
ARTICLE

Geographic variation in cumulative incidence of private
cataract surgery in Australia and its influencing factors: Findings
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PURPOSE: To investigate the geographic variation in the cumulative incidence of private cataract surgery (PCS) and its association
with remoteness, socioeconomic, and private health insurance coverage indexes in a large Australian population.
METHODS: A prospective population-based study of 266,896 Australian adults living in New South Wales (NSW) aged 45
years older and over were enrolled in the 45 and Up Study. PCS was identified using Medicare claims data. Participants were
assigned to a Statistical Area Level 3 (SA3) based on residential postcode in NSW. Cumulative incidence of PCS (number of surgery
per 100,000 population from 2006 to 2016) among 89 SA3s was calculated and standardized to the baseline population.
Remoteness and socioeconomic deprivation was derived from Australian Bureau of Statistics (ABS). Private health insurance
coverage rates were obtained from the baseline interview.
RESULTS: A total of 257,237 participants with complete data were included in the current analysis. During the study period, a total
of 67,707 cataract surgeries were performed among 39,744 participants. Cumulative incidence of PCS varied from 14,897 to 37,314
per 100,000 across 89 SA3s. Multivariable adjusted regression models showed that remoteness index and private health insurance
coverage rates were independently associated with cumulative incidence of PCS (all P < 0.05), while no significant association
between socioeconomic deprivation and cumulative incidence of PCS was observed. Collectively, these three variables explained
52.7% of the geographic variability.
CONCLUSIONS: The geographical variation in the cumulative incidence of PCS calls for interventions targeted at individuals living
in remote areas to reduce the burden of cataract-related vision impairment.
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INTRODUCTION
Cataract remains one of the leading causes of visual impairment
and blindness, posing a significant public health burden and
substantial impacts to the global economy [1]. The effects of visual
impairment from cataract can lead to elevated risk of falls and
bone fractures [2], accidents [3], depression [4], and mortality
[5, 6].
Cataract surgery is currently the only effective intervention and

has become the most frequently performed surgical procedure in
Australia [7]. The volume of cataract surgery has increased globally
in recent decades, with an average annual burden of over US$573
million [8, 9]. The Australian healthcare system is comprised of two
models of care: a public and a private system. The cost of cataract
surgery as a public patient is covered by Medicare and waiting
time for surgery is based on disease severity [10, 11]. Moreover,
patients can also choose to have surgery in a private facility with a
portion of the cost covered by Medicare and an out-of-pocket

expense paid by the patient. These out of pocket expenses can
vary depending on the level of private health cover and the fee set
by the chosen surgeon. In Australia, the private sector plays a
crucial role in cataract management with over 70% of cataract
surgeries performed in private settings [10]. As the population
continues to age, the prevalence of cataract is estimated to
increase dramatically and private settings will play an even more
significant role in the timely delivery of cataract care to minimize
the burden of disease.
Previous research has examined geographic distribution in

cataract surgery in America [12], UK [13], and Canada [14]. However,
little is known about the geographic variation in cataract surgery in
Australia. One study conducted in New South Wales (NSW), Australia
investigated variation in rates of cataract surgery by area of
residence for Aboriginal and non-Aboriginal adults rather than a
standardized regional breakup of Australia [15]. Additionally,
whether cataract surgery rates in Australia differs based on
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remoteness index, socioeconomic status, or private health insurance
coverage is still unclear. This information has the potential to be
valuable for policymakers to optimally allocate resources.
Therefore, the primary aim of this study is to explore the

geographic variation in the cumulative incidence of private
cataract surgery (PCS) in NSW, Australia using Statistical Area
Level 3 (SA3) data from a large cohort study of middle age and
older Australians. The secondary aim is to assess whether the
geographic variation is correlated with remoteness, socioeco-
nomic deprivation, and private health insurance coverage index.

METHODS
Data source
The Sax Institute’s 45 and Up Study is a large-scale Australian cohort study
of 266,896 men and women aged 45 and over, randomly sampled from the
Department of Human Services (formerly Medicare Australia) enrollment
database who were invited by mail to be a part of the study. People 80+
years of age and residents of rural and remote areas were intentionally
over-sampled. The database is a national health care database which
includes all citizens and permanent residents of Australia and some
temporary residents and refugees. The overall response rate was estimated
to be 18% and ~11% of the entire NSW population aged 45 years or older
were included in the final sample. Individuals joined the study by
completing a postal questionnaire (distributed from January 2006 to
December 2009) and providing informed consent for follow-up through
repeated data collection and linkage of their data to national health
databases. The methods of the 45 and Up Study have been described in
details elsewhere [16].
The baseline questionnaire data from study participants were linked to

the Medicare Benefits Schedule (MBS). The MBS database includes data on
all operative procedures performed in the private system for which a
Medicare rebate was claimed. Rebates are not claimed for services
provided within the public system as public hospitals receive funding from
the governments, therefore, participants who underwent cataract surgery
within the public system cannot be identified using the MBS database.
Ethical approval for the 45 and Up Study was granted by the University of
NSW Human Research Ethics Committee. Ethics approval for this study was
granted by the Royal Victorian Eye and Ear Hospital Human Research Ethics
Committee.

Geographic areas
Geographic areas are defined in the Australian Statistical Geography
Standard (ASGS) developed in 2011, which is used to disseminate social,
demographic, and economic statistics based on the concept of a functional
area [17]. ASGS consists of six hierarchical levels; each level aggregates to
the level above and the component units at each level cover the whole of
Geographic Australia without gaps or overlaps. For this study, we chose
SA3s as the hierarchy unit for analysis as these provided a standardized
regional breakup of Australia. The aim of having SA3s is to create a
standard framework for the analysis of Australian Bureau of Statistics (ABS)
data at the regional level through clustering groups of SA2s that have
similar regional characteristics. Each individual was assigned to an SA3
based on his or her residential postcode. A total of 89 SA3s were identified
for the present analysis.

Identification of PCS
Cataract surgeries in private facilities were identified based on the
following MBS item numbers: 42698, 42701, 42702, and 42716 during the
period of 2006 to 2016. In each SA3, we calculated age- and sex-
standardized cumulative incidence of PCS (surgery times per 100,000 from
2006 to 2016) by SA3 using a direct standardization technique to the
baseline 45 and Up Study population in 5-year age and sex groups.

Accessibility/remoteness index of Australia (ARIA)
The ARIA is a standard index of remoteness and accessibility to service
centers in Australia and was developed by the Australian government in
1999 [18]. Geographical areas are given a standardized score (continuous
from 0 to 15) based on the road distance to service towns of different sizes.
Scores for regions are derived by averaging scores of a 1 km2 grid. The
index scores can be classified into major cities (ARIA score: 0–0.20), inner
regional (0.20–2.40), outer regional (2.40–5.92), and remote (5.92–15) areas.

Socioeconomic indexes for areas (SEIFA)
The ABS has developed the SEIFA to allow measurement of relative
socioeconomic status at a small geographic area level. These indexes
include relative socioeconomic advantage and disadvantage (IRSAD),
relative socioeconomic disadvantage (IRSD), education and occupation
(IEO), and economic resources (IER) [19]. It summarizes a range of
socioeconomic variables associated with advantage and disadvantage
such as the proportion of families with high incomes, people with tertiary
education and employees in skilled occupations. Low values indicate areas
that are relatively disadvantaged, and high values indicate areas that are
relatively advantaged. In the current analysis, we used the median IRSAD
value in each SA3 to represent the socioeconomic level given its strongest
relationship with outcome.

Private health insurance coverage rate
Private health insurance coverage rate was obtained from responses
provided during the baseline interview. Health insurance categories
included private with extras, private with no extras, veterans’ card (white
or gold), health care concession card, and others. Private health insurance
coverage rate was defined as the rate of participants who held private
health insurance with or without extras.

Statistical analysis
All statistical analysis was performed using Stata (version 12.0; StataCorp,
College Station, TX). Scatter plots were used to demonstrate substantial
variation in the cumulative incidence of PCS across the SA3s, remoteness,
socioeconomic deprivation, and private health insurance coverage index.
Associations between remoteness, socioeconomic deprivation and private
insurance coverage index, and cumulative incidence of PCS were assessed
using univariate linear regression models. Covariates significantly asso-
ciated with cumulative incidence of PCS were added to multivariable linear
regression models. Statistical significance was defined as a P value of
<0.05.

RESULTS
Of the 266,896 eligible participants at baseline, 7061 with
incomplete registry data such as unknown postcode (4955),
socioeconomic index (2106), and cataract surgery before January
1, 2006 (2598) were excluded from the study, thus yielding
257,237 participants in the analysis. Between 2006 and 2016, a
total of 67,707 cataract surgeries were performed across 39,744
participants. Table 1 illustrates the socioeconomic and private
insurance coverage characteristics of SA3s with the five highest
and five lowest rates for the cumulative incidence of PCS.
The scale of geographic variation of cumulative incidence of

PCS by SA3 can be seen in Fig. 1. SA3s showed a wide variation in
the cumulative incidence of PCS, ranging from 14,897 to
37,314 surgery times per 100,000. Variation was up to 2.5 times
higher when comparing the highest and lowest rates of cataract
surgery. Figure 2 presents the cumulative incidence of PCS by
SA3s index of remoteness. Major city areas have the highest
cumulative incidence of PCS (28,225 surgery times per 100,000),
while the lowest cumulative incidence of PCS was observed in
outer regional (21,126 surgery times per 100,000) and remote
areas (21,409 surgery times per 100,000). Figure 3 shows the
cumulative incidence of PCS over the area’s IRSAD. In general, the
higher the IRSAD score in an SA3 area, the higher the cumulative
incidence of PCS. The cumulative incidence of PCS by SA3 showed
a positive correlation with the IRSAD score (R2= 0.38). A similar
result was observed for private insurance coverage rates (R2=
0.45; Fig. 3).
In univariable linear regression models, remoteness index,

socioeconomic deprivation, and private health insurance coverage
were significantly associated with cumulative incidence of PCS,
respectively (all P values < 0.05, Table 2). After adjusting for these
covariates, the multivariable adjusted model showed that
remoteness index and private health insurance coverage rates
were independently associated with the cumulative incidence of
PCS (all P < 0.05), while the significant positive association
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between socioeconomic deprivation and cumulative incidence of
PCS diminished after multiple adjustments (P= 0.192). Collec-
tively, these three covariates explained 52.7% of geographic
variability in the cumulative incidence of PCS (R2= 0.527).

DISCUSSION
In this large analysis of an Australian population, we found a wide
geographical variation in the cumulative incidence of PCS.
Moreover, we also found that lower cumulative incidence of PCS
existed in more remote areas when compared to major city areas.
Greater private health insurance coverage rate was associated
with the higher cumulative incidence of PCS. These results
suggest that interventions targeted at individuals living in remote
and disadvantaged areas are required to increase the cumulative
incidence of PCS and reduce the burden of cataract-related vision
impairment.
We found a difference of more than double between the lowest

(Broken Hill and Far West) and highest (Newcastle) cumulative
incidence of PCS. It is unclear why this SA3 has such high

cumulative incidence of PCS, possibly due to higher service
provider density and several patient’s factors (e.g., visual demands
and motivation for surgery), eye care policy-related factors (e.g.,
promotion of cataract surgery), and environmental factors specific
to that particular SA3 (e.g., UV exposures, smoking rates).
Although a considerable geographic variation in cataract surgery
was observed in America [12], UK [13], and Canada [14],
differences in study design, cataract surgery definition (public or
public and PCS), and health insurance systems make direct
comparisons difficult. However, these studies all stressed the
importance of varied access and private surgery settings on the
wide variation in cataract surgery rates. According to a recent
Australian statistic, over 70% of cataract patients had their

Fig. 1 SA3 cumulative incidence of private cataract surgery,
plotted from highest to lowest. A wide variation in cumulative
incidence of private cataract surgery exists, ranging from 14,897 to
37,314 surgery times per 100,000.

Fig. 2 Cumulative incidence of private cataract surgery by index
of remoteness. Major city areas have the highest cumulative
incidence of private cataract surgery, while the lowest cumulative
incidence of private cataract surgery was observed in outer regional
and remote areas.

Table 1. Socioeconomic and private insurance coverage characteristics of SA3s with the five highest and lowest cumulative incidence of private
cataract surgery.

SA3 name Cumulative incidence of private cataract
surgery (surgery times per 100,000)

Index of RSAD Index of remoteness Private insurance
coverage rate (%)

Top five

Newcastle 37,314 1004 major city 66.2

Lake Macquarie - East 35,793 1021 major city 66.7

Port Stephens 34,869 974 inner region 62.2

North Sydney - Mosman 34,308 1133 major city 87.9

Warringah 34,284 1117 major city 79.6

Lowest five

Broken Hill and Far West 14,897 889 outer region 54.8

Lord Howe Island 16,805 1004 remote 59.0

Lachlan Valley 16,953 959 outer region 55.4

Dapto - Port Kembla 17,979 950 major city 54.3

Bourke-Cobar-
Coonamble

18,061 936 remote 53.0

SA3 statistical area level 3, RSAD relative socioeconomic advantage and disadvantage.
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surgeries in private facilities [10]. The shorter median waiting time,
more flexible choices of surgeons and hospitals, and availability of
bilateral cataract operations within 1 month have attributed to the
dominant preference for private facilities to conduct cataract
surgery in Australia [17].
Our multivariable model considering index of remoteness,

socioeconomic deprivation, and private insurance coverage found
a significant gradient decrease in the cumulative incidence of PCS
in more remote areas, ranging from 21,126 surgery times per
100,000 in outer regional areas to 28,225 surgery times per
100,000 in major city areas. It was not surprising that when the
residential distance from a large urban area increased, the density
of private hospitals and access to private health care might
decrease and this would impact on privately operated cataract
surgeries. We also found the significantly lower cumulative
incidence of PCS in areas with lower private health insurance
coverage rates in the multivariable adjusted model. A reduced
out-of-pocket payment for cataract surgery could have the
potential to drive cataract patients to undergo surgery in private
settings. After multiple adjustments, the socioeconomic depriva-
tion was no longer significantly associated with the cumulative
incidence of PCS in SA3s. The similar levels of cumulative
incidence of PCS for those with disadvantaged socioeconomic
status compared with those with more advantaged socioeco-
nomic status likely reflect concerted efforts to improve access to
private eye care services in disadvantaged participants in NSW
(e.g., private–public partnership clinics) [18]. Of note, these three
covariates collectively explained 52.7% of geographic variation in
the cumulative incidence of PCS, other factors, such as UV light
exposure, education, employment, number of ophthalmologist or
optometrist, and lifestyle factors among different SA3s may also

explain the geographic variation in the cumulative incidence of
PCS. Further studies are needed to investigate the potential causes
for this geographic variation.
A major strength of this study is the large sample size which

enabled comparison of surgery rates among various SA3s. The use
of Medicare standardized item codes reduces the potential for
coding errors across different systems. However, there are several
limitations. Firstly, we did not have access to clinical information
such as visual acuity threshold for cataract surgery, cataract
severity, and visual needs of patients. These variables may affect
the volume and the timing of performing cataract surgery.
Secondly, the participants’ statistical areas of residence were
based on the baseline questionnaire and we could not account for
participants who may have moved away or died during the study
period. Thirdly, we did not have information on aboriginal status
which is likely to contribute to the variation of cataract surgery
rates based on previous studies [15]. Fourthly, the availability of
public cataract surgery might affect geographical variation in the
cumulative incidence of PCS. Nevertheless, private settings have
played a significant role in the timely delivery of cataract care to
minimize the burden in Australia, as a recent statistic shows that
over 70% of cataract patients had their surgeries in private
facilities. Therefore, the effects of the variation of the public
cataract surgery on our findings may be trivial. Last but not the
least, the participation rate of 18%, and known sample biases (e.g.,
under-representation of CALD persons) means that great care
should be taken if generalizing these results to the general
population.
In conclusion, a considerable geographical variation in the

cumulative incidence of PCS and its correlation with remoteness
index and private health insurance coverage indicate that

Fig. 3 Cumulative incidence of private cataract surgery over areas of relative socioeconomic advantage and disadvantage (left) and
private health insurance coverage rage (right). The cumulative incidence of private cataract surgery by SA3 shows a positive correlation with
the index of relative socioeconomic advantage and disadvantage (R2= 0.38) and private health insurance coverage rates (R2= 0.45). Each
point represents an SA3. The solid line represents the fitted line and shaded areas represents 95% confidence intervals.

Table 2. Univariable and multivariable regression model for remoteness, socioeconomic, and private health insurance coverage rate with cumulative
incidence of private cataract surgery.

Univariable models Multivariable model

Coefficient (95% CI) P value Coefficient (95% CI) P value

Index of remoteness

Major city Reference Reference

Inner regional −3734.9 (−5895.7, −1574.1) 0.001 −2410.0 (−4397.6, −422.3) 0.018

Outer regional −6902.6 (−10325.6, −3479.5) <0.001 −4687.9 (−7770.5, −1605.3) 0.003

Remote −10741.1 (−17241.8, −4240.4) 0.001 −8645.2 (−13875.7, −3414.7) 0.001

Index of RSAD 48.1 (35.3, 60.9) <0.001 −20.5 (−51.4, 10.5) 0.192

Private insurance coverage rate 283.4 (217.2, 349.6) <0.001 331.5 (177.2, 485.8) <0.001

CI confidence interval, RSAD relative socioeconomic advantage and disadvantage.
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interventions targeted at individuals living in remote and
disadvantaged areas are required to help reduce the burden of
cataract-related visual impairment in NSW, Australia.

Summary
What was known before

● Previous research has reported a wide geographic variation in
cataract surgery in America, UK, and Canada. While little is
known about the geographic distribution in cataract surgery
in Australia.

What this study adds

● A wide geographical variation in the cumulative incidence of
private cataract surgery (PCS) was observed in an Australian
population.

● Cumulative incidence of PCS was significantly correlated with
remoteness index and private health insurance coverage.
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