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ABSTRACT
Aim To determine the prevalence of blinding eye disease
in Western Australia using a capture and recapture
methodology.
Methods Three independent lists of residents of
Western Australia who were also legally blind were
collated during the capture periods in 2008e9. The first
list was obtained from the state-wide blind register.
A second list comprised patients routinely attending
hospital outpatient eye clinics over a 6-month period in
2008. The third list was patients attending
ophthalmologists’ routine clinical appointments over
a 6-week period in 2009. Lists were compared to identify
those individuals who were captured on each list and
those who were recaptured by subsequent lists.
Log-linear models were used to calculate the best fit and
estimate the prevalence of blindness in the Western
Australian population and extrapolated to a national
prevalence of blindness in Australia.
Results 1771 legally blind people were identified on
three separate lists. The best estimate of the prevalence
of blindness in Western Australia was 3384 (95% CI
2947 to 3983) or 0.15% of the population of 2.25 million.
Extrapolating to the national population (21.87 million)
gave a prevalence of legal blindness of approximately
32 892 or 0.15%.
Conclusion Captureerecapture techniques can be used
to determine the prevalence of blindness in whole
populations. The calculated prevalence of blindness
suggested that up to 30% of legally blind people may not
be receiving available financial support and up to 60%
were not accessing rehabilitation services.

The prevalence of blindness is a fundamental
measure required effectively to target intervention
programmes and to provide hard data against
which progress can be evaluated. Most information
on the prevalence of blindness is derived from blind
registers or sampling surveys.1 2 The conventional
approach to creating blind registers is by voluntary
referrals from general practitioners and ophthal-
mologists. Reports have shown that underreporting
of eligible patients was a significant problem
particularly when there was no evaluation of the
degree of ascertainment.3 4 Alternative methods for
determining the prevalence of blindness have
required sampling surveys of communities or
complete population census data collection.5 6

Captureerecapture techniques were initially
developed to estimate animal populations but have

more recently been used and validated by epide-
miologists to estimate the prevalence of medical
conditions such as postoperative joint infections,
brain injury, diabetes and pertussis in infants.7e11

The method utilises overlapping incomplete lists of
affected individuals collated during repeated
‘capture’ exercises to estimate the size of the
unsampled portion of the population. It also assess
the degree of undercounting.
Our aim was to use captureerecapture method-

ology to determine the true prevalence of blindness
in Western Australia. The results will enable us to
improve the referral process by which people who
are vision impaired are directed to support service
providers, to monitor interventions and to predict
future healthcare needs and costs.

METHODS
Legal blindness in Australia is defined as having
a best corrected visual acuity of LogMAR greater
than 1 or a visual field restriction of less than 108
from central fixation or a combination of both
reduced visual acuity and field loss resulting in the
equivalent level of disability in the better eye.
In this study three separate ‘capture’ lists of

people who were legally blind and resident in
Western Australia (lists A, B and C), were collated
over an 18-month period between April 2008 and
September 2009. Western Australia has four
tertiary-level hospitals including a paediatric
hospital, each with public ophthalmology clinics,
which contributed cases to the study. Both urban
and rural-based consultant ophthalmologists,
general practitioners and an optometrist enrolled
patients in the study. Optometrists or ophthalmic
nurses determined the level of vision loss. The
diagnostic cause of vision loss and legal blindness
status were determined by consultant ophthal-
mologists using full clinical notes, in all cases.
This study was approved by the human research

ethics committees of Curtin University and
participating hospitals.
List A was derived from the blind register held by

the Association for the Blind of Western Australia.
This recorded all individuals who were vision
impaired or legally blind who were either self-
referred, or referred by ophthalmologists, optome-
trists or healthcare providers from anywhere
within the state. It is a voluntary system of referral
and has high diagnostic accuracy with a positive
predictive value of 0.88 for legal blindness status.12
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List B was collated over the 6-month period April to
September 2008. It consisted of patients who were legally blind
attending routine appointments at either public hospital
outpatient eye clinics or selected consultant ophthalmologists’
clinics or who were assessed by an optometrist.

Patients were not enrolled within a 7-day postoperative period.
There were no age limits on being listed as legally blind. Listed
patients gave consent for their identifiers (first name, middle
name, last name, gender and date of birth) to be utilised for the
specific purposes of this study. Patients were enlisted using
standardised forms to record the level and cause of vision loss.

The third data list (C) was collected over a 6-week period
AugusteSeptember 2009. Eligible patients comprised those who
were legally blind and attending either a tertiary hospital
outpatient eye clinic or a consultant ophthalmologist’s rooms or
selected general medical practitioners’ clinics. The methodology,
selection and inclusion criteria were identical for this list as those
for list B and were confirmed by ophthalmologists in all cases.

Deterministic unique matching with clerical review between
lists (A, B and C) was achieved using available identifier fields: date
of birth, gender, first and last names. All legally blind individuals
listed on the blind register (list A) at 30 September 2009, with
residential post codes within Western Australian state boundaries
(post codes 6000e6999) were selected. Individuals with a matched
identity on the state register of deaths, with a date of death before
the end of the collection period were excluded. This facility was
made possible by the Western Australian data linkage unit and
permitted the accurate calculation of outmigration due to deaths
in the blind register population.

Following the identification of the total number of individuals
contained in the three lists and the matches identified between
lists, the data were classified into seven cells of a three-way
contingency table. The table has eight cells (23) with the eighth
cell corresponding to blind individuals who were absent from all
three lists. The data are illustrated in a Venn diagram (figure 1) and
in an incomplete contingency table (table 1). Incomplete contin-
gency tables were used to estimate the number of individuals in
the missing cell of the table using log-linear modelling.13 14

Log-linear modelling
The logarithm of the count in each cell of the table was
modelled as a linear function of terms indicating the presence or

absence on each dimension (list). Pair-wise dependence of lists
can be modelled as interaction terms between the relevant lists.
Explicitly: the log-linear model may be expressed using the

following notation (following Chao et al):14

LogðMa;b;cÞ ¼ u þ uðaÞ þ uðbÞ þ uðcÞ þ uða;bÞ þ uða;cÞ þ uðb;cÞ

Where Ma,b,c represents the expected number of people identified
in the combination of lists given by the indices a, b and c; as the
‘intercept’ term in the linear model, u represents the logarithm
of the number not captured; other terms in the model represent
the influence of relevant list membership (or ‘joint’ membership
for interaction terms) on the expected number in that list (or
combination of lists). It must be assumed that no three-way
interaction term is present, so that the final (unknown) cell can
be determined from the estimates of the main effects and two-
way interaction terms in the model. Seven models were fitted to
the data: one with no interactions (indicating that memberships
of lists were independent of each other), three models with one
two-way interaction term, and three models with two two-way
interaction terms. Models fitted are shown in supplementary
table 2, available online only.

The simplest model (least number of estimated parameters) in
which the deviance indicated an adequate fit (p>0.05, c2

statistic with the appropriate degrees of freedom) was selected
as the best model. The purpose of fitting the model was to
estimate the number of people who were not captured in any of
the lists. This number was estimated for each model, and was
added to the number of people who were present in at least one
list, to obtain an estimate of the total population of blind
people. The 95% CI for the number not captured provide an
indication of the reliability of the final population prevalence
estimate.
Dependencies between source lists appear as statistically

significant interaction terms in the log-linear model. The inter-
action term in the model attempts to correct for any dependence,
and results in a model that fits the observed data better. The
influence of this dependence on the estimate of people not listed
is difficult to predict. However, more confidence can be placed in
estimates that are derived from models that describe the data
well. The interaction terms were included when they provide
a significant improvement to the goodness of fit of the model.
The model coefficients were estimated using the ‘Genmod’
procedure, SAS software program, version 9.1. Other analyses
were carried out using PASW Statistics v18, (Microsoft).
Previous studies of the prevalence of blindness in Australia

have been age restricted (50 years or more) in which blindness is
more frequent.5 15 To compare the estimate of this study with
previous estimates we recalculated the captureerecapture prev-
alence estimates, using the same matrices and models, after
selecting only those people who were blind and aged 50 years or
more, in each of the three collated lists.
All Australian adults who are legally blind are eligible for

financial support in the form of a government pension. For the

Figure 1 Venn diagram showing the distribution of 1771 individuals
who were legally blind, to illustrate the overlap between the number of
people who were blind and identified on each of the three lists: A, blind
register; B, individuals attending routine hospital outpatient eye clinics
2008; and C, individuals attending ophthalmologist or general
practitioner appointments 2009.

Table 1 Contingency table showing the distribution of 1771 individuals
who were legally blind, between three lists

Recapture (C) present Recapture (C) absent

Capture (B)
present

Capture (B)
absent

Capture (B)
present

Capture (B)
absent

Blind register (A) present 5 68 47 1466

Blind register (A) absent 6 79 100 e

A, blind register; B, individuals attending routine hospital outpatient eye clinics 2008; and C,
individuals attending ophthalmologist or general practitioner clinical appointments 2009.
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purposes of validation and comparison, we compared the esti-
mated prevalence of blindness with the total number of blind
pension recipients in the state, during the periods of data
collection for this study. These de-identified data were made
available by the Australian federal government offices of the
Department of Families and Housing, Community Services and
Indigenous Affairs.

RESULTS
This study identified 1771 individuals resident in Western
Australia who were legally blind. There were 721 male and 1050
female individuals ranging in age from 1 year to 106 years at the
end of the data collection period in 2009.

The blind register (list A) contained 1586 individuals who
were confirmed as being alive and resident in the state of
Western Australia. Eleven people on the blind register had
recorded dates of death that could not be confirmed by the state
register of deaths, and all were included in the analysis. Eight
people from list B and one from list C died before the end of the
study period (October 2009), and were not included in the final
analysis. After clerical checking, 46 people on the blind register
were excluded as they had no known residential post code in
Western Australia (6000e6999) and were lost to follow-up.

The mean incidence of people who were legally blind added to
the blind register over the previous 5 years (2004e8) was 320 per
year or a cumulative incidence of 16 per 100 000 population per
year (figure 2A). The combined incidence of legally blind over
the previous 24 years is shown in figure 2B.16

The distribution of people across the three ‘capture’ lists is
shown in figure 1. List B had 158 people who were blind, of
which 100 were not present on either of the other lists (A and
C). Thirty-seven were nursing home residents and of these, five
were matched to people on list A. List C contained 158 people
who were blind, of whom 79 were not present on either list A or
list B. No nursing home residents were identified on list C. Five
people were present on all three lists and six were present on
both list B and list C.
Using log-linear modelling the simplest model, with no

interactions between the three lists, led to a poor fit with the
data (p¼0.021). The model with one interaction term (3)
showed the best fit (deviance 2.63, p¼0.268). The calculated
estimate of the ‘uncaptured’ portion of the blind population was
1613. Together with the previous 1771 ‘captured’, this provided
a best estimate of the total state population of legally blind in
2009 as 3384 (95% CI 2947 to 3983) (see supplementary table 3,
available online only).
An age restricted (50 years or more) population prevalence

estimate was also calculated in the same way (see supplemen-
tary figure 3, available online only). Using the same model (3)
with a single interaction and the best fit (p¼0.142), we obtained
an estimate of the number of people who were blind to be 2859
(95% CI 2470 to 3408) or 0.43% of the state population aged
50 years or more (n¼666 009)17 (see supplementary table 4,
available online only).
Extrapolating these results to a national level, the prevalence

of legal blindness in Australia in 2009 was 32 892 (95% CI 28 645
to 38 715) equivalent to 0.15% of the national population of 21.9
million. The age restricted ($50 years) prevalence of blindness
was 0.4% (95% CI 0.37% to 0.51%).
The estimated prevalence of people who were blind in

Western Australia exceeded both the total number of recipients
of the blind pension (n¼2244) and the number registered for
support with the Association for the Blind of Western Australia
(see supplementary figure 4, available online only).

DISCUSSION
This is the first study that we are aware of to use capture and
recapture mathematics to calculate the prevalence of blindness
in a whole population. We estimated that 3384 (95% CI 2947 to
3983) or 0.15% of the Western Australia population of 2.25
million were legally blind at the end of September 2009. This is
higher than either the number receiving the government blind
pension or those registered for support from the Association for
the Blind of Western Australia.
Comparing this prevalence estimate with previous cross-

sectional Australian studies, we found that the results were
remarkably similar. Both the Melbourne Visual Impairment
Project18 and the Blue Mountains Eye Study5 reported a preva-
lence of legal blindness of 0.5% in the population aged 50 years
or more. This suggests that the captureerecapture technique is
a valid and highly cost-effective method compared with tradi-
tional cross-sectional, population-based surveys for determining
disease prevalence.
The strengths of this study are the moderately stable and

relatively isolated population. It was recently shown that the
Western Australian population is representative of the Austra-
lian population as a whole.19 Therefore, data from this study can
reasonably be extrapolated to the national population of
Australia. All individuals who were legally blind were included in
this estimate, with no age restrictions. A prevalence estimate has
been obtained from a disparate and low prevalence population

Figure 2 (A) Incidence in Western Australia (WA) of individuals who
were registered as legally blind each year and the number of deaths in
this population 2003e8. (B) Incidence of individuals who were legally
blind registered annually in Western Australia per 100 000 population over
24 years. Data from a previous study, Yong et al16 and from this study.
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that is comparable to previous published estimates derived from
large population sampling surveys.

The study was limited by two of the four assumptions of
captureerecapture estimations: equal capture probabilities and
a closed population (no births, deaths or migration). It is
commonly accepted that this later assumption can rarely be
fulfilled in human applications.20 The provision of medical
services in rural Western Australia (geographical area 2.65
million km2) is limited, and as a result data collection from the
very remote regions of the state was low, but not zero. In
addition, people living in residential nursing care facilities,
although not specifically excluded, were less likely to attend
hospital or other clinical appointments and therefore the prob-
ability of being ‘captured’ was not equal when compared with
others in the community. As remotely isolated people and
nursing home residents were previously found to have a higher
prevalence of blindness than the general population6 21e23 this
would result in an underestimation of the true blind population.

These results have shown that relevant government and
community agencies are unaware of many people who are
legally blind. While it is possible that people who are blind may
choose not to claim income support, may be financially inde-
pendent or may not wish to be identified as legally blind, these
results suggest that there may be up to 35% more people who
are legally blind and eligible for financial support than are
currently in receipt of a blind pension in Western Australia. We
also found that only one third of individuals who are legally
blind have ever been referred to or have visited the only provider
of support services in the state, leaving 60% of individuals
without rehabilitation support. Understanding the full extent of
the burden of blindness will help to improve the targeting of
appropriate rehabilitation programmes with special emphasis on
psychological issues, increasing mobility and social connectivity.

This captureerecapture study has shown that it is a relatively
efficient and cost-effective method for the accurate estimation of
the prevalence of legal blindness.
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