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Objective: The aim of the current study was to explore the spatial and temporal distribution 
characteristics of registered cases of cataract surgery in China from 2013 to 2017.
Methods: A database for spatial analysis of cataract surgery in China in 2013–2017 was 
established using ArcGIS10.0 software as a platform for data management and presentation. 
Spatial autocorrelation analysis of cataract surgery was undertaken, and temporal and spatial 
scan analysis was done using SaTScan 9.5 software.
Results: From 2013 to 2017, annual cataract surgery rates (CSRs) in China were 1200, 
1400, 1782, 2070, and 2205 per 1 million population, indicating a gradually increasing trend. 
Local Moran’s I autocorrelation analysis showed that there was spatial clustering of CSR in 
China, with Anhui being a low-high clustering region. Findings of global hotspot analysis 
Getis-Ord General G showed that General G index of national CSR was <0.01, Z = 1.12, P = 
0.26. Findings of staged spatial-temporal scan analysis indicated that 18 areas of aggregation 
were found in 2 stages. Observed differences in each clustering area were statistically 
significant (P < 0.05).
Conclusion: CSRs in China showed increasing trend year by year and were randomly 
distributed, with spatial clustering, and Anhui was reported as a low-high clustering region. 
However, high-risk areas still persist, requiring focused attention and targeted prevention and 
control measures.
Keywords: cataract surgery, geographic information system, spatial autocorrelation analysis, 
spatiotemporal analysis

Introduction
Cataract is the leading cause of blindness, and CSR (the number of cataract 
surgeries performed annually per million population) is used as a proxy indicator 
of access to cataract services in a country.1,2 Global data published by the World 
Health Organization (WHO) 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.3

China is still among 30 countries with a high burden of cataract surgery world-
wide, with new cataracts being diagnosed yearly.2 Incidence of cataract is related to 
the geographical, economic, and demographic environment of the region where it is 
located.1,4 CSR varies greatly from country to country, and even within countries.5,6 

Therefore, exploration of spatial distribution characteristics and prevalence 
trends of cataract surgery is important to prevent cataract blindness in China.

Geographic Information System (GIS) is a technical system based on geospatial 
database and supported by computer hardware and software systems to collect, 
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store, manage, compute, analyze, display, and describe 
relevant geographical distribution of data in space.7 Use 
of GIS enables convenient description and analysis of 
spatial and temporal distribution patterns of population 
diseases, health, and health events.8 In addition, GIS 
enables exploration of factors affecting health status of 
specific populations, which helps in disease prevention 
and control, health promotion, and health services.9,10

In the current study, the spatial distribution and cluster-
ing of cataract surgery registrations at provincial level in 
China from 2013 to 2017 were analyzed using GIS tech-
nology as well as spatial and temporal scanning analyses. 
This provided the basis for further studies of treatment and 
prevention of cataract blindness as well as formulation of 
optimization strategies.

Methods
Source of Information
The national cataract surgery registration report of 2013– 
2017 was obtained from the China network of National 
Blindness Prevention and Treatment (http://www. 
moheyes.com/), which collected statistical data from the 
Cataract Revision Surgery Information Reporting System 
from 2013–2017 and estimated the cataract surgery rate 
(CSR) per 1 million population in each province (munici-
pality directly under central government and autonomous 
region). Permission to conduct the current study was 
obtained from the China network of National Blindness 
Prevention and Treatment. The national provincial vector 
map (1:1.6 million) was used as base map, and the same 
number was created for each province (municipality and 
autonomous region) in the layer by referring to the number 
in attribute database. Collated CSRs were correlated and 
matched with numbers in the base map to create 
a complete spatial analysis database.

Research Methods
Spatial Autocorrelation Analysis
Global Moran’s I index and local Moran’s I index were 
used to explore spatial autocorrelation of CSRs in the 
study area.11 A spatial weight matrix was generated 
based on geographic proximity of the national provincial 
administrative divisions using the inverse distance-based 
spatial conceptualization method. Global Moran’s I index 
and local Moran’s I index were computed using ArcGIS 
10.0 software based on defined weight matrix.12 When the 
correlation is high, that is, the phenomenon of spatial 

aggregation and distribution is significant; I<0 indicates 
a negative correlation, with smaller values reflecting weak 
correlation. When I tend towards 0, spatial distribution 
shows random distribution. For statistical test of Moran’s 
I, test statistic Z-values are used to approximate normal 
distribution under random conditions, with P<0.05 indicat-
ing statistically significant differences. Global spatial auto-
correlation determined whether research objects showed 
clustering distribution in general, whereas local spatial 
autocorrelation described correlation between CSR in 
each province (municipality directly under central govern-
ment or autonomous region) and its neighboring provinces 
(municipality directly under central government or auton-
omous region). Local spatial autocorrelation also identified 
specific clustering regions and clustering patterns, in 
which low-high clustering and low-low clustering were 
defined as a high-risk area.13

Hotspot Analysis Getis-Ord G
The presence of “positive hotspot” or “negative hotspot” 
in the whole study area was detected using global 
G statistic. G>0 and P<0.05 indicated high-value agglom-
erations in the study area, whereas G<0 and P<0.05 indi-
cated low-value agglomerations in the study area.14 

Comparisons of high-value agglomerations or low-value 
agglomerations between each province (municipality 
directly under central government or autonomous region) 
and neighboring provinces (municipality directly under 
central government or autonomous region) were under-
taken using Local G statistic. Z>1.96 indicated existence 
of high-value agglomerations in and around spatial unit I, 
whereas Z<-1.96 indicated existence of low-value agglom-
erations in and around spatial unit I.15

Spatiotemporal Scan Analysis
To accurately describe characteristics of the spatiotem-
poral agglomeration distribution of the cataract surgery 
rate on the basis of spatial autocorrelation analysis, year 
2016 was considered the starting year of the 13th Five- 
Year Plan (2016–2020) in China. The period 2013–2017 
was divided into two phases: 12th Five-Year Plan (2013– 
2015) and 13th Five-Year Plan (2016–2017).16 

Aggregation analysis was undertaken using SaTScan 9.5 
software, whereas visualization of results was undertaken 
using ArcGIS 10.0 software.17 Furthermore, the spatial 
distribution of cataract surgery registration rate data from 
2013–2017 was visualized in 31 provinces (municipalities 
and autonomous regions) across China. Natural 
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segmentation desktop window ArcMap of ArcGIS 10.0 
software was used to categorize the average annual regis-
tration rate of cataract surgery in each province, and rank 
classification was chosen, with color from light to dark 
indicating registration rates from low to high. SaTScan 9.5 
software is based on statistics of spatially dynamic win-
dow scans, and applies several scanning circles to detect 
spatial clustering of diseases in the study area, where size 
and position of windows are dynamic. Log likelihood ratio 
(LLR) of spatial units inside and outside the dynamic 
window was computed to make statistical inferences. 
LLRs of scanned circles were ranked from largest to 
smallest, with larger and statistically significant LLR 
values indicating that the region contained under the win-
dow was the most likely region to be aggregated.18 The 
first aggregated region had the largest LLR value, and 
the second aggregated region had smaller LLR value, 
indicating that it is less likely to be a spatially aggregated 
region compared with the first aggregated region. 
Spatiotemporal scan analysis in the current study used 
Poisson distribution model in the SaTScan 9.5 software. 
Scan clustering was in the form of high-value clustering, 
whereas number of Monte Carlo simulation tests was set at 
999, and temporal clustering interval was set at 1 year.19

Results
Spatial Distribution of Registered Cases 
of Cataract Surgery
Findings of the current study showed that the rates of 
cataract surgery for the five years during 2013–2017 
were 1200, 1400, 1782, 2070, and 2205 per 1 million 
population nationwide (Table 1). Anhui Province, 
Xinjiang Uygur Autonomous Region, Hubei Province, 
Ningxia Hui Autonomous Region, and Guangxi Zhuang 
Autonomous Region had the lowest CSR levels and were 
ranked in Level 1. Most other provinces (municipalities 
directly under the Central Government and autonomous 
regions) had registration levels in Levels 2 to 4, with 
Shanghai, Tianjin, Beijing, Jiangsu Province, Tibet 
Autonomous Region, Chongqing, and Sichuan Province 
having the highest CSR levels and ranking in Level 5 
(Figure 1).

Spatial Autocorrelation Analysis
(1) Global spatial autocorrelation analysis: Findings of 
Moran’s I global spatial autocorrelation analysis of 
national cataract surgery CSR from 2013–2017 showed 

that the annual Moran’s I index interval was in the range 
of −0.072287 to 0.04323 with mean P>0.05. 
Autocorrelation was not statistically significant at regional 
scale, indicating no positive spatial correlation among 
national CSR (Table 2).

(2) Local spatial autocorrelation analysis: Local 
Moran’s I autocorrelation analysis showed that there was 
spatial clustering of cataract surgery in China, with Anhui 
being a low-high clustering region (Figure 2).

(3) Global hotspot analysis and local hotspot analysis: 
Findings of global hotspot analysis Getis-Ord General 
G showed that General G index=0.000001, Z=1.124960, 
P=0.260606 for average annual registration rate of cataract 
surgery nationwide, indicating that cataract surgery rate 
was not statistically significant at regional level of correla-
tion. Furthermore, there were no “positive hot” and “nega-
tive hot” areas, an indication that Anhui is low-high 
concentration area (Figures 3 and 4).

Time and Spatial Scan Analysis
Time and spatial scan analysis of national cataract surgery 
rate from 2013 to 2017 was undertaken in two stages.18 

Clustering regions were found in the two stages. Observed 
differences in each clustering area were statistically sig-
nificant (all P<0.05; Table 3). The first level of clusters 
from 2013 to 2025 was largest in 2015, involving only 
Xinjiang, whereas second and third levels of clusters were 
mainly distributed in northeast (Jilin) and northwest 
(Ningxia, Qinghai, Gansu) of China. Clustering areas of 
registered cases of cataract surgery in China in the 13th 
Five-Year Plan period varied greatly compared with the 
12th Five-Year Plan period. First agglomeration areas were 
east and central coastal 11 provinces and cities (Shandong, 
Henan, Jiangsu, Anhui, Hubei, Zhejiang, Jiangxi, Fujian, 
Tianjin, Hebei, and Shanghai), whereas second and third 
agglomeration areas were three northwestern provinces 
and autonomous regions (Xinjiang, Qinghai, and Gansu). 
In summary, cataract surgery registry in China had shifted 
to the eastern region since the 13th Five-Year Plan 
(Figure 5).

Discussion
Previous studies reported that accurate analysis of spatial 
distribution characteristics can reveal the distribution pat-
terns and factors that influence CSR, and propose effective 
measures to prevent and treat blindness.16–18 Findings of 
the current study established that GIS uses its spatial 
analysis technique to explore spatial and temporal 
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distribution patterns of cataract surgery in each province 
from time and space perspectives, and to explore “hot-
spots” where cataract surgery is undertaken. Temporal, 
spatial, and social factors are crucial in promotion of 
cataract surgery in China. Therefore, the distribution status 
of cataract surgery rates in different regions also shows 
some spatial heterogeneity.19,20 The current study analyzed 
spatial and temporal characteristics of registered cases of 
cataract surgery in China from 2013–2017 at provincial 
level. The spatial distribution map of average annual sur-
gery rates showed that national cataract restoration surgery 
rates for the five years 2013–2017 were 1200, 1400, 1782, 
2070, and 2205 per 1 million population, indicating 
a gradually increasing trend. This trend may be explained 

by economic development of China. Moreover, the high 
level of CSR in this period may be explained by the 
implementation of a national cataract surgery prevention 
and control policy.21 The National Cataract Surgery 
Prevention and Treatment Plan (2001–2010) proposed 
that efforts for cataract surgery prevention and treatment 
had been intensified from national to provincial level.22,23 

The highest CSR in each province (municipality directly 
under the central government and autonomous region) was 
observed in Shanghai, where the 5-year average CSRs 
value is classified into five levels according to the natural 
breakpoint hierarchy. Qinghai Province, Heilongjiang 
Province, Anhui Province, Xinjiang Uygur Autonomous 
Region, Hubei Province, Ningxia Hui Autonomous 

Table 1 Spatial Distribution of CSR

Ranking Province (District, City) 2017 2016 2015 2014 2013

1 Shanghai 4251 (24.48) 4822 (24.67) 4442 (24.58) 3807 (24.67) 3073 (24.66)
2 Tianjin 2337 (14.10) 2164 (14.29) 1920 (14.39) 1766 (14.43) 1484 (14.10)

3 Jiangsu 2051 (84.23) 1911 (83.81) 1669 (83.15) 1544 (82.81) 1225 (81.92)

4 Sichuan 1971 (82.89) 1685 (82.51) 1683 (81.96) 1387 (81.39) 1049(81.09)
5 Chongqing 1879 (30.11) 1838 (30.43) 1931 (30.70) 1315 (31.10) 1196 (31.44)

6 Tibet Autonomous Region (Xizang) 1811 (3.17) 1755 (3.25) 1676 (3.30) 1829 (3.40) 1106 (3.49)

7 Beijing 1735 (21.25) 1278 (21.71) 1840 (21.88) 2319 (21.95) 1934 (21.94)
8 Jinlin 1733 (25.26) 1373 (25.67) 1057 (26.13) 467 (26.42) 339 (26.68)

9 Liaoning 1731 (43.12) 1439 (43.27) 1110 (43.38) 961 (43.58) 814 (43.65)
10 Shandong 1720 (100.3) 1562 (99.73) 1166 (98.66) 1261 (98.08) 1080 (97.46)

11 Hunan 1687 (66.33) 1380 (66.25) 1138 (66.15) 970 (66.11) 969 (66.0)

12 Hainan 1682 (9.72) 1258 (9.57) 1587 (9.45) 1498 (9.36) 1317 (9.2)
13 Shanxi 1563 (35.1) 1233 (35.14) 1289 (35.19) 1149 (35.28) 1047 (35.35)

14 Gansu 1539 (25.22) 1084 (25.20) 1002 (25.23) 597 (25.31) 605 (25.37)

15 Shanxi 1532 (39.04) 1382 (38.74) 1394 (38.46) 1218 (38.27) 884 (38.04)
16 Yunnan 1526 (46.93) 1340 (46.77) 946 (46.63) 1199 (46.53) 1154 (46.41)

17 Zhejiang 1507 (61.70) 1355 (60.72) 1204 (59.85) 1165 (58.90) 756 (57.84)

18 Guangdong 1492 (121.4) 1590 (119.08) 1261 (116.78) 1337 (114.89) 1031 (112.7)

19 Fujiang 1441 (40.65) 1604 (40.16) 1460 (39.84) 1183 (39.45) 1010 (38.85)

20 Guizhou 1440 (38.03) 938 (37.58) 642 (37.08) 587 (36.77) 454 (36.32)

21 Xinjiang Uygur Autonomous Region 1342 (22.85) 759 (23.25) 871 (23.85) 330 (24.28) 258 (24.8)
22 Inner Mongolia Autonomous Region 1280 (24.55) 1186 (24.49) 1014 (24.4) 677 (24.36) 674 (24.33)

23 Jiangxi 1111 (45.11) 1020 (44.96) 1035 (44.85) 863 (44.8) 714 (44.76)

24 Hebei 1066 (74.09) 1181 (73.75) 917 (73.45) 976 (73.23) 740 (72.88)
25 Guangxi Zhuang Autonomous Region 1065 (47.31) 826 (47.7) 801 (48.11) 530 (48.57) 586 (49.07)

26 Henan 978 (98.29) 1311 (97.78) 548 (97.01) 899 (96.45) 523 (95.73)

27 Heilongjiang 820 (33.99) 596 (34.63) 657 (35.29) 600 (36.08) 530 (36.66)
28 Anhui 816 (60.57) 733 (60.33) 714 (60.11) 674 (59.97) 583 (59.88)

29 Ningxia Hui Autonomous Region 807 (6.66) 923 (6.78) 586 (6.84) 610 (6.95) 741 (7.05)

30 Qinghai 793 (5.86) 530 (5.82) 419 (5.77) 475 (5.76) 615 (5.71)
31 Hubei 763 (59.04) 732 (58.85) 673 (58.5) 695 (58.16) 752 (57.98)

Nationwide 2205 (1391.3) 2070 (1386.89) 1782 (1380.97) 1400 (1377.28) 1200 (1371.36)

Note: Eg: 4251 (24.48)=CSR 4251 per 1 million population (Population 24.48 million). 
Abbreviation: CSR, cataract surgery rates.
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Region, and Guangxi Zhuang Autonomous Region had the 
lowest CSR levels and were classified in first level. This is 
mainly due to minority residential areas, whereas most of 
the other provinces (municipalities directly under the cen-
tral government and autonomous regions) were in 
the second to fourth levels of registration. Shanghai, 
Tianjin, Beijing, Jiangsu Province, Tibet Autonomous 
Region, Chongqing, and Sichuan Province had the highest 

CSR. This fifth ranking is partly due to the high level of 
local economic development and policies to prevent and 
treat blindness. The Chinese government has recently 
taken a leading role in preventing and treating blindness 
by implementing several programs to prevent and treat 
cataracts, where significant progress has been made. 
However, prevention and treatment of blindness is a long- 
term task involving livelihoods of people, and it is not 
enough to rely only on implementation of some projects to 
sustainably solve the problem of blindness with cataract in 
China. There is a need to focus on establishing long-term 
mechanisms and networks for prevention and treatment of 
blindness, as well as promotion of ophthalmology institu-
tions at all levels to meet challenges due to increasing 
cataract blindness resulting from population growth and 
aging.24

The current study showed that there was no positive 
spatial correlation between registration rates of cataract 
surgery in China during 2013–2017. Local spatial 

Figure 1 Spatial distribution of average annual registration rates for cataract surgery nationwide, 2013–2017.

Table 2 Results of Global Spatial Autocorrelation Analysis of 
Registration Rate of Cataract Surgery in China, 2013–2017

Year Moran’s I Exponent Z Score P-value

2013 −0.021709 −0.021709 0.880818
2014 0.04323 −0.125752 0.899928

2015 −0.056649 −0.329323 0.741912

2016 −0.043564 −0.156376 0.875736
2017 −0.072287 −0.520712 0.602568

Mean −0.044957 −0.165436 0.868601
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autocorrelation analysis showed spatial clustering of catar-
act surgeries in China, with Anhui being a low-high clus-
tering region. Furthermore, global hotspot analysis Getis- 
Ord General G showed no “positive hotspots” or “negative 
hotspots”, whereas local autocorrelation analysis showed 
that Anhui was a low-high concentration region, which 
was attributed to the irrational allocation of ophthalmic 
resources in the region. The current study established that 
ophthalmology institutions, surgical equipment, and 
ophthalmology technology were not well distributed, 
which prevented many rural and remote areas from receiv-
ing timely cataract treatment, which is among reasons why 
CSR could not be improved quickly. Ophthalmology 
resources had been allocated rationally, and capacity of 
comprehensive ophthalmology services at the basic level 
was inadequate.1 This is either because of lack of neces-
sary facilities, or existing facilities were too old to be used 
properly.25,26 In addition, lack of enough skilled personnel 
to provide services using equipment could explain 

inadequate capacity of comprehensive ophthalmology ser-
vices at basic levels.26,27 These require government and 
ophthalmology academic groups to urgently set standards 
for ophthalmology facilities and services at grassroot 
levels, strengthen ophthalmology human resource devel-
opment and appropriate training, develop counterpart sup-
port from ophthalmology resource-rich areas to rural and 
remote areas, and effectively strengthen capacity of com-
prehensive ophthalmology services at the county level to 
increase CSR.

Spatial autocorrelation analysis determines presence of 
local agglomeration around an area, but not size and extent 
of agglomeration.28,29 Spatiotemporal scan analysis com-
pensates for this shortcoming.29 The current study applied 
staged spatial and temporal scan analysis to registered 
cases of cataract surgery in 2013–2017. Findings showed 
that 18 areas of aggregation were found in 2 stages, and 
differences observed in each area of aggregation were 
statistically significant, with particularly clear scope of 

Figure 2 Local spatial autocorrelation analysis of national annual average cataract surgery rates, 2013–2017.
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aggregation. First level of agglomeration was the largest in 
2015, involving only Xinjiang. Second and third levels of 
aggregation were mainly located in northeast (Jilin) and 
northwest (Ningxia, Qinghai, and Gansu) of China. 
Findings of the current study showed that clustering 
areas of CSR in China varied greatly during the 13th Five- 
Year Plan period compared with the 12th Five-Year Plan 
period. Cataract surgery registered cases in China shifted 
to the eastern region since the 13th Five-Year Plan. In 
addition, phased time and space scan analyses established 
that the number of clustering areas in the two stages 
tended to decrease gradually, and clustering areas in 
the second stage decreased significantly compared with 
the previous stage, which indicated that the overall burden 
of cataract surgery in China is decreasing, and prevention 
and treatment of cataract surgery has improved. This bur-
den is related to economic level, scientific education, and 
social efforts to prevent blindness.1 Many people still have 
misconceptions about cataracts that cause blindness, and 

believe that it is “natural” for the elderly to be blind, which 
makes them and their children reluctant to receive 
treatment.24–26 Some patients believe that they need to 
find the best “experts” and use the best equipment and 
materials for the operation, reportedly because some grass- 
roots ophthalmology institutions cannot offer adequate 
expertise, which has aggravated the phenomenon of “dif-
ficult and expensive medical treatment” in urban 
hospitals.24,30

However, this study also contains several limitations. 
Firstly, the CSR included all surgeries performed in the 
total population irrespective of visual acuity or degree of 
visual impairment prior to the surgery, and therefore CSR 
did not necessarily reflect a needs-based provision of ser-
vices. Secondly, the CSR data did not incorporate other 
significant outcomes such as visual acuity restoration rate, 
as well as the cataract surgical coverage among the catar-
act blind. It did not reflect actual disease burden comple-
tely. Thirdly, CSR data in 2018–2020 were not available 

Figure 3 Local hotspot analysis of national annual average cataract surgery rates, 2013–2017.
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for the reports from the China network of National 
Blindness Prevention and Treatment, and most data from 
this organization did not specify the methodology for data 
collection. Although we identified established cataract sur-
gery registry systems in China, most of these did not 
publish their data collection procedures. As a result of 
this, the accuracy of CSR data from these sources cannot 
be verified.

In conclusion, the current study established that CSR in 
China from 2013 to 2017 showed an increasing trend year 
by year. Average annual cataract surgery rates in all pro-
vinces (autonomous regions and municipalities directly 
under the central government) were randomly distributed, 
with some degree of spatial aggregation. Staged spatio-
temporal scan aggregation area decreased gradually, and 

cataract surgery prevention and control work has made 
some progress. However, high-risk areas still persisted, 
requiring focused attention and targeted prevention and 
control measures. Therefore, government should further 
strengthen prevention and treatment of blindness, espe-
cially prevention and treatment of cataract blindness. In 
addition, government should further improve rational allo-
cation of ophthalmology resources (ophthalmology institu-
tions, surgical equipment, and ophthalmology technology), 
and strengthen scientific propaganda and education. The 
current study also recommends that CSR should be 
focused on as an important indicator to evaluate progress 
of prevention and treatment of cataract blindness in each 
region, and seek support from all social services (Red 
Cross, private eye care institutions, Lions Clubs) to form 

Figure 4 Local hotspot analysis of high/low clustering for national average annual cataract surgery rates, 2013–2017.
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government-led, multi-agency coordination mechanisms. 
Moreover, government should implement financial com-
pensation mechanisms such as government remission. 
Non-governmental organizations, charitable groups, enter-
prises, and individuals should be lobbied to participate in 
various ways. In addition, hospitals, at all levels, should be 
encouraged to offer appropriate reductions or waivers 
within their means, in order to build more sustainable, 
low-cost and high-efficiency blindness prevention and 
treatment systems.
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