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Ten-Year Incidence of Cataract Surgery in Urban
Southern China: The Liwan Eye Study
LANHUA WANG, RUI GONG, STUART KEEL, ZHUOTING ZHU, AND MINGGUANG HE
� PURPOSE: We sought to estimate the 10-year incidence
of cataract surgery and its associated factors in an adult
urban Chinese population.
� DESIGN: Population-based cohort study.
� METHODS: The Liwan Eye Study is a population-based
study initiated in 2003 with 1405 eligible participants.
All baseline participants were invited to return for a 10-
year follow-up examination with the same protocol. Hav-
ing incident cataract surgery was defined as participants
with native crystalline lens at baseline who underwent
cataract surgery performed in either eye during the 10-
year follow-up period. A detailed questionnaire was
administrated to collect information regarding income,
education, and medical history of hypertension and dia-
betes at baseline examination.
� RESULTS: Seven hundred ninety-one (86.2%) of 918
eligible survivors attended the 10-year follow-up exami-
nation, and 778 participants without previous binocular
cataract surgery were eligible for analysis. The overall
10-year incidence of any cataract surgery was 73 of 778
patients (9.4% [95% confidence interval 7.4%-11.7%).
The incident cataract surgery increased with age, and
increased from 1.5% among participants 50 to 54 years
of age, to 23.2% for those ‡75 years of age (P <
.001); the same trends were also observed for incident
unilateral (P < .001) and bilateral surgery (P <
.001). In the multivariate logistic regression model, in-
come >U1000 renminbi (approximately $141.30)
(odds ratio [OR] 0.2, P [ .023), education level (OR
0.1, P < .001), and presence of diabetes (OR 3.9,
P[ .038) had a significant positive effect on cataract sur-
gery incidence.
� CONCLUSIONS: Approximately 1 in 10 participants
‡50 years of age underwent cataract surgery over 10
years. The incidence was lower than that reported in
developed countries, suggesting a substantial unmet de-
mand even in a major urban city in China. (Am J
upplemental Material available at AJO.com.
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C
ATARACT REMAINS THE LEADING CAUSE OF VI-

sual impairment and blindness among older popu-
lations worldwide, particularly in developing

countries such as China.1–3 Global data published by
World Health Organization estimated that of the
estimated 76 million people with visual impairment in
China, 36.5% of the cases are believed to be attributed to
cataract.1 Cataract is the most common eye disease that
impacts quality of life,4–6 self-reported health,7 and limits
one’s ability to remain independent with aging.4 With an
aging Chinese population, a significant increase in the
burden of cataract is projected, highlighting the impor-
tance of increased efforts to reduce the burden of cataract.

Cataract surgery is a safe and effective treatment for visu-
ally significant cataract,8 and >90% of patients will
improve in their ability to perform daily activities of living
after surgery.9 Although substantial efforts have been made
to increase the cataract surgery rate, previous data suggest
that China has the lowest cataract surgery rate in Asia,
with 1067 cases performed per million population in
2014.10 A range of factors—including high surgical
fees,11 a lack of skilled cataract surgeons,12 and the unbal-
anced distribution of medical resources between urban and
rural areas—likely contribute to this disparity.13

Previous cross-sectional, population-based studies have
reported the prevalence of cataract surgery in different re-
gions of China,2,14–16 with rates ranging from 2.9% in the
Beijing Eye Study14 to 4.4% in the baseline Liwan Eye
Study.16 Furthermore, in 2008, a Nine-Province Survey
of adults >_50 years of age living in the rural areas of main-
land China reported a cataract surgery coverage rate of
2.09%.2 While these studies provided excellent insights
into the cataract surgery coverage in China, there have
been substantial economic changes and population aging
since their completion. Furthermore, there is a paucity of
data on incident cataract surgery in China,17,18 with most
reports coming from high-income countries.19–21 Thus,
updated data on prevalence, incidence, and factors
associated with cataract surgery in China is vital for
effective policy formulation and resource allocation.

The purpose of the current study was to assess the 10-year
incidence of cataract surgery and its associated factors in
urban Southern China in the Liwan Eye Study.
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METHODS

� STUDY POPULATION: The Liwan Eye Study is a
population-based cohort study carried out in an urban dis-
trict of Guangzhou, Southern China. Detailed information
of the baseline methodology of the Liwan Eye Study has
been described elsewhere.22 In brief, 1405 subjects >_50
years of age who resided in the selected district for
>6 months were recruited and completed the eye examina-
tions in 2003. With the exception of those who died,
moved away from the study area, or were unable to be
reached, all participants in the baseline study were invited
to take part in the 5- and 10-year follow-up examinations.
Nine hundred twenty-four (87.5%) of the 1056 eligible sur-
vivors (173 died, 112 unable to be reached, and 64 moved
away) attended the 5-year follow-up, while 791 (86.2%) of
the 918 eligible survivors (320 died and 167 moved away)
attended the 10-year follow-up examination. All follow-up
procedures adhered to the same protocol as that in the base-
line examinations. A questionnaire regarding education,
income, occupation, and medical history of hypertension,
diabetes, and glaucoma was administered at baseline exam-
ination. A questionnaire of greater detail, including infor-
mation on education, income, insurance status, and other
socioeconomic data, was collected for each participant at
the follow-up examination.

Ethical approval for the study was obtained from the
Zhongshan University Ethics Review Board, and the
Research Governance Committee of Moorfields Eye Hos-
pital, London. The study was conducted in accordance
with the tenets of the World Medical Association’s Decla-
ration of Helsinki. Written informed consent was obtained
from all subjects.

Each participant underwent presenting visual acuity
(PVA) assessment with their habitual refractive correction
using an Early Treatment Diabetic Retinopathy Study
vision chart. PVA was initially assessed in the right eye,
followed by the left eye. Participants underwent noncyclo-
plegic autorefraction and assessment of best-corrected vi-
sual acuity (BCVA) in each eye if PVA was <20/40 in
either eye. Examination of the anterior and posterior
segment was carried out using a slit lamp (Topcon SL-8Z
with Nikon- D1x digital image system) and þ78 diopter
(D) lens at 163 magnification by an experienced ophthal-
mologist (M.H.) before and 30 minutes after dilation of the
pupil (1% tropicamide plus 2.5% phenylephrine mixed
drops, 3 drops administered 5 minutes apart) in those
with a BCVA of <_20/40 or if the lens and fundus status
could not be assessed satisfactorily. Participants who had
closed angles with raised intraocular pressure were not
dilated. Height and weight were measured after removing
coats and shoes, and body mass index was defined as the ra-
tio of participant’s weight divided by height squared.

Having incident cataract surgery was defined as partici-
pants with native crystalline lens at baseline who under-
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went cataract surgery performed in either eye during the
10-year follow-up period. For those with incident cataract
surgery, we obtained detailed medical information (type
of cataract surgery, date of cataract surgery, and name of
the hospital) through a detailed eye care questionnaire.

� STATISTICAL ANALYSIS: All statistical analyses were
performed using Stata 10.0 software (StataCorp, College
Station, Texas, USA). The Student t test was used to
compare continuous variables, while the Pearson x2 or
Fisher exact test was used for the comparison of categorical
data. The 10-year incidence of cataract surgery stratified by
age and gender were calculated. Age was defined as the age
at baseline in the current analysis. A univariate logistic
regression model was used to test for significantly associated
factors in the subjects with 10-year incident cataract sur-
gery. Variables with P < .5 in the univariate model were
included in multivariate logistic regression analysis. P <
.05 was considered statistically significant.
RESULTS

AMONG THE 1405 PARTICIPANTS WHO PARTICIPATED IN

the baseline examination, 791 (86.2%) of the 918 eligible
survivors attended the 10-year follow-up visit. Of the 294
participants (27.1% of survivors) who did not attend the
10-year follow-up examination, 167 (56.8%) had moved
from the study area and 127 (43.2%) declined participa-
tion. The basic characteristics of participants and nonpar-
ticipants have been reported elsewhere.23 In brief, the 791
participants were younger, more likely to be male, and had
higher rate of hypertension. Education, income, diabetes
status, and baseline history of cataract surgery did not
vary significantly between the 2 groups.
Of the 791 participants re-examined at the 10-year

follow-up visit, 13 were excluded because of previous
binocular cataract surgery at baseline examination, leaving
778 participants with sufficient data to determine the inci-
dence of cataract surgery. The overall 10-year incidence of
any cataract surgery was 9.4% (95% confidence interval
7.4-11.7). The incident cataract surgery increased with
age, from 1.5% among participants 50 to 54 years of age
to 23.2% in those >_75 years of age (P < .001). Similar
age-related trends were observed for incident unilateral sur-
gery (P < .001) and bilateral surgery (P < .001). The inci-
dence of cataract surgery was 9.9% for women and 8.7% for
men (P ¼ .577) (Table 1).
The 10-year incidence of cataract surgery was approxi-

mately double that of the 5-year incidence (9.4% vs 4.8%,
P ¼ .001). The 5- and 10-year incidence rates were the
same among participants <65 years of age (1.5% vs 1.5%)
but were significantly higher at the 10-year follow-up among
subjects >_65 years of age (17.4% vs 7.1%) (Table 2).
75RACT SURGERY



TABLE 2. Comparison of 5- and 10-Year Incidence of Cataract Surgery in the Liwan Eye Study

Characteristics

Unilateral Surgery

P Value

Bilateral Surgery

P Value

Any Cataract Surgery

P Value5-Year, n (%) 10-Year, n (%) 5-Year, n (%) 10-Year, n (%) 5-Year, n (%) 10-Year, n (%)

Age, years <.001 <.001 <.001

50-54 3 (1.5) 3 (1.5) 0 0 3 (1.5) 3 (1.5)

55-64 1 (0.4) 2 (0.8) 2 (0.7) 7 (2.8) 3 (0.6) 9 (3.5)

65-74 13 (3.9) 19 (7.4) 11 (3.3) 26 (10.1) 24 (7.1) 45 (17.4)

>_75 9 (9.0) 9 (13.0) 5 (5.0) 7 (10.1) 14 (14.0) 16 (23.2)

Gender <.001 <.001 .001

Male 12 (3.1) 12 (3.6) 5 (1.3) 17 (5.1) 17 (4.4) 29 (8.7)

Female 14 (2.7) 21 (4.7) 13 (2.5) 23 (5.2) 27 (5.2) 44 (9.9)

Total 26 (2.9) 33 (4.2) 18 (2.0) 40 (5.1) 44 (4.8) 73 (9.4)

TABLE 1. Ten-Year Incidence of Cataract Surgery by Age and Gender

Surgery

All Persons Male Female

N n (%) N n (%) N n (%)

Unilateral, age range

50-54 197 3 (1.5) 81 1 (1.2) 116 2 (1.7)

55-64 254 2 (0.8) 112 0 142 2 (1.4)

65-74 258 19 (7.4) 110 7 (6.4) 148 12 (8.1)

>_75 69 9 (13.0) 30 4 (13.3) 39 5 (12.8)

Total [95% CI] 778 33 (4.2) [2.9-5.9] 333 12 (3.6) [1.9-6.2] 445 21 (4.7) [2.9-7.1]

Bilateral, age range

50-54 197 0 81 0 116 0

55-64 254 7 (2.8) 112 5 (4.5) 142 2 (1.4)

65-74 258 26 (10.1) 110 7 (6.4) 148 19 (12.8)

>_75 69 7 (10.1) 30 5 (16.7) 39 2 (5.1)

Total [95% CI] 778 40 (5.1) [3.7-6.9] 333 17 (5.1) [3.0-8.1] 445 23 (5.2) [3.3-7.7]

Any cataract, age range

50-54 197 3 (1.5) 81 1 (1.2) 116 2 (1.7)

55-64 254 9 (3.5) 112 5 (4.5) 142 4 (2.8)

65-74 258 45 (17.4) 110 14 (12.7) 148 31 (21.0)

>_75 69 16 (23.2) 30 9 (30.0) 39 7 (18.0)

Total [95% CI] 778 73 (9.4) [7.4-11.7] 333 29 (8.7) [5.9-12.3] 445 44 (9.9) [7.3-13.0]

CI ¼ confidence interval.
In univariate logistic regression analysis, participants
with a monthly income >1000 renminbi (RMB; approxi-
mately $141.30) (odds ratio [OR] 0.3, P ¼ .031) and those
with a higher level of education (OR 0.4, P ¼ .006) were
more likely to have undergone cataract surgery, while
age, gender, diabetes status, hypertension status, body
mass index, and baseline PVA were not associated with
incident cataract surgery. In the multivariate logistic
regression model, having a monthly income >1000 RMB
(OR 0.2, P ¼ .023), a higher level of education (OR 0.1,
P < .001), and the presence of diabetes (OR 3.9, P ¼
.038) was significantly associated with incident cataract
surgery (Table 3).
76 AMERICAN JOURNAL OF
Of the 113 eyes (33 eyes of unilateral surgery and 40 eyes
of bilateral surgery) that underwent cataract surgery during
the 10-year follow-up period, 103 eyes (91.2%) were pseu-
dophakic and 10 eyes (8.9%) were aphakic. Seventy-nine
of 113 eyes (69.9%) had a postoperative PVA >_20/63,
while 29 eyes (25.7%) had a PVA <20/63~>_20/400, and
5 eyes (4.4%) had a PVA <20/400. The corresponding fig-
ures for BCVA were 84.1%, 12.4%, and 3.5%, respectively
(Table 4). For the 34 eyes with PVA <20/63, poor out-
comes were attributable to complications of cataract sur-
gery in 5 eyes (14.7%), other ocular comorbidities in 13
eyes (38.2%), and uncorrected refractive error in 16 eyes
(47.1%). Of the 5 eyes with PVA <20/400, 2 (40.0%)
SEPTEMBER 2020OPHTHALMOLOGY



TABLE 3. Factors Associated with 10-Year Incidence of Cataract Surgery

Baseline Factors

Participants with Incident

Cataract Surgery

Participants with BCVA<6/

18 Because of Cataract in

Either Eye Without Incident

Cataract Surgery, n (%)

Univariate Logistic

Regression, OR (95% CI)

Age and Sex Adjusted

Logistic Regression, OR

(95% CI)

Multivariate Logistic

Regression, OR (95% CI)

Total, % 73 92

Age, years,

mean 6 SD

69.7 6 6.9 70.5 6 8.2 0.9 (0.9-1.0) 0.9 (0.9-1.0) 1.1 (0.9-1.1)

Female, n (%) 64 (69.6) 44 (60.3) 0.7 (0.4-1.3) 0.7 (0.4-1.3) 2.3 (0.9-6.3)

Education, none,

n (%)

17 (25.4) 42 (47.2) 0.4 (0.2-0.8) 0.4 (0.2-0.8) 0.1 (0.1-0.4)

Low income,

<1000 RMB

($141.30 USD),

n (%)

38 (76.0) 61 (91.0) 0.3 (0.1-0.9) 0.3 (0.1-0.9) 0.2 (0.1-0.8)

Diabetes, present, n

(%)

11 (15.9) 10 (11.0) 1.5 (0.6-3.9) 1.6 (0.6-4.0) 3.9 (1.1-13.8)

Hypertension,

present, n (%)

37 (53.6) 47 (52.2) 1.1 (0.6-2.0) 1.1 (0.6-2.0)

BMI, >_25 kg/m2, n (%) 17 (60.7) 11 (39.3) 0.8 (0.3-1.9) 0.8 (0.3-2.0)

Baseline PVA, worse-

seeing eye;

logMAR, mean 6

SD

1.4 6 0.9 1.5 6 1.0 0.9 (0.7-1.3) 0.9 (0.7-1.3)

BCVA ¼ best-corrected visual acuity; BMI ¼ body mass index; CI ¼ confidence interval; logMAR ¼ logarithm of minimal angle of resolution;

OR ¼ odds ratio; PVA ¼ presenting visual acuity; RMB ¼ renminbi; SD ¼ standard deviation; USD ¼ US dollar.

TABLE 4. Distribution of Best-Corrected Visual Acuity Level After Cataract Surgery Stratified by Presenting Visual Acuity

PVA at 10-Year Follow-Up

BCVA at 10-Year Follow-Up, n (%)

>_20/40 <20/40 ~ >_20/63 <20/63 ~ >_20/200 <20/200 ~ >_20/400 <20/400 Total Eyes

>_20/40 56 (100.0) 0 0 0 0 56 (100.0)

<20/40 ~ >_20/63 17 (73.9) 6 (26.1) 0 0 0 23 (100.0)

<20/63 ~ >_20/200 10 (37.0) 6 (22.2) 11 (40.7) 0 0 27 (100.0)

<20/200 ~ >_20/400 0 0 1 (50.0) 1 (50.0) 0 2 (100.0)

<20/400 0 0 0 1 (20.0) 4 (80.0) 5 (100.0)

Total 83 (73.5) 12 (10.6) 12 (10.6) 2 (1.8) 4 (3.5) 113 (100.0)

BCVA ¼ best-corrected visual acuity; PVA ¼ presenting visual acuity.
were attributable to cataract surgery complications and 3
(60%) were a result of ocular comorbidities (glaucoma,
n ¼ 1; high myopia, n ¼ 2).

DISCUSSION

THE INCIDENT RATE OF CATARACT SURGERY IS

constantly changing with the rapid development of the
economy and population aging. Therefore, updated data
on the incidence of cataract surgery may play an important
VOL. 217 INCIDENCE OF CATA
role in effective policy formulation and resource allocation
through an improved knowledge of the distribution and de-
mand for cataract surgery and factors associated with up-
take. This study describes the 10-year incidence and
factors associated with cataract surgery in an older adult
population residing in urban Southern China.We observed
an overall rate of 9.4% incident cataract surgery with an
annual incidence of 0.9%. Having an income >1000
RMB, a higher education level, and the presence of dia-
betes were significantly associated with incident cataract
surgery.
77RACT SURGERY



FIGURE. Comparison of 5- and 10-year incident cataract surgery between the Liwan Eye Study (LWES), the Blue Mountains Eye
Study (BMES), and the Beaver Dam Eye Study (BDES). The graph shows that 10-year incident cataract surgery increased with ages
in all studies (P< .05), but it was much lower in the LWES than what was found in BMES (9.38% vs 17.8%) and BDES (9.38% vs
13.0%). All studies showed a similar 10-year incident rate of cataract surgery in subjects 50 to 54 years of age and 55 to 64 years of
age, but when focused on subjects ‡75 years of age, the LWES shows the lowest rate (23.2%), while it was 29.8% in the BDES and
45.4% in the BMES. The disparity between the 5- and 10-year incident rate in the LWES was smaller than that found in the BMES.

TABLE 5. The 10-Year Incidence of Cataract Surgery in the

Liwan Eye Study, Blue Mountains Eye Study, Beaver Dam
Eye Study, and the Age-Related Eye Disease Study

Characteristics

Incident Cases, %

LWES BMES BDES AREDS

Age, years

50-54 1.5 3.6 2.7 —

55-64 3.5 9.1 11.2 —

65-74 17.4 28.0 26.4 —

>_75 23.2 45.4 29.8 —

Gender

Male 8.7 14.4 10.0 24.7

Female 7.9 20.2 15.2 28.5

Total 9.4 17.8 13.0 26.7

AREDS ¼ Age-Related Eye Disease Study; BDES ¼ Beaver

Dam Eye Study; BMES ¼ Blue Mountains Eye Study; LWES ¼
Liwan Eye Study.
The 10-year incidence of cataract surgery in this cohort
(9.4%) was notably lower than the previous international
reports from high income countries—the reported 10-
year incidence of cataract surgery was 13.0% in the Beaver
Dam Eye Study (BDES),20 17.8% in the Blue Mountains
Eye Study (BMES),19 and 29.1% in the Age-Related Eye
Disease Study (AREDS).21 However, because cataracts
78 AMERICAN JOURNAL OF
are strongly age-related and the age distributions of the
Liwan Eye Study differ to those in the abovementioned
studies, comparing age-specific rates is more appropriate.
A comparison of the age-specific rates with the BMES
and the BDES revealed that the incidence of cataract sur-
gery remained notably lower in participants 50 to 54 years
of age (Liwan ¼ 1.5%, BMES ¼ 3.6%, and BDES ¼ 2.7%)
and those >_75 years of age (Liwan ¼ 23.3%, BMES ¼
45.4%, and BDES ¼ 29.8%) (Figure; Table 5).19,20 The
reasons for a much lower incidence rate in our study cohort
are unclear. We speculate that this may be attributable to
the insufficient capacity of service provider as well as the
perception of surgery amongst residents living in Liwan dis-
trict, an old town of Guangzhou city. These findings high-
light that when compared with international standards,
improvements in the accessibility of cataract surgery ser-
vices may be warranted in urban Southern China, particu-
larly among participants >75 years of age.
In China, population-based data investigating the inci-

dence of cataract surgery is scarce, and the present study
provides the first data on the 10-year incidence. The annual
incidence of cataract surgery over a 7-year period in the
Shihpai Eye Study from Taiwan was similar with that in
the current study for those >_65 years of age (annual inci-
dence 2.1% vs 1.9%).24 While the Beijing Eye Study re-
ported the five-year incidence of cataract surgery to be
1.8%,17 which is notably lower than the five-year
(4.8%)18 and ten-year (9.4%) incidence figures from the
SEPTEMBER 2020OPHTHALMOLOGY



Liwan Eye Study. With respect to age-specific rates, the
annual incidence of cataract surgery in the Beijing Eye
Study remained lower than that in the current study among
participants aged 55-64 years (Liwan ¼ 0.35%; Beijing ¼
0.14%), 65-74 (Liwan ¼ 1.74%; Beijing ¼ 1.08%), and
those aged 75 years and older (Liwan ¼ 2.32%; Beijing ¼
1.9%).The observed differences may in part be explained
by the variations in sampling regions used in the Beijing
Eye Study and the Liwan Eye Study. That is, the Beijing
Eye Study recruited participants from four rural districts
(and 3 urban districts), where accessibility to eye health
services is known to be low.25 The difference in age inclu-
sion criteria (Beijing Eye Study >_40 years vs Liwan Eye
Study >_50 years) is also likely to be contributory.

In line with the findings of other reports,15,26,27 income
and education status were significantly associated with
incident cataract surgery in the current study. Over the
past 2 decades, several targeted interventions have been
successful in improving China’s health insurance coverage
rate (>95% across the nation),25,28 and as a result there is
some evidence that indicates that cost may no longer be a
major barrier to the uptake of surgery in urban China.29

Cross-sectional data suggest that there has been an
improvement in the national cataract surgery rate in
China, reaching 3000 cases per million population in
many major cities including Beijing, Shanghai, and
Guangzhou,10 which may provide some evidence of the
impact of these initiatives. However, given that 16.1% of
our study sample had incident visual impairment (BCVA
<20/60) at the 10-year follow-up examination, of which
cataract was the leading cause (44.4% of those >_75 years
of age), eliminating the backlog of cataract related visual
impairment remains a formidable challenge in urban
China.

The strengths of our study include its population-based
design, high re-examination rates (86.2% of eligible pa-
tients) and standardized procedures at baseline and
follow-up visits. There are also some limitations. First,
younger participants were less likely to participate at the
10-year follow-up examination. This may have resulted
VOL. 217 INCIDENCE OF CATA
in selection bias, leading to an overestimation of incidence
rates. Second, it is difficult to observe the progression and
incident nuclear, cortical, and posterior subcapsular lens
opacities because of a lack of standardized slit lamp lens
photographs and retroilluminated photographs based on
Lens Opacity Classification system III. Third, only 92 par-
ticipants with visually significant cataract who needed to
have cataract surgery were included in the logistic model,
the statistical power of which may be compromised by
the small sample size. In addition, some relevant risk fac-
tors, such as smoking and outdoor time, were not collected
at baseline and therefore were not included in the current
analysis. Finally, Liwan district is an old town of Guangz-
hou city where socioeconomic status is among the lower
middle in the city, whereas the population tends to be sta-
ble and easier for participant enumeration. While these
study findings are representative of an urban Chinese pop-
ulation, more data are needed to understand the situation
in rural China.
In conclusion, the 10-year incidence of cataract surgery

in the Liwan Eye Study (9.4%) was higher than that previ-
ously Chinese reported by the Beijing Eye Study, but
notably lower than those in other high-income countries.
Individuals >_75 years of age were particularly underserved.
The need for further improvement of cataract surgical ser-
vice volume in urban southern China remains a major
priority.
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