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Abstract

Background: As a part of the Yunnan Minority Eye Studies, the purpose of this study was to determine the
prevalence, barriers and visual acuity outcomes of cataract surgery in a multiethnic adult population in rural areas
of southwestern China.

Methods: A population-based cross-sectional survey was conducted with participants of Bai, Yi, and Han ethnicity
aged ≥50 years in Yunnan. A detailed eye examination was performed. Information on the date, setting, type, and
complications of cataract surgery were recorded in the examination of cataract-operated eyes.

Results: Of 6546 subjects (2133 Bai ethnicity, 2208 Yi ethnicity and 2205 Han ethnicity), the prevalence of cataract
surgery was 6.0%, with 4.6% in Bai, 7.0% in Yi, and 6.4% in Han ethnicity. Cataract Surgical coverage (CSC) among
those with presenting visual acuity (PVA) < 20/200 in both eyes because of cataract was 53.3%, with 52.8% in Bai,
64.4% in Yi, and 45.3% in Han ethnicity. CSC was associated with Yi ethnicity, younger age, and higher education
level, while unoperated cataract was associated with Han ethnicity, older age, and illiterate. The main barrier to
cataract surgery was lack of awareness and knowledge, cost, and fear. Among the 525 cataract-operated eyes, PVA
and best-corrected visual acuity (BCVA) of 20/63 or better was 44.5 and 67.2%, respectively, with 48.1 and 65.9% in
Bai, 47.8 and 75.4% in Yi, 39.1 and 59.9% in Han ethnicity. Han ethnicity, aphakia, earlier year of surgery, lower-level
surgical hospital and illiterate were associated with postoperative visual impairment defined by PVA, while Han
ethnicity, aphakia, and illiterate were associated with that defined by BCVA. The principal causes of postoperative
visual impairment were retinal disorders (26.8%), posterior capsule opacification (25.1%), refractive error(22.7%), and
glaucoma (9.3%).

Conclusions: Han ethnicity had a lower CSC and relatively poor visual outcomes compared with ethnic minorities.
Further effective effort to remove barriers and provide sight restoration is warranted.
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Background
According to the World Health Organization (WHO)
report of 2010, cataract is responsible for 51% of blind-
ness and 33% of moderate and severe visual impairment
[1]. We have to sigh that there are still so many people
unknown that cataract surgery is the most effective
treatment for cataract. As the leading cause of blindness
worldwide, cataract is and should be a primary focus for
public health ophthalmology. Population-based studies
in different regional, racial and ethnic groups have
shown significant differences in cataract surgical uptake
and visual outcomes of cataract surgery. Recent
population-based studies in developing countries show
that the surgical uptake continues to remain low because
of barriers such as cost, fear, ageism, and lack of aware-
ness and knowledge [2–10]. The vision recovery after
cataract surgery is usually not optimistic in most devel-
oping countries, and often fails to meet the recom-
mended standards set by WHO [11].
The cataract surgical rate (CSR, cataract operations

per million populations per year) in China has in-
creased from 370 in 2000 to 1072 in 2012, but cataract
is still the leading cause of blindness in China [12].
Cataract surgical coverage (CSC) and the quality of
cataract surgery are also issues that still need to be ad-
dressed [2, 10, 12–21]. With the aging of Chinese popu-
lation, this situation will be even more severe [22].
Yunnan with a multiethnic population including Han

ethnicity and other 25 different recognized ethnic mi-
norities is among the ethnically most diverse regions of
China. The Han, Yi, and Bai people are the dominant
ethnic groups of Yunnan. As an important part of the
Yunnan Minority Eye Studies (YMES), the aim of this
study was to determine whether ethnicity is associated
with the prevalence, barriers and visual acuity outcomes
of cataract surgery in a multiethnic adult population res-
iding in the same region in rural areas of southwestern
China.

Methods
The YMES are population-based studies in different eth-
nic groups including the Han ethnicity (major ethnic
group) and other ethnic minorities in Yunnan province
using the same study program. The detailed method of
YMES, as well as the prevalence and outcome of cataract
surgery in Bai people, had been reported in the early
stage [2]. Now, we have completed the data collection
for the other two ethnicities: Yi and Han. We will put
together the data of the three ethnic groups for analysis.
Same random cluster sampling strategies were adopted
to select Bai, Yi and Han people aged ≥50 years residing
in rural areas in Yunnan, which is located in the south-
western China (eastern longitude 99。58′ and northern
latitude 25。25′).

The study was approved by the Kunming Medical
University Ethics Review Board and was conducted in
accordance with the tenets of the World Medical Associ-
ation’s Declaration of Helsinki.
The study procedures and definition of indicators re-

lated to cataract surgery have been described in detail
reported previously [2, 22–25]. The qualified subjects
were invited to study at the local community facilities.
Presenting visual acuity (PVA), best corrected visual acu-
ity (BCVA) was recorded and a comprehensive eye
examination was carried out by an experienced ophthal-
mologist. Height, weight, systolic blood pressure,
diastolic blood pressure and pulse rate for all subjects
are measured using standard methods. A structured
questionnaire was used to obtain information based on
demographic data, educational level, socioeconomic
status, smoking, alcohol consumption, personal ophthal-
mic and systemic disease history, and medication intake.
Information on the date, setting, type, and complications
of cataract surgery were recorded in the examination of
cataract-operated eyes. Those with unoperated cataracts
were asked why they did not receive cataract surgery.
The questionnaire in Chinese provided several alterna-
tive common reasons for non-operation, including
“unaware of cataract”, “no need to have cataract
surgery”, “fear of surgery”, “fear of further loss of vision
after surgery”, “could not afford to undergo cataract
surgery”, “not accompanied by others for surgery”,
“being told that there was a contraindication”, “being
told to wait until the cataract gets mature”, and
“undetermined” [2]. Cataract was diagnosed when lens
opacity was commensurate with BCVA< 20/25 and there
were no other abnormalities that can explain the de-
crease in VA [2].
Detailed definitions of post-operative cataract pre-

sumed severe visual impairment or blindness, unoper-
ated cataract severe visual impairment or blindness, the
social burden of cataract-related visual impairment and
blindness and CSC among the cataract-related severe
visual impairment or blindness are as described else-
where [2]. We presumed that the cataract-operated eyes
were severe visual impairment or blindness in the study
because the indications for cataract surgery adopted by
many eye care facilities in rural China were cataract-
induced severely visual impairment or blindness.

Data management and analysis
Statistical analyses were performed using SPSS 20.0 for
Windows (SPSS, Inc., Chicago, IL, USA). Effect estimates
were calculated as odds ratio (ORs) and 95% confidence
intervals (CIs). A P value < 0.05 levels was considered to
be statistically significant.
One-way analysis of variance was used to compare

continuous variables, and chi-square test was used to
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compare categorical variables across different ethnic
groups. The prevalence of cataract surgery and CSC
among the cataract-related severely visually impaired or
blind population in the study population was tabulated
by ethnicity, age, gender, and education. Univariate ana-
lysis were used to investigate the association of ethnicity,
age, gender, education, and other factors of interest with
operated cataract, post-operative cataract with presumed
severe visual impairment or blindness, unoperated cata-
ract with severe visual impairment or blindness, the
social burden of cataract-related severe visual impair-
ment and blindness, and CSC among the cataract-
related severely visually impaired or blind population. In
the multivariate logistic regression analyses models, only
factors that were significantly different in univariate ana-
lysis (P < 0.10) or factors of scientific importance were
retained, such as age, gender, ethnicity.
PVA and BCVA in cataract-operated eyes were listed

and compared according to ethnicity, age, gender, edu-
cation, intraocular lens (IOL) status, year of surgery and
surgical setting. VA was classified into four categories:
≥20/32, normal vision; 20/40 to 20/63, mild visual im-
pairment; < 20/63 to 20/200, moderate visual impair-
ment; < 20/200, severe visual impairment or blindness.
Both univariate analysis and multiple logistic regression
were used to determine the association of ethnicity, age,
gender, education, IOL status, year of surgery, and surgi-
cal setting with PVA and BCVA less than 20/63 in post-
operative eyes. Principal causes of visual impairment or
blindness in cataract-operated eyes with PVA and BCVA
less than 20/63 were identified.

Results
After excluding paticipantints with mental retardation,
mental disorder or deafness, the data analysis included
6546 subjects. 2133 (77.8%) Bai ethnicity, 2208 (80.5%)
Yi ethnicity and 2205 (82.0%) Han ethnicity were

participated in this study, respectively [24]. The response
rate of men (65.6%) is significantly lower than that of
women (93.5%). Among all age groups, the 50–59 age
group (67.4%) had the lowest response rate.
Table 1 shows the differences in demographic and sys-

temic characteristics of the three ethnic groups. Adults
of the Han ethnic group were less educated, oldest, had
the lowest systolic and diastolic blood pressures; were
most likely to smoke and suffer from diabetes. Adults of
the Bai ethnic groups were best educated, youngest,
heaviest, tallest, had highest systolic and diastolic blood
pressures; were least likely to smoke and drink alcohol.
Adults of the Yi ethnic group were lightest, shortest;
were least likely to suffer from diabetes, and were most
likely to smoke and drink alcohol.
Table 2 depicts the prevalence of cataract surgery for

each ethnic group by age, gender, and education. 395
people (525 eyes) had undergone cataract surgery in one
(265 subjects, 67.1%) or both eyes (130 subjects, 32.9%),
representing a cataract surgery prevalence of 6.0% (95%
CI, 5.5–6.6%), age- and sex-standardized prevalence
4.9% based on the population data of Yunnan Province
in the sixth census of China in 2010 [26]. Bai ethnicity
(4.6%) had a lowest cataract surgery prevalence com-
pared with those of Han (6.4%) or Yi (7.0%).
In univariate analysis, cataract surgery prevalence was sig-

nificantly associated with Yi and Han ethnicity (P = 0.003),
increased age (P < 0.001), lower education level (P < 0.001),
lower weight (P < 0.001), lower height (P < 0.001), lower
levels of diastolic blood pressure (P = 0.003), diabetes his-
tory (P = 0.011), no smoking (P < 0.001), and no alcohol in-
take (P < 0.001).
Table 3 shows the multiple logistic regression which

revealed that increasing age, Han and Yi ethnicity, lower
educational level, diabetes history, and no alcohol intake
were significantly associated with a higher prevalence of
cataract surgery in this study.

Table 1 Demographic and systemic factors among the three ethnic groups

Han ethnicity Bai ethnicity Yi ethnicity P value

Age (years) 65.4 (9.5) 64.6 (9.0) 65.0 (9.2) 0.017

Female gender 1321 (59.9) 1364 (63.9) 1258 (57.0) < 0.001

No formal education 1188 (53.9) 759 (35.6) 1142 (51.7) < 0.001

Weight (kg) 52.1 (9.1) 54.8 (9.9) 49.2 (9.5) < 0.001

Height (cm) 156.2 (8.3) 158.2 (11.5) 155.3 (8.5) < 0.001

Body mass index (kg/m2) 21.3 (3.2) 22.0 (5.2) 20.3 (3.2) < 0.001

Systolic blood pressure (mmHg) 139.8 (24.8) 145.6 (25.6) 143.0 (26.0) < 0.001

Diastolic blood pressure (mmHg) 78.1 (13.3) 80.2 (14.6) 78.6 (13.9) < 0.001

Diabetes 57 (2.6) 44 (2.1) 24 (1.1) 0.001

Smoking 583 (26.4) 502 (23.5) 583 (26.4) < 0.001

Alcohol intake 454 (20.6) 284 (13.7) 593 (26.9) < 0.001

Continuous variables are expressed as mean (standard deviation). Categorical variables are expressed as frequencies (percentages)
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Table 4 demonstrates postoperative and unoperated
persons with cataract-related severe visual impairment or
blindness (< 20/200) by ethnicity, age, gender, and educa-
tion. Of the 395 postoperative persons, 276 were presumed
to have been bilaterally severely visually impaired or blind
(PVA < 20/200) at the time of initial surgery, including 130
bilaterally postoperative persons and 146 unilaterally post-
operative persons with a severely visually impaired or blind
fellow eye. Another 242 subjects were unoperated persons
with cataract-related severe visual impairment or blindness,
who were bilaterally severely visually impaired or blind
(PVA < 20/200) because of cataract in one or both eyes.
The social burden of cataract-related severe visual impair-
ment or blindness (PVA< 20/200) included 518 (7.9%) of
the study subjects. CSC among cataract-related severe
visual impairment or blindness (PVA < 20/200) was 53.3%.
Adults of Han ethnicity (45.3%) had a lowest CSC com-
pared with those of Bai (52.8%) or Yi (64.4%).
Table 5 shows the association of ethnicity, age, gender,

and education with cataract-related severe visual impair-
ment or blindness (< 20/200) by univariate analysis.

Post-operative cataract with presumed severe visual im-
pairment or blindness associated with increased age
(P < 0.001), female gender (P = 0.035), and illiteracy
(P < 0.001). Unoperated cataract with severe visual
impairment or blindness associated with Han ethnicity
(P < 0.001), increased age (P < 0.001) and little or no
education (P < 0.001). The burden of cataract-related
severe visual impairment or blindness was signifi-
cantly associated with Han ethnicity (P < 0.001), in-
creased age (P < 0.001), female gender (P = 0.012),
and little or no education (P < 0.001). CSC was sig-
nificantly associated with Yi ethnicity (P = 0.001) and
younger age (P = 0.002). Table 6 further shows the re-
sults of multiple logistic regression analysis. Post-operative
cataract with presumed severe visual impairment or blind-
ness associated with increased age and illiteracy. Unoper-
ated cataract with severe visual impairment or blindness
associated with Han ethnicity, increased age and little or
no education. The burden of cataract-related severe visual
impairment or blindness was significantly associated with
Han ethnicity, increased age, female gender, and little or

Table 3 Multivariate analysis on the associated factors for cataract surgery

Variables Regression coefficent Adjusted OR (95% CI)a P value

Ethnicity

Bai vs. Han −0.358 0.70(0.52–0.93) 0.014

Yi vs. Han 0.200 1.22 (0.96–1.56) 0.111

Age (years)

Per year increase 0.096 1.10 (1.09–1.12) < 0.001

Gender

Female vs. male 0.131 1.14 (0.87–1.50) 0.355

Education (years)

1–6 vs. 0 −0.310 0.73 (0.56–0.96) 0.023

> 6 vs. 0 −0.061 0.94 (0.63–1.40) 0.762

Weight (kg)

Per kg increase −0.110 0.99(0.98–1.00) 0.087

Height (cm)

Per cm increase −0.010 0.99 (0.98–1.00) 0.149

Systolic blood pressure (mmHg)

Per mmHg increase −0.003 1.00 (0.99–1.00) 0.164

Diastolic bloodpressure (mmHg)

Per mmHg increase −0.005 1.00 (0.99–1.00) 0.253

Diabetes

No vs. Yes −0.922 0.40 (0.22–0.72) 0.002

Smoking

Ever vs. never −0.020 0.98 (0.72–1.33) 0.899

Alcohol intake

Ever vs. never −0.438 0.65 (0.47–0.88) 0.006
aAdjusted for ethnicity, age, gender, education, diabetes history, and alcohol intake
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no education. The lower CSC was significantly associated
with Han ethnicity, increased age and less education level.
Subjects with severely visually impaired or blind because

of cataract at least one eye mentioned that the most com-
mon reason for not receiving cataract surgery was that
they were “unaware of cataract” (215 person, 62.0%),
followed by “being told to wait until the cataract gets ma-
ture” (55 persons, 15.9%), “could not afford to undergo
cataract surgery” (27 persons, 7.8%), “fear of further loss
of vision after surgery” and “fear of surgery” (18 persons,
5.2%), “being told that there was a contraindication” (13
person, 3.7%),“no need to have cataract surgery” (11 per-
sons, 3.2%), “not accompanied by others for surgery” (1
person, 0.3%), and “undetermined” (7 person, 2.0%).The

constituent ratio of self-report barriers to cataract surgery
was somewhat different among three ethnicities.
The percentage of eyes that were pseudophakic was 86.7%

of 525 cataract-operated eyes, with 92.5% in Yi, 85.3% in
Han, and 79.8% in Bai ethnicity. Multivariate logistic regres-
sion models revealed that there was no statistically signifi-
cant difference between ethnic groups after adjusted for the
year of surgery (Bai vs. Han OR 0.955, P = 0.898; Yi vs. Han
OR 1.477, P = 0.291). Of 525 cataract-operated eyes, 84%
were operated after 2001, 14.3% were operated before 2000,
and the others (1.7%) were uncertain. The percentage of
pseudophakic after 2000 was 93.7%, compared with 50.7%
during or before 2000. Both univariate analysis (P < 0.001)
and multivariate logistic regression (OR 0.070, P < 0.001)

Table 4 Postoperative and unoperated persons with cataract-related severe visual impairment or blindness by ethnicity, age,
gender, and education

Variables Examined Cataract-operated persons Unopreted persons Cataract social
burdon

Cataract
surgical
coverage
(%)

All operated Presumed severe visual impairment or
blindnessac

Cataract severe visual impairment or
blindnessa

No. No. Prevalenceb No. Prevalenceb No. Prevalenceb No Prevalenceb

Ethnicity

Han 2205 142 6.4 97 4.4 117 5.3 214 9.7 45.3

Bai 2133 99 4.6 76 3.6 68 3.2 144 6.8 52.8

Yi 2208 154 7.0 103 4.7 57 2.6 160 7.2 64.4

Age(years)

50–59 2117 26 1.2 15 0.7 8 0.4 23 1.1 65.2

60–69 2344 96 4.1 63 2.7 36 1.5 99 4.2 63.6

70–79 1652 196 11.9 133 8.1 123 7.4 256 15.5 52.0

80+ 433 77 17.8 65 15.0 75 17.3 140 32.3 46.4

Gender

Male 2603 141 5.4 93 3.6 86 3.3 179 6.9 52.0

Female 3943 254 6.4 183 4.6 156 4.0 339 8.6 54.0

Education(years)

0 3089 268 8.7 197 6.4 169 5.5 366 11.8 53.8

1–6 2373 90 3.8 59 2.5 65 2.7 124 5.2 47.6

> 6 1084 37 3.4 20 1.8 8 0.7 28 2.6 71.4

Total 6546 395 6.0 276 4.2 242 3.7 518 7.9 53.3
aVisual acuity < 20/200
bPrevalence per 100 examined participants
cIncludes all bilaterally operated persons and unilaterally operated persons with a blind fellow eye

Table 5 Association of ethnicity, age, gender, and education with cataract-related severe visual impairment or blindness (< 20/200)
by univariate analysis

Variables Post-operative presumed severely visually
impaired or blind

Unoperated cataract severely visually
impaired or blind

Cataract social
burdon

Surgical coverage

Test statistics P value Test statistics P value Test statistics P value Test statistics P value

Ethnicity 3.536 0.171 25.306 < 0.001 15.018 < 0.001 13.365 0.001

Age(years) 253,654 < 0.001 351.527 < 0.001 654.945 < 0.001 10.159 0.002

Gender 4.431 0.035 1.875 0.171 6.372 0.012 0.193 0.660

Education(years) 68.404 < 0.001 60.080 < 0.001 131.436 < 0.001 5.367 0.068
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were show that higher percentage of pseudophakic was sig-
nificantly associated with cataract surgeries in recent years.
Table 7 demonstrates PVA and BCVA of the 525

cataract-operated eyes by ethnicity, age, gender, educa-
tion, intraocular lens status, year of surgery, and surgical
setting. On the whole, we found a poor vision outcome
(VA < 20/63) in 55.5% of eyes with PVA and in 32.8%
with BCVA. In univariate analysis, higher prevalence of
postoperative visual impairment (VA < 20/63) by both
PVA and BCVA was significantly associated with Han
ethnicity (P = 0.001), older age (P = 0.022), female (P =
0.001), illiteracy (P < 0.001), aphakia (P < 0.001), and year
of surgery (P < 0.001). In multivariate logistic regression
(Table 8), Han ethnicity, illiteracy, aphakia, earlier sur-
gery year, and lower level surgical setting was signifi-
cantly associated with postoperative visual impairment
by PVA, while Han ethnicity, illiteracy, aphakia was

significantly associated with postoperative visual impair-
ment by BCVA.
Table 9 reveals the principal cause of presenting and

best-corrected visual acuity< 20/63 in cataract-operated
eyes. The leading causes of postoperative visual impair-
ment by PVA were retinal disorders (78/291), posterior
capsule opacification (PCO) (73/291) and refractive error
(66/291), while those of postoperative visual impairment
by BCVA were retinal disorders (65/172), PCO (28/172)
and glaucoma (25/172). The main causes of postopera-
tive visual impairment in each ethnic group have their
own characteristics. The causes of visual impairment
were somewhat different between aphakic and pseudo-
phakic eyes. Avoidable visual impairment caused by re-
fractive error, PCO, and pterygium accounted for 50.2%
of cataract-operated eyes with visual impairment, in
which Yi 58.7%, Bai 46.3%, and Han 45.0%.

Table 7 Presenting and best-corrected visual acuity of cataract-operated eyes by ethnicity, age, gender, education, intraocular
lensstatus, year of surgery, and surgical setting

Variables NO.(%) of
eyes

NO.(%) by presenting visual acuity NO.(%) best-corrected visual acuity

≥20/32 20/40–20/63 < 20/63–20/200 < 20/200 ≥20/32 20/40–20/63 < 20/63–20/200 < 20/200

Ethnicity

Han 197 (37.5) 24 (12.2) 53(26.9) 60 (30.5) 60 (30.5) 63 (32.0) 55 (27.9) 34 (17.3) 45 (22.8)

Bai 129 (24.6) 29 (22.5) 33 (25.6) 30 (23.3) 37 (28.7) 78 (39.2) 72 (36.2) 30 (15.1) 19 (9.5)

Yi 199 (37.9) 27 (13.6) 68 (34.2) 72 (36.2) 32 (16.1) 55 (42.6) 30 (23.3) 14 (10.9) 30 (23.3)

Age(years)

50–59 31 (5.9) 10 (32.3) 6 (19.4) 7 (22.6) 8 (25.8) 18 (58.1) 7 (22.6) 3 (9.7) 3 (9.7)

60–69 124 (23.6) 25 (20.2) 42 (33.9) 31 (25.0) 26 (21.0) 56 (45.2) 36 (29.0) 11 (8.9) 21 (16.9)

70–79 263 (50.1) 35 (13.3) 76 (28.9) 91 (34.6) 61 (23.2) 94 (35.7) 80 (30.4) 49 (18.6) 40 (15.2)

80+ 107 (20.4) 10 (15.2) 30 (28.0) 33 (30.8) 34 (31.8) 28 (26.2) 34 (31.8) 15 (14.0) 30 (28.0)

Gender

Male 193 (36.8) 43 (22.3) 62 (32.1) 54 (28.0) 34 (17.6) 88 (45.6) 60 (31.1) 21 (10.9) 24 (12.4)

Female 332 (63.2) 37 (11.1) 92 (27.7) 108 (32.5) 95 (28.5) 108 (32.5) 97 (29.2) 57 (17.2) 70 (21.1)

Education(years)

0 355 (67.6) 38 (10.7) 96 (27.0) 123 (34.6) 98 (27.6) 109 (30.7) 106 (29.9) 71 (20.0) 69 (19.4)

1–6 124 (23.6) 23 (18.5) 45 (36.3) 33 (26.6) 23 (18.5) 56 (45.2) 43 (34.7) 6 (4.8) 19 (15.3)

> 6 46 (8.8) 19 (15.2) 13 (28.3) 6 (13.0) 8(17.4) 31 (67.4) 8 (17.4) 1 (2.2) 6 (13.0)

IOL status

Pseudophakic 455 (86.7) 79 (17.4) 151 (33.2) 150 (33.0) 75 (16.5) 195 (42.9) 140 (30.8) 61 (13.4) 59 (13.0)

Aphakic 70 (13.3) 1 (1.4) 3 (4.3) 12 (17.1) 54 (77.1) 1 (1.4) 17 (24.3) 17 (24.3) 35 (50.0)

Year of surgery

≥ 2001 441(84.0) 77 (17.5) 144 (32.7) 139 (31.5) 81 (18.4) 187 (42.4) 133 (30.2) 62 (14.1) 59 (13.0)

≤ 2000 75 (14.3) 3 (4.0) 10 (13.3) 21 (28.0) 41 (54.7) 8 (10.7) 24 (32.0) 15 (20.0) 28 (37.3)

Missing 9 (1.7) 0 (0) 0 (0) 2 (22.2) 7 (77.8) 1 (11.1) 0 (0) 1 (11.1) 7 (77.8)

Surgical setting

County/ township 432 (82.3) 64 (14.8) 120 (27.8) 143 (33.1) 105 (24.3) 158 (36.6) 130 (30.1) 67 (15.5) 77 (17.8)

Provincial/ municipal 93 (17.7) 16 (17.2) 34 (36.6) 19 (20.4) 24 (25.8) 38 (40.9) 27 (29.0) 11 (11.8) 17 (18.3)

Total 525 (100.0) 80 (15.2) 154 (29.3) 162 (30.9) 129 (24.6) 196 (37.3) 157 (29.9) 78 (14.9) 94 (17.9)
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Discussion
This current multiethnic study provided vital epidemio-
logical data for accurate comparison of three ethnic dif-
ferences in the prevalence, surgical coverage, barriers
and visual acuity outcomes of cataract surgery in adults
aged ≥50 years in rural areas of southwest China.
A striking finding of this study is that people of differ-

ent ethnicity have different cataract surgery uptake and
visual outcomes, even if they reside in the same environ-
ment. One of the surprised things about our study is
that CSC was the lowest in Han ethnicity among three
ethnicities. The prevalence of cataract surgery in Han
ethnicity was not low, but Han ethnicity was particularly
affected by severe visual impairment or blindness be-
cause of unoperated cataract, as reflected in a greater
total cataract social burden. To make matters worse, we
found Han ethnicity was more likely to be associated
with a poor outcome than Yi and Bai ethnicity. The
prevalence of cataract surgery and cataract social burden

in Bai ethnicity was the lowest, but CSC was not the
lowest among three ethnics. CSC and better BCVA out-
comes significantly differentially favored Yi ethnicity.
The ethnic disparity in cataract social burden reflects
the ethnic disparity in the prevalence of cataract-related
severe visual impairment or blindness. The ethnic dis-
parity in CSC reflects the ethnic disparity in the degree
of cataract surgical services to meet the needs of people.
Ethnic covers a number of factors including genetics,
history, culture, language, religion or behavior. These
factors could not be captured by current study. Since
Chinese government’s preference policies, ethnic minor-
ities got more opportunities for cataract operations
compared with Han ethnicity. The sixth national census
data show that Yunnan Han population accounts for
66.63% of the total population [26]. One of the pressing
problems confronting us today is that large Han popula-
tion increased the difficulty of prevention of blindness.
Free cataract surgery is a benefiting people’s measure in

Table 8 Effect of variables on presenting and best-corrected visual acuity< 20/63 in cataract-operated eyes by multiple logistic
regression analysis

Variables Presenting visual acuity Best-corrected visual acuity

Regression coefficent Adjusted OR (95% CL)a P value Regression coefficent Adjusted OR (95% CL)a P value

Ethnicity

Han Reference Reference

Bai −0.584 0.56 (0.33–0.94) 0.029 −0.205 0.81 (0.48–1.38) 0.443

Yi − 0.243 0.78 (0.51–1.21) 0.268 −0.631 0.53 (0.34–0.84) 0.007

Age(years)

50–59 Reference Reference

60–69 −0.383 0.68 (0.27–1.70) 0.412 0.006 1.01 (0.34–2.96) 0.991

70–79 0.20 1.02 (0.43–2.45) 0.965 0.439 1.55 (0.55–4.34) 0.404

80+ −0.130 0.88 (0.34–2.26) 0.787 0.645 1.91 (0.65–5.61) 0.241

Gender

Male Reference Reference

Female 0.319 1.38 (0.89–2.12) 0.150 0.426 1.53 (0.95–2.46) 0.079

Education(years)

0 Reference Reference

1–6 −0.728 0.48 (0.31–0.76) 0.002 −0.994 0.37 (0.22–0.63) < 0.001

> 6 −1.348 0.26 (0.12–0.55) < 0.001 −1.343 0.26 (0.11–0.63) 0.003

IOL status

Pseudophakic Reference Reference

Aphakic 2.470 11.82 (4.02–34.76) < 0.001 2.056 7.82 (4.28–14.28) < 0.001

Year of surgery

≥ 2001 Reference Reference

≤ 2000 1.115 3.05 (1.49–6.26) 0.002 0.603 1.83 (0.98–3.40) 0.057

Surgical setting

County/ township Reference Reference

Provincial/ municipal −0.581 0.56 (0.34–0.92) 0.021 −0.143 0.87 (0.51–1.47) 0.597
aAdjusted for all other variable in table
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China, but it only targets the poor, and is not the best
way to solve the problem of cataract blindness. It is
imperative to establish a new type of cooperative med-
ical system in rural areas. Both the previous new rural
cooperative medical insurance and the integrated urban
and rural residents’ basic medical insurance have signifi-
cantly reduced the proportion of farmers paying for
cataract surgery. There is also a more preferential
medical bill settlement policy for poor farmers. Eye care
services can be made affordable by both the government
and farmer.
Population-based studies have reported a wide range

of prevalence of cataract surgery across different ethnic
groups in different countries. For example, the preva-
lence of cataract surgery was reported to be 3.9% in Sri
Lanka [4], 6.28% in Brazil [27], 7.0% in Nepal [28], 17.6%
in India [29]. The prevalence of cataract surgery of 6.0%
as found among the multiethnic people in this study was
considerably higher than that found earlier in China [9,
10, 14–17]. The result indicates a striking increase in the
prevalence of cataract surgery in rural China in recent
years. The reasons may be as follows: First, the Chinese
government attaches importance to the prevention of
blindness in ethnic minority areas and has given prefer-
ential policies, financial subsidies and technical support.
Second, with the rapid development of local economy,
sustained effort on combating cataract blindness is per-
formed in Yunnan in recent years. Furthermore, more
and more non-governmental organizations are involved
in the prevention and treatment of cataract blindness.
In this study, the CSC of the multiethnic population

was 53.3%, which is at a medium level compared with
previous studies in China [9, 10, 14–17] or other devel-
oping countries [4–8, 27–31]. For whatever reason,
nearly half of Yunnan people with bilateral visual impair-
ment or blindness because of cataract did not receive
cataract surgery. The great social burden of cataract-
related severe visual impairment or blindness of 7.9% as
found among the multiethnic people in the study was
remarkably higher than that found in the China Nine-
Province Survey (3.83%) [17] and Beijing (3.48%) [16]. In
this study, the social burden of cataract -related severe
visual impairment or blindness was used as an index to
estimate the severity of cataract. In the actual calcula-
tion, due to the lack of preoperative visual acuity data,
we use the same method of the above two studies to
make the necessary assumptions when identifying the
cataract severe visual impairment or blind who have
undergone cataract surgery. This is a fact that the mag-
nitude of cataract blindness problem is high and the de-
mand for service is obvious in rural Yunnan. This could
be explained by multiple reasons. First of all, Yunnan is
located in the Yunnan-Guizhou Plateau at high altitude
and low latitude, with long sunshine time and high

ultraviolet intensity. Moreover, farmers were exposed to
high-intensity plateau ultraviolet radiation, working out-
doors with low degree of agricultural mechanization and
automation. Last but not least, other factors such as hyp-
oxia, vitamin and micronutrient deficiencies may also
play a role.
With regard to other risk factors, our study confirms

the association of increased age, lower educational level,
diabetes history, and no alcohol intake with higher
prevalence of cataract surgery. As shown in Table 4 and
Table 6, the Han ethnicity, the elderly and those with lit-
tle or no education were particularly affected by a
greater cataract social burden. Although with higher
prevalence of cataract surgery, the elderly were particu-
larly affected by severe visual impairment or blindness
because of both post-operative and unoperated cataract.
However, CSC significantly differentially favored youn-
ger people. The rapidly ageing population in China may
be one of the reasons for the higher burden of visual im-
pairment or blindness due to cataract. Although there
was no significant association between gender and CSC,
the overall risk of cataract-related severe impairment or
blindness was higher in women, which was reflected in a
larger total burden, as reflected in a greater total burden,
as shown in Table 4. The barrier to surgery was lack of
awareness and knowledge, cost, and fear.
Our findings indicate the main self-reported barriers

to cataract surgery in multiethnic population were lack
of awareness and knowledge, cost, and fear, similar to
other previous studies [2–10]. First, knowledge and
awareness was the main barrier for cataract surgery up-
take. Most cataract blind people did not know what cat-
aracts are and did not know that cataracts can be cured
before their eyes were examined by us. They would not
take the initiative to seek help from eye doctors, did not
know how to get treatment and could not get timely,
convenient medical treatment. Public health education
should start at a young age. Second, cost was the main
barrier for unwillingness to pay for cataract surgery. In
recent years, the continued development of cataract
blindness prevention programs has been popular in
China. These projects address the massive backlog of
cataract blindness. Most post-operative subjects in this
study received free surgery. New cataract patients are
determined to wait for the next free cataract operations
and are very reluctant to undergo any form of paid
surgery. However, no government, organization, or indi-
vidual can afford to provide free cataract services per-
manently. Government should use limited funds make
the treatment more cataract patients with severe visual
impairment or blindness. Some cataract patients without
severe visual impairment or blindness may be told to
wait until the cataract gets mature. Third, fear was due
to inadequate knowledge and awareness, and low quality
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of surgical outcome. We need to consider education,
cost and quality of surgery to find a long-lasting and ef-
fective solution to improve cataract surgery uptake.
A good vision outcome (VA ≥ 20/63) was found in

44.5% of postoperative eyes with PVA and in 67.2% with
BCVA in multiethnic population. According to the stan-
dards of World Health Organization [32], visual acuity
outcomes of cataract surgery in multiethnic population
in the study were generally poor except for the Yi
people. Numerous factors come into play as to postoper-
ative visual impairment in multiethnic population, in-
cluding aphakia, Han ethnicity, earlier surgery year,
illiteracy, and lower level surgical setting. The survey
highlighted important aphakia associations with unsatis-
factory cataract surgical outcomes. Visual outcome was
better with IOL implantation than without it, as has
been observed in many other studies [2, 7–9, 17–19, 29,
30]. Aphakic is more prone to surgical complications,
and it is more difficult to obtain satisfactory refractive
correction. The proportion of IOL implantation in mul-
tiethnic population was 86.7%. The proportion is similar
to other economically developed areas, such as Liwan
(87.8%) and Hong Kong (86.9%), is much higher than
that in Tibet (40%) [9], Kunming (64.8%) [10], Shunyi
(39.7%) [14], Doumen (5.9%) [15], Harbin (61.8%) [18],
and the China Nine-Province Survey (78.4%) [17], and is
much lower than those in Beijing (92.5%) [16]. The pro-
portion of IOL implantation associated with ethnicity
and year of surgery in our study. Yi ethnicity has the
highest implantation rate, followed by Han ethnicity and
Bai ethnicity. The visual outcomes of the eyes operated
on after 2000 tended to be better than that of those
operated on during or before 2000, due to improved sur-
gical technique and higher proportion of pseudophakic.
Illiteracies tended to be relatively poor visual outcomes
with untreated surgical complications or concomitant
diseases. Cataract surgeries performed on subjects in
lower level surgical settings were more likely to be asso-
ciated with a poor outcome than those in provincial or
municipal hospitals, and there was a higher likelihood of
free surgery in rural areas. There is a continued need for
the advanced technology and trained surgeons to reduce
surgical complications.
This study underscores the importance of retinal disor-

ders, refractive error or uncorrected aphakia, PCO, and
glaucoma as main causes of postoperative visual impair-
ment in multiethnic population, similar to the findings in
Liwan [19] and Hong Kong [20]. Some retinal diseases
and glaucoma may exist before surgery, the other one may
be gradually emerged with age after surgery, and others
may be surgical complications. The tractable causes of im-
pairment and blindness, such as refractive error, PCO,
and pterygium, accounted for 50.2% of cataract-operated
eyes with visual impairment in the study. The cause of

refractive error is aphakic, excessive surgical incision, devi-
ation of intraocular lens power measurement, and absence
of optometry. The high prevalence of PCO is alarming
due to the fact that there are very few Nd:YAG laser facil-
ities outside tertiary hospitals in Yunnan. These findings
emphasize the importance of strengthening preoperative
screening, maintaining quality of surgery with IOL, post-
operative follow-up, and providing corrective glasses if
needed when increasing the number of surgeries.
The principal strengths of the study include multieth-

nic participants, a large sample size, and reasonable re-
sponse rates. There were some limitations in this study.
Firstly, the relatively low response rate of the youngest
group (67.4%) and male (65.9%) are responsible for the
20% non-response rate, which was may lead to an over-
estimation of the true burden of cataract-related severe
visual impairment and blindness. Those absent younger
men may be healthier, who were working in urban cities.
Secondly, when analyzing risk factors, the ability to as-
sess causality is limited by cross-sectional design.

Conclusions
Ethnicity was significantly associated with surgical uptake
and visual outcomes of cataract surgery in a multiethnic
adult population in rural China, with Han ethnicity having
a lower CSC and relatively poor visual outcomes of cataract
surgery compared with ethnic minorities. Knowledge and
awareness, cost, fear barriers in this population impede ac-
cess to surgery. Further effort to remove these barriers and
provide sight restoration is warranted among multiethnic
individuals living in rural south-western China. The sound
data will be used during the prioritization of resources and
planning of eye care programs in the region.
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