Clinical science

®

OPEN ACCESS

» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
org/10.1136/bjophthalmol-
2021-320892).

'State Key Laboratory of
Ophthalmology, Zhongshan
Ophthalmic Center, Sun Yat-Sen
University, Guangzhou, China
ZOphthalmology, Guangdong
Provincial Key Laboratory of
Ophthalmology and Visual
Science, Guangzhou, China
3Centre for Public Health, School
of Medicine, Dentistry and
Biomedical Sciences,Queen’s
University, Belfast, UK

*Orbis International, New York,
New York, USA

Correspondence to

Dr Xiaoling Liang,
Ophthalmolgy, State Key
Laboratory of Ophthalmology,
Zhongshan Ophthalmic
Center, Sun Yat-sen University,
Guangzhou, 510060, China;
liangxlsums@qq.com

Received 4 December 2021
Accepted 24 March 2022
Published Online First

22 April 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BMJ.

To cite: Zhao X, Lin J, Yu S,
et al. Br J Ophthalmol
2023;107:1190-1196.

Incidence, causes and risk factors of vision loss in
rural Southern China: 6-year follow-up of the Yangxi

Eye Study

Xinyu Zhao
Kun Xiong
Nathan Congdon

ABSTRACT

Purpose To report the 6-year incidence, causes and
risk factors for vision loss (visual impairment (VI) and
blindness), among elderly adults in rural southern China.
Methods Population-based, cohort study. Initiated

in 2014, the study recruited participants aged 50

and older using random cluster sampling from Yangxi
County. All eligible participants were invited to attend
interviews and comprehensive eye examinations at the
6-year follow-up between November 2020 and March
2021. The WHO categories of vision loss were used to
define incident cases of VI (3/60<VA <6/12), moderate-
to-severe VI (MSVI) (3/60<VA<6/18) and blindness

(VA <3/60) in the better-seeing eye.

Results Among the 5825 baseline participants, 3187
(64.4%) of 4946 surviving subjects participated in the 6-
year follow-up. Based on presenting and best-corrected
VA, respectively, the crude incidence rate of blindness
was 0.8% (95% C1 0.5% to 1.1%) vs 0.3% (95% Cl
0.1% to 0.5%), for MSVI 6.7% (95% Cl 5.7% to 7.6%)
vs 4.6% (95% Cl 3.8% to 5.4%) and for any VI 16.1%
(95% Cl 14.5% to 17.6%) vs 12.9% (95% ClI 11.6% to
14.1%). Cataract (48.3%) and refractive errors (44.4%)
were the most common causes of vision loss. Factors
significantly associated with greater incident vision loss
were older age, female sex, less education, living alone
and longer axial length (all p<0.05).

Conclusions Substantial work is still required to reduce
avoidable vision loss in rural China. Screening outreach
and efforts to improve awareness which target the
poorer and less educated are urgently needed to reduce
the growing unmet need for eye care due to ageing.

INTRODUCTION
Vision loss (visual impairment (VI) and blind-
ness), currently ranked sixth in the global burden
of disease,' * continues to be a major public health
problem. The global initiative “VISION 2020: Right
to Sight” has coordinated efforts for the elimination
of avoidable vision loss,’ * and yet the global burden
is set to reach historic levels in the coming years
despite reductions in age-adjusted vision loss.” Due
to an ageing global population, a growing number
of people globally suffer the consequences of poor
access to high-quality and affordable eye services.®
Worldwide, nearly 2.2 billion people experience
vision loss, half with conditions that could have
been prevented or treated.’ 7 Although initiatives
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What is already known on this topic

= Incidence of vision loss in urban southern
China has been investigated, but in rural
areas is lacking. The effectiveness of eye care
services needs to be demonstrated by the latest
incidence of vision loss.

What this study adds

= The incidence of vision loss in rural southern
China is lower than that of urban areas,
reflecting effectiveness of eye care services.
However, it is still higher than northern China
and other countries, suggesting that substantial
work to reduce avoidable vision loss is still
required.

How this study might affect research, practice

or policy

= Cataracts and uncorrected refractive errors
remain a priority in reducing incident vision loss
in rural China. And efforts to reduce vision loss
not only require increased eye care services,
but also improved public health education,
with more focus on poorer and less-educated
groups.

such as VISION 2020 have reduced age-specific
rates of avoidable vision loss, the overall magni-
tude of the burden has increased, due to the ageing
global population.® People with impaired vision
usually have decreased productivity and higher
rates of anxiety or depression,” reducing their
quality of life, imposing significant personal and
national burdens, and even increasing the risk of
death.> 11 The loss of global productivity caused
by uncorrected refractive error alone is estimated to
be US$270 billion each year.”

The seventh census of China in 2020 showed a
current population of 1.4 billion, with rural resi-
dents accounting for 36.1% (510 million) and
nearly 20% (260 million) of the population aged 60
years or older. Guangdong Province has the largest
share of this population at 126 million persons in
2020. As the world’s most populous country, China
bears a significant burden of moderate-to-severe VI
(MSVI) and blindness." Improving public awareness
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of eye health and reducing the prevalence of MSVI is thus a high
priority."

Incidence from a population-based study reflects the impact
of existing strategies for prevention, detection and treatment of
vision loss within a region. Previous studies have reported various
figures for the prevalence of vision loss in Chinese cohorts.® 12714
However, incidence of vision loss, particularly in rural areas,
is not well investigated.'* ' In China, public health policies to
expand the availability of eye services have been executed over
the past 10 years, leading to a meaningful increase in cataract
surgical coverage (62.7%).'® These successful policies promoting
eye health are likely to be reflected in incidence for vision loss.

This population-based study is designed to assess the 6-year
incidence, causes and associated risk factors for vision loss
among elderly adults in Yangxi county, a rural area of Guang-
dong Province, southern China.

METHODS
Study population
Yangxi county, located at the southwest of Guangdong Province
in southern China, had a resident population of 434 thousand
in 2020. The per capita gross domestic product in 2019, prior
to the COVID-19 pandemic, was US$6.7 thousand, compared
with US$13.6 thousand for Guangdong province and US$11.0
thousand for China as a whole. This study might roughly reflect
the eye health of people in low-income rural areas in China.
The Yangxi Eye Study (YES) was initiated as part of the China
Nine-Province Survey in 2014." The details of the methodology
have been described previously.'”""? Briefly, at baseline in 2014,
5825 (90.7%) out of 6425 eligible participants were enrolled
in the study."® These persons were aged 50 years or older and
had lived in the catchment area for at least 6 months, and
were selected by random cluster sampling from 268 geograph-
ically defined sampling units in Yangxi County.'” '’ The 6-year
follow-up was carried out between November 2020 and March
2021 (figure 1). At follow-up, all participants listed in the village

registers and enumerated through door-to-door visits at baseline
were invited to complete a comprehensive eye examination at
local community facilities.

Ocular examination

The basic ocular examinations at follow-up were performed
according to the same protocol and using the identical equip-
ment as at baseline. Visual acuity (VA) was assessed using an
Early Treatment Diabetic Retinopathy Study chart.”’ Presenting
VA (PVA) was recorded, and when PVA was <6/12 in either eye,
noncycloplegic automated refraction (KR-800; Topcon, Japan)
and best-corrected VA (BCVA) were measured by an experienced
optometrist. When participants failed to read the top line at 4 m,
they were asked to move to 3, 2 and 1 m, successively as needed.
When no optotypes could be read at 1 m, VA was then assessed
as counting fingers, hand movements, perception of light (LP),
or no LP.

Slit-lamp biomicroscopy (BQ-900, Haag-Streit, Switzerland)
was performed by an experienced ophthalmologist to examine
the anterior and posterior segments and to record any findings.
Biological parameters of the anterior segment were measured
using an optical biometer (Lenstar LS 900, Haag-Streit AG,
Koeniz, Switzerland). Ultra-widefield (UWF) non-mydriatic
images were taken using an Optos camera (Daytona (P200T),
Optos, Dunfermline, Scotland), with which UWF images centred
on the macula were captured. Optical coherence tomography
(OCT) images of the macular and peripapillary regions and
retinal nerve fibre layer were acquired using a Heidelberg Retina
Angiograph II (HRA 1II; Heidelberg Engineering, Heidelberg,
Germany).

Questionnaire and systemic measurement

A standardised questionnaire was administered by a trained
nurse to collect information on past history of ocular diseases,
systemic diseases, socioeconomic background (eg, income,

Eligible participants in 2014
(6425)

Baseline partici
(5825/ 90.7%)

Re-examined in 2020

Refused (600/ 9.3%)

ipants in 2014

Refused (1228/ 24.8%)
Disabled (196/ 4.0%)
Moved (335/ 6.8%)

Deceased (879/ 15.1%)

(3187/ 64.4%)

Incomplete/ missing data

(169/ 3.4%)

Complete data in 2020
(3018/ 61.1%)

Questionnaire

Intraocular
pressure

Slit-lamp

o Systemic biomicroscopy

measurement

Figure 1
tomography; PVA, presenting visual acuity; UWF, ultra-widefield.

UWF images
photography

Lenstar
measurement

OCT images
photography

BCVA
(PVA <6/12 in either eye )

Flow chart of participants and examinations in the Yangxi Eye Study. BCVA, best-corrected visual acuity; OCT, optical coherence
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education, medical insurance) and lifestyle-related information
(eg, alcohol and cigarette consumption).”' Systemic examina-
tions were performed by a trained nurse, including the measure-
ment of blood pressure (BP), waist and hip circumference, as
well as measurement of the height and weight for the compu-
tation of body mass index (BMI). Systolic and diastolic BP were
measured using an automated sphygmomanometer (Hem-907,
Omron, Kyoto, Japan).

Definition of VI and blindness

Vision loss is defined by VA in the better-seeing eye according to
the criteria of the International Classification of Diseases (11th
edition, 2018): mild (6/18<VA< 6/12), moderate (6/60<VA <
6/18), severe VI (3/60<VA< 6/60) (hence moderate-severe VI
(MSVI) is 3/60<VA< 6/18) and blindness (<3/60).> The current
report used the same WHO criteria for vision loss as described
above. Incident vision loss with different severities is defined as
follows: (1) Incident mild VI: newly developed mild VI during
the 2014-2020 interval in participants not visually impaired at
baseline; (2) Incident MSVI: newly developed MSVI during the
2014-2020 interval in participants not visually impaired or with
mild VI at baseline; (3) Incident blindness: newly developed
blindness in participants not blind at baseline; (4) Incident any
VI: VA at baseline was 6/12 or better, but worse than 6/12 at
follow-up.'**** The crude incidence was converted into annual
incidence for comparison with other published population-based
studies.”*

Determination of the causes of VI and blindness

One examining ophthalmologist and two experienced ophthal-
mologists reviewed all examination results, including the PVA,
BCVA, description of corneal clarity and lens grades during
slitlamp examination, intraocular pressure and results of UWF
and OCT images to make a final diagnosis for each eye using
standard clinical criteria. In case of any divergence among
ophthalmologists, adjudication was performed by a retinal expert
with over 20 years of experience (XL). If multiple diseases were
present, the primary cause was assigned as the condition most
affecting the vision, and which was most likely to be avoidable or
treatable.” 2! For instance, the moderate cataract and mild DR
were both present in the same eye, cataract would be judged as
the primary cause of vision loss. Refractive error was defined as
present when BCVA was at least two lines better than PVA (VA
in this study was converted to a logarithm with a minimum angle
of resolution).?!

Statistical analysis

Statistical analyses were performed using SPSS software V.26.0
(IBM). Student’s t-test was used for comparison of continuous
variables, while the Pearson % test was used for comparison of
categorical data. Age-sspefic and sex-specific incidence in decade
intervals from 50 to 80+ years with 95% Cls were calculated.
The age-standardised and sex-standardised incidence was calcu-
lated using direct standardisation of the study population to the
population in the 2010 census (http://www.stats.gov.cn/tjsj/pcsj/
rkpc/6rp/indexch.htm). Univariate and multiple logistic regres-
sion models were used to investigate the associations between
incident vision loss and risk factors including age, sex, education,
income, hypertension, diabetes, smoking, alcohol consumption,
axial length and living alone. Statistical significance was set at
p<0.0S.

RESULTS
Of the 5825 participants at baseline in 2014, 3187 (64.4%) of
4946 survivors (84.9%) returned for follow-up examination in

2020, while 879 (15.1%) were deceased and 1759 (30.2%) were
alive but did not return for follow-up, including 196 (4.0%)
disabled, 1228 (25.0%) refused to participate, and 335 (6.8%)
had relocated elsewhere (figure 1). Among the 3187 partici-
pants, 169 without data on PVA and/or BCVA were excluded.
Ultimately, 3018 (61.1%) participants were included in below
analyses. Compared with nonparticipants, participants were
younger, more likely to be female and had better VA and educa-
tion, higher BMI and lower rate of hypertension. Diabetes status
did not vary significantly between the two groups (table 1).

The incidence of presenting and best-corrected MSVI
increased with older age. Based on the presenting VI (PVI), the
incidence of mild VI was the highest in the 50-59 and 60-69 age
groups, while in the 70-79 and 80+ age groups, the incidence
of MSVI was highest (table 2). Based on the best-corrected VI
(BCVI), the incidence of mild VI was the highest, followed by
MSVI, and blindness was the lowest in all age groups (table 3).
The incidence of presenting and best-corrected vision loss was
higher in women than in men (p<0.05, tables 2 and 3) (online
supplemental figure s1).

The leading causes of incident PVI were cataract (164 partic-
ipants, 48.39%), refractive error (151 participants, 44.4%) and
retinopathies (7 participants, 2.1%). The leading causes of inci-
dent BCVI were cataract (312 participants, 90.9%), posterior
capsular opacification (13 participants, 3.8%) and retinopathies
(6 participants, 1.8%). The leading causes of presenting and
best-corrected blindness were cataract. Further information is
shown in table 4. Cataract and refractive errors are the most
common causes of overall incident vision loss.

In univariate logistic regression models, incident vision loss
was significantly associated with older age, female sex, less
education, living alone, lower income, longer axial length,
hypertension, no smoking and alcohol consumption, higher
BMI and more frequent falls (all p<0.05). In multiple logistic
regression models, the incident vision loss was significantly asso-
ciated with older age, female sex, living alone, less education and
longer axial length (all p<0.05) (table 5).

DISCUSSION

Eye health should be integrated into the global development
and health agendas.® As incidence of vision loss is poised to
grow due to the ageing population in China and globally, an
up-to-date evaluation of the magnitude of eye care needs among
the elderly is of particular importance, but data are lacking.”
Previous study (the Liwan Eye Study (LES)) is representative of
an urban southern Chinese population, more data are needed to
understand the situation in rural areas.'* This is the first study
to report the incidence of vision loss among the elderly in rural
southern China.

The incidence of vision loss in this current cohort is basically
lower than that of the LES (online supplemental figure S2),
which might reflect the different environments of rural and
urban populations in southern China, or benefit from several
public health policies in rural China to expand the availability of
eye care services. However, it is still higher than northern China
and other countries, suggesting that substantial work to reduce
avoidable vision loss is still required, especially for the elderly,
particularly those living alone, women and poorer, less-educated
persons.

Previous studies on the incidence of vision loss are shown in
online supplemental table S1, with published figures converted
into annual incidence.* '* 5 #¥ 262 Comparisons between these
studies should be made with caution due to differences in study
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Table 1

Baseline characteristics of participants in the Yangxi Eye Study

Non-participants

Baseline characteristics Participants Alive at follow-up Deceased at follow-up P value
No (%) 3187 (64.4) 1759 (30.2) 879 (15.1)
Age (SD)* 65.0 (9.0) 64.5(10.7) 75.7 (9.6) <0.001
Age (years)

50-59 993 (31.2%) 698 (39.7%) 59 (6.7%)

60-69 1224 (38.4%) 524 (29.8%) 168 (19.1%)

70-79 738 (23.2%) 328 (18.6%) 287 (32.7%)

80+ 232 (7.3%) 209 (11.9%) 365 (41.5%)
BMI (SD)* 22.44 (3.30) 22.45 (3.20) 21.23 (3.19) <0.001
PVA (SD), logMAR* 0.41 (0.49) 0.37 (0.46) 0.69 (0.65) <0.001
BCVA (SD), logMAR* 0.39(0.57) 0.39(0.55) 0.63 (0.70) <0.001
Sex*

Male 1465 (46.0%) 802 (45.6%) 538 (61.2%)

Female 1722 (54.0%) 957 (54.4%) 341 (38.3%) <0.001
Any formal education*

No 1522 (47.8%) 808 (45.9%) 536 (60.9%)

Yes 1665 (52.2%) 951 (54.1%) 343 (39.1%) 0.01
Diabetes present

No 2876 (91.0%) 1570 (90.6%) 748 (88.1%)

Yes 284 (9.0%) 163 (9.4%) 101 (11.9%) 0.11
Hypertension present™

No 1750 (55.2%) 944 (54.4%) 312 (36.7%)

Yes 1420 (44.8%) 791 (45.6%) 537 (63.3%) <0.001

*p <0.05 (comparison of participants and non-participants).

BCVA, best-corrected visual acuity; BMI, body mass index; logMAR, logarithm with a minimum angle of resolution; PVA, present visual acuity.

designs and definitions. The annual incidence of any VI in our
cohort was lower than that in India (Andhra Pradesh Eye Disease
Study). Recent studies reported that cataract surgery coverage in
rural China is 62.7%," higher than that in rural India (43.29%),*
which might account for the lower incidence of vision loss
and reflect successful policies to promote eye health in China.

In addition, the length and scale of follow-up in different eye
studies might also account for different incidence of vision loss.

The annual incidence of cataract surgery in our cohort of
rural elderly residents in southern China was higher than that
of Handan Eye Study (HES) (1.5% vs 0.2%) with elderly rural
northern Chinese and Beijing Eye Study (BES) (1.5% vs 0.4%)

Table 2 Incidence of presenting vision loss in the better-seeing eye according to gender and age categories
Mild vi* MsVI Blindness Any VI*
n/iN % (95% Cl) n/iN % (95% Cl) n/iN % (95% Cl) n/iN % (95% Cl)

Men (years)

50-59 8/316 2.5(0.8104.3) 31339 0.9 (00 1.9) 2/349 0.6 (00 1.4) 22316 7.0 (4.1109.8)

60-69 33/501 6.6 (4.4108.8) 26/570 4.6(2.8106.3) 2/621 0.3(0t00.8) 76/501 15.2 (12 t0 18.3)

70-79 13/192 6.8 (3.21010.4) 271267 10.1 (6.5 to 13.8) 31334 0.9(0t01.9) 43/192 22.4(16.4 t0 28.3)

80+ 1126 3.9(0t0 11.8) 17/59 28.8(16.9 0 40.7) 4/88 4.6 (0.11t09) 5/26 19.2 (3.0 to 35.5)
Total 55/1035 53(3.9106.7) 73/1235 59(4.6107.2) 11/1392 0.8(0.3101.3) 146/1035 14.1 (12.0 t0 16.2)
Women (years)

50-59 31/502 6.2 (4.1108.3) 7/554 1.3(0.3102.2) 4/574 0.7 (0o 1.4) 56/502 11.2 (8.4 t0 13.9)

60-69 39/413 9.4 (6.6 10 12.3) 24/508 4.7 (2.9106.6) 1/566 0.2 (00 0.5) 90/413 21.8(17.8 t0 25.8)

70-79 18/146 123(6.9t017.7) 471256 18.4(13.6 t0 23.1) 41342 12(0102.3) 421146 28.8(21.31036.2)

80+ 1126 48(0t011.8) 24165 36.9 (24.9 t0 49.0) 3113 2.7(0105.7) 6/21 28.6 (7.5 t0 49.6)
Total 89/1082 8.2 (6.6109.9) 102/1383 7.4 (6108.8) 12/1595 0.8(03101.2) 194/1082 17.9 (15.6 10 20.2)
Full population (years)

50-59 39/818 48(3.3106.2) 10/893 1.1(0.4101.8) 6/923 0.7(0.1101.2) 78/818 9.5 (7.5 t0 11.6)

60-69 72914 7.9 (6.1 t0 9.6) 50/1078 46(3.4105.9) 3/1187 0.3 (00 0.5) 166/914 18.2 (15.7 10 20.7)

70-79 31338 9.2 (6.11012.3) 74/523 142 (11210 17.1) 7676 1.0 (0.3 to 1.8) 85/338 25.2 (20.5 t0 29.8)

80+ 2/47 43(0t010.2) 41124 33.1 (24.7 to 41.5) 71201 3.5(0.9106.0) 11/47 23.4(10.8 0 36.0)
Total 14412117 6.8(5.7107.9) 1752618 6.7(5.7107.6) 23/2987 0.8(05t01.1) 34012117 16.1 (14,5 to 17.6)
Standardised 6.4(53107.5) 6.3(54107.3) 0.8(0.4101.1) 15.6 (13.8 to0 17.4)

*Incidence was significantly higher in women than in men (p<0.05, Pearson y test).
MSVI, moderate and serve visual impairment; VI, visual impairment.
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Table 3  The incidence of best-corrected vision loss in the better-seeing eye according to gender and age categories

Mild Vi* MSVI* Blindness Any VI*
n/N % (95% CI) n/N % (95% CI) n/N % (95% Cl) n/N % (95% CI)

Men (years)

50-59 4/340 1.2(0t02.3) 1/346 0.3(0t00.9) 0/350 0(0to0) 10/340 29(1.11t04.7)

60-69 25/595 42(2.6105.8) 15/613 25(1.2t03.7) 11622 0.2 (0t0 0.5) 55/595 9.2 (6.9t0 11.6)

70-79 280277 10.1 (6.5t0 13.7) 201319 6.3(3.6108.9) 11336 0.3(0t00.9) 641277 23.1(18.11028.1)

80+ 8/56 14.3 (4.8 10 23.7) 14/80 17.5 (9.0 to 26.0) 1/88 1.1(0t03.4) 15/56 26.8 (14.8 t0 38.8)
Total 65/1268 5.1(3.9t06.3) 50/1358 3.7(2.7t04.7) 3/1396 0.2 (0to 0.5) 144/1268 11.4 (9.6 t0 13.1)
Women (years)

50-59 13/566 23(1.1103.5) 8/570 1.4 (0.4 t0 2.4) 3/576 0.5(0to1.1) 27/566 4.8 (3.0t06.5)

60-69 40/530 7.6(5.3t09.8) 26/560 4.6(2.9106.4) 0/570 0(0to0) 81/530 15.3(12.2 t0 18.4)

70-79 36/239 15.1(10.5 to 19.6) 321310 10.3(6.9t0 13.7) 0/341 0(0to0) 62/239 25.9(20.3t0 31.5)

80+ 15/61 246 (13.51035.7) 17/96 17.7 (9.9 t0 25.5) 4114 3.5(0.1t06.9) 29/61 47.5 (34.6 0 60.4)
Total 104/1396 7.5(6.1108.8) 83/1536 5.4 (4.3106.5) 7/1601 0.4 (0.1 t0 0.8) 199/1396 143 (12.4 0 16.1)
Full population (years)

50-59 17/906 1.9(1.0t02.8) 9/916 1.0(0.3t0 1.6) 3/926 03(0t00.7) 37/906 4.1(2.8t05.4)

60-69 65/1125 5.8(4.4107.1) 411173 3.5(2.4104.5) 11192 0.1(0t00.2) 136/1125 12.1 (10.2 to 14.0)

70-79 64/516 12.4 (9.5 10 15.3) 52/629 8.3 (6.11t010.4) 11677 0.2 (0to 0.4) 126/516 24.4(20.7 to 28.1)

80+ 23117 19.7 (12.3 t0 27.0) 311176 176 (11.9t0 23.3) 5/202 2.5(0.3t04.6) 44117 37.6 (28.7 t0 46.5)
Total 169/2664 6.3 (5.41t07.3) 133/2894 4.6 (3.8t05.4) 10/2997 0.3(0.1t00.5) 343/2664 129 (11.6 to 14.1)
Standardised 5.9 (5.0 t0 6.8) 4.0(3.3t04.7) 0.4 (0.1 to 0.6) 12.0(10.6 to 13.3)

*Incidence was significantly higher in women than in men (p<0.05, Pearson y test).
MSVI, moderate and serve visual impairment; VI, visual impairment.

with mixed urban and rural northern Chinese. However, the
annual incidence of vision loss in our cohort was still higher
than that of HES and BES (online supplemental figure $2).141° 26
Despite the higher incidence of cataract surgery in south, the
incidence of vision loss remained higher than that in the north.
Previous studies have also suggested a significantly higher preva-
lence of vision loss in southern versus northern China.’' This is
consistent with our findings, and may be attributable to different
geographic and environmental exposures, such as sunlight.®!
These local differences in patterns of vision loss underscore the
importance of formulating geography-specific policies to suit the
specific needs of each population.

In the 2006 survey, cataract was the primary cause of vision
loss, but by 2014, it had been supplanted by uncorrected refrac-
tive error, due to a significant rise in cataract surgical coverage
(increased by 81.4% during the 2006-2014 interval).'® This
change benefited from public health policies to expand the avail-
ability of eye care services, such as the ‘One Million Cataract

Blindness Project’. In this study, cataract and refractive error
remained the primary causes of incident vision loss. Surpris-
ingly, the incidence of cataract surgery in the current cohort was
higher than in that of the LES (1.5% vs 0.96%),'* % suggesting
that cataract surgical access in at least some parts of rural China
are surpassing comparable urban areas. The implementation of
a series of projects, such as free cataract surgery sponsored by
various foundations, might have contributed to expanding access
to eye care services. Besides, more than 90% of the rural popula-
tion are covered by the government health insurance, improving
the healthcare affordability.?®

The incidence of vision loss increases with age.'® 3 Elder
people in rural areas are more likely to live with only spouses or
alone. They are particularly susceptible to experience vision loss,
which limited their ability to remain independent with ageing.*
Reducing the proportion of mild VI and MSVI in elder people
can improve their quality of life and well-being, which should be
prioritised as intervention strategies.

Table 4 Causes of incident vision loss in the better-seeing eye

PVI BCVI

Mild Vi MsVI Blindness Any VI Mild VI MsVI Blindness Any VI
Cataract 72 (50.0) 135 (77.1) 18 (78.3) 164 (48.3) 163 (96.4) 118 (88.7) 8 (80.0) 312 (90.9)
Refractive error 59 (41.0) 14 (8.0) 0 151 (44.4) 0 0 0 0
Posterior capsule opacity 1(0.7) 7(4.0) 1(4.3) 4(1.2) 4(2.4) 3(23) 1(10.0) 13 (3.8)
Macular degeneration 0 6 (3.4) 1(4.3) 0 0 3(2.3) 0 2 (0.6)
Diabetic retinopathy 0 0 0 1(0.3) 0 2(1.5) 0 3(0.9)
Optic neuropathy 0 0 1(4.3) 0 0 0 0 1(0.3)
Other retinopathies 5(3.5) 8(4.6) 1(4.3) 7(2.1) 1(0.6) 4(3.0) 1(10.0) 6(1.8)
Corneal opacity 0 1(0.6) 0 0 0 1(0.8) 0 1(0.3)
Other reasons 0 4(2.3) 1(4.3) 1(0.3) 0 1(0.8) 0 2(0.6)
Undetermined 7(4.9) 0 0 12 (3.5) 1(0.6) 1(0.8) 0 3(0.9)
Total 144 (100) 175 (100) 23 (100) 340 (100) 169 (100) 133 (100) 10 (100) 343 (100)

Other retinopathies included macular hole, epiretinal membrane, central serous chorioretinopathy and retinal vein occlusion.

BCVI, best-corrected VI; MSVI, moderate and serve VI; PVI, presenting VI; VI, visual impairment.
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Table 5 Risk factors associated with incident vision loss

Presenting vision loss

Best-corrected vision loss

Univariate Multiple Univariate analysis Multiple

Age > 70 years 3.50 (2.89, 4.24)* 3.26 (2.57,4.15)* 5.49 (4.40, 6.85)* 4.87 (3.65, 6.51)*
Female sex 1.26 (1.05, 1.52)* 1.39(1.01,1.90)* 1.33(1.10, 1.60)* 1.70 (1.19, 2.42)*
Hypertension 1.22 (1.01,1.48)* 1.01 (0.80, 1.28) 1.54 (1.26, 1.89)* 1.24 (0.94,1.62)
More frequent falls 1.69 (1.33,2.14)* 1.23(0.92, 1.64) 0.46 (0.30, 0.71)* 1.15(0.84, 1.59)
Living alone 1.61(1.27,2.03)* 1.35(1.02,1.80)* 1.92 (1.53, 2.40)* 1.27 (0.95,1.71)*
Less education 0.56 (0.46, 0.67)* 0.71 (0.54, 0.93)* 0.45 (0.36, 0.55)* 0.55 (0.40, 0.75)
Lower income 1.38(1.05, 1.81)* 0.97 (0.69, 1.35) 1.79 (1.30, 2.48)* 1.12(0.74,1.71)
Cataract surgery 1.44 (1.00, 2.09)* 0.88 (0.57,1.37) 1.22 (0.87,1.72)

Longer axial length 1.10 (0.97,1.26)* 1.20(1.03, 1.41)* 1.26 (1.12,1.42)* 1.52 (1.30,1.78)*
No smoking 0.73 (0.58, 0.93)* 0.93 (0.66, 1.29) 0.74(0.57, 0.95)* 1.10 (0.75, 1.62)
No alcohol 0.68 (0.50, 0.92)* 0.88 (0.59, 1.30) 0.64 (0.45, 0.90)* 0.80 (0.50, 1.28)
Diabetes 1.02 (0.69, 1.53) 0.41 (0.28, 0.58)* 1.14(0.39,3.34)
BMI<24 0.87(0.72, 1.05)* 0.92 (0.73,1.17) 0.66 (0.53, 0.80)* 0.77 (0.59, 1.01)

Data of the better-seeing eye in each participant were included for analysis. Variables with p<0.10 in univariate analysis were included in multiple logistic regression analysis.

*p <0.05.
BMI, body mass index.

Previous studies have reported that the burden of cataract
blindness was greater in women than men.** This is consistent
with our own finding, which further highlights the importance
of strategies targeting vision loss in women. In addition, nearly
25% of the participants in our cohort refused follow-up, the
main reason being that they thought they were healthy and did
not need screening. This phenomenon shows the importance of
raising the public awareness of physical examination. Moreover,
fear of surgery was also a major reason for refusal. Some people
even believe that surgery was not effective at restoring vision
because of the poor prognosis of several patients. Improving
patients’ awareness of postoperative examination to deliver the
better surgical outcomes after the surgery might reduce fear of
surgery and promote the uptake of cataract surgery for unop-
erated patients.®® Screening outreach should be supported to
promote early diagnosis and prevent vision loss. We hope that
some information we provide may offer inspiration for other
low-income and middle-income countries to reduce the propor-
tion of vision loss.

Limitations

First, VI was defined based only on distance VA, ignoring near
VI and visual field defects. Large-scale population-based studies
have generally been limited due to restrictions on examination
sites and specialised personnel. Second, although the follow-up
rate exceeded 60%, there are still numerous non-participants.
Non-participants who were alive were younger and probably
had better VA, which could lead to overestimated incidence of
vision loss. Third, several socioeconomic factors, such as educa-
tional level and income, were based on self-report, and may not
have been fully reliable.

In conclusion, much work is required to reduce avoidable
vision loss in rural areas of China. Efforts to prevent and control
vision loss in China not only require increased investment from
governments, but also improved public health education, with
more focus on poorer and less-educated groups.

Contributors The conception, formal analysis and original draft: XZ and XL. The
review and editing of the grammar and discussion sections: MH, LX and NC. The data
analyses and wrote the manuscript: JL, SY, LJ and WW. The analysis with constructive
discussions and funding acquisition: KX, C-KT, BL and WH. Analysis and manuscript
preparation: YX, and BW. Guarantor: XZ. All authors approved the final version of the
manuscript.

Funding This work was supported by the Natural Science Foundation of China
(Grant No. 81870668) and the Young Scientists Fund of the National Natural Science
Foundation of China (Grant No. 81900864).

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This research was carried out in adherence to the tenets of the
Declaration of Helsinki. Written informed consent was obtained from all participants,
and the study was approved by the Medical Ethics Committee of Zhongshan
Ophthalmic Center (Guangzhou, China) (ID:2020KYPJ164). All data in this study
were deidentified before analysis.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The
data sets used and/or analysed during the current study are available from the
corresponding author on reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Xinyu Zhao http://orcid.org/0000-0003-1422-5203

Kun Xiong http://orcid.org/0000-0002-3918-9782
Nathan Congdon http://orcid.org/0000-0001-9866-3416
Mingguang He http://orcid.org/0000-0002-6912-2810

REFERENCES

1 XuT,Wang B, Liu H, et al. Prevalence and causes of vision loss in China from 1990 to
2019: findings from the global burden of disease study 2019. Lancet Public Health
2020;5:¢682-91.

2 Bastawrous A, Mathenge W, Wing K, et al. Six-Year incidence of blindness and visual
impairment in Kenya: the Nakuru eye disease cohort study. /nvest Ophthalmol Vis Sci
2016;57:5974-83.

3 GBD 2019 Blindness and Vision Impairment Collaborators, Vision Loss Expert Group
of the Global Burden of Disease Study. Trends in prevalence of blindness and distance
and near vision impairment over 30 years: an analysis for the global burden of
disease study. Lancet Glob Health 2021;9:e130-43.

Zhao X, et al. Br J Ophthalmol 2023;107:1190-1196. doi: 10.1136/bjophthalmol-2021-320892 1195

ybuAdod Aq parostoid 1senb Ag 120z ‘0T Iudy uo /wod fwg-olg//:dny woly pspeojumod '2z0z IMdy g uo Z26802e-T20Z-lowreyydola/oeTT 0T se paysiignd 1s1y :jowreyydo ¢ g


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1422-5203
http://orcid.org/0000-0002-3918-9782
http://orcid.org/0000-0001-9866-3416
http://orcid.org/0000-0002-6912-2810
http://dx.doi.org/10.1016/S2468-2667(20)30254-1
http://dx.doi.org/10.1167/iovs.16-19835
http://dx.doi.org/10.1016/S2214-109X(20)30425-3
http://bjo.bmj.com/

Clinical science

4

GBD 2019 Blindness and Vision Impairment Collaborators, Vision Loss Expert Group
of the Global Burden of Disease Study. Causes of blindness and vision impairment

in 2020 and trends over 30 years, and prevalence of avoidable blindness in relation
to vision 2020: the right to sight: an analysis for the global burden of disease study.
Lancet Glob Health 2021;9:e144-60.

Ung L, Jonas JB, Lietman TM, et al. COVID-19 and the unfinished agenda of vision
2020. Am J Ophthalmol 2021;224:30-5.

Burton MJ, Ramke J, Marques AP, et al. The Lancet global health Commission on
global eye health: vision beyond 2020. Lancet Glob Health 2021,9:e489-551.

WHO. Available: https://www.who.int/news-room/fact-sheets/detail/blindness-and
visual-impairment [Accessed 3 Nov 2020].

Zhao J, Ellwein LB, Cui H, et al. Prevalence of vision impairment in older adults in rural
China: the China Nine-Province survey. Ophthalmology 2010;117:409-16, 416.e1.
Reddy PA, Congdon N, MacKenzie G, et al. Effect of providing near glasses on
productivity among rural Indian tea workers with presbyopia (prosper): a randomised
trial. Lancet Glob Health 2018;6:1019-27.

Tricco AC, Thomas SM, Veroniki AA, et al. Comparisons of interventions for
preventing falls in older adults: a systematic review and meta-analysis. JAMA
2017;318:1687-99.

Varadaraj V, Swiatek KS, Chung S-E, et al. Caring for older adults with self-reported
vision impairment: findings from the national study of caregiving. Am J Ophthalmol
2021;227:211-21.

XuL, Wang Y, Li Y, et al. Causes of blindness and visual impairment in urban and rural
areas in Beijing. Ophthalmology 2006;113:1134.e1-1134.e11.

Zhao J, Xu X, Ellwein LB, et al. Causes of visual impairment and blindness in the 2006
and 2014 Nine-Province surveys in rural China. Am J Ophthalmol 2019;197:80-7.
Wang L, Huang W, He M, et a/. Causes and five-year incidence of blindness and visual
impairment in urban southern China: the Liwan eye study. Invest Ophthalmol Vis Sci
2013;54:4117-21.

You QS, Xu L, Yang H, et a/. Five-Year incidence of visual impairment and blindness in
adult Chinese the Beijing eye study. Ophthalmology 2011;118:1069-75.

Zhao J, Xu X, Ellwein LB, et al. Cataract surgical coverage and visual acuity outcomes
in rural China in 2014 and comparisons with the 2006 China Nine-Province survey.
Am J Ophthalmol 2018;193:62-70.

Jin G, Xiao W, Ding X, et a/. Prevalence of and risk factors for diabetic retinopathy

in a rural Chinese population: the Yangxi eye study. Invest Ophthalmol Vis Sci
2018;59:5067-73.

Jin G, Ding X, Xiao W, et al. Prevalence of age-related macular degeneration in rural
southern China: the Yangxi eye study. Br J Ophthalmol 2018;102:625-30.

Li Z, Liu R, Jin G, et al. Prevalence and risk factors of myopic maculopathy in rural
southern China: the Yangxi eye study. BrJ Ophthalmol 2019;103:1797-802.

N

0

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Ferris FL, Kassoff A, Bresnick GH, et al. New visual acuity charts for clinical research.
Am J Ophthalmol 1982;94:91-6.

Wong TY, Tham Y-C, Sabanayagam C, et al. Patterns and risk factor profiles of visual
loss in a multiethnic Asian population: the Singapore epidemiology of eye diseases
study. Am J Ophthalmol 2019;206:48-73.

Foran S, Mitchell P, Wang JJ. Five-Year change in visual acuity and incidence of visual
impairment: the blue Mountains eye study. Ophthalmology 2003;110:41-50.
Khanna RC, Marmamula S, Pendri P, et a/. Incidence, incident causes, and

risk factors of visual impairment and blindness in a rural population in India:
15-year follow-up of the Andhra Pradesh eye disease study. Am J Ophthalmol
2021;223:322-32.

Khanna RC, Marmamula S, Cicinelli MV, et al. Fifteen-year incidence rate and risk
factors of pterygium in the southern Indian state of Andhra Pradesh. Br J Ophthalmol
2021;105:619-24.

Wang L, Gong R, Keel S, et al. Ten-Year incidence of cataract surgery in urban
southern China: the Liwan eye study. Am J Ophthalmol 2020;217:74-80.

Hu A, Gu SZ, Friedman DS, et al. Six-Year incidence and causes of low vision and
blindness in a rural Chinese adult population: the Handan eye study. Ophthalmic
Epidemiol 2021;28:160-8.

Varma R, Chung J, Foong AWP, et al. Four-Year incidence and progression of

visual impairment in Latinos: the Los Angeles Latino eye study. Am J Ophthalmol
2010;149:713-27.

Hashemi H, Mehravaran S, Emamian MH, et a/. Five-Year incidence of visual
impairment in middle-aged Iranians: the Shahroud eye cohort study. Ophthalmic
Epidemiol 2017;24:11-16.

Han X, Liao C, Liu C, et al. Incidence and correction of vision impairment among
elderly population in southern urban China. Clin Exp Ophthalmol 2019;47:439-44.
Sobti S, Sahni B, Bala K. Surgical coverage of cataract in a rural area of North India: a
cross-sectional study. J family Med Prim Care 2020;9:4112—7.

Zhao J, Xu X, Ellwein LB, et al. Prevalence of vision impairment in older adults in rural
China in 2014 and comparisons with the 2006 China Nine-Province survey. Am J
Ophthalmol 2018;185:81-93.

Lou L, Ye X, Xu P, et al. Association of sex with the global burden of cataract. JAMA
Ophthalmol 2018;136:116-21.

Kharicha K, lliffe S, Harari D, et al. Health risk appraisal in older people 1: are older
people living alone an "at-risk" group? Br J Gen Pract 2007;57:271-6.

Ehrlich JR, Stagg BC, Andrews C, et a/. Vision impairment and receipt of eye care
among older adults in low- and middle-income countries. JAMA Ophthalmol
2019;137:146-58.

Chen T, Jin L, Zhou Z, et al. Factors influencing the output of rural cataract surgical
facilities in China: the sharp study. /nvest Ophthalmol Vis Sci 2015,;56:1283-91.

1196

Zhao X, et al. Br J Ophthalmol 2023;107:1190-1196. doi: 10.1136/bjophthalmol-2021-320892

ybuAdod Aq parostoid 1senb Ag 120z ‘0T Iudy uo /wod fwg-olg//:dny woly pspeojumod '2z0z IMdy g uo Z26802e-T20Z-lowreyydola/oeTT 0T se paysiignd 1s1y :jowreyydo ¢ g


http://dx.doi.org/10.1016/S2214-109X(20)30489-7
http://dx.doi.org/10.1016/j.ajo.2020.11.016
http://dx.doi.org/10.1016/S2214-109X(20)30488-5
https://www.who.int/news-room/fact-sheets/detail/blindness-and%20visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and%20visual-impairment
http://dx.doi.org/10.1016/j.ophtha.2009.11.023
http://dx.doi.org/10.1016/S2214-109X(18)30329-2
http://dx.doi.org/10.1001/jama.2017.15006
http://dx.doi.org/10.1016/j.ajo.2021.03.031
http://dx.doi.org/10.1016/j.ophtha.2006.01.035
http://dx.doi.org/10.1016/j.ajo.2018.09.011
http://dx.doi.org/10.1167/iovs.13-11911
http://dx.doi.org/10.1016/j.ophtha.2010.09.032
http://dx.doi.org/10.1016/j.ajo.2018.06.004
http://dx.doi.org/10.1167/iovs.18-24280
http://dx.doi.org/10.1136/bjophthalmol-2017-310368
http://dx.doi.org/10.1136/bjophthalmol-2018-313057
http://dx.doi.org/10.1016/0002-9394(82)90197-0
http://dx.doi.org/10.1016/j.ajo.2019.05.006
http://dx.doi.org/10.1016/s0161-6420(02)01295-2
http://dx.doi.org/10.1016/j.ajo.2020.09.035
http://dx.doi.org/10.1136/bjophthalmol-2020-316359
http://dx.doi.org/10.1016/j.ajo.2020.03.034
http://dx.doi.org/10.1080/09286586.2020.1795886
http://dx.doi.org/10.1080/09286586.2020.1795886
http://dx.doi.org/10.1016/j.ajo.2009.12.011
http://dx.doi.org/10.1080/09286586.2016.1255342
http://dx.doi.org/10.1080/09286586.2016.1255342
http://dx.doi.org/10.1111/ceo.13431
http://dx.doi.org/10.4103/jfmpc.jfmpc_520_20
http://dx.doi.org/10.1016/j.ajo.2017.10.016
http://dx.doi.org/10.1016/j.ajo.2017.10.016
http://dx.doi.org/10.1001/jamaophthalmol.2017.5668
http://dx.doi.org/10.1001/jamaophthalmol.2017.5668
http://www.ncbi.nlm.nih.gov/pubmed/17394729
http://dx.doi.org/10.1001/jamaophthalmol.2018.5449
http://dx.doi.org/10.1167/iovs.14-16263
http://bjo.bmj.com/

	Incidence, causes and risk factors of vision loss in rural Southern China: 6-­year follow-­up of the Yangxi Eye Study
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Ocular examination
	Questionnaire and systemic measurement
	Definition of VI and blindness
	Determination of the causes of VI and blindness
	Statistical analysis

	Results
	Discussion
	Limitations

	References


