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AbstrACt
Objectives To assess the prevalence of visual impairment 
(VI) and blindness (BL) due to cataract and cataract 
surgical outcomes in remote dispersed and high- altitude 
Tibetan areas of China.
Design and setting A cross- sectional study was 
conducted among people aged 50 and above in Tibetan 
Autonomous Prefecture of Kandze (TAPK), China, in 2017. 
The Rapid Assessment of Avoidable Blindness protocol 
was followed.
Participants Of 5000 eligible participants, 4764 were 
examined (response rate 95.3%).
Primary and secondary outcome measures Cataract 
VI was defined as lens opacity at visual acuity (VA) levels 
of <3/60 (Blindness (BL)), ≥3/60 and <6/60 (severe 
visual impairment (SVI)), ≥6/60 and <6/18 (moderate 
visual impairment (MVI)), ≥6/18 and <6/12 (early visual 
impairment (EVI)).
results The estimated prevalence of cataract BL was 
0.61% (95% CI 0.42 to 0.87). With best corrected VA, the 
estimated prevalence of SVI from cataract was 0.86% 
(95% CI 0.63 to 1.17); MVI was 2.39% (95% CI 2.00 to 
2.87) and EVI was 5.21% (95% CI 4.61 to 5.87). Women 
in TAPK had a significantly higher prevalence of cataract 
BL (0.82%, 95% CI 0.54 to 2.15) than men (0.34%, 
95% CI 0.16 to 0.70). Women had lower cataract surgical 
coverage (CSC) by eyes (60.8%, 95% CI 55.5 to 65.8) 
compared with men (70.1%; 95% CI 63.7 to 75.7). The 
prevalence of cataract BL was higher among Tibetan 
(2.28%; 95% CI 1.98 to 2.62) than Han Chinese (1.01%%; 
95% CI 0.54% to 1.87%). Overall CSC by person with BL 
(by better eye) was 82.0% (95% CI 75.2 to 87.6). Among 
cataract- operated participants, 71.2% had VA equal to or 
better than 6/18.
Conclusions The study detected a low prevalence of VI 
and BL due to cataract with high CSC in the study area 
compared with many other places in China. Further actions 
should be taken to improve cataract surgical outcome.

bACkgrOunD
The Vision Loss Expert Group at WHO has 
estimated that there are 253 million people 
worldwide with moderate or severe visual 
impairment (M/SVI) and blindness (BL), 

80% of which is preventable or treatable.1 2 
Global initiatives, such as Vision 2020 (1999) 
and subsequent Global Action Plan for the 
Prevalence of Blindness and Visual Impair-
ment (BL/VI) (2014–2019), have contrib-
uted substantial progress towards combating 
cataract BL.1 The Global Burden of Disease 
study estimated that between 1990 and 2010, 
the crude prevalence of cataract- related BL 
and M/SVI decreased worldwide from 38.6% 
to 33.4% and from 25.6% to 18.4%, respec-
tively.3 Despite this, in 2017,4 unoperated 
cataracts were still the leading cause of BL 
and SVI in low- income and middle- income 
countries and globally.1

strengths and limitations of this study

 ► The study had a large sample size which was ac-
curately calculated to estimate the prevalence of 
blindness in the study area.

 ► A high response rate was achieved for the study, fa-
cilitated by door- to- door sampling, and community 
sensitisation in advance of the survey.

 ► High- quality data collection was facilitated in this 
remote and dispersed area through: (1) following 
the robust Rapid Assessment of Avoidable Blindness 
methodology; (2) using local survey teams; (3) using 
simple clinical tools; (4) an experienced survey spe-
cialist supervising study teams; (5) high diagnostic 
agreement between the two ophthalmologists in the 
two study teams (determined in an interobserver 
variation study).

 ► The study area is diverse in terms of altitude, dis-
tance to the eye health services and ethnicities. This 
made it possible to make comparisons between dif-
ferent groups in terms of prevalence and cataract 
services.

 ► The barriers to cataract surgery were explored us-
ing a single question with seven response options, 
and therefore we may not have captured the whole 
spectrum of possible barriers in this population.
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Table 1 Characteristic of study subjects by examination 
status and minority, N (%)

Enumerated Examined

Ethnicity

  Tibetan 4323 (86.5) 4127 (95.5)

  Han 523 (10.5) 495 (94.7)

  Other 154 (3.08) 142 (92.2)

Age

  50–59 years 1896 (37.9) 1831 (96.6)

  60–69 years 1662 (33.2) 1582 (95.2)

  70–79 years 1091 (21.8) 1038 (95.1)

  80+years 351 (7.02) 313 (89.2)

Sex

  Male 2177 (43.5) 2087 (95.9)

  Female 2823 (56.5) 2677 (94.8)

Region

  Pastoral area 1173 (23.5) 1105 (94.2)

  Agriculture area 3602 (72.0) 3440 (95.5)

  Urban 225 (4.50) 219 (97.3)

Distance from hospital, 
km

  ≤200 1600 (32.0) 1515 (94.7)

  201–400 1500 (30.0) 1437 (95.8)

  >400 1900 (38.0) 1812 (95.4)

Altitude of participants 
lived, metres

  ≤2000 500 (10.0) 476 (95.2)

  2001–3000 1450 (29.0) 1371 (94.6)

  3001–4000 2550 (51.0) 2448 (96.0)

  >4000 500 (10.0) 469 (93.8)

Total 5000 (100.0) 4764 (95.3)

In China, cataract also remains the leading cause of 
BL/VI among people 50 years and older, accounting 
for 35% of causes of BL and 67.1% of causes of VI.5–7 
Eighty- five per cent of BL/VI is experienced by people 
50 years and older.2 In the past 20 years, in addition to 
the routine cataract operations in hospitals, the national 
government has initiated a range of outreach programme 
to encourage city- based surgeons to conduct eye surgery, 
including cataract surgery, in rural county hospitals. A 
national cataract programme for low- income Chinese 
people has been implemented. This programme exempts 
the fee for surgery—typically 35%–50% of the total cost 
of surgery, and the remainder is covered by insurance so 
that patients receive free surgery. The programme sends 
experienced cataract surgeons from tertiary centres to 
county hospitals (secondary care) or township health 
centres (primary care) for cataract service delivery. 
Domestic and international organisations have also been 
encouraged to support training of eye health workers in 

screening and referral of cataract patients. These efforts 
have increased national average cataract surgical rate 
(CSR) per million people per year—from approximately 
400 in the early 1990s to over 2300 in 2017.8 9 In China, 
cataract surgical coverage (CSC) for blind eyes has been 
estimated to be approximately one- third7 10; for those 
with MVI (visual acuity (VA) ≥6/60, but <6/18), the rate 
varies from around 30% to 70%.5–7 11

Previous studies in North America, China and Australia 
have found the prevalence of cataract VI increases with 
increasing altitude due to higher levels of ultraviolet light 
exposure.12–15 However, results are inconclusive in Tibetan 
areas.16 17 Studies in Tibetan areas and various parts of 
the world have also found higher cataract prevalence in 
women compared with men. Prevalence also varies by 
ethnicity—with cataract being more prevalent among 
minority ethnic groups compared with the majority Han 
Chinese in China. Further, there is evidence that the prev-
alence of cataract is higher among those who live further 
from hospitals.18 In China, evidence from several studies 
suggests that good cataract surgical outcome rates are 
broadly lower than the recommendations from WHO 
(with available correction, 80% postoperated eyes should 
have VA≥6/18).7 19–21

Tibetan Autonomous Prefecture of Kandze (TAPK) is 
located in western Sichuan Province, China. As part of 
Qinghai- Tibetan Plateau, the altitude in TAPK varies from 
over 1000 to 7556 m, with an average altitude of approx-
imately 4000 m. The population of TAPK is 1.1 million,22 
51.6% of whom are male. The vast majority (87.1%) 
of the population live in dispersed rural areas, and are 
engaged in farming activities. There are two main types 
of land in the area—arable, where people live in settled 
homes and farm crops, and pastoral, where people move 
regularly to seek pasture sources for cattle. There are 
small towns (urban) mainly in the centre of the county 
and the prefecture. Over 99% of the school- aged children 
in TAPK attend school. 16.7% of the population are aged 
50 years and older. The majority of people are of Tibetan 
ethnicity (78.4%), the remaining being Han Chinese and 
other ethnic minority groups.

Kham Eye Center in the Kandze Prefecture People’s 
Hospital (KEC) was founded in 1998 and is based in the 
capital city of TAPK. It is the only eye institute supplying 
eye services in the area. In 2017, the hospital completed 
approximately 2000 cataract operations and another 
1000 cases through surgical outreach. This resulted in 
a CSR in TAPK of 3000 per million which was almost 
equal to the rate in some of the most developed areas 
of China.21 The outreach to rural counties provides free 
screening and cataract operations, and has been devel-
oped by committed ophthalmologists over the past 20 
years. Updated data are required on the prevalence of 
cataract in TAPK in order to further plan and improve 
eye care services.

This study reports on the results of a population- 
based survey conducted in 2017, among people 50 years 
and older. This study aimed to estimate the prevalence 
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of cataract BL/VI, assess access to services and surgical 
outcomes. In addition, we aimed to examine eye health 
equity, by disaggregating study outcomes by sex, ethnic 
group, altitude and distance to the hospital.

MethODs
The study adhered to the principles of the Declaration of 
Helsinki. Written informed consent was gained from each 
study participant before examinations took place. Full 
data for this study is available on the Rapid Assessment of 
Avoidable Blindness (RAAB) repository ( www. raabdata. 
info/ repository).

sample size calculation
The expected prevalence of cataract VI (VA<6/18) 
was 5.2% based on previous studies in Tibetan areas.23 
Assuming 15% precision, 90% response rate and 95% 
confidence, a sample size of 3279 was required for simple 
random sampling using the same formula as in the StatCalc 
module of Epi- Info 6.04D: sample size=Z*Z(P(1 P))/D*D 
(Z=percentile of the standard normal distribution, that 
is, 1.96 for 95% CI, p=expected prevalence of the condi-
tion, D=half the width of the desired sample CI). Earlier 
studies on cataract BL found a design effect of 1.5 for 
cluster size 50. The design effect of 1.5 is multiplied the 
selected sample size (3279) for simple random sampling; 
a sample size of 4918 was required for this cluster random 
sampling study.24 The study teams agreed with 5000 was 
a good number for publicity. For a cluster size of 50, this 
resulted in 100 clusters of 50 people aged 50+.

sampling
Census data were supplied by the local bureau of police 
for the year of 2010 with projection to 2017. Two- stage 
sampling was used. First, probability proportionate to size 
was used to randomly select 100 study villages (clusters), 
using a list of administration villages as the sampling 
frame. Second, to select individuals within clusters, 
compact segment was conducted in the field when the 
cluster was bigger than the required size.24 People aged 
50+, who had lived in the clusters for over 6 months, were 
eligible to participate.

Data collection
Data were collected between July and November 2017. 
The RAAB form was used for data collection.25 Data were 
entered in to the RAAB6 software on a daily basis.

Two teams were trained in data collection procedures 
for 5 days prior to data collection. Each team included an 
ophthalmologist, an ophthalmic nurse and an assistant. 
Interobservation variation (IOV) was assessed among 
the two teams and good agreement was found (Cohen’s 
Kappa=0.8) in VA test and diagnosis of causes of VI.

 VA assessment and eye examination
The field teams went door to door in selected segments to 
test presenting visual acuity (PVA) and pinhole corrected 
(served as the best corrected visual acuity (BCVA)) for all 

www.raabdata.info/repository
www.raabdata.info/repository
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eligible study participants. To test PVA and BCVA, a Snellen 
Tumbling E visual chart was used. All the subjects were 
requested of case history including surgical and traumatic 
history and examined with torch on anterior segment 
including whether an intraocular lenses being implanted, 
even VA was above 6/12. All eyes with BCVA below 6/12 
were assessed for the cause of VI by an ophthalmologist 
using a torch, portable slit lamp or direct ophthalmoscope 
with pupil dilatation. Possible causes of VI included refrac-
tive error (RE), corneal diseases, lens opacity at the ante-
rior segment and posterior segment diseases.24 We used 
BCVA to exclude uncorrected RE as a potential cause for 
VI as we were interested in cataract VI. Cataract VI was 
defined as lens opacity at VA levels of <3/60 (BL), ≥3/60 
and <6/60 (SVI), ≥6/60 and <6/18 (MVI), ≥6/18 and 
<6/12 (early visual impairment (EVI)). These definitions 
were based on the better eye for the person.

 Cataract surgical coverage
CSC was calculated as the number of persons operated 
divided by the total number of people with cataract (any 
eye at the levels of BL, SVI and MVI), including operated 
and non- operated persons in a designed geographical 
area.26

 Cataract surgery visual outcomes and complications
Participants with postoperated cataract were asked details 
of the surgery (time, site and cost). Operated eyes with 
BCVA worse than 6/60 were assessed for possible reasons 
for the poor outcome. If the participant did not have 
full sight restored after surgery and another eye disorder 
causing VI existed in the same eye, the cause of poor 
outcome was ocular comorbidity. If signs of surgical 
complications, such as vitreous loss or pupil opacity, 
were present, the poor outcome was considered to be 
due to operative complication. Finally, in cases of initial 
good surgical outcome and subsequent vision loss due to 
postoperative capsule opacity or retinal detachment, the 
cause of poor outcome was assigned as long- term compli-
cations. If the lens was dislocated and iris tremulous-
ness was found alongside surgical history at home by an 
unqualified visiting person, this was considered couching. 
These causes were assigned by the ophthalmologist, using 
their clinical judgement.

 Barriers to cataract surgery
Participants with unoperated cataract were asked about 
the reasons not having surgery, which were listed on study 
form as seven options for patient’s selection. They were 
as follows: (1) need not felt; (2) fear for surgery or poor 
result; (3) cannot afford operation; (4) treatment denied 
by provider; (5) unaware that treatment is possible; (6) no 
access to treatment and (7) local reason including trans-
portation, no one accompany to. Patient could select up 
to two main barriers.24

Data analysis
All statistical analyses were performed using a commer-
cially available software package (Stata V.13.1, StataCorp).

 Prevalence of VI and BL due to cataract
Crude and age adjusted prevalence and 95% CI of bilat-
eral cataract (better eye) and any eye (including unilat-
eral) were obtained. Results were disaggregated by 
different levels of BCVA in the better eye, sex, ethnicity 
(Han, Tibetan, other), and region (arable or pastoral). 
Logistic regression was used to compare the prevalence 
of cataract between these groups. A test of proportions 
was used to determine trends in prevalence by distance to 
hospital and altitude.

 Cataract surgical coverage
CSC was calculated according to different levels of BCVA 
(by eye and by person). Logistic regression was conducted 
to examine statistical differences by level of BCVA.

 Cataract surgery visual outcomes and complications
Descriptive analysis was conducted to explore age at the 
time of surgery, place of surgery and surgery type. Results 
were disaggregated by sex. The distribution of BCVA 
(≥6/12, ≥6/18 and <6/12, ≥6/60 and <6/18, >6/60) after 
surgery by surgical type and the site was also explored 
in descriptive analysis. Similarly, the distribution of 
presenting VA at these levels in operated eyes by number 
of years after surgery and causes of poor outcome was 
presented.

 Barriers to cataract surgery
Barriers to cataract surgery were examined by ethnicity 
and sex by frequency (percentage). Exact logistic regres-
sion was conducted for comparisons due to no observa-
tions in some groups.

Patient and public involvement statement
Any participants identified as having cataract or other 
eye diseases were referred to KEC or county hospitals for 
treatment. The selected villages were sensitised about the 
study in advance. The head of each village was informed 
by a formal government document and a phone call from 
the study ophthalmologist. The village leader informed 
their community about the study purpose and asked 
eligible people to wait for the examination team at home. 
This aimed to maximise study response rates.

results
Of 5000 people enumerated, 4764 completed the exam-
inations (95.3% response rate). The characteristics of 
study participants in terms of age, sex, ethnicity, region, 
distance to hospital and altitude are presented in table 1.

Prevalence of VI and bl due to cataract
The prevalence of bilateral cataract BL (BCVA <3/60 
in better eye) was 0.61% (95% CI 0.42 to 0.87), SVI was 
0.86% (95% CI 0.63 to 1.17), MVI was 2.4% (95% CI 2.0 
to 2.9) and EVI was 5.21% (95% CI 4.61 to 5.87) (table 2). 
The age- adjusted prevalence of BL was 0.46%, SVI was 
0.67%, MVI was 1.85% and EVI was 4.11% (table 2) using 
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Table 3 Prevalence of cataract by persons with any eye or by total eyes with blindness (BL), severe visual impairment (SVI), 
moderate visual impairment (MVI) or early visual impairment (EVI)—best corrected visual acuity (BCVA) or pinhole among 
different groups of people in Tibetan Autonomous Prefecture of Kandze

Cataract BL BCVA <3/60
Cataract SVI
BCVA>/=3/60 and <6/60

Cataract MVI
BCVA>/=6/60 and <6/18

Cataract EVI
BCVA>/=6/18 and <6/12

Persons 
with any eye
%
95% CI

Total eyes
%
95% CI

Persons 
with any eye
%
95% CI

Total eyes
%
95% CI

Persons with 
any eye
%
95% CI

Total eyes
%
95% CI

Persons with 
any eye
%
95% CI

Total eyes
%
95% CI

Ethnicity†

  Tibetan 3.88 (3.33 to 
4.51)*

2.28 (1.98 
to 2.62)*

4.89 (4.28 to 
5.60)**

2.91 (2.57 to 
3.29)**

7.83 (7.05 to 
8.69)**

5.14 (4.68 to 
5.63)*

12.3 (11.3 to 
13.3)*

8.71 (8.12 to 
9.34)

  Han 1.82 (0.95 to 
3.46)

1.01 (0.54 
to 1.87)

2.22 (1.23 to 
3.97)

1.41 (0.84 to 
2.37)

4.44 (2.94 to 
6.66)

3.33 (2.38 to 
4.65)

8.89 (6.68 to 
11.7)

7.27 (5.81 to 
9.07

  Other 2.82 (1.06 to 
7.29)

1.41 (0.53 
to 3.70)

3.52 (1.47 to 
8.21)

1.76 (0.73 to 
4.17)

7.04 (3.82 to 
12.6)

4.23 (2.41 to 
7.30)

9.86 (5.91 to 
16.0)

7.39 (4.87 to 
11.1)

Sex‡

  Male 2.87 (2.24 to 
3.69)

1.61 (1.27 
to 2.03)

3.74 (3.00 to 
4.64)

2.11 (1.71 to 
2.59)

5.94 (5.00 to 
7.04)

3.76 (3.22 to 
4.38)

9.68 (8.48 to 
11.0)

6.73 (6.01 to 
7.53)

  Female 4.22 (3.52 to 
5.05)*

2.52 (2.13 
to 2.98)**

5.23 (4.45 to 
6.14)*

3.19 (2.75 to 
3.70)**

8.63 (7.62 to 
9.75)***

5.83 (5.23 to 
6.49)***

13.5 (12.3 to 
14.9)***

9.92 (9.15 to 
10.7)***

Region§

  Pastoral area 4.98 (3.84 to 
6.43)

2.90 (2.27 
to 3.68)

6.43 (5.12 to 
8.03)

3.71 (3.00 to 
4.58)

10.3 (8.66 to 
12.3)

6.52 (5.56 to 
7.62)

15.9 (13.9 to 
18.2)

11.2 (9.93 to 
12.6)

  Agriculture area 3.23 (2.69 to 
3.87)**

1.89 (1.59 
to 2.24)**

4.07 (3.46 to 
4.78)**

2.44 (2.10 to 
2.83)**

6.72 (5.93 to 
7.60)***

4.52 
(4.05,5.04)***

10.7 (9.71 to 
11.8)***

7.75 (7.14 to 
8.40)***

  Urban 3.20 (1.53 to 
6.56)

1.83 (0.92 
to 3.61)

3.20 (1.53 to 
6.56)

2.05 (1.07 to 
3.90)

4.57 (2.47 to 
8.29)

3.20 (1.90 to 
5.33)**

9.13 (5.96 to 
13.7)

7.31 (5.21 to 
10.2)*

Distance from hospital, km¶

  ≤200 1.91 (1.33 to 
2.74)

1.06 (0.75 
to 1.49)

2.44 (1.77 to 
3.35)

1.42 (1.05 to 
1.91)

4.69 (3.73 to 
5.87)

3.10 (2.54 to 
3.78)

8.12 (6.84 to 
9.61)

6.04 (5.24 to 
6.95)

  201–400 4.31 (3.38 to 
5.50)

2.54 (2.02 
to 3.18)

4.94 (3.93 to 
6.19)

2.96 (2.40 to 
3.64)

7.79 (6.52 to 
9.30)

5.08 (4.33 to 
5.95)

12.0 (10.4 to 
13.8)

8.59 (7.62 to 
9.68)

  >400 4.53 (3.66 to 
5.59)

2.68 (2.20 
to 3.26)

6.07 (5.06 to 
7.27)

3.61 (3.05 to 
4.27)

9.49 (8.23 to 
10.9)

6.32 (5.57 to 
7.16)

14.9 (13.3 to 
16.6)

10.5 (9.58 to 
11.6)

  P- trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

  Altitude of participants lived m¶

  ≤2000 2.10 (1.13 to 
3.86)

1.16 (0.64 
to 2.07)

2.73 (1.59 to 
4.65)

1.68 (1.03 to 
2.73)

4.41 (2.89 to 
6.67)

3.15 (2.21 to 
4.47)

8.19 (6.04 to 
11.0)

6.51 (5.11 to 
8.27)

  2001–3000 2.55 (1.84 to 
3.54)

1.46 (1.07 
to 1.98)

3.28 (2.46 to 
4.37)

1.86 (1.42 to 
2.44)

5.40 (4.32 to 
6.73)

3.65 (3.01 to 
4.42)

9.34 (7.91 to 
11.0)

6.71 (5.83 to 
7.71)

  3001–4000 4.21 (3.48 to 
5.08)

2.43 (2.03 
to 2.90)

5.31 (4.49 to 
6.27)

3.17 (2.71 to 
3.69)

8.37 (7.34 to 
9.54)

5.54 (4.93 to 
6.21)

13.0 (11.7 to 
14.3)

9.27 (8.49 to 
10.1)

  >4000 5.33 (3.63 to 
7.77)

3.41 (2.42 
to 4.79)

6.40 (4.51 to 
9.01)

3.94 (2.87 to 
5.40)

11.7 (9.11 to 
15.0)

7.25 (5.75 to 
9.10)

17.1 (13.9 to 
20.7)

11.9 (10.0 to 
14.2)

  P- trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Total 3.63 (3.12 to 
4.20)

2.12 (1.85 
to 2.43)

4.58 (4.00 to 
5.21)

2.72 (2.40 to 
3.06)

7.45 (6.72 to 
8.23)

4.92 (4.50 to 
5.38)

11.8 (10.9 to 
12.8)

8.52 (7.97 to 
9.10)

* P<0.05, **p<0.01, ***p<0.001.
† The prevalence of cataract among Tibetan and other ethnicities was compared with that among Han Chinese.
‡ The prevalence of cataract was compared between male and female.
§The prevalence of cataract in agriculture area and urban was compared with that in pastoral area.
¶The trend test on the prevalence of cataract with different grades of visual acuity across levels of distance from hospital and altitude was performed.

census data supplied by the local bureau of police for the 
year of 2010 with projection to 2017.

Considering the prevalence of cataract in either eye, 
the rate of BL was 3.63% (95% CI 3.12 to 4.20), SVI was 

4.58% (95% CI 4.00 to 5.21), MVI was 7.45% (95% CI 
6.72 to 8.23) and EVI was 11.8% (95% CI 10.9 to 12.8); 
see table 3. If eyes were counted independently, the prev-
alence of BL was 2.12% (95% CI 1.85 to 2.43), SVI was 
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Table 4 Barriers to cataract surgery in sample*, N (%)

Ethnicity Sex

TotalTibetan Han Other Male Female

Unaware treatment is possible 116 (77.3) 16 (84.2) 1 (50.0) 43 (81.1) 90 (76.3) 133 (77.8)

Local reasons† 20 (13.3) 0 (0.00) 0 (0.00) 4 (7.55) 16 (13.6) 20 (11.7)

Need not felt 6 (4.00) 0 (0.00) 1 (50.0) 2 (3.77) 5 (4.24) 7 (4.09)

Treatment denied by provider 5 (3.33) 2 (10.5) 0 (0.00) 2 (3.77) 5 (4.24) 7 (4.09)

Cannot access treatment 4 (2.67) 2 (10.5) 0 (0.00) 3 (5.66) 3 (2.54) 6 (3.51)

Fear 1 (0.67) 1 (5.26) 0 (0.00) 0 (0.00) 2 (1.69) 2 (1.17)

Cost 2 (1.33) 0 (0.00) 0 (0.00) 2 (3.77) 0 (0.00) 2 (1.17)

Total 150 19 2 53 118 171

Barriers are listed by the order of importance on findings from previous studies as instructed in Rapid Assessment of Avoidable Blindness 
manual. No significant difference was detected by comparing male and female, Han and other two ethnicities.
*Each study subject could select maximum two options listed on the study form.
† Local reason included transportation, no one to accompany to hospital.

2.72% (95%CI 2.41 to 3.06), MVI was 4.92% (95% CI 4.51 
to 5.38) and EVI was 8.52% (95% CI 7.98 to 9.10).

Extrapolating these figures to the population of TAPK, 
the number of people with cataract BL (either eye) was 
6680 (95% CI 5741 to 7729), 8428 (95% CI 7361 to 9587) 
with SVI, 13 709 (95% CI 12 366 to 15 144) with MVI and 
21 714 (95% CI 20 058 to 23 554) with EVI. The extrap-
olated number of eyes with BL was 7802 (95% CI 6809 
to 8943), SVI was 10 010 (95% CI 8870 to 11 262), MVI 
was 18 107 (95% CI 16 598 to 19 800) and EVI was 31 356 
(95% CI 29 369 to 33 491).

The prevalence of BL, SVI and MVI due to cataract 
was higher (p<0.05) among Tibetan compared with Han 
Chinese (table 3). No significant differences were found 
between other ethnic minority groups and Han Chinese. 
The prevalence of cataract VI was higher among women 
compared with men across all levels of VI (table 3). A 
significantly lower prevalence of cataract was found in 
arable areas at all levels of VI compared with pastoral 
areas. A lower prevalence was also found in urban areas 
compared with both pastoral and arable areas, but this 
was only significant for those with VA better than 6/18. 
Prevalence of cataract VI/BL increased significantly 
with distance to the health facility and altitude (p<0.05; 
table 3).

barriers to cataract surgery
One hundred and seventy- one people with unoperated 
cataract were interviewed about barriers to cataract 
surgery. The most common reported barrier to access 
to cataract operation reported was ‘unaware treatment 
is possible’ (77.8%; table 4) followed by inconvenience 
of transportation and no one to accompany. There was 
no significant difference detected on barriers to cataract 
operations by sex or ethnicity.

Cataract surgical coverage
CSC by person increased with severity, from 57.9% (95% 
CI 51.8 to 63.9) among people with MVI to 82.0% (95% 

CI 75.2 to 87.6) among people with BL, 77.5% (95% CI 
79.7 to 83.3); see table 5. CSC by eyes also increased with 
severity from 43.8% (95% CI 40.4 to 47.3; MVI) to 64.4% 
(95% CI: 60.3 to 68.4; BL).

CSC among Tibetans was higher than Han Chinese and 
other ethnic minority groups in TAPK for people with 
bilateral cataract and eyes with VA below 6/18. No signifi-
cant difference in CSC was found at other VA levels.

People with VA worse than 6/18 living in arable 
(53.5%; 95% CI 46.0 to 60.9) and urban areas (33.3%; 
95% CI 7.2 to 76.4) had lower CSC than people in 
pastoral areas (67.7%; 95% CI 57.5 to 76.5). However, 
no significant difference was found in CSC by locality if 
the results were considered by eyes. No significant differ-
ence was ascertained for CSC by distance to KEC (by 
person and by eye). Women in TAPK had much lower 
CSC by person and eye at all the conditions of BL/SVI/
MVI (table 5).

Three hundred and sixty- four cataract operations 
were received among all the study participants and the 
majority (68.9%) of these were conducted in patients 
aged 60–79 years. Approximately two- thirds (66.5%) of 
the cataract operations were completed in government 
hospitals and one- third at eye camps (table 6). The oper-
ations were predominately completed with intraocular 
lenses implantation (92.3%). Ten participants (2.75%) 
operated received couching for cataract in the study 
area.

Cataract surgery visual outcomes and complications
Of 364 people with cataract extraction (any eye being 
operated), 216 (71.2%) had VA equal to or better than 
6/18, 95 (26.1%) had poor VA outcome (cannot see 
6/60; table 7). The main causes of poor outcomes were 
other oculopathy (60 eyes, 55.6%) and surgical complica-
tions (33 eyes, 30.1%; table 8). Late complication was also 
detected at 13 eyes (12.0%).
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Table 6 Age at time of surgery, place of surgery and 
surgery type in males and females, n (%)

Male, n 
(%)

Female, n 
(%)

Total, n 
(%)

Age at time of surgery

  40–49 4 (2.56) 12 (5.77) 16 (4.40)

  50–59 20 (12.8) 30 (14.4) 50 (13.7)

  60–69 45 (28.9) 80 (38.5) 125 (34.3)

  70–79 69 (44.2) 57 (27.4) 126 (34.6)

  ≥80 18 (11.5) 29 (13.9) 47 (12.9)

Place of surgery

  Government hospital 114 (73.1) 128 (61.5) 242 (66.5)

  Voluntary/charitable 
hospital

1 (0.64) 1 (0.48) 2 (0.55)

  Private hospital 1 (0.64) 4 (1.92) 5 (1.37)

  Eye camp 40 (25.6) 75 (36.1) 115 (31.6)

Surgery type

  Non- IOL 6 (3.85) 12 (5.77) 18 (4.95)

  IOL 147 (94.2) 189 (90.9) 336 (92.3)

  Couching 3 (1.92) 7 (3.37) 10 (2.75)

Total 156 (100.0) 208 (100.0) 364 
(100.0)

IOL, intraocular cataract lenses.

Table 7 Cataract surgical outcomes in sample with available correction (best corrected visual acuity), n (%)

Surgery type Surgery site Total

Non- IOL IOL Couching
Public 
hospital

Charity 
hospital

Private 
hospital

Temporary 
place

Very good: can see 
6/12

0 (0.00) 173 (51.5) 0 (0.00) 133 (55.0) 1 (50.0) 2 (40.0) 37 (32.2) 173 (47.5)

Good: can see 6/18 0 (0.00) 43 (12.8) 0 (0.00) 29 (12.0) 0 (0.00) 0 (0.00) 14 (12.2) 43 (11.8)

Borderline: can see 
6/60

3 (16.7) 49 (14.6) 1 (10.0) 36 (14.9) 1 (50.0) 0 (0.00) 16 (13.9) 53 (14.6)

Poor: cannot see 6/60 15 (83.3) 71 (21.1) 9 (90.0) 44 (18.2) 0 (0.00) 3 (60.0) 48 (41.7) 95 (26.1)

Total 18 (100.0) 336 (100.0) 10 (100.0) 242 (100.0) 2 (100.0) 5 (100.0) 115 (100.0) 364 (100.0)

IOL, intraocular cataract lenses.

DIsCussIOn
This study in TAPK in Sichuan Province, China, estab-
lished a cataract BL and VI prevalence (at the level of 
the individual) among people aged 50+ of 0.6% (BL), 
0.9% (SVI), 2.4% (MVI) and 5.2% (EVI). Considering 
the results by eyes, the prevalence was 2.1% (BL), 2.7% 
(SVI), 4.9% (MVI) and 8.5% (EVI). Extrapolating the 
prevalence to the total TAPK population aged 50+results 
in 7802 (BL), 10 010 (SVI), 18 107 (MVI) and 18 107 
(EVI) eyes. These numbers indicate the potential work-
load for cataract services in this study area. The cataract 
prevalence of 7.5% with VA of worse than 6/18 (any eye) 
in TAPK is much lower than that found in a 1999 study in 

other Tibetan areas (13.8%).17 The prevalence of cataract 
BL found in our study is also lower than that in neigh-
bouring countries of Pakistan (2004),27 Nepal (2006)28 
and India (2007)29 but similar to that in other areas of 
China (Jiangxi in 2007, Nine- province Study in 2006 and 
Harbin in 2005).7 10 30 This likely results from the higher 
CSR in TAPK, which counteracted the higher prevalence 
of cataract16 compared with other rural areas in China.10

Tibetan people and people living in pastoral areas had 
a much higher prevalence of cataract BL/VI. This may 
be caused by the greater exposure to sunlight. Herdsmen 
and their families mobilise frequently and spend more 
time outdoors. We detected significant higher CSC for 
eyes with MVI, not for person, nor at the other BL/
VI levels, among Tibetan people compared with Han 
Chinese. There was a higher prevalence of cataract VI 
and lower CSC in women, compared with men, which 
contrasts studies from other areas China.7 10 However, it is 
consistent with results from previous eye studies in Tibet 
and neighbouring countries.16 17 27 29 This suggests that 
planning future cataract services will need to ensure that 
Tibetan people, herdsmen and women are included.

The prevalence of cataract VI increased by distance to 
the hospital (KEC), which is located in a lower base of 
TAPK. Geographically, the distance increased with alti-
tude levels in TAPK. The higher prevalence of cataract 
found at high altitude levels may be due to greater levels 
of ultraviolet light exposure in these areas,12–15 as there 
were no CSC difference found among distance levels.

The general CSC for BL (64.4% by eye and 82.0% by 
person) in TAPK was higher than that in other parts of 
China.7 17 18 This could be attributed to the effectiveness 
of the mobilised eye care model in TAPK. The lower 
CSC detected by person with VA of 6/18 in arable areas 
compared with that in pastoral areas was likely due to the 
subsidised outreach services being strengthened in the 
pastoral areas. This reminds that the same service is also 
needed in arable areas in TAPK.

Our study found that women had a higher prevalence 
of cataract and lower CSC compared with men in TAPK. 
This is consistent with a previous study conducted in other 
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) Tibetan areas.17 However, nowadays in many other areas 

of China, there is no difference in cataract service indi-
cators by sex. Local eye care staff explained that women 
in this Tibetan area spend more time on the farm and 
caring for the family which limits their opportunities to 
travel to health facilities. This may explain the difference 
in prevalence found. This highlights that future eye care 
efforts should target disadvantaged women in TAPK and 
possibly in other Tibetan areas. Couching for cataract is 
regarded as malpractice in China. This study still found 
10 people who received couching at home. This suggests 
that improvement is needed to improve awareness and 
identify cataract early.

The quality of cataract surgery, as measured by cata-
ract surgical outcomes in TAPK, was better than that 
in other parts of China.6 18 20 However, the proportion 
of good surgical outcome (postoperated VA is better 
than 6/18) is still lower than WHO recommendations, 
which is, with available correction, 80% of the operated 
eyes can see 6/18. Over 40% of the cataract operations 
completed in outreach resulted in ‘cannot see 6/60’, 
with surgical complications noted in a high propor-
tion of those with poor outcomes. This highlights the 
urgent need for further training of cataract surgeons, 
and regular monitoring of cataract surgical outcomes 
in order to improve the quality of the surgeries, partic-
ularly in eye camps.

The most commonly cited barrier to cataract surgery 
was ‘unaware treatment is possible’ which suggests that 
health education may improve uptake of services and 
should be added to the outreach activities. Patients who 
have benefited from surgery could also promote cataract 
services in their communities. Compared with many other 
areas in China where free outreach eye services (2007 in 
Jiangxi and 2015 in Xinjiang)7 18 are not available, the 
barriers of ‘cannot access treatment’ and ‘cost’ were less 
common in TAPK. This could imply that the long- term 
outreach free eye services in TAPK has had an impact on 
reducing these barriers.

This study has some limitations that should be taken 
into account when interpreting the results. The sample 
of this study was randomly selected from the census 
sample frame. However, in practice, we noticed that a 
lower proportion of Han Chinese were selected (data 
not presented) compared with the general population in 
TAPK, which may lead to selection bias. Different find-
ings between Han Chinese and Tibetan were discussed 
above; however, no significant difference was detected in 
the prevalence of cataract VI, barriers to cataract opera-
tions and CSC between Han Chinese and other ethnic-
ities. TAPK has similar diversities to the rest of other 
Tibetan areas in China and allows comparisons to be 
made to these areas; however, results may not be compa-
rable or generalisable to other parts of China. Finally, the 
process of understanding barriers to cataract surgery was 
brief (single question with seven response options), and 
therefore we may not have captured the whole spectrum 
of possible barriers in this population.
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This study also has several strengths. The RAAB survey 
methodology, a recognised survey tool, was followed 
to conduct the survey. Trained local study teams led by 
an ophthalmologist collected data. An IOV study was 
conducted, which found high Kappa agreement between 
the ophthalmologists in eye examination and diagnosis. 
This meant that data collection across the two teams was 
consistent. Simple study tools were used. A door- to- door 
sampling, and rigorous sensitisation was conducted prior 
to the study, which enabled high response rates to be 
achieved.

COnClusIOn
The study detected a low prevalence of VI and BL due 
to cataract in TAPK in Sichuan Province. This prevalence 
was similar to other rural parts of China. Women had 
higher prevalence of cataract and lower CSC although an 
overall high CSC was found in this area compared with 
the other areas in China. Outcomes from cataract surgery 
were poor for 26.1% of people with previous surgery, 
suggesting improvements in surgical training and moni-
toring of surgical outcomes are required.

Author affiliations
1Kham Eye Centre, Kandze Prefecture People's Hospital, Kangding, China
2Zhongshan Ophthalmic Center, Sun Yat- sen University, Guangzhou, China
3State Key Laboratory of Ophthalmology, Zhongshan Opthalmic Centre, Sun Yat- sen 
University, Guangzhou City, China
4Nanchang University Affiliated Eye Hospital, Nanchang University, Nanchang, China
5International Centre for Evidence in Disablility, London School of Hygiene & Tropical 
Medicine, London, UK
6International Centre for Evidence in Disablility, International Centre for Eye Health, 
London School of Hygiene and Tropical Medicine, London, UK
7Nanchang University Affiliated Eye Hospital, Nanchang City, China

Acknowledgements The authors acknowledge the nurses, technicians and drivers 
from Kham Eye Center in Kandze Prefecture People‘s Hospital, for their contribution 
to this extraordinary study in the extremely hard and dispersed areas for travelling 
to collect data.

Contributors BX: study design, training of the study teams, monitoring data 
collection and quality control, data cleaning, analysis as well as manuscript drafting 
and revision. DJ: draft of the manuscript, data analysis and critical revision of the 
manuscript. FJ, LL, HZ, DJ, JY, NY: data collection and valuable contribution to 
the study design. JY, WH: valuable contribution to the study design and revision 
of the manuscript. WH: statistical analysis and helpful revision of the manuscript. 
TB: valuable comments to the manuscript, revision of the manuscript critically for 
important intellectual content and English correction. JLYY: substantial contributions 
to the conception, designing and revision of the manuscript as well as analysis and 
interpretation of the data.

Funding The study is fully funded by Sichuan Provincial Health Bureau Research 
Fund, China (No.150063).

Competing interests None declared.

Patient consent for publication Not required.

ethics approval Ethical approval for this study was obtained from Zhongshan 
Ophthalmic Center, Sun Yat- sen University.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access repository.

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/.

reFerenCes
 1 Flaxman SR, Bourne RRA, Resnikoff S, et al. Global causes of 

blindness and distance vision impairment 1990-2020: a systematic 
review and meta- analysis. Lancet Glob Health 2017;5:e1221–34.

 2 IAPB Vision Atlas. Global data of distance vision impairment from 
vision atlas of IAPB website. Available: http:// atlas. iapb. org/ global- 
burden- vision- impairment/ gbvi- global- estimates- of- distance- vision- 
impairment/ [Accessed 28 Aug 2018].

 3 Khairallah M, Kahloun R, Bourne R, et al. Number of people blind or 
visually impaired by cataract worldwide and in world regions, 1990 to 
2010. Invest Ophthalmol Vis Sci 2015;56:6762–9.

 4 Araújo Filho A, Salomão SR, Berezovsky A, et al. Prevalence of 
visual impairment, blindness, ocular disorders and cataract surgery 
outcomes in low- income elderly from a metropolitan region of São 
Paulo–Brazil. Arq Bras Oftalmol 2008;71:246–53.

 5 Zhou J, Yuan Y, Zhang X, et al. [Prevalence and surgery status of 
cataract among adults aged 60 years or above in two villages of 
Nantong]. Zhonghua Yan Ke Za Zhi 2017;53:514–21.

 6 Zhang X, Li EY, Leung CK- S, et al. Prevalence of visual impairment 
and outcomes of cataract surgery in Chaonan, South China. PLoS 
One 2017;12:e0180769.

 7 Xiao B, Kuper H, Guan C, et al. Rapid assessment of avoidable 
blindness in three counties, Jiangxi Province, China. Br J Ophthalmol 
2010;94:1437–42.

 8 Zhao J- liang, Zhao JL. [The progress in the prevention of blindness in 
China]. Zhonghua Yan Ke Za Zhi 2005;41:697–701.

 9 Cataract sight- restore operation reporting system by China's 
National Health & Family Plan Commission. Available: http:// sys. 
moheyes. com/ [Accessed 25 May 2018].

 10 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;117:16 e1:409–16.

 11 Lei C- tao, Qiao L- feng, Fan Y- chuan, et al. [Rapid assessment of 
avoidable blindness cataract in country Anyue in Sichuan Province]. 
Zhonghua Yi Xue Za Zhi 2013;93:3741–3.

 12 Javitt JC, Taylor HR. Cataract and latitude. Doc Ophthalmol 1994-
1995;88:307–25.

 13 Mao WS, Xu JJ, Zhu SP, et al. [A case- control study of senile 
cataract in Tibet]. Yan Ke Xue Bao 1988;4:199–203.

 14 Song WX. [A survey of senile cataract among Tibetans in Chang- 
Du District, Tibet (author's transl)]. Zhonghua Yan Ke Za Zhi 
1979;15:100–4.

 15 Taylor HR, West SK, Rosenthal FS, et al. Effect of ultraviolet radiation 
on cataract formation. N Engl J Med 1988;319:1429–33.

 16 Hu TS, Zhen Q, Sperduto RD, et al. Age- Related cataract in the Tibet 
eye study. Arch Ophthalmol 1989;107:666–9.

 17 Bassett KL, Noertjojo K, Liu L, et al. Cataract surgical coverage and 
outcome in the Tibet autonomous region of China. Br J Ophthalmol 
2005;89:5–9.

 18 Li Y, Huang W, Qiqige A, et al. Prevalence and causes of blindness, 
visual impairment among different ethnical minority groups in Xinjiang 
Uygur autonomous region, China. BMC Ophthalmol 2018;18:41.

 19 Zhang G, Tham Y- C, Gong H, et al. Blindness, low vision and 
cataract surgery outcome among adults in Hohhot of inner Mongolia: 
a rapid assessment of avoidable blindness (RAAB) study. Br J 
Ophthalmol 2018;102:1653–7.

 20 Xiao B, Guan C, He Y, et al. Cataract surgical outcomes from a 
large- scale micro- surgical campaign in China. Ophthalmic Epidemiol 
2013;20:288–93.

 21 Liu B, Xu L, Wang YX, et al. Prevalence of cataract surgery and 
postoperative visual outcome in greater Beijing: the Beijing eye 
study. Ophthalmology 2009;116:1322–31.

 22 Profile of Tibetan autonomous Prefecture of Kandze in Chinese. 
Available: https:// baike. so. com/ doc/ 5758333- 5971095. html 
[Accessed 12 May 2018].

 23 Dunzhu S, Wang FS, Courtright P, et al. Blindness and eye diseases 
in Tibet: findings from a randomised, population based survey. Br J 
Ophthalmol 2003;87:1443–8.

 24 Community Eye Health. Rapid assessment of avoidable blindness 
manual version 6.0. Available: https://www. cehjournal. org/ resources/ 
raab/

 25 Mathenge W, Nkurikiye J, Limburg H, et al. Rapid assessment of 
avoidable blindness in Western Rwanda: blindness in a postconflict 
setting. PLoS Med 2007;4:e217.

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S2214-109X(17)30393-5
http://atlas.iapb.org/global-burden-vision-impairment/gbvi-global-estimates-of-distance-vision-impairment/
http://atlas.iapb.org/global-burden-vision-impairment/gbvi-global-estimates-of-distance-vision-impairment/
http://atlas.iapb.org/global-burden-vision-impairment/gbvi-global-estimates-of-distance-vision-impairment/
http://dx.doi.org/10.1167/iovs.15-17201
http://dx.doi.org/10.1590/S0004-27492008000200021
http://dx.doi.org/10.3760/cma.j.issn.0412-4081.2017.07.008
http://dx.doi.org/10.1371/journal.pone.0180769
http://dx.doi.org/10.1371/journal.pone.0180769
http://dx.doi.org/10.1136/bjo.2009.165308
http://sys.moheyes.com/
http://sys.moheyes.com/
http://dx.doi.org/10.1016/j.ophtha.2009.11.023
http://dx.doi.org/10.1007/BF01203684
http://dx.doi.org/10.1056/NEJM198812013192201
http://dx.doi.org/10.1001/archopht.1989.01070010684027
http://dx.doi.org/10.1136/bjo.2004.048744
http://dx.doi.org/10.1186/s12886-018-0705-6
http://dx.doi.org/10.1136/bjophthalmol-2017-311633
http://dx.doi.org/10.1136/bjophthalmol-2017-311633
http://dx.doi.org/10.3109/09286586.2013.794901
http://dx.doi.org/10.1016/j.ophtha.2009.01.030
https://baike.so.com/doc/5758333-5971095.html
http://dx.doi.org/10.1136/bjo.87.12.1443
http://dx.doi.org/10.1136/bjo.87.12.1443
https://www.cehjournal.org/resources/raab/
https://www.cehjournal.org/resources/raab/
http://dx.doi.org/10.1371/journal.pmed.0040217


11Jiachu D, et al. BMJ Open 2019;9:e031337. doi:10.1136/bmjopen-2019-031337

Open access

 26 Limburg H, Foster A. Cataract surgical coverage: an indicator 
to measure the impact of cataract intervention programmes. 
Community Eye Health 1998;11:3–6.

 27 Jadoon Z, Shah SP, Bourne R, et al. Cataract prevalence, cataract 
surgical coverage and barriers to uptake of cataract surgical services 
in Pakistan: the Pakistan national blindness and visual impairment 
survey. Br J Ophthalmol 2007;91:1269–73.

 28 Sherchan A, Kandel RP, Sharma MK, et al. Blindness prevalence and 
cataract surgical coverage in Lumbini zone and Chetwan district of 
Nepal. Br J Ophthalmol 2010;94:161–6.

 29 Murthy GVS, Vashist P, John N, et al. Prevelence and causes of 
visual impairment and blindness in older adults in an area of 
India with a high cataract surgical rate. Ophthalmic Epidemiol 
2010;17:185–95.

 30 Li Z, Cui H, Zhang L, et al. Cataract blindness and surgery among 
the elderly in rural southern Harbin, China. Ophthalmic Epidemiol 
2009;16:78–83.

http://dx.doi.org/10.1136/bjo.2006.106914
http://dx.doi.org/10.1136/bjo.2008.155408
http://dx.doi.org/10.3109/09286586.2010.483751
http://dx.doi.org/10.1080/09286580802573193

	Prevalence and service assessment of cataract in Tibetan areas of Sichuan Province, China: population-based study
	Abstract
	Background
	Methods
	Sample size calculation
	Sampling
	Data collection
	VA assessment and eye examination
	Cataract surgical coverage
	Cataract surgery visual outcomes and complications
	Barriers to cataract surgery

	Data analysis
	Prevalence of VI and BL due to cataract

	Cataract surgical coverage
	Cataract surgery visual outcomes and complications
	Barriers to cataract surgery

	Patient and public involvement statement

	Results
	Prevalence of VI and BL due to cataract
	Barriers to cataract surgery
	Cataract surgical coverage
	Cataract surgery visual outcomes and complications

	Discussion
	Conclusion
	References


