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Purpose: This study aimed to explore the current prevalence, causes, and factors associated 
with visual impairment in a Chinese elderly population.
Methods: A random sample of 2164 candidates aged ≥70 years was selected. Among them, 
1914 participants (response rate: 88.4%) underwent comprehensive eye examinations. The 
prevalence and causes of visual impairment were estimated, and the associated factors were 
identified.
Results: The standardized prevalence of mild visual impairment (<6/12 to ≥6/18), moderate 
to severe visual impairment (MSVI) (<6/18 to ≥3/60), and blindness (<3/60) in the better eye 
were 20.5%, 25.8%, and 3.4%, respectively. The leading cause of visual impairment was 
cataract (49.7%), followed by uncorrected refractive error (26.5%), myopic maculopathy 
(5.8%), and posterior capsular opacification (5.5%). Optical coherence tomography revealed 
that vitreoretinal interface abnormalities were the third most common cause of monocular 
mild visual impairment (2.2%) and MSVI (4.4%) in the elderly population. A large number 
of patients with visual impairment (81.7%) were amenable to undergo the interventions. 
Visual impairment was associated with advanced age (odds ratio [OR], 1.09 per year; 
p<0.001), female sex (OR, 1.59; p=0.003), self-reported visual impairment (OR, 1.91; 
p<0.001), cognitive impairment (OR, 1.40, p=0.005), and high educational level (OR, 
0.75; primary, p=0.045; and OR, 0.53, secondary or higher; p<0.001).
Conclusion: Visual impairment was common in the Chinese elderly population and a severe 
health and social problem. Practicable policies are urgently needed to popularize eye health 
knowledge and promote treatments for visual impairment in elderly people in rural China.
Keywords: visual impairment, blindness, elderly, aging

Plain Language Summary
Vision impairment is common in later life. It may severely impact the quality of life and 
subjective well-being, and increase the risk of disability and depression in older age. However, 
little attention has been paid to investigating this phenomenon occurring among older adults.

Our findings show that nearly half of the elderly individuals aged ≥70 years living in 
rural China had visual impairment, which was predominantly treatable Cataract and uncor-
rected refractive error remain the leading causes of vision loss, highlighting the significant 
challenges in popularizing cataract surgery and the use of spectacles for the elderly indivi-
duals. In particular, optical coherence tomography revealed that vitreoretinal interface 
abnormality was a frequent cause of visual impairment in the elderly population. 
Advanced age, female sex, self-reported visual impairment, cognitive impairment, and low 
education level were associated with a higher prevalence of visual impairment.
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Given the rapid growth of the elderly population, practicable 
policies, such as raising awareness of eye healthcare and increasing 
cataract surgery coverage, are urgently needed to promote visual 
impairment rehabilitation services in the Chinese elderly population.

Introduction
Visual impairment among adults remains an important public 
health problem worldwide.1 In the elderly population, visual 
impairment severely impacts the quality of life and subjec-
tive well-being, and increases the risk of disability and 
depression.2–4 China has the world’s largest population and 
is facing a rapid growth in the elderly population. By 2050, 
the number of elderly individuals is projected to reach 
approximately one quarter of the national population.5 

Visual impairment substantially aggravates the social and 
medical burdens led by societal aging, which are much 
more serious in rural areas than that in urban areas due to 
the rural-urban migration of young people.6

Unfortunately, to date, the number of population-based 
epidemiological studies on visual impairment in elderly peo-
ple in China is limited. Several studies have reported the 
prevalence of visual impairment in patients aged 40 years 
and older, but little attention has been paid to assessing 
people aged ≥70 years.7–10 Moreover, the most recent survey 
on visual impairment was conducted before 2014. Therefore, 
an updated epidemiologic study is warranted to provide 
a more precise assessment of the visual health status in the 
rapidly growing elderly population. This study aimed to 
determine the current prevalence, causes, and associated 
factors of visual impairment in a Chinese elderly population.

Materials and Methods
Study Population
The Rugao Longevity and Aging Study (RuLAS) is an 
ongoing, dynamic, population-based, observational cohort 
study conducted in Rugao, a typical medium-sized county 
in Jiangsu Province, China. The cohort study aimed to 
investigate the prevalence, trajectories, and risk factors of 
various age-related phenotypes in a Chinese elderly popu-
lation. The study protocol of RuLAS has been reported 
before.11 In brief, 1788 elderly individuals aged 70–84 
years from 31 rural communities in Jiang’an township, 
one of the 14 townships in Rugao, were randomly 
recruited using the 5-year age and gender strata in 
November 2014 (Wave 1). Follow-up surveys were con-
ducted 1.5 years later (April–June 2016, Wave 2), 3 years 
later (November– December 2017, Wave 3), and 5 years 
later (December 2019 – January 2020, Wave 4). A flow 

diagram of the aging arm of the RuLAS is shown in 
Supplementary Figure.

We performed ophthalmic examinations on 2200 partici-
pants (aged 60–97) in Wave 4. Among them, 2164 partici-
pants of the fourth-wave cohort aged ≥70 years were enrolled 
in the current study. This study was approved by the Human 
Ethics Committee of the School of Life Sciences of Fudan 
University and the Ethics Committee of Shanghai General 
Hospital, Shanghai Jiao Tong University School of 
Medicine. Informed consent was obtained from all partici-
pants according to the Declaration of Helsinki.

Clinical and Ophthalmic Examinations
All recruited participants were invited to the local clinics. 
Fasting blood samples were collected for biochemical tests 
(eg, complete blood count and hemoglobin A1c). Physical 
examinations (eg, grip strength test and blood pressure mea-
surement) were performed by trained physicians from Rugao 
People’s Hospital. Body mass index (BMI, weight in kilo-
grams divided by height in meters squared) was categorized 
into four groups: underweight (<18.0), normal (18.0–23.9), 
overweight (24.0–27.9), and obese (≥28.0). This classifica-
tion of BMI is used as the gold standard in the Chinese 
population.12 A structured face-to-face questionnaire (eg, 
sociodemographic characteristics, lifestyles, and cognitive 
function) was completed by each participant. All interviews 
were tape recorded, and 5% of the recordings were randomly 
evaluated for quality of interviews. Cognitive assessment 
was performed using the Mini-Mental State Examination 
(MMSE), which is the most widely used tool for screening 
cognitive function in older adults.13 Cognitive impairment 
was defined as MMSE scores of ≤ 6 for illiterate, ≤19 for 
individuals with 1–6 years of education, and ≤23 for indivi-
duals with 7 or more years of education.

Ophthalmic examination was performed using 
a standardized protocol. Presenting visual acuity (PVA, wear-
ing current optical correction if any) was measured using 
a retro-illuminated logarithm of the minimum angle of reso-
lution E chart at a distance of 4 m,14 and the eyes were 
measured separately. Visual acuity test was used to determine 
the smallest line read with one or no errors. Participants 
failing to read the top line at 1 m were tested for finger 
counting, hand movement, or light perception. If PVA was 
less than 6/12 in either eye, the best-corrected visual acuity 
(BCVA) was measured using the pinhole test. The intraocular 
pressure was measured using the Icare rebound tonometer 
(ic100, TAO11, Helsinki, Finland).
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Anterior and posterior segment assessments were per-
formed by an experienced ophthalmologist (Dr. HS) using 
a slit lamp (YZ3, 6 6 Vision Tech Co., Ltd., Suzhou, 
China) and direct ophthalmoscopy (YZ11D, 6 6 Vision 
Tech Co., Ltd., Suzhou, China) without pupillary dilation. 
For each eye, fundus photographs (45°) showing the 
macular and optic discs were obtained using a non- 
mydriatic hand-held fundus camera (MicroClear Medical 
Instruments Co., Suzhou, China) in a darkened room to 
allow for physiological mydriasis. Spectral-domain optical 
coherence tomography (OCT) (HS100, Canon Inc., Tokyo, 
Japan) images were obtained using a macular 3D scan 
within a 10×10 mm area.

Definitions of Visual Impairment
Bilateral visual impairment was defined as a PVA of <6/12 
in the better eye, according to the World Health 
Organization (WHO) criteria.1 Visual impairment was sub-
divided into mild visual impairment (PVA <6/12 and ≥6/ 
18), moderate to severe visual impairment (MSVI) (PVA 
<6/18 and ≥3/60), and blindness (PVA <3/60). The United 
States criteria was also used, which defined visual impair-
ment as PVA values of <6/12 and ≥6/60 in the better eye 
and blindness as a PVA value of <6/60 in the better eye.15

Unilateral vision impairment was also defined as 
follows:16 (1) mild (PVA <6/12 in the worse eye and ≥6/12 
in the better eye), (2) moderate to severe (PVA <6/18 in the 
worse eye and ≥6/18 in the better eye), and (3) blindness 
(PVA <3/60 in the worse eye and ≥3/60 in the better eye).

Causes of Visual Impairment
Eye conditions were determined by an ophthalmologist 
(Dr. HS). Two experienced ophthalmologists (Drs. HS and 
WG) determined the principal cause of visual impairment 
based on clinical history and examination records. If 
a primary diagnosis was not definite during the initial assess-
ment, the final adjudication was made by a senior ophthal-
mologist (Dr. TQ). The principal causes were determined 
according to the following itemized list: ocular atrophy or 
prosthetic eye, amblyopia, pterygium, corneal opacity, 
uncorrected refractive error, cataract, posterior capsular opa-
cification, glaucoma, other optic atrophy, uveitis, age-related 
macular degeneration, myopic maculopathy, diabetic retino-
pathy, retinal detachment, vitreoretinal interface abnormality, 
other posterior segment eye disease, and undetermined dis-
ease. In eyes with two or more pathological alterations that 
might lead to visual impairment, the cause with the greatest 
impact on visual acuity was designated as the principal cause. 

At the individual level, if the causes of visual impairment 
both eyes were different, the cause that could be more easily 
treated was designated as the principal cause.17 For instance, 
if uncorrected refractive error was the cause of visual impair-
ment in one eye and cataract in the other eye, the principle 
cause of visual impairment was considered uncorrected 
refractive error because the disease is easier to manage 
compared with cataract surgery.

The presence of cataract was determined based on the 
Lens Opacities Classification System III.18 Cataract was 
considered as the main cause of visual impairment if the 
fundus details were obscured due to significant lens opa-
city without evidence of other ocular abnormalities. Visual 
impairment was attributed to uncorrected refractive error 
when the PVA in the better eye was initially <6/12 and 
improved to ≥6/12 after performing a refractive 
correction.19 Myopic maculopathy was defined according 
to a simplified meta-analysis of the pathologic myopia 
classification system.20 The prevalence of vitreoretinal 
interface abnormality was determined by fundus photogra-
phy and OCT, as defined by the International 
Vitreomacular Traction Study Group, including the epiret-
inal membranes, vitreomacular traction, full thickness 
macular hole, and lamellar macular hole.21 We assumed 
that visual impairment caused by cataract, uncorrected 
refractive error, and posterior capsular opacification were 
amenable to interventions such as cataract surgery, spec-
tacle correction, and Nd:YAG laser capsulotomy.17

Statistical Analysis
The categorical data were analyzed using the chi-square 
test, while continuous data were analyzed using the t-test 
(after Bonferroni correction). The age- and gender- 
standardized prevalence of visual impairment was esti-
mated based on the latest China National Census (2010), 
with its 95% confidence intervals (CIs). Univariate logistic 
regression analyses were used to investigate the relation-
ships between demographic factors and bilateral visual 
impairment, and variables with a p value of <0.05 were 
included in the multivariate models. A p value (two tailed) 
less than 0.05 was considered significant.

Results
Study Population
A flow diagram of study participants is shown in Figure 1. 
Among the total cohort of 2164 individuals aged ≥70 
years, 1914 (response rate, 88.4%) eligible participants 
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completed the eye examinations. The mean age of the 
participants was 79.1±4.6 years (median [range], 79 
[70–97] years), which was younger than the mean age of 
the non-participants (80.1±4.9, p = 0.002) (Table 1). 
Approximately 54.0% of the participants were women. 
Among the 1914 participants constituting the analysis 
cohort, readable OCT images were available in 1653 
(76.4%) participants (3185 eyes). No significant difference 
was observed in the mean age (p=0.677) or the prevalence 
of visual impairment (p=0.830) between patients with and 
without OCT scan.

Prevalence of Visual Impairment
Based on the WHO criteria, the age- and gender-standardized 
prevalence of bilateral presenting visual impairment was 48.9% 
(95% CI, 46.7–51.2%), which included mild visual impairment 
in 20.5% (95% CI, 18.7–22.3%), MSVI in 25.8% (95% CI, 
23.9–27.8%), and blindness in 3.4% (95% CI, 2.6–4.2%). The 
age- and gender-standardized prevalence of bilateral best- 
corrected visual impairment was 33.1% (95% CI, 31.0–35.2%), 
which included mild visual impairment in 12.4% (95% CI, 
10.9–13.8%), MSVI 17.7% (95% CI, 16.0–19.4%), and blind-
ness in 3.0% (95% CI, 2.2–3.8%) (Table 2).

Based on the United States criteria, the age- and gender- 
standardized prevalence of bilateral presenting visual impair-
ment and blindness were 43.5% (95% CI, 41.3–45.7%) and 
5.5% (95% CI, 4.5–6.5%), respectively. The age- and gen-
der-standardized prevalence of bilateral best-corrected visual 
impairment and blindness were 28.2% (95% CI, 

26.1–30.2%) and 4.9% (95% CI, 4.3–5.9%), respectively 
(Supplementary Table 1).

Causes of Visual Impairment
Cataract (49.7%) was the major cause of bilateral visual 
impairment, followed by uncorrected refractive error 
(26.5%) and myopic maculopathy (5.8%) (Table 3). 
Uncorrected refractive error was the most frequent cause of 
mild bilateral visual impairment. The main causes of blind-
ness were cataracts (28.0%), myopic maculopathy (20.7%), 
and corneal opacity (12.2%).

The leading causes of monocular visual impairment were 
cataract (60.1%), uncorrected refractive error (14.4%), myo-
pic maculopathy (3.8%), and vitreoretinal interface abnorm-
alities (3.5%) (Table 4). Vitreoretinal interface abnormality 
was the third cause of monocular mild visual impairment 
and MSVI, accounting for 2.2% and 4.4% of all cases, 
respectively. The leading causes of monocular blindness 
were cataract (32.7%), corneal opacity (12.7%), and atrophy 
of the eyeball or prosthetic eye (9.7%).

Altogether, a large number of bilateral and monocular 
visual impairment cases (81.7% and 77.1%, respectively) 
were caused by treatable pathologies including cataract, uncor-
rected refractive error, and posterior capsular opacification.

Factors Associated with Visual 
Impairment
Bilateral MSVI and blindness were associated with age (both 
p<0.001) and sex (p<0.001 and p=0.018, respectively) 

Figure 1 Flow diagram of study participants. 
Abbreviations: RuLAS, Rugao Longevity and Aging Study; OCT, optical coherence tomography.
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(Figure 2). Table 5 shows the univariate and multivariate 
logistic regression results of the factors associated with visual 
impairment. Advanced age (per year, odds ratio [OR], 1.09; 
95% CI, 1.06–1.12; p<0.001), female sex (OR, 1.59; 95% CI, 
1.18–2.15; p=0.003), self-reported visual impairment (OR, 
1.91; 95% CI, 1.51–2.41; p<0.001), and cognitive impair-
ment (OR, 1.40; 95% CI, 1.11–1.76, p=0.005) were signifi-
cantly associated with a higher prevalence of visual 
impairment. By contrast, higher educational level (OR, 
0.75; 95% CI, 0.56–0.99; p=0.045 for primary; OR, 0.53; 
95% CI, 0.38–0.74; p<0.001 for secondary or higher) was 
significantly associated with a lower prevalence of visual 
impairment.

Discussion
The current study is a large population-based survey that is 
aimed to assess the current prevalence and causes of visual 
impairment in an elderly Chinese population aged ≥70 
years. After adjusting the China National Census for age 
and gender, 48.9% of the elderly individuals had bilateral 
visual impairment, of whom 20.5% had mild visual 
impairment, 25.8% had bilateral MSVI, and 3.4% were 
blind, according to the WHO criteria. In mainland China, 
approximately 38.1 million elderly individuals aged ≥70 
years have visual impairment, of whom 19.5 million had 
MSVI and 2.6 million were blind. China is experiencing 
a rapid population aging; the population of adults aged 
≥70 years is projected to reach 290 million by 2050.22 This 
trend of societal aging may result in 140 million elderly 

people aged ≥70 years developing bilateral visual impair-
ment in China by 2050. Cataract and uncorrected refrac-
tive errors are the leading causes of visual impairment. In 
particular, a high prevalence of vitreoretinal interface 
abnormality-related visual impairment was detected by 
OCT and fundus examination.

The prevalence of visual impairment varies among 
different regions in China and in other countries, based 
on the WHO criteria for PVA and BCVA in the better eye 
(Supplementary Table 2 and Supplementary Table 3). In 
the current study, the prevalence of MSVI and blindness 
among adults aged ≥70 years was comparable to that in the 
Nine Provinces Eye Survey23 and Taizhou study.10 On the 
contrary, a remarkably lower prevalence of best-corrected 
visual impairment among the elderly population was 
observed in the Shihpai Eye Study that included elderly 
people aged ≥65 years (8.2% vs 33.1% in the current 
study). This discrepancy was due to the significantly 
higher prevalence of visual impairment in rural areas 
than in urban areas.7,8 The lack of ophthalmologists, lim-
ited facilities, and transportation barriers between rural and 
urban regions are significant obstacles that need to be 
addressed during the expansion of eye care services to 
rural residents in China.

Compared with other countries, the prevalence of 
visual impairment in mainland China was higher than 
that observed in developed countries (Supplementary 
Table 2 and Supplementary Table 3). These substantial 
differences could be explained by the variations in 

Table 1 Characteristics for Participants and Nonparticipants

Participants (n=1914), % Nonparticipants (n=250), % Response Rate p value*

Age (yrs, Mean ± SD) 79.1±4.6 80.1±4.9 0.002
70–74 16.1 11.2 91.7% 0.014
75–79 40.6 35.6 89.7%
80–84 29.4 34.0 86.9%

85~ 13.9 19.2 84.8%

Gender

Male 46.0 42.4 89.2% 0.29
Female 54.0 57.6 87.8%

Education
Less than primary 46.9 50.6 88.0% 0.36

Primary 29.5 29.9 88.7%

Secondary or higher 23.6 19.5 90.6%
Total 100.0 100.0 88.4%

Note: *Student’s t-test for continuous variables, and chi-square for categorical variables. 
Abbreviation: SD, standard deviation.

Clinical Interventions in Aging 2021:16                                                                                             https://doi.org/10.2147/CIA.S304730                                                                                                                                                                                                                       

DovePress                                                                                                                         
989

Dovepress                                                                                                                                                             Shen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=304730.pdf
https://www.dovepress.com/get_supplementary_file.php?f=304730.pdf
https://www.dovepress.com/get_supplementary_file.php?f=304730.pdf
https://www.dovepress.com/get_supplementary_file.php?f=304730.pdf
https://www.dovepress.com/get_supplementary_file.php?f=304730.pdf
https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
2 

Pr
ev

al
en

ce
 o

f B
ila

te
ra

l V
is

ua
l I

m
pa

ir
m

en
t 

U
si

ng
 t

he
 W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n 

D
efi

ni
tio

n

< 
6/

12
 a

nd
 ≥

 6
/1

8
< 

6/
18

 a
nd

 ≥
 3

/6
0

< 
3/

60

G
ro

up
A

ge
 (

yr
s)

P
ar

ti
ci

pa
nt

s
P

re
se

nt
in

g 
V

is
ua

l 

A
cu

it
y

B
es

t-
C

or
re

ct
ed

 V
is

ua
l 

A
cu

it
y

P
re

se
nt

in
g 

V
is

ua
l 

A
cu

it
y

B
es

t-
C

or
re

ct
ed

 V
is

ua
l 

A
cu

it
y

P
re

se
nt

in
g 

V
is

ua
l 

A
cu

it
y

B
es

t-
C

or
re

ct
ed

 V
is

ua
l 

A
cu

it
y

N
o.

%
95

%
 C

I
N

o.
%

95
%

 C
I

N
o.

%
95

%
 C

I
N

o.
%

95
%

 C
I

N
o.

%
95

%
 C

I
N

o.
%

95
%

 C
I

M
en

70
–7

4
14

4
19

13
.2

7.
7–

18
.7

6
4.

2
0.

9–
7.

4
20

13
.9

8.
2–

19
.5

14
9.

7
4.

9–
14

.6
2

1.
4

0–
3.

3
1

0.
7

0–
2.

1

75
–7

9
37

4
77

20
.6

16
.5

–2
4.

7
52

13
.9

10
.4

–1
7.

4
53

14
.2

10
.6

–1
7.

7
35

9.
4

6.
4–

12
.3

5
1.

3
0.

2–
2.

5
4

1.
1

0–
2.

1

80
–8

4
24

8
58

23
.4

18
.1

–2
8.

7
39

15
.7

11
.2

–2
0.

3
58

23
.4

18
.1

–2
8.

7
44

17
.7

13
.0

–2
2.

5
8

3.
2

1.
0–

5.
4

8
3.

2
1.

0–
5.

4

≥8
5

11
4

34
29

.8
21

.4
–3

8.
2

28
24

.6
16

.7
–3

2.
5

38
33

.3
24

.7
–4

2.
0

31
27

.2
19

.0
–3

5.
4

8
7.

0
2.

3–
11

.7
7

6.
1

1.
7–

10
.5

To
ta

l
88

0
18

8
21

.4
18

.7
–2

4.
1

12
5

14
.2

11
.9

–1
6.

5
16

9
19

.2
16

.6
–2

1.
8

12
4

14
.1

11
.8

–1
6.

4
23

2.
6

1.
6–

3.
7

20
2.

3
1.

3–
3.

3

A
ge

-a
dj

us
te

d
/

/
18

.4
15

.9
–2

1.
0

/
10

.7
8.

6–
12

.7
/

22
.5

20
.0

–2
5.

1
/

12
.3

10
.1

–1
4.

4
/

2.
1

1.
2–

3.
1

/
1.

6
0.

8–
2.

5

W
om

en
70

–7
4

16
4

35
21

.3
15

.1
–2

7.
6

16
9.

8
5.

2–
14

.3
35

21
.3

15
.1

–2
7.

6
18

11
.0

6.
2–

15
.8

2
1.

2
0–

2.
9

2
1.

2
0–

2.
9

75
–7

9
40

3
10

2
25

.3
21

.1
–2

9.
6

61
15

.1
11

.6
–1

8.
6

12
6

31
.3

26
.7

–3
5.

8
89

22
.1

18
.0

–2
6.

1
16

4.
0

2.
1–

5.
9

14
3.

5
1.

7–
5.

3

80
–8

4
31

4
76

24
.2

19
.5

–2
8.

9
61

19
.4

15
.1

–2
3.

8
13

2
42

.0
36

.6
–4

7.
5

10
2

32
.5

27
.3

–3
7.

7
22

7.
0

4.
2–

9.
8

21
6.

7
3.

9–
9.

5

≥8
5

15
3

23
15

.0
9.

4–
20

.0
25

16
.3

10
.5

–2
2.

2
87

56
.9

49
.0

–6
4.

7
74

48
.4

40
.4

–5
6.

3
20

13
.1

7.
7–

18
.4

19
12

.4
7.

2–
17

.6

To
ta

l
10

34
23

6
22

.8
20

.3
–2

5.
4

16
3

15
.8

13
.5

–1
8.

0
38

0
36

.8
33

.8
–3

9.
7

28
3

27
.4

24
.7

–3
0.

1
60

5.
8

4.
4–

7.
2

56
5.

4
4.

0–
6.

8

A
ge

-a
dj

us
te

d
/

/
22

.3
19

.8
–2

4.
9

/
13

.9
11

.8
–1

6.
0

/
32

.2
29

.3
–3

5.
0

/
17

.0
14

.6
–1

9.
5

/
4.

5
3.

2–
5.

7
/

4.
2

3.
0–

5.
4

To
ta

l
70

–7
4

30
8

54
17

.5
13

.3
–2

1.
8

22
7.

1
4.

3–
10

.0
55

17
.9

13
.6

–2
2.

1
32

10
.4

7.
0–

13
.8

4
1.

3
0–

2.
6

3
1.

0
0–

2.
1

75
–7

9
77

7
17

9
23

.0
20

.1
–2

6.
0

11
3

14
.5

12
.1

–1
7.

0
17

9
23

.0
20

.1
–2

6.
0

12
4

16
.0

13
.4

–1
8.

5
21

2.
7

1.
6–

3.
8

18
2.

3
11

.9
–1

6.
9

80
–8

4
56

2
13

4
23

.8
20

.3
–2

7.
4

10
0

17
.8

14
.6

–2
1.

0
19

0
33

.8
29

.9
–3

7.
7

14
6

26
.0

22
.4

–2
9.

6
30

5.
3

3.
5–

7.
2

29
5.

2
3.

3–
7.

0

≥8
5

26
7

57
21

.3
16

.5
–2

6.
3

53
19

.9
15

.1
–2

4.
6

12
5

46
.8

40
.8

–5
2.

8
10

5
39

.3
33

.5
–4

5.
2

28
10

.5
6.

8–
14

.2
26

9.
7

6.
2–

13
.3

To
ta

l
19

14
42

4
22

.2
20

.3
–2

4.
0

28
8

15
.0

13
.4

–1
6.

6
54

9
28

.7
26

.7
–3

0.
7

40
7

21
.3

19
.4

–2
3.

1
83

4.
3

3.
4–

5.
2

76
4.

0
3.

1–
4.

8

A
ge

- 
an

d 
ge

nd
er

-s
ta

nd
ar

di
ze

d
≥7

0
/

/
20

.5
18

.7
–2

2.
3

/
12

.4
10

.9
–1

3.
8

/
25

.8
23

.9
–2

7.
8

/
17

.7
16

.0
–1

9.
4

/
3.

4
2.

6–
4.

2
/

3.
0

2.
2–

3.
8

≥8
0

/
/

22
.7

19
.8

–2
5.

5
/

18
.4

15
.7

–2
1.

0
/

36
.8

33
.6

–4
0.

1
/

31
.2

28
.0

–3
4.

3
/

7.
3

5.
5–

9.
1

/
6.

9
5.

2–
8.

7

N
ot

es
: /

= 
da

ta
 n

ot
 a

va
ila

bl
e.

 T
he

 p
re

va
le

nc
e 

of
 v

is
ua

l i
m

pa
ir

m
en

t 
or

 b
lin

dn
es

s 
w

as
 e

st
im

at
ed

 v
ia

 t
he

 la
te

st
 C

hi
na

 N
at

io
na

l C
en

su
s 

20
10

. 
A

bb
re

vi
at

io
n:

 C
I, 

co
nfi

de
nc

e 
in

te
rv

al
.

https://doi.org/10.2147/CIA.S304730                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2021:16 990

Shen et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
3 

C
au

se
s 

of
 B

ila
te

ra
l V

is
ua

l I
m

pa
ir

m
en

t 
an

d 
Bl

in
dn

es
s 

U
si

ng
 t

he
 W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n 

C
ri

te
ri

a

M
ild

 V
is

ua
l I

m
pa

ir
m

en
t

M
od

er
at

e 
to

 S
ev

er
e 

V
is

ua
l 

im
pa

ir
m

en
t

B
lin

dn
es

s
A

ll

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

C
at

ar
ac

t
16

5 
(8

.6
)

38
.9

33
7 

(1
7.

6)
61

.3
23

 (
1.

2)
28

.0
52

5 
(2

7.
4)

49
.7

U
nc

or
re

ct
ed

 r
ef

ra
ct

iv
e 

er
ro

r
20

3 
(1

0.
6)

47
.9

77
 (

4.
0)

14
.0

0 
(0

.0
)

0.
0

28
0 

(1
4.

6)
26

.5

M
yo

pi
c 

m
ac

ul
op

at
hy

7 
(0

.4
)

1.
7

37
 (

1.
9)

6.
7

17
 (

0.
9)

20
.7

61
 (

3.
2)

5.
8

Po
st

er
io

r 
ca

ps
ul

ar
 o

pa
ci

fic
at

io
n

21
 (

1.
1)

5.
0

35
 (

1.
8)

6.
4

2 
(0

.1
)

2.
4

58
 (

3.
0)

5.
5

C
or

ne
a 

op
ac

ity
5 

(0
.3

)
1.

2
8 

(0
.4

)
1.

5
10

 (
0.

5)
12

.2
23

 (
1.

2)
2.

2

A
M

D
3 

(0
.2

)
0.

7
13

 (
0.

7)
2.

4
5 

(0
.3

)
6.

1
21

 (
1.

1)
2.

0

V
itr

eo
re

tin
al

 in
te

rf
ac

e 
ab

no
rm

al
ity

7 
(0

.4
)

1.
7

12
 (

0.
6)

2.
2

0 
(0

.0
)

0.
0

19
 (

1.
0)

1.
8

O
th

er
 p

os
te

ri
or

 s
eg

m
en

t 
ey

e 

di
se

as
e

3 
(0

.2
)

0.
7

6 
(0

.3
)

1.
1

6 
(0

.3
)

7.
3

15
 (

0.
8)

1.
4

G
la

uc
om

a
4 

(0
.2

)
0.

9
6 

(0
.3

)
1.

1
5 

(0
.3

)
6.

1
15

 (
0.

8)
1.

4

Pt
er

yg
iu

m
3 

(0
.2

)
0.

7
7 

(0
.4

)
1.

3
1 

(0
.1

)
1.

2
11

 (
0.

6)
1.

0

D
ia

be
tic

 r
et

in
op

at
hy

1 
(0

.1
)

0.
2

5 
(0

.3
)

0.
9

2 
(0

.1
)

2.
4

8 
(0

.4
)

0.
8

O
th

er
 o

pt
ic

 a
tr

op
hy

2 
(0

.1
)

0.
5

1 
(0

.1
)

0.
2

4 
(0

.2
)

4.
9

7 
(0

.4
)

0.
7

A
m

bl
yo

pi
a

0 
(0

.0
)

0.
0

1 
(0

.1
)

0.
2

2 
(0

.1
)

2.
4

3 
(0

.2
)

0.
3

U
ve

iti
s

0 
(0

.0
)

0.
0

1 
(0

.1
)

0.
2

1 
(0

.1
)

1.
2

2 
(0

.1
)

0.
2

A
tr

op
hy

 o
f t

he
 e

ye
ba

ll 
or

 p
ro

st
he

tic
 

ey
e

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

1 
(0

.1
)

1.
2

1 
(0

.1
)

0.
1

R
et

in
al

 d
et

ac
hm

en
t

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

U
nk

no
w

n 
ey

e 
di

se
as

e
0 

(0
.0

)
0.

0
4 

(0
.2

)
0.

7
3 

(0
.2

)
3.

7
7 

(0
.4

)
0.

7

Su
bj

ec
ts

42
4 

(2
2.

2)
10

0.
0

55
0 

(2
8.

5)
10

0.
0

82
 (

4.
1)

10
0.

0
10

56
 (

54
.8

)
10

0.
0

N
ot

es
: M

ild
 v

is
ua

l i
m

pa
ir

m
en

t 
w

as
 d

efi
ne

d 
as

 p
re

se
nt

in
g 

vi
su

al
 a

cu
ity

 m
ea

su
re

m
en

ts
 o

f ≥
6/

18
 a

nd
 <

6/
12

 in
 t

he
 b

et
te

r 
ey

e,
 m

od
er

at
e 

to
 s

ev
er

e 
vi

su
al

 im
pa

ir
m

en
t 

w
as

 d
efi

ne
d 

as
 p

re
se

nt
in

g 
vi

su
al

 a
cu

ity
 m

ea
su

re
m

en
ts

 o
f ≥

3/
60

 a
nd

 <
6/

18
 

in
 t

he
 b

et
te

r 
ey

e,
 a

nd
 b

lin
dn

es
s 

w
as

 d
efi

ne
d 

as
 p

re
se

nt
in

g 
a 

vi
su

al
 a

cu
ity

 o
f <

3/
60

 in
 t

he
 b

et
te

r 
ey

e.
 

A
bb

re
vi

at
io

n:
 A

M
D

, a
ge

-r
el

at
ed

 m
ac

ul
ar

 d
eg

en
er

at
io

n.

Clinical Interventions in Aging 2021:16                                                                                             https://doi.org/10.2147/CIA.S304730                                                                                                                                                                                                                       

DovePress                                                                                                                         
991

Dovepress                                                                                                                                                             Shen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
4 

C
au

se
s 

of
 M

on
oc

ul
ar

 V
is

ua
l I

m
pa

ir
m

en
t 

an
d 

Bl
in

dn
es

s 
U

si
ng

 t
he

 W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n 
C

ri
te

ri
a

M
ild

 V
is

ua
l I

m
pa

ir
m

en
t

M
od

er
at

e 
to

 S
ev

er
e 

V
is

ua
l 

Im
pa

ir
m

en
t

B
lin

dn
es

s
A

ll

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

N
o.

 (
P

re
va

le
nc

e 
%

)
D

is
tr

ib
ut

io
n 

(%
)

C
at

ar
ac

t
13

3 
(6

.9
)

59
.4

29
4 

(1
5.

4)
71

.5
54

 (
2.

8)
32

.7
48

1 
(2

5.
1)

60
.1

U
nc

or
re

ct
ed

 r
ef

ra
ct

iv
e 

er
ro

r
78

 (
4.

1)
34

.8
37

 (
1.

9)
9.

0
0 

(0
.0

)
0.

0
11

5 
(6

.0
)

14
.4

M
yo

pi
c 

m
ac

ul
op

at
hy

2 
(0

.1
)

0.
9

17
 (

0.
9)

4.
1

11
 (

0.
6)

6.
7

30
 (

1.
6)

3.
8

V
itr

eo
re

tin
al

 in
te

rf
ac

e 
ab

no
rm

al
ity

5 
(0

.3
)

2.
2

18
 (

0.
9)

4.
4

5 
(0

.3
)

3.
0

28
 (

1.
5)

3.
5

C
or

ne
a 

op
ac

ity
0 

(0
.0

)
0.

0
6 

(0
.3

)
1.

5
21

 (
1.

1)
12

.7
27

 (
1.

4)
3.

4

A
M

D
0 

(0
.0

)
0.

0
12

 (
0.

6)
2.

9
10

 (
0.

5)
6.

1
22

 (
1.

1)
2.

8

Po
st

er
io

r 
ca

ps
ul

ar
 o

pa
ci

fic
at

io
n

3 
(0

.2
)

1.
3

14
 (

0.
7)

3.
4

4 
(0

.2
)

2.
4

21
 (

1.
1)

2.
6

A
tr

op
hy

 o
f t

he
 e

ye
ba

ll 
or

 p
ro

st
he

tic
 

ey
e

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

16
 (

0.
8)

9.
7

16
 (

0.
8)

2.
0

O
th

er
 p

os
te

ri
or

 s
eg

m
en

t 
ey

e 

di
se

as
e

1 
(0

.1
)

0.
4

4 
(0

.2
)

1.
0

8 
(0

.4
)

4.
8

13
 (

0.
7)

1.
6

A
m

bl
yo

pi
a

0 
(0

.0
)

0.
0

4 
(0

.2
)

1.
0

9 
(0

.5
)

5.
5

13
 (

0.
7)

1.
6

G
la

uc
om

a
1 

(0
.1

)
0.

4
2 

(0
.1

)
0.

5
7 

(0
.4

)
4.

2
10

 (
0.

5)
1.

3

O
th

er
 o

pt
ic

 a
tr

op
hy

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

6 
(0

.3
)

3.
6

6 
(0

.3
)

0.
8

D
ia

be
tic

 r
et

in
op

at
hy

0 
(0

.0
)

0.
0

2 
(0

.1
)

0.
5

3 
(0

.2
)

1.
8

5 
(0

.3
)

0.
6

R
et

in
al

 d
et

ac
hm

en
t

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

5 
(0

.3
)

3.
0

5 
(0

.3
)

0.
6

Pt
er

yg
iu

m
1 

(0
.1

)
0.

4
1 

(0
.1

)
0.

2
3 

(0
.2

)
1.

8
5 

(0
.3

)
0.

6

U
ve

iti
s

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

0 
(0

.0
)

0.
0

U
nk

no
w

n 
ey

e 
di

se
as

e
0 

(0
.0

)
0.

0
0 

(0
.0

)
0.

0
3 

(0
.2

)
1.

8
3 

(0
.2

)
0.

4

Su
bj

ec
ts

22
4 

(1
1.

7)
10

0.
0

41
1 

(2
1.

5)
10

0.
0

16
5 

(8
.6

)
10

0.
0

80
0 

(4
1.

8)
10

0.
0

N
ot

es
: M

ild
 v

is
ua

l i
m

pa
ir

m
en

t w
as

 d
efi

ne
d 

as
 p

re
se

nt
in

g 
vi

su
al

 a
cu

ity
 m

ea
su

re
m

en
ts

 w
or

se
 th

an
 6

/1
2 

in
 th

e 
w

or
se

 e
ye

 a
nd

 ≥
6/

12
 in

 th
e 

be
tt

er
 e

ye
; m

od
er

at
e 

to
 s

ev
er

e 
w

as
 d

efi
ne

d 
as

 p
re

se
nt

in
g 

vi
su

al
 a

cu
ity

 m
ea

su
re

m
en

ts
 w

or
se

 th
an

 6
/ 

18
 in

 t
he

 w
or

se
 e

ye
 a

nd
 ≥

6/
18

 in
 t

he
 b

et
te

r 
ey

e,
 a

nd
 b

lin
dn

es
s 

w
as

 d
efi

ne
d 

as
 p

re
se

nt
in

g 
vi

su
al

 a
cu

ity
 m

ea
su

re
m

en
ts

 w
or

se
 t

ha
n 

3/
60

 in
 t

he
 w

or
se

 e
ye

 a
nd

 ≥
3/

60
 in

 t
he

 b
et

te
r 

ey
e.

 
A

bb
re

vi
at

io
n:

 A
M

D
, a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n.

https://doi.org/10.2147/CIA.S304730                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2021:16 992

Shen et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


definitions, demographic makeup, socioeconomic level, 
sampling frame, and study time. In addition, the elderly 
population in China might be less likely to seek eye 
healthcare. The Chinese Health Statistical Yearbook 2019 
reported that there were over 40,000 registered ophthal-
mologists in China, more than twice as many as in 2010.24 

However, in a study by Peng et al25 nearly 90% of the 
Chinese rural population had never sought eye care ser-
vices, for whom education to raise the awareness of eye 
diseases is needed to reduce visual impairment.

Cataract and uncorrected refractive errors were the 
main causes of visual impairment in the elderly popula-
tion. This finding is similar to that of other population- 
based studies.10,23 A novel finding in our study was that 
posterior capsular opacification was the fourth leading 
cause of visual impairment. This could be explained by 
the increasing cataract surgery rate promoted by the 

Chinese government over decades.26 Based on our study 
findings, a large proportion (81.7%) of visual impairment 
can be significantly improved by cataract surgery, refrac-
tive correction, or Nd:YAG laser capsulotomy. These 
results suggest that the prevention of visual impairment 
caused by cataract is well under way; however, further 
efforts are needed for the government and hospitals to 
increase cataract surgery coverage and postoperative fol-
low-up, as well as provide spectacle-dispensing services 
for elderly people living in the rural areas in China.

Myopic maculopathy was the leading cause of retinal 
diseases, which is consistent with the findings in other 
eye studies in Asia.27 The prevalence of myopic maculo-
pathy-related visual impairment in Asians is higher than 
that in the Western population,28 which requires further 
investigation.

We observed a high prevalence of vitreoretinal inter-
face abnormalities leading to bilateral and monocular mild 
visual impairment (1.7% and 2.2%, respectively) and 
MSVI (2.2% and 4.4%, respectively), using OCT scan. 
OCT provides more sensitive and specific assessments of 
the vitreoretinal interface, compared with fundus 
photography.29 However, the examination of the vitreoret-
inal interface in most population-based studies was limited 
to fundus photography. The prevalence of visual-impairing 
vitreoretinal interface abnormalities in our study (1.0%) 
was higher than that in the Hong Kong study (0.05%),30 

but lower than that in the UK Biobank Study (3.6%).31 As 
the incidence of vitreoretinal interface abnormalities 
increase with age,32 future population-based studies must 
include this as a potential cause of visual impairment 
among the elderly population.

The higher prevalence of visual impairment was asso-
ciated with advanced age, female sex, self-reported visual 
impairment, and cognitive impairment, which is consistent 
with the results of previous studies.8,28 Individuals with 
good cognitive function are more likely to seek eye care, 
while good vision helps mitigate age-related cognitive 
decline.33 A higher educational level was associated with 
a lower risk of visual impairment. These findings may help 
to effectively identify interventional strategies to combat 
visual impairment.

The present study had several strengths. First, the large 
and representative study sample in this elderly population 
with a high response rate allowed us to obtain credible 
findings. Population-based studies in the elderly are usually 
limited by a high frequency of physical and cognitive dis-
ability. Our sample size (n=1914; response rate, 88.4%) was 

Figure 2 The prevalence of presenting visual impairment using the World Health 
Organization standard. (A) The prevalence of MSVI and blindness increased with 
age. (B) The prevalence of MSVI and blindness was higher in female than those in 
male. *p<0.05; ***p<0.001. 
Abbreviation: MSVI, moderate to severe visual impairment.
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higher than those in other studies of this age group17 and was 
well matched in terms of national gender ratio (female ratio 
in the age group of 70 years and older, 53.1% in national 
census versus 54.0% in the current study), which minimized 
the selection bias. Second, the use of standardized protocols 
as well as comprehensive ophthalmic examinations, includ-
ing OCT scans, improved the accuracy of evaluations of 
visual impairment prevalence and causes.

This study has several limitations that should be addressed. 
First, the non-participants were older than the participants. As 
the rates of vision loss increase significantly with age, this 
might result in an underestimation of the true prevalence of 
visual impairment. Second, as cataract accounted for most 
cases of visual impairment, concurrent retinal diseases and 
glaucoma might have been masked by severe lens opacity 
among the elderly individuals. Third, the examinations were 
carried out without cycloplegia, which may have contributed 
to the failure to detect some conditions. Fourth, definitions of 

visual impairment were limited to distance visual acuity, while 
near visual impairment and visual field were not assessed, 
which may have underestimated the prevalence of uncorrected 
refractive error, glaucoma or other optic atrophy. In addition, 
Given the cross-sectional nature of the study, our findings only 
suggested the associations between visual impairment and 
factors, but not a causative relationship.

Conclusion
In conclusion, RuLAS presented a high prevalence of visual 
impairment in an elderly Chinese population. Cataract and 
uncorrected refractive error remain the leading causes of 
vision loss, highlighting the significant challenges in popu-
larizing cataract surgery and the use of spectacles for the 
elderly individuals living in rural areas. Myopic maculopa-
thy, vitreoretinal interface abnormality, and posterior capsu-
lar opacification also contributed significantly to visual 
impairment. Strengthening the awareness of eye health 

Table 5 Logistic Regression Analysis for Factors Associated with Bilateral Visual Impairment (Presenting Visual Acuity < 6/12 in the 
Better Eye)

Variables Univariate Odds Ratio (95% CI)a p value Multivariate Odds Ratio (95% CI)b p value

Age (per year) 1.13 (1.11–1.16) <0.001 1.09 (1.06–1.12) <0.001

Female gender 2.49 (2.07–2.99) <0.001 1.59 (1.18–2.15) 0.003

Married 0.62 (0.51–0.76) <0.001 1.14 (0.90–1.44) 0.30

Education

Less than primary Reference Reference
Primary 0.40 (0.32–0.50) <0.001 0.75 (0.56–0.99) 0.045

Secondary or higher 0.26 (0.21–0.34) <0.001 0.53 (0.38–0.74) <0.001

History of smoking 0.59 (0.47–0.73) <0.001 1.12 (0.83–1.51) 0.45

History of alcohol 0.60 (0.49–0.73) <0.001 0.84 (0.65–1.07) 0.15

Self-reported visual impairment 2.17 (1.77–2.67) <0.001 1.91 (1.51–2.41) <0.001

BMI (kg/m2)

Normal (18.0–23.9) Reference Reference
Underweight (<18.0) 1.55 (0.95–2.54) 0.24 0.88 (0.48–1.61) 0.67

Overweight (24.0–27.9) 0.79 (0.65–0.97) <0.001 0.79 (0.63–1.01) 0.059

Obese (≥28.0) 0.77 (0.57–1.05) 0.85 0.83 (0.57–1.19) 0.31

Systolic blood pressure (mmHg) 1.00 (1.00–1.00) 0.87

Diastolic blood pressure (mmHg) 1.00 (0.99–1.00) 0.16
Fasting blood glucose (mmol/L) 1.00 (0.95–1.05) 0.92

Serum-HbA1c (%) 0.95 (0.86–1.04) 0.27

Serum-Homocysteine (umol/L) 1.01 (1.00–1.02) 0.07
Serum-cholesterol (mmol/L) 1.01 (0.93–1.11) 0.78

Cognitive impairmentc 2.24 (1.82–2.74) <0.001 1.40 (1.11–1.76) 0.005

Notes: aThe univariable logistic regression model was used to investigate the individual factors associated with bilateral visual impairment. bThe multivariable logistic 
regression, including factors with association in the univariable analysis with a p value of <0.05, was used to investigate the factors associated with bilateral visual impairment. 
cCognitive impairment was defined as Mini-Mental State Examination scores of ≤16 for illiterate, ≤19 for individuals with 1–6 years of education, and ≤23 for individuals with 
7 or more years of education. 
Abbreviations: CI, confidence interval; HbA1c, glycated hemoglobin; BMI, body mass index.
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care should be listed as a high priority in health care services 
in rural areas in China, and specific focus should be placed 
on the eye health status of elderly women with low educa-
tional levels and cognitive impairment.

Abbreviations
AMD, age-related macular degeneration; BCVA, best- 
corrected visual acuity; BMI, body mass index; CI, con-
fidence interval; MMSE, Mini-Mental State Examination; 
MSVI, moderate to severe visual impairment; OCT, opti-
cal coherence tomography; OR, odds ratio; PVA, present-
ing visual acuity; RuLAS, Rugao Longevity and Aging 
Study; WHO, World Health Organization.
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