two graders. The consistency between the results from the two graders was
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98.9%. A third grader, who was not involved in the above assessment, was invited to deliberate discrep-
ancies. However, the exact causes for 546 (1.9%) patients with vitreous haemorrhage and 675 (2.4%) with
macular oedema could not be allocated.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics (version 24.0; Chicago, USA). Proportion esti-
mates and 95% confidence intervals (CIs) of visual impairment and blindness were calculated by age, gender
and geographic region. Univariate and multivariate logistic regressions were used to explore the risk factors
of vision loss, including visual impairment and blindness. Odds ratios (ORs) and 95% Cls were document-
ed. A P<0.05 was considered statistically significant.

RESULTS
BCVA and visual impairment

A total of 28320 patients aged 18 to 99 years were diagnosed with retinal disorders. The median age was
62 years (interquartile range: 53-70 years). The number of patients allocated into the age groups of 18 to 44
years, 45 to 64 years, and 65 years or older were 3177 (11%), 13 189 (47%) and 11 954 (42%), respectively.
In this sample, 14293 (50%) were men and 14027 (50%) were women. The participants were almost even-
ly distributed in East (14011, 49%) and Midwest (14 309, 51%) China.

The proportion of unilateral and bilateral visual impairment and blindness caused by major types of ret-
inal diseases are summarised in Table 1 and Table 2, respectively. By the WHO criteria, the percentage
of unilateral visual impairment and blindness were 46% and 18%, respectively. On the basis of the US

Table 1. The proportion of unilateral visual impairment and blindness caused by retinal diseases

Visual impairment Blindness
World Health Organization United States (BCVA, World Health Organization United States (BCVA,

(BCVA, <20/63-220/400) <20/40-220/200) (BCVA, <20/400) <20/200)

No. No. % (95% CD No. % (95% CD No. % (95% CD No. % (95% CI)
Total 28320 12992 46 (45-46) 12803 45 (45-46) 5046 18 (17-18) 7630 27 (26-27)
Gender
Male 14293 6421 45 (44-46) 6263 44 (43-45) 2601 18 (18-19) 3917 27 (27-28)
Female 14027 6571 47 (46-48) 6540 47 (46-47) 2445 17 (17-18) 3713 26 (26-27)
Age
18-44 years 3177 1152 36 (35-38) 1253 39 (38-41) 435 14 (12-15) 616 19 (18-21)
45-64 years 13189 5826 44 (43-45) 5866 44 (44-45) 2258 17 (16-18) 3334 25 (25-26)
>65 years 11954 6014 50 (49-51) 5684 48 (47-48) 2353 20 (19-20) 3680 31 (30-32)
Region
East China 14011 6544 47 (46-48) 6506 46 (46-47) 2135 15 (15-16) 3409 24 (24-25)
Midwest China 14309 6448 45 (44-46) 6297 44 (43-45) 2011 20 (20-21) 4221 29 (29-30)

BCVA — best-corrected visual acuity, CI — confidence interval

Table 2. The proportion of bilateral visual impairment and blindness caused by retinal diseases

Blindness
World Health Organization ~ United States (BCVA,

Visual impairment
World Health Organization ~ United States (BCVA,

(BCVA, <20/63->20/400) <20/40->20/200) (BCVA, <20/400) <20/200)

No. No. % (95% CI) No. % (95% CI) No. % (95% CI) No. % (95% CI)
Total 9414 2872 31 (30-31) 3570 38 (37-39) 313 3.3(3.0-3.7) 610 6.5 (6.0-7.0)
Gender
Male 4749 1378 29 (28-30) 1707 36 (35-37) 150 322737 289 6.1(54-6.8)
Female 4665 1494 32 (31-33) 1863 40 (39-41) 163 3.5 (3.0-4.0) 321 6.9 (6.2-7.6)
Age
18-44 years 1083 250 23 (21-26) 317 29 (27-32) 33 3.02.0-4.1) 57 5.3 (3.9-6.6)
45-64 years 4477 1261 28 (27-29) 1590 36 34-37) 140 3.1(2.6-3.6) 262 59(5.2-6.5)
265 years 3854 1361 35 (34-37) 1663 43 (42-45) 140 3.6 (3.0-4.2) 2901 7.6 (6.7-8.4)
Region
East China 4547 1304 29 (27-30) 1666 37 (35-38) 105 2.3(1.9-2.7) 227 5.0 (4.4-5.6)
Midwest China 4867 1568 32 (31-34) 1904 39 (38-40) 208 4.3 (3.7-4.8) 383 79 (7.1-8.6)

BCVA — best-corrected visual acuity, CI — confidence interval
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criteria, the proportion of unilateral visual impairment remained similar (45%), while that of blindness el-
evated (27%). A slightly higher frequency of unilateral visual impairment was observed in women (WHO
criteria: 47 vs. 45%; US criteria: 47 vs. 44%) and those from East China (WHO criteria: 47 vs. 45%:; US cri-
teria: 46 vs. 44%) according to both criteria. In addition, the proportion of unilateral visual impairment and
blindness elevated with age for both definitions.

According to the WHO criteria, the percentage of bilateral visual impairment and blindness were 31% and
3.3%, respectively. The proportion of bilateral visual impairment (38%) and blindness (6.5%) were both el-
evated when using the US criteria. Women had a higher level of bilateral visual impairment (WHO criteria:
32 vs. 29%; US criteria: 40 vs. 36%) and blindness (WHO criteria: 3.5 vs. 3.2%; US criteria: 6.9 vs. 6.1%)
than men. In addition, both bilateral visual impairment and blindness were more prevalent in Midwest Chi-
na than in East China (WHO criteria: visual impairment: 32 vs. 29%; blindness: 4.3 vs. 2.3%; US criteria:
visual impairment: 39 vs. 37%; blindness: 7.9 vs. 5.0%). Also, the proportion of both visual impairment and
blindness increased steadily with age.

Retinal causes of visual impairment and blindness

Around two thirds of patients (18906, 67%) had unilateral retinal diseases, and the remaining one-third
(9414, 33%) were bilaterally involved. The top three retinal disorders were DR (9494, 34%), RVO (5919, 21%)
and AMD (5664, 20%). Others included myopic maculopathy (1905, 6.7%), RRD (971, 3.4%), epiretinal mem-
brane (681, 2.4%), macular hole (386, 1.4%), CSC (220, 0.78%), hypertensive retinopathy (446, 1.6%), retinal
pigmentosa (87, 0.31%), RAO (89, 0.31%), idiopathic CNV (32, 0.11%), vitreous macular traction (36, 0.13%),
vitreous hemorrhage of unknown causes (546, 1.9%), macular oedema of unknown causes (675, 2.4%), and
other relatively rare retinal disorders (1169, 4.1%). Of note, the most prevalent unilateral retinal disease is RVO
(5589, 30%), followed by AMD (4097, 22%), DR (3968, 21%), myopic maculopathy (1387, 7.3%) and RRD
(907, 4.8%). For bilaterally involved retinal disturbances, DR (5526, 59%), AMD (1567, 17%), myopic macu-
lopathy (518, 5.5%) and RVO (330, 3.5%) were the top four leading diseases. The detailed distribution of ret-
inal diseases for the total sample, unilateral and bilateral patients is displayed in Figure 1, panels A, B and C.
Panel A All participants

= Diabetic retinopathy (9494,34%) Panel B Unilateral participants = Diabetic retinopathy (3968,21%)

Panel C  Bilateral participants

m Age-related macular degeneration (5664,20%)
m Retinal vein occlusion (5919, 21%)
Myopic maculopathy (1905,6.7%)
m Rhegmatogenous retinal detachment (971,3.4%)
m Epiretinal membrane (681,2.4%)
m Macular hole (386,1.4%)
m Central serous chorioretinopathy (220,0.78%)
m Hypertensive retinopathy (446,1.6%)
m Retinal pigmentosa (87,0.31%)
m Retinal artery occlusion (89,0.31%)
m |diopathic choroidalneovascularization (32,0.11%)
m Vitreomacular traction (36,0.13%)
Vitreous hemorrhage of unknown causes (546,1.9%)
¥ Macular edema of unknown causes (681,2.4%)
Other retinal disorders (1169,4.1%)

m Diabetic retinopathy (5526,59%)
= Age-related macular degeneration (1567,17%)
® Retinal vein occlusion (330,3.5%)
Myopic maculopathy (518,5.5%)
® Rhegmatogenous retinal detachment (64,0.68%)
= Epiretinal membrane (197,2.1%)
m Macular hole (65,0.69%)
m Central serous chorioretinopathy (24,0.25%)
m Hypertensive retinopathy (379,4.0%)
® Retinal pigmentosa (51,0.54%)
m Retinal artery occlusion (9,0.10%)
m |diopathic choroidalneovascularization (5,0.053%)

= Vitreomacular traction (9,0.10%)

Vitreous hemorrhage of unknown causes (13,0.14%)

= Macular edema of unknown causes (168,1.8%)
Other retinal disorders (518,5.5%)

Q

® Age-related macular degeneration (4097,22%)
= Retinal vein occlusion (5589, 30%)
Myopic maculopathy (1387,7.3%)
® Rhegmatogenous retinal detachment (907 ,4.8%)
® Epiretinal membrane (484,2.6%)
® Macular hole (321,1.7%)
B Central serous chorioretinopathy (196,1.0%)
= Hypertensive retinopathy (67,0.35%)
B Retinal pigmentosa (36,0.19%)
m Retinal artery occlusion (80,0.42%)
® |diopathic choroidalneovascularization (27,0.14%)
= Vitreomacular traction (27,0.14%)
Vitreous hemorrhage of unknown causes (533,2.8%)
= Macular edema of unknown causes (507,2.7%)
Other retinal disorders (680,3.6%)

Figure 1. Pie charts demonstrating the distribution of retinal diseases in Chinese adults aged 18 to 99 years. Panel A. All participants
(n=28320). Panel B. Participants with unilateral retinal diseases (n=18906). Panel C. Participants with bilateral retinal diseases
(n=9414).

www.jogh.org e doi: 10.7189/jogh.13.04126 5 2023 ¢ VOL. 13 « 04126



Zhou et al.

The proportional retinal causes of unilateraland bilateral visual impairment and blindness are summarised
in Table 3 and Table 4, respectively. According to WHO criteria, DR causes the largest proportion of uni-
lateral visual impairment, accounting for 32% and 35% of unilateral visual impairment and blindness, re-
spectively. AMD (visual impairment: 23%, blindness: 20%) and RVO (visual impairment: 24%, blindness:
15%) were the second and third frequent causes of unilateral vision loss. Other contributing causes includ-
ed myopic maculopathy (visual impairment: 7.1%, blindness: 5.6%), RRD (visual impairment: 2.7%, blind-
ness: 7.2%), epiretinal membrane (visual impairment: 2.3%, blindness: 1.0%) and macular hole (visual im-
pairment: 1.7%, blindness: 1.6%). Notably, the distributions of the causes of vision loss varied by gender
and age. AMD, RRD and CSC were the more common causes of visual impairment and blindness in men
than in women, with relative age-adjusted ORs of women vs. men of 0.70 (95% CI=0.65-0.76) for AMD,
0.83 (95% CI=0.71-0.96) for RRD, and 0.31 (95% CI=0.16-0.61) for CSC. Whereas women were more
likely to be blind or have visual impairment due to myopic maculopathy (OR=1.73, 95% CI=1.53-1.95) or
epiretinal membrane (OR=1.75, 95% CI=1.40-2.18) or macular hole (OR=2.18, 95% CI=1.71-2.79) than
men. Overall, the proportion of visual impairment and blindness increased with age, although the pattern
of age-specific proportion varied by cause. Vision loss due to AMD, epiretinal membrane and macular hole
increased with age, especially from age 45 years onward, although vision loss due to DR increased up to
the age of around 64 years and decreased thereafter. Of note, myopic maculopathy, RRD and CSC affected
adults with younger age. Similar trend was observed on the basis of US criteria (Table S1 and S2 in the On-
line Supplementary Document).

For bilateral visual disabilities among patients with retinal diseases, overwhelmingly, DR was the leading
cause, accounting for 60% and 64% of visual impairment and blindness, respectively. AMD (visual impair-
ment: 22%, blindness: 17%) and myopic maculopathy (visual impairment: 5.5%, blindness: 6.4%) were the
next two leading causes of bilateral vision loss. Other contributing causes included RVO (visual impairment:
3.4%, blindness: 1.9%), macular oedema of unknown causes (visual impairment: 1.3%, blindness: 0.96%),
RRD (visual impairment: 0.70%, blindness: 0.96%), and epiretinal membrane (visual impairment: 1.2%,
blindness: 0.96%). The age, gender specific-proportion of bilateral visual disabilities varied by cause, which
is similar to unilateral vision loss (Table 4). The above trend continued when using the US criteria (Table
S2 in the Online Supplementary Document). The top five predominant causes of visual impairment and
blindness by age, gender and geographic regions based on WHO and US criteria are presented in Figure 2,
panels A, B, C, D, E, F and G and Figure 3, panels A, B, C, D, E, F and G, respectively.

Panel A Panel B Panel C Panel D
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Figure 2. Visual burden caused by major types of retinal diseases in Chinese adults based on World Health Organization (WHO) cri-
teria (visual impairment: best-corrected visual acuity (BCVA): <20/63-220/400; blindness: BCVA<20/400). Panel A. The contribution
of major types of retinal diseases to unilateral and bilateral visual impairment for all participants. Panel B, Panel C and Panel D. The
contribution of major types of retinal diseases to unilateral and bilateral visual impairment by gender (Panel B), age (Panel C), and re-
gion (Panel D). Panel E, Panel F and Panel G. The contribution of major types of retinal diseases to unilateral and bilateral blindness
by gender (Panel E), age (Panel F), and region (Panel G). Other retinal disorders: the relative rare retinal disorders, accounting for
<0.1% of total sample, are grouped in this subset.
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Table 3. Proportional retinal causes of unilateral visual impairment and blindness by age, gender and regions based on the World Health Organization criteria*

Visual impairment (BCVA, <20/63-220/400) Blindness (BCVA, <20/400)
Retinal diseases [ Gender Age (years) Regions Total Gender Age (years) Regions
Male Female 18-44 45-64 265 Eastern  Midwest Male Female 18-44 45-64 265 Eastern  Midwest
n=12992 n=6421 n=6571 n=1152 n=5826 n=6014 n=6544 n=6448 n=5046 n=2601 n=2445 n=435 n=2258 n=2353 n=2135 n=2011
DR 4222 2115 2107 402 2347 1473 2264 1958 1748 885 863 176 1043 529 790 958
(32) (33 (32 (35) (#0) 4 (35) (30) (35) (G4 (35 (40) (46) (2) (37) (33)
AMD 3001 1621 1380 0 750 2251 1558 1443 1032 574 458 0 173 859 450 582
23 25) Q1 0) 13) (€20) Q4 22) 20) (22) (19) (0) 7.7) (37 QD (20)
RVO 3104 1514 1590 250 1576 1278 1560 1544 737 388 349 48 284 405 305 432
24) Q4 4) Q2 Qn @2)) Q4 4 15) 15) 14) an 13) an a4 1s)
Myopic 920 356 564 260 411 249 375 545 283 125 158 43 133 107 115 168
maculopathy (¢A)) (5.5) (8.6) 23 [€A)) 4.1 (5.7) 8.5) (5.6 4.8 6.5) 9.9) (5.9 4.5) 5.4 (5.8
RRD 348 193 155 79 189 80 150 198 365 211 154 66 214 85 130 235
Q7D (3.0) Q24 (6.9) (3.2) (1.3) 2.3) (3.1 (7.2) 8.1) 6.3) 15) ©9.5) (3.6) 6.1) 8.1
FRM 294 104 190 5 76 213 133 161 51 20 31 1 14 36 17 34
2.3) (1.6) 2.9 0.43) 1.3 (3.5) 2.0) 2.5 (1.0) 0.77) (1.3) (0.23) (0.62) (1.5) (0.80) (1.2)
Macular hole 224 73 151 11 98 115 122 102 81 23 58 4 39 38 38 43
1.7) (1.1 (2.3) (0.95) (1.7) (1.9) (1.9 (1.6) (1.6) (0.88) 24 0.92) (1.7) (1.6) (1.8) (1.5)
csc 48 38 10 19 24 5 22 24 4 3 1 1 3 0 1 3
0.37) (0.59) 0.15) (1.6) 0.41) (0.083) 0.39) 0.40) (0.079) 0.12) (0.041) 0.23) (0.13) 0) 0.047) (0.10)
Hypertensive 57 33 24 9 16 32 30 27 20 12 8 3 7 10 13 7
retinopathy 0.44) 0.51) 0.37) 0.78) 0.27) (0.53) (0.46) 0.42) (0.40) (0.46) 0.33) (0.69) 0.31) (0.42) 0.61) 0.24)
RP 20 15 5 9 6 5 8 12 20 9 11 4 13 3 7 13
0.15) 0.23) (0.076) 0.78) (0.10) (0.083) 0.12) (0.19) (0.40) (0.35) 0.45) 0.92) (0.58) 0.13) (0.33) (0.45)
RAO 13 9 4 1 6 6 3 10 56 36 20 2 29 25 29 27
(0.10) 0.19) (0.061) (0.087) (0.10) (0.10) (0.046) 0.16) 1.1 14 (0.82) (0.46) (1.3) (1.1) 14 (0.93)
Idiopathic 12 3 9 7 4 1 1 11 4 2 2 2 1 1 1 3
CNV (0.092) (0.047) .14 0.61) (0.069) 0.017) (0.015) 0.17) (0.079) (0.077) (0.082) (0.46) (0.044) (0.042) 0.047) 0.10)
VMT 18 8 10 1 3 14 9 9 3 1 2 0 0 3 1 2
0.149 0.12) 0.15) (0.087) (0.051) (0.23) 0.149) 0.149 (0.059) (0.038) (0.082) ) ) 0.13) 0.047) (0.069)
VH of unknown 134 67 67 14 75 45 57 77 311 163 148 24 165 122 135 176
cause 1.0) 1.0) (1.0) 1.2 1.3 0.75) 0.87) (1.2) 6.2 6.3) ©.D (5.5) (7.3) (5.2) 6.3 6.0)
ME of unknown 226 114 112 43 88 95 90 136 120 57 63 28 46 46 23 97
cause a.n (1.8) a7 3.7) (1.5) (1.6) 1.4 Q.1 24 2.2) (2.6) 64 (2.0) 2.0) (1.D (3.3)
Others 351 158 193 42 157 152 162 189 211 92 119 33 94 84 80 131
Q.7 2.5) .9 (3.6) Q.7 2.5) 2.5) 2.9 (4.2) (3.5) (4.9) (7.6 4.2) (3.6) 3.7 4.5)

BCVA — best-corrected visual acuity, DR — diabetic retinopathy, AMD — age-related macular degeneration, RVO — retinal vein occlusion, RRD — rhegmatogenous retinal detachment, ERM — epiretinal membrane, CSC
— central serous chorioretinopathy, RP — retinal pigmentosa, RAO — retinal artery occlusion, CNV — choroidal neovascularisation, VMT — vitreous macular traction, VH — vitreous hemorrhage, ME — macular edema
*The data was presented as number (proportion).
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Table 4. Proportional retinal causes of bilateral visual impairment and blindness by age, gender and regions based on the World Health Organization criteria*

Visual impairment (BCVA, <20/63-220/400) Blindness (BCVA, <20/400)
RERDEIGINENY  Total Gender Age (years) Region Total Gender Age (years) Region
Male Female 18-44 45-64 265 East Midwest Male Female 18-44 45-64 265 East Midwest
n=2872 n=1378 n=1494 n=250 n=1261 n=1361 n=1304 n=1568 n=313 n=150 n=163 n=33 n=140 n=140 n=105 n=208
DR 1724 827 897 177 978 569 829 895 200 95 105 22 112 66 68 132
(60) (60) (60) (7D (78) (42) 64) (57) (64) (63) (64) 67) (80) “47) (65) (64)
AMD 642 341 301 0 93 549 287 355 52 25 27 0 6 46 21 31
2) (25) 0) (0) 74 (40) 22) 23) an an a7 (0) (4.3) (33) (20) 15)
RVO 99 50 49 13 28 58 46 53 6 5 1 1 2 3 2 4
34 (3.6) (3.3) (5.2) 2.2) (4.3) (3.5 (34 (1.9) (3.3) 0.61) (3.0) (14) .1 (1.9) (1.9
Myopic 159 59 100 23 82 54 57 102 20 7 13 3 6 11 6 14
maculopathy (5.5) (4.3) 6.7) 9.2) (6.5) (4.0) 4.4 (6.5) 6.4) “4.7) (8.0) ©.1) (4.3) (7.9) (5.7) 6.7)
RRD 20 11 9 3 10 7 8 12 3 2 1 1 1 1 1 2
(0.70) (0.80) (0.60) (1.2) 0.79) 0.51) 0.61) 0.77) (0.96) (1.3) 0.61) (3.0) 0.71) 0.71) 0.95) (0.96)
ERM 35 10 25 1 3 31 10 25 3 2 1 0 0 3 1 2
(1.2) 0.73) (1.7) 0.40) 0.24) (2.3) 0.77) (1.6) (0.96) (1.3) (0.61) 0) 0) 2.1 0.95) (0.96)
Macular hole 25 8 17 0 8 17 12 13 2 2 0 0 0 2 0 2
0.87) 0.58) (1.1) 0) 0.63) (1.2) 0.92) (0.83) 0.69) (1.3) 0) (0) (0) (1.4) 0) (0.96)
csc 5 3 2 3 2 0 0 5 0 0 0 0 0 0 0 0
0.17) 0.22) (0.13) 1.2) (0.16) 0 © (0.32) 0) 0) 0 0) Q) 0 © ©
Hypertensive 9 3 6 2 1 6 2 7 0 0 0 0 0 0 0 0
retinopathy (0.31) 0.22) (0.40) (0.80) (0.079) 0.44) (0.15) (0.45) 0) 0) 0) 0) 0) ) 0) 0)
RP 12 8 4 4 5 3 6 6 6 3 3 2 4 0 2 4
(0.42) (0.58) 0.27) (1.6) (0.40) 0.22) (0.46) (0.38) (1.9 (2.0) (1.8) 6.1) 2.9 0) (1.9 (1.9)
RAO 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1
0) (0) 0) (0) (0) 0) (0) (0) (0.32) (0.67) () (O] (0) 0.71) (0) (0.48)
Idiopathic 3 1 2 0 2 1 0 3 0 0 0 0 0 0 0 0
CNV (0.10) (0.073) 0.13) (0) (0.16) 0.07) (0) 0.19) (0) (0) 0) (0) (0) 0) (0) 0)
VMT 3 1 2 0 1 2 1 2 1 0 1 0 0 1 0 1
(0.10) 0.073) 0.13) ) (0.079) 0.15) 0.077) 0.13) 0.32) (] 0.61) ) ) .71 ) 0.48)
VH of unknown 3 1 2 1 1 1 3 0 0 0 0 0 0 0 0 0
cause (0.10) (0.073) 0.13) (0.40) (0.079) 0.07) 0.23) 0) 0) 0) 0) 0) 0) ) 0) 0)
ME of unknown 38 19 19 6 13 19 13 25 3 0 3 1 1 1 0 3
cause (1.3) (14 (1.3) 24 (1.0) (1.4) (1.0) (1.6) (0.96) 0) (1.8) (3.0) 0.71) 0.71) 0) (1.4)
Others 95 36 59 17 34 44 30 65 16 8 8 3 8 5 4 12
(3.3) (2.6) (3.9 (6.8) Q.7 (3.2) (2.3) 4.1 (5.1) (5.3) (4.9) ©.D (5.7 (3.6) (3.8) (5.8)

BCVA —best-corrected visual acuity, DR — diabetic retinopathy, AMD — age-related macular degeneration, RVO — retinal vein occlusion, RRD — rhegmatogenous retinal detachment, ERM — epiretinal membrane, CSC
— central serous chorioretinopathy, RP — retinal pigmentosa, RAO — retinal artery occlusion, CNV — choroidal neovasculariation.
*The data was presented as number (proportion).
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Figure 3. Visual burden caused by major types of retinal diseases in Chinese adults based on the USA criteria (visual impairment:
best-corrected visual acuity (BCVA): <20/40-220/200; blindness: BCVA<20/200). Panel A. The contribution of major types of retinal
diseases to unilateral and bilateral visual impairment for all participants. Panel B, Panel C and Panel D. The contribution of major
types of retinal diseases to unilateral and bilateral visual impairment by gender (Panel B), age (Panel C), and region (Panel D). Panel
E, Panel F and Panel G. The contribution of major types of retinal diseases to unilateral and bilateral blindness by gender (Panel E),
age (Panel F), and region (Panel G). Other retinal disorders: the relative rare retinal disorders, accounting for <0.1% of total sample,

are grouped in this subset.

Multivariate Logistic analyses indicated that women (bilateral vision loss: P=0.011), older patients (unilat-
eral vision loss: 45-64 years: P<0.001, 265 years: P<0.001; bilateral vision loss: 45-64 years: P=0.003, 265
years: P<0.001 (reference: 18-44 years)) and those from Midwest China (unilateral and bilateral vision loss:
both P<0.001) were more likely to suffer from vision loss for both definitions. The details are summarised

in Table 5 and Table 6.

Table 5. The association of unilateral vision loss with gender, age and region

Univariable
Odds ratio (95% CI)

Variables

P-value

‘WHO criteria

Regression coefficient (SE)

Multivariable
Odds ratio (95% CI)

Gender (female vs. male) 1.05 (1.00-1.10) 0.043 0.10 (0.03) 1.01 (0.96-1.06) 0.720
Age

18-44 years Reference Reference

45-64 years 1.59 (1.47-1.72) <0.001* 0.46 (0.04) 1.58 (1.46-1.71) <0.001*
>65 years 2.34(2.16-2.53) <0.001* 0.85 (0.04) 2.34(2.16-2.53) <0.001*
Region (East vs. Midwest) 0.86 (0.82-0.90) <0.001* -0.16 (0.02) 0.85 (0.81-0.90) <0.001*
USA criteria

Gender (female vs. male) 1.10 (1.04-1.16) <0.001* 0.05 (0.03) 1.05 (1.00-1.11) 0.074
Age

18-44 years Reference Reference

45-64 years 1.61 (1.49-1.75) <0.001* 0.47 (0.04) 1.60 (1.48-1.74) <0.001*
>65 years 2.53(2.33-2.75) <0.001* 0.92 (0.04) 2.52(2.32-2.74) <0.001*
Region (East vs. Midwest) 0.87 (0.83-0.92) <0.001* -0.15 (0.03) 0.86 (0.82-0.91) <0.001*

CI - confidence interval, SE — standard error, WHO — World Health Organization

*Statistically significant.
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Table 6. The association of bilateral vision loss with gender, age and region

Variables

WHO criteria

Multivariable
QOdds ratio (95% CI)

Univariable
QOdds ratio (95% CI)

P-value Regression coefficient (SE)

Gender (female vs. male) 1.16 (1.07-1.26) 0.001* 0.11 (0.04) 1.12 (1.03-1.22) 0.011*
Age

18-44 years Reference Reference

45-64 years 1.29 (1.11-1.50) 0.001* 0.23 (0.08) 1.26 (1.08-1.46) 0.003*
>65 years 1.80 (1.55-2.10) <0.001* 0.56 (0.08) 1.75 (1.51-2.04) <0.001*
Region (East vs. Midwest) 0.78 (0.72-0.85) <0.001* -0.25(0.04) 0.78 (0.72-0.85) <0.001*
USA criteria

Gender (female vs. male) 1.21 (1.12-1.32) <0.001* 0.15 (0.04) 1.16 (1.07-1.26) <0.001*
Age

18-44 years Reference Reference

45-64 years 1.34 (1.16-1.54) <0.001* 0.27 (0.07) 1.31 (1.14-1.50) <0.001*
>65 years 1.95 (1.69-2.24) <0.001* 0.64 (0.07) 1.89 (1.64-2.17) <0.001*
Region (East vs. Midwest) 0.80 (0.74-0.87) <0.001* -0.22 (0.04) 0.80 (0.74-0.87) <0.001*

CI — confidence interval, SE — standard error, WHO — World Health Organization
*Statistically significant.

DISCUSSION

This study first investigated the proportion of vision loss of different types of retinal diseases on a national
scale. Retinal disorders cause severe visual impairment. DR, the most prevalent retinal disease, also con-
tributed most substantially to visual disabilities, which was most evident for patients aged 18 to 64 years
with retinal diseases. For patients aged 65 years or older, AMD is the most contributing factor. Female, aged
patients and those from Midwest China exhibited higher rates of visual disabilities.

The threat of retinal diseases has long been signalled [1,5,22]. The data presented in this analysis are strik-
ing: among Chinese patients with retinal diseases, the proportion of unilateral visual impairment and blind-
ness were as much as 46% and 18%, respectively. Whereas the frequency of bilateral visual impairment
and blindness were 31% and 3.3%, respectively. Because the retina, as an important structure of central
nervous system, contains a huge diversity of neuronal cells, unlike completely treatable causes, the visual
impairment due to retinal abnormalities is hard to reverse. Therefore, the steps needed to tackle retinal dis-
turbances, including boosting public awareness, better screening, early detection and timely intervention,
have been consistently recommended.

Among patients with retinal diseases, DR is accountable for the most visual disabilities, especially for work-
ing-aged people, and AMD contributes greatest in patients 65 years or older. Consistent findings are also
indicated in Africa [22]. According to the latest comprehensive assessment of global visual burden analysed
in population-based studies [5], DR and AMD have been among the top five causes of vision loss [1,5]. The
prevalence of blindness due to AMD declined by almost 30%, however, this rate for DR still increased by
15% through past three decades [1,5]. Possible attributes may include increasing prevalence of diabetes and
high incidence of undiagnosed diabetes among young adults aged 18 to 45 years old [23,24]. This global
dilemma highlights the need for improved screening and education programme, as well as better control of
metabolic risk factors among individuals with diabetes and prediabetes. Some studies have suggested oth-
erwise [3,8-10]. The data in Japan [10], China [8,16] and Netherlands [3,9] identified myopic maculopathy
as the major retinal cause of vision loss. In India, retinitis pigmentosa and chorioretinitis scars were the top
two causes of retinal blindness [0]. Diversified retinal causes of vision loss may be related to the differenc-
es in diagnostic procedure, screening system, ethnicity, definition of vision loss and study design. Of note,
identifying risk factors and their interactions, and accurate risk stratification for population are pivotal to
establish monitoring guidelines and continuous screenings [25]. In DR, outreach screening should be im-
plemented in young adults [26,27]. In addition, sustained education on risk factor control [26] and preven-
tion of unhealthy lifestyles [28], dietary recommendations [29,30], as well as psychosocial support [31] are
also warranted for young patients with diabetes. With these measures, severe vision loss, work disability,
compromised quality of life and economic burden caused by DR would have been substantially reduced
[32,33]. Overall, the percentage of visual impairment and blindness caused by retinal diseases elevated
with increasing age, with the exception that DR mostly affected working-aged adults, in addition, myopic
maculopathy, RRD and CSC caused the greatest visual burden to even younger population. Of note, these
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www.jogh.org e doi: 10.7189/jogh.13.04126



Visual impairment and blindness caused by retinal diseases

particular retinal diseases that caused visual disabilities in more productive years of life deserves specific
attention, or it might produce a large socioeconomic burden, perhaps as much as or even more than that
of cataract and AMD.

Our analysis suggested a female preponderance for visual impairment and blindness among most retinal
diseases. The finding is universal across different countries [1,4,7,15,16,34,35], nonetheless, the reasons un-
derlying this gender discrepancy remain unclear.

Larger proportion of patients from Midwest China were visually impaired than those from East China.
Compared to the East coastal cities in China, Midwest regions is less developed. Similar geographic varia-
tions in all-cause prevalence of vision loss were also observed [36]. This regional difference is likely driv-
en by environmental variations, cultural diversity, compounded by inequable access to eye care services.
Research efforts should be accelerated to address geographic disparity and to inform policy and practices.

Our study initially described the visual burdens caused by major types of retinal diseases from 51 centres
covering mainland China. However, several points should be noted when considering the generalisability
of our findings. First, visual-field constriction that would have been missed for the perimetry was not per-
formed as part of the ocular examinations. Accordingly, the visual disabilities due to peripheral retinal dis-
ease, such as retinal pigmentosa, might have been underestimated. Second, even after two-round rechecking
of medical details by independent senior investigators, the predominate cause for 546 patients with vitre-
ous hemorrhage and 675 with macular oedema could not be exactly allocated. Third, the selection bias,
although unlikely, still could not be completely excluded. In addition, possible confounders and inconsis-
tencies across institutions and regions exist. Our study is the first such effort, however, only a continuous
monitoring with a unified methodology could better reflect a true situation and provide high-level evidence
for policy-making. Despite these limitations, it is noteworthy that the strengths of this study are the inclu-
sion of a large and representative sample undergoing a comprehensive assessment of the visual impairment
covering a wide spectrum of retinal disorders.

CONCLUSIONS

Accurate estimates of the vision loss due to different types of retinal diseases are pivotal to inform optimal
eye health care planning and reallocation of medical resources. Retinal disorders cause substantial visual
burden in China. DR, the most prevalent retinal disease, is the leading retinal cause of visual disabilities.
This fact demands that actions to tackle DR, this largely preventable global problem, should be scaled up
urgently. In addition, outreach screening should be implemented to enhance equity of access among under-
served groups, such as, women, the elderly and those from less developed regions.
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