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Should we be worried about glaucoma?
Why the prevalence of glaucoma is variably
reported

Anthea Worley and Karen Grimmer-Somers

Centre for Allied Health Evidence, University of South Australia, City East Campus, North Tce, Adelaide,
SA 5000, Australia

Aim: This paper reports on a recent review of the prevalence of glaucoma, and
identifies factors that impact on its variable reporting. Background: Glaucoma is a
recognized chronic degenerative health problem worldwide, in which approximately
two-thirds of sufferers are undiagnosed. Therefore it is important to better quantify
glaucoma prevalence to plan adequate resources for effective risk screening, diag-
nosis, management and prevention. Accurate prevalence data also assist in deter-
mining the nature of relationships between glaucoma and putative risks. Methods: A
comprehensive search of peer-reviewed databases was conducted to identify and
critically appraise secondary evidence published between 2002 and 2007. Glaucoma
definitions, prevalence, incidence and risk factor data were extracted and compared in
the context of their population descriptors. Findings: There was no standard defini-
tion of glaucoma or standard population descriptors (age, ethnicity, country) utilized
by either the primary studies included in the secondary evidence or as inclusion cri-
teria in the secondary evidence. Prevalence for glaucoma of between 1-4% was
commonly reported. Despite this, the influence of age and ethnicity on glaucoma pre-
valence within specific populations was repeatedly highlighted. There was consistency
across studies of the decreased risk of white (European) populations compared with
other ethnic groups. There was an exponential increase in prevalence of glaucoma over
decades of increasing age. There were limited Australian data; however, prevalence of
open-angle glaucoma is comparable with international figures. There is a clear need for
worldwide agreement on standard epidemiological descriptors of glaucoma, using
standard population frameworks, terminology and age groups.
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Introduction

Glaucoma is recognized worldwide, as a chronic
degenerative health problem, expected to affect
60.5 million people by 2010 (South-East Asia
Glaucoma Interest Group (SEAGIG), 2003; US
Preventive Services Task Force (USPSTF), 2005).
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Glaucoma affects individuals through the full age
span. It is estimated that up to two-thirds of
people with glaucoma are undetected (USPSTF,
2005). Once established, glaucoma is progressive
and usually relentless, and the damage to the eye
is irreversible. The importance of good vision in
maintaining good general health cannot be
underestimated and therefore early detection of
glaucoma is essential to global eye health.
Despite its worldwide recognition, there is no
definition of glaucoma that is consistently used
across the literature. Bathija (1998) cited in Rolim
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de Moura et al. (2007: 2) suggests that the lack
of agreement on the definition of glaucoma is
one of the underlying reasons for inconsistency
in glaucoma diagnosis. This lack of consistency in
glaucoma diagnosis impacts on the accuracy of
reported prevalence rates. There is, however, broad
agreement that any form of glaucoma should be
described as a progressive optic neuropathy with
characteristic visual field loss, optic disc and nerve
fibre degeneration. According to Burr et al. (2004:
2) ‘Glaucoma describes a group of eye diseases in
which there is progressive damage to the optic nerve
characterised by specific structural abnormalities of
optic nerve head and associated patterns of visual
field loss’. Accurate estimations of the prevalence
of glaucoma are important to assist in planning
resources for services, and to promote effective risk
screening, diagnosis, management and prevention
of glaucoma. Having accurate prevalence data also
assist in understanding associations between glau-
coma and putative risks.

This paper describes the findings of one aspect
of a large metasynthesis of the literature, which
distilled best evidence for the diagnosis, risk-
identification and management of glaucoma. This
paper reports on the prevalence of glaucoma
internationally, and the factors that are associated
with prevalence reports. Australian prevalence
data are considered in the context of the inter-
nationally reported data.

Methodology

Objective: To report findings of a recent meta-
synthesis regarding international glaucoma pre-
valence and identify factors that impact on its
variable reporting.

Justification of study design: This paper reports
on aspects of findings from a wide-ranging sys-
tematic overview of the secondary literature
that addressed the detection, diagnosis, preven-
tion and management of glaucoma. Preliminary
scoping of the literature for this question high-
lighted a large volume of secondary evidence
published over the past five years. The majority
(approximately 68%) of the secondary evidence
identified during preliminary scoping was pub-
lished between 2006 and 2007, and thus the risk of
overlooking recent key primary literature within
the secondary evidence was considered low. Thus,

only secondary evidence was considered for this
review, as it provided an efficient mechanism to
synthesize the large amount of available primary
literature, which had already been summarized in
different forms by other reviewers. The meta-
synthesis included the highest level of evidence
on the National Health and Medical Research
Council (NHMRC) evidence hierarchy, compris-
ing clinical guidelines, meta-analysis and sys-
tematic reviews.
Literature inclusion criteria:

o Publication date 2002-2007 (inclusive).

e English language publications only. Sensitivity
testing regarding information published in
languages other than English has shown that
English language reviews represent a robust
view of the available evidence base in health
areas (Moher et al., 2000; 2003; Mgller and
Jennions, 2001).

Level I evidence from the NHMRC hierarchy of
evidence (NHMRC, 2005) (clinical guidelines,
meta-analysis and systematic reviews) that was
available, unless a lack of Level I evidence in any
one area of the review necessitated drawing on
specific Level 11 or Level III evidence (recent
primary studies).

Human studies only, inclusive of all age, gender,
nationality and location.

Exclusion criteria:

e Primary literature unless otherwise indicated.
e Clinical guidelines in which glaucoma was not the
primary focus (for instance, glaucoma occurring
as a result of suffering another health condition).
Literature dealing exclusively with cost-based
outcomes.

o Non-English language publications.

e Literature only available in abstract form or
conference presentations.

Publications not available through all available
library resources.

Search strategy

A comprehensive electronic library database
search was undertaken (outlined in Appendix 1).
Given the wealth of current secondary evidence
that appeared relevant, secondary research evi-
dence pertaining to the detection, diagnosis,
management and prevention of glaucoma was
identified first.

Primary Health Care Research & Development 2009; 10: 343-356

https://doi.org/10.1017/51463423609990193 Published online by Cambridge University Press


https://doi.org/10.1017/S1463423609990193

The library database searches were supple-
mented by pearling and manual searching of
reference lists and other resources to identify all
relevant secondary evidence. Pearling (also called
secondary evidence searching) occurs when the
reference list of a study, which has been included in
a systematic review, is checked for other references
that might also be relevant to the review.

Management of selection bias: Independent
reviewers undertook investigation of all data
sources to ensure a comprehensive scope of the
search, and to reduce errors/bias in accessing or
identifying the evidence.

Assessment of the methodological quality

A standard process was followed to critically
appraise the included secondary literature for
methodological quality.

Clinical guidelines were critically appraised
using the Appraisal of Guidelines Research
and Evaluation (AGREE) instrument (AGREE
Collaboration, 2001). Two reviewers undertook
independent appraisal and the scores were stan-
dardized into a single percentage score as detailed
in the instrument guide (AGREE Collabora-
tion, 2003). A high quality guideline should have
high percentage scores across all domains of
the AGREE tool. This assures readers that the
guideline processes were well constructed and
that the recommendations are believable and free
of bias/external interference.

Systematic reviews and meta-analyses were cri-
tically appraised using the Critical Appraisal
Skills Programme (CASP) tool for systematic
reviews (CASP Tool; http://www.phru.nhs.uk/
Doc_Links/S.Reviews %20Appraisal %20Tool.pdf).
Two experienced reviewers independently critically
appraised a random selection of 10% of the sec-
ondary evidence. They then shared their appraisal
scores and discussed reasons for differences in
scores. They agreed on a protocol for score
assignment and interpretation of reporting, which
underpinned assurances of reliability of scoring.
The reviewers then independently reviewed the
remainder of the secondary evidence, on an
assumption that had both reviewers critically
appraised each article, the same score would have
been reached. Scores were reported numerically
for critical appraisal items that attracted Yes/No
answers (1. Clearly focused question? 2. Include
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the right type of study? 3. Identify all relevant
studies? 4. Quality of study assessed? 5. If results
have been combined, was it reasonable? 8. Results
applicable to local situation? 9. All important out-
comes considered? 10. Policy or practice change?).
The remaining questions required qualitative text
answers and were not readily summarized for sta-
tistical reporting. The questions with Yes answers
were scored as 1, and each paper was given a score
out of 8 The average score for each of the eight
questions, and for each of the systematic reviews
(and standard deviations), was calculated.

Data extraction, validation and reporting

Data were extracted using a purpose-built data
extraction form that incorporated information
on year and nature of publication, country of
publication, sample descriptors (age, gender and
ethnicity), population numbers, type of glaucoma,
risk factors, prevalence and incidence data. A
reference committee of Australian content experts
(ophthalmologists, optometrists, GP, pharmacist,
practice nurse) assisted the systematic review team
by validating whether all relevant literature had
been identified, and interpreted correctly. For this
paper, all reports of glaucoma prevalence and
incidence were highlighted, the data were sum-
marized, and reasons for differences in reporting
were considered.

Results

Search findings

The overall secondary literature search identi-
fied 65 systematic reviews and 14 clinical guide-
lines. Of these, 20 systematic reviews (reporting
on over 230 primary studies) and six clinical
guidelines reported on prevalence in glaucoma,
and hence the findings from these studies are
included in this aspect of the metasynthesis. To
validate our decision to include secondary evi-
dence that reported on prevalence and incidence
of glaucoma, we checked the included primary
references in these secondary evidence sources
for their methodological design. Epidemiological
studies are the appropriate research approach to
report on incidence and prevalence of disease,
and all the included primary studies reported
epidemiologically appropriate designs.
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Table 1 Appraisal of Guidelines Research and Evaluation critical appraisal scores

Scope and Stakeholder Rigour of Clarity and  Applicability Editorial Average
purpose involvement development presentation (%) independence domain
(%) (%) (%) (%) (%) score (%)
American Academy 56 38 40 75 17 0 38
of Ophthalmology
(AAO) (2005)
American Optometric 67 38 26 58 17 0 34
Association (AOA)
(2002)
Japan Glaucoma 44 33 17 50 11 0 26
Society (JGS)
(2004)
Royal College of 50 38 21 67 0 0 29
Ophthalmologists
(RCO) (2004)
South-East Asia 83 29 24 75 17 25 42
Glaucoma Interest
Group (SEAGIG)
(2003)
US Preventive 89 58 86 100 39 100 79
Services Task
Force (USPSTF)
(2005)
Guidelines: The scores for each AGREE Table 2 Relevant Critical Appraisal Skills Programme

domain, as well as the average domain score for
each included guideline for this paper, are provided
in Table 1. The scores were not uniformly high
across all domains for all guidelines, highlighting
the variable quality of guideline construction.

Systematic reviews: The overall average quality
score for the 20 systematic reviews for the eight
quantitative questions in the CASP tool was 5.3
(SD 1.9), which indicated the moderate quality
overall of the reviews. Variable-sized average
scores but similar standard deviations were found
for each question (Q1 0.9 (SD 0.4), Q2 0.7 (SD
0.5), Q3 0.8 (SD 0.4), Q4 0.4 (SD 0.5), Q5 0.7 (SD
0.5), Q8 0.8 (SD 0.4), Q9 0.9 (SD 0.4), and Q10
0.5 (SD 0.5). The individual scores for each
included paper are reported in Table 2.

Overview

Types of glaucoma

Reports of prevalence and incidence were
found mostly for primary open-angle glaucoma
(POAG), and primary angle-closure glaucoma
(PACG). Prevalence data were largely missing for
childhood and secondary glaucomas.

scores (Q 1-5, 8-10) (total 8)

Alexander et al. (2002)

Burr et al. (2007)

Denis et al. (2007)

Einarson et al. (2006)
Fleming et al. (2005)
Friedman and Vedula (2006)
Fung et al. (2007)

Hatt et al. (2006)
Holmstrom et al. (2005)
Law and Li (2007)

Madden et al. (2002)

Maier et al. (2005)

Moore and Nischal (2007)
Obstbaum et al. (2004)
Plosker and Keam (2006)
Rolim de Moura et al. (2007)
Rowe et al. (2004)

Saw et al. (2003)

Schmier et al. (2007)

Sycha et al. (2003)

DUOITOOOOOONRE 20WONPROOOOTIOIO O W

There was no standard definition of glaucoma,
with examples of definitions from systematic
reviews being:

1. Glaucoma is an eye affliction characterized by an
increase in intraocular pressure (Amar, 2006: 17).
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2. Glaucoma is an optic nerve neuropathy that
leads to progressive visual field loss (Fleming
et al., 2005: 167).

3. Glaucoma describes a group of eye diseases, in
which there is progressive damage to the optic
nerve leading to impaired vision and blindness
if untreated. The primary glaucomas (those
that are not a consequence of other eye or
systemic disease) can be classified as OAG or
angle-closure glaucoma. These two types are
distinguished by the anatomy of the anterior
segment of the eye (Burr et al., 2007: 3).

4. Glaucoma is a group of related conditions
characterised by optic nerve damage, nerve
layer fibre defects and visual field loss and is
generally associated with high intraocular
pressure (Schmier et al., 2007: 288).

5. Glaucoma refers to a multifactorial disease
characterized by a progressive optic neuropathy
followed by gradual visual field loss. Elevated
intraocular pressure (IOP), which previously
was part of the definition of glaucoma, is now
recognized as the major risk factor for the
development of the disease (Costa et al., 2003:
770).

Whilst many systematic reviews and clinical
guidelines report on, or predict, actual numbers
of people who may suffer glaucoma, these num-
bers are generally meaningless without a standard
comparator. For example, ‘an estimated 2.5 mil-
lion Americans have open angle glaucoma’,
(American Optometric Association, 2002: 7) and
glaucoma ‘affects >2 million people in the US,
and the incidence is expected to exceed 3 million
by 2020’ (Schmier et al., 2007: 287). Without a
comparator, the true nature of the severity of
glaucoma is not able to be determined.

Internationalization

Of the secondary evidence included in this
metasynthesis, the majority was internationally
focused, with only one systematic review
(Madden et al., 2002) reporting specifically on
Australian data. Another systematic review (Burr
et al., 2007) included Australian data from two
studies (Mitchell et al., 1996; Weih et al., 2001);
however, the data were reported as population-
based prevalence, and not stratified by age, gen-
der or other descriptor. The expert reference
committee recommended the inclusion of Australian
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primary evidence: the Blue Mountains Eye Study
(BMES) (Mitchell et al., 1996), the Visual
Impairment Project (VIP) (Weih et al., 2001) and
data from the Australian Institute of Health and
Welfare (AIHW) (2005) and the Australian
Bureau of Statistics (ABS) (2004), in order to
provide more comprehensive Australian glau-
coma prevalence/incidence findings.

We summarized the metasynthesis findings into
categories of ethnicity, age, specific populations
and glaucoma subtypes, in order to make sense of
the ways in which glaucoma prevalence and
incidence of glaucoma was reported.

Terminology differed regarding calculation of
prevalence and incidence. In most instances, it
was unstated. The most useful definition was from
Burr et al. (2007: 26): Methods of calculation of
prevalence ‘as the number of participants diag-
nosed with glaucoma divided by the number of
participants screened’. These researchers repor-
ted calculating incidence for each age category ‘as
the mean and range for cases per 100000 years at
risk......... As an example, incidence estimates
for the UK were determined by dividing the
number of cases newly diagnosed by the number
of people at risk (population data were obtained
from the 2001 UK Census)’.

Ethnicity was reported in both very general
terms such as black and white, and in very specific
ethnic terms such as East Greenlandic Inuit or
Chinese. Data were either country-specific or for
a group of countries (such as western, worldwide,
industrialized).

Table 3 compares data between ethnic groups
with respect to risks of different types of glau-
coma. This table highlights the variability of
reports of prevalence with respect to ethnicity.
Schmier et al. (2007: 288) reported that the pre-
valence of POAG is higher among African
Americans and Hispanics/Latinos than among
other ethnic groups. Conversely prevalence of
PACG is reported to be highest among those of
Asian or Inuit heritage, with rates in these
populations reported to be three- to ten-fold
higher than in other ethnic groups (Friedman and
Vedula, 2006; Schmier et al., 2007).

Table 4 reports on the incidence of glaucoma
with respect to different populations. This table
highlights the consistency across studies in the
decreased risk of white (European) populations
compared with other ethnic groups.
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Table 3 Differential ethnic risks of glaucoma subtypes

Eskimos (Canada and Asians

Asian and Eskimos African versus Black versus

Greenland) versus versus  versus other ethnic Europeans or  white
white Europeans whites groups Asians
Friedman and PACG i 1
Vedula (2006)
Hatt et al. (2006) OAG 1 X 4-5 times
Fleming et al. (2005) POAG T X 4 times
Burr et al. (2007) OAG RR 3.8 (95%
Cl 2.56-5.64)

Schmier et al. (2007) PACG

T X 3-10 times

PACG = primary-angle closure glaucoma; OAG = open-angle glaucoma; POAG = primary OAG; RR = relative risk;

Cl = confidence interval.

Table 4 Incidence within specific populations for glaucoma subtypes

Author Country Age Ethnicity Type Incidence

Law and Li (2007) us Adults Black OAG 3.9 per 100000

Law and Li (2007) us Adults White OAG 1.1 per 100000

Moore and Nischal (2007) Western Infants Any PCG 1 per 10000-20 000 live births

American Optometric us 55 Caucasians OAG 40-60 per 100000
Association (AOA) (2002)

AOA (2002) us 75 Caucasians OAG 200-220 per 10000

AOA (2002) us 55 Black OAG 263 per 100000

AOA (2002) us 75 Black OAG 541 per 100000

OAG = open-angle glaucoma; PCG = primary closed glaucoma.

Age was variably classified into five- or ten-year
ranges, as well as undefined descriptors such as
‘adult’ or ‘infant’. There was a large volume of
secondary evidence reporting on the influence of
age on open-angle glaucoma (OAG) and POAG
(see Table 5). Plosker and Keam (2006) indicated
that overall, there was four times the risk of
glaucoma for people aged 80 or more compared
with people younger than 50 years. In the Aus-
tralian VIP study, this difference was substantially
bigger being 17 times more likely that, partici-
pants aged 80 years and older were likely to have
glaucoma than participants less than 50 years of
age (Weih et al., 2001: 1969).

Table 6 reports on the contributing influence
that both age and ethnicity have on the pre-
valence of glaucoma within specific populations.
For instance, the Burr et al. (2007) data show the
prevalence of glaucoma in the American black
population aged 70-79 years as 9.15%. This is four
times greater than the American white population
aged 80 or more. This is further supported by
Schmier et al. (2007) who report age-adjusted

prevalence rates for POAG were four to five times
higher in blacks as compared with whites.

Table 7 reports on the Australian-specific age-
related glaucoma data. The population prevalence
of glaucoma from these studies ranges from 1.7%
to 2.5%.

Location: Madden et al. (2002) conducted a
systematic review of eye health in rural Australia,
finding little relevant published information.
These authors used but did not define the terms
‘possible glaucoma’ and ‘probable glaucoma’.
They reported the prevalence of various eye
conditions from the VIP, and found a significantly
elevated risk of possible glaucoma in rural areas
(rural prevalence 1.8%, urban prevalence 1.2%),
odds ratio of 1.6 (95% CI (confidence interval)
1.1, 2.2). Probable glaucoma had a rural pre-
valence of 1.02% (urban prevalence of 0.49%)
again demonstrating a significantly elevated odds
with rural living (odds ratio 1.6 (95% CI 1.1, 2.5)).

Australian Aboriginal and Torres Strait Islan-
ders: The ABS (2004) National Aboriginal and
Torres Strait Islander Health Survey 2004-05
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Table 5 Prevalence of age-based glaucoma within the general population

Author Country Age Type Prevalence (%)

Einarson et al. (2006) Worldwide Age adjusted POAG 1.5-2
Maier et al. (2005) Industrialized nations Agult Glaucoma 1-3

Burr et al. (2007) UK Adult OAG 2.10
Burr et al. (2007) Congo Adult OAG 13

Burr et al. (2007) Barbados Adult OAG 16

Burr et al. (2007) Western Adult OAG 2.10
Burr et al. (2007) Western 40 OAG 0.30
Burr et al. (2007) UK 40 OAG 0.30
Denis et al. (2007) us 40+ Glaucoma 1-2

Obstbaum et al. (2004) us 40+ POAG 1.86

Japan Glaucoma Society (JGS) (2004) Japan 40+ NTG 3.60

Sycha et al. (2003) us 43-54 NTG 0.20

American Optometric Association us 52-85 NTG 0.05-0.79
(AOA) (2002)

Einarson et al. (2006) Worldwide >60 POAG 6-8

Burr et al. (2007) UK 70 OAG 3.30

Burr et al. (2007) Western 70 OAG 3.30

Schmier et al. (2007) us >75 POAG 5

Sycha et al. (2003) us 75+ NTG 1.60

OAG = open-angle glaucoma; POAG = primary OAG; Glaucoma = subtype not specified; NTG = normal tension

glaucoma.

Table 6 Prevalence of open-angle glaucoma (OAG) and primary OAG (POAG) within different ethnic and age

populations

Author Country Ethnicity Age Type  Prevalence (%)
Law and Li (2007) us Black 10-49 OAG 1.23
Rowe et al. (2004) us Black 40+ POAG 1.2-11.3
American Optometric Association (AOA) (2002) US African-Americans 40+ POAG 5.6
AOA (2002) us Caucasians 40+ POAG 1.7
Japan Glaucoma Society (JGS) (2004) Japan Japanese 40+ POAG 0.32
Royal College of Ophthalmologists (RCO) (2004) Worldwide White 40+ POAG 1-2
Schmier et al. (2007) us Black 40-49 POAG 1.23
Burr et al. (2007) us Black 40-49 OAG 1.23
Burr et al. (2007) us Black 70-79 OAG 9.15
Schmier et al. (2007) us Black 80+ POAG 11.26
Rowe et al. (2004) us White >40 POAG 0.9-2.1
Schmier et al. (2007) us White 40-49 POAG 0.92
Schmier et al. (2007) us White 80+ POAG 2.16
RCO (2004) Worldwide White 80+ POAG 4+

Rolim de Moura et al. (2007) Worldwide White Adults POAG 0.8-3

provided data on long-term eye/sight problems.
Eye/sight problems were reported in 30% of the
population, compared with a report, three years
earlier (2001), of 29%. Consistent with results
from the 2001 survey, eye/sight problems were the
most commonly reported long-term health con-
dition among Aboriginal and Torres Strait Islan-
der people in 2004-2005. Diseases of the eye were
broken into the following conditions: cataract,
short sighted/myopia, long sighted/hyperopia,

blindness (complete/partial) and other diseases of
the eye and adnexa. Glaucoma is not a condition
specified in the breakdown; however, it is likely to
fall within the ‘other diseases of the eye and
adnexa’ category. In 2001, 7% of the population
reported ‘other diseases of the eye and adnexa’,
while in 2004 this had declined to 6%.
Open-angle glaucoma: Table 8 reports on the
per-age group per 100000 incidence of open-
angle glaucoma. The reported incidence rates
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Table 7 Prevalence of glaucoma in Australian studies (clinical and self-reported) (Australian Institute of Health and

Welfare (AIHW), 2005)

BMES 1992-1994 VIP 1992-1996 NHS 1995 NHS 2001
Age Rate (%) Age Rate (%) Age Rate (%) Age Rate (%)
40-49 0.1 45-49 0.5 45-49 0.4
50-59 0.2 50-59 0.6 50-54 1.0 50-54 1.0
55-59 1.2 55-59 2.2
60-69 1.1 60-69 1.9 60-64 1.7 60-64 1.9
65-69 3.7 65-69 3.4
70-79 4.3 70-79 5.2 70-74 3.9 70-74 4.7
75-79 5.4 75-79 5.5
80+ 8.2 80-89 5.5 80+ 4.2 80+ 6.6
90+ 11.8
Total 2.4 1.7 2.2 2.5
BMES = Blue Mountains Eye Study; VIP = Visual Impairment Project; NHS = National Health Service.
Table 8 Incidence of open-angle glaucoma within the general population
Author Country Age Incidence
Burr et al. (2007) UK 50 30 per 100000
Burr et al. (2007) UK 70 181 per 100000
Burr et al. (2007) US, Netherlands, Australia 40 30 per 100000
Burr et al. (2007) US, Netherlands, Australia 70 181 per 100000
Burr citation General 40 0 per 100000
Burr citation General 50 20 per 100000
Burr citation General 50 40 per 100000
Burr citation General 60 120 per 100000
Burr citation General 60 60 per 100000
Burr citation General 70 280 per 100000
Burr citation General 70 140 per 100000
Burr citation General 71 124 per 100000

vary widely even between the same age groups
across the ‘general’ population. For example, the
general incidence rate in 60 year old population
is reported as 60 and also 120 per 100 000. This
variance could possibly be due to the use of dif-
ferent definitions of glaucoma, which could affect
whether a diagnosis of glaucoma is made.
Angle-closure glaucoma: Table 9 reports on the
prevalence of angle-closure glaucoma, within
specific populations. The table illustrates the
association between ethnicity and risk of angle-
closure glaucoma. Inuit adults have a higher
prevalence compared to other ethnic groups
including Asian, European and African groups
(American Academy of Ophthalmology (AAO),
2005). The SEAGIG (2003) reports the incidence
of acute angle-closure glaucoma, within different

ethnic groups in Finland and Singapore. It was
found that Chinese have a higher incidence of
acute angle-closure glaucoma (15.5 per 100 000)
than other ethnic groups (4.7-6.7 per 100000)
(SEAGIG, 2003).

Discussion

Overview

Our metasynthesis approach to summarizing
the literature for the question regarding glaucoma
prevalence highlighted the efficiencies of using
existing secondary evidence, which had already
summarized a large number of recent primary
studies. Metasynthesis of secondary evidence is
becoming an increasingly common technical
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Table 9 Prevalence of angle closure glaucoma within specific populations

Author Country Ethnicity and age Prevalence (%)
American Academy of Alaska Inuit adults >40 years 2.65-3.8
Ophthalmology (AAO) (2005)  Greenland East Greenlandic Inuit adults =40 years 2.5
Taiwan Adults =40 years 3.0
Mongolia Asian adults aged =40 years 1.4
Singapore Chinese adults aged =60 years 1.25
Southern India Asian adults aged =40 years 1.08
Japan Asian adults aged =40 years 0.34
Arizona, USA Hispanic adults aged >40 years 0.10
Baltimore, USA African and African-derived adults 0.9
aged =40 years
Tanzania, East Africa African and African-derived adults 0.58
aged =40 years
South Africa Zulus adults aged =40 years 0.5
Italy European and European-derived adults 0.6
aged >40 years
Baltimore, USA European and European-derived adults 0.4
aged =40 years
Bedford, UK European and European-derived adults 0.17
aged =40 years
Sweden European and European-derived adults 0.10

aged 55-69 years
UK European and European-derived adults 0.09
aged =40 years

Beaver Dam, USA

European and European-derived adults 0.04

aged >50 years

Ireland

Not specified 0.009

approach, which efficiently capitalizes on existing
secondary evidence research. In this case, despite
identifying 20 systematic reviews and six clinical
guidelines (providing access to at least 230 pri-
mary studies published in the past five years), the
heterogeneity of the included reviews precluded
meta-analysis. This metasynthesis found a wealth
of international publication interest in glaucoma;
however, there was little consistency in definitions
of glaucoma or risk factors, methods of reporting
or prevalence estimates. None of the included
systematic reviews dealt only with the topic of
prevalence of glaucoma. This information was
often reported as a precursor to other information
related to glaucoma diagnosis or risk identification.

Glaucoma definitions

There is no one definitive definition of glaucoma
that is consistently used in the papers included in
this review. This appears largely due to the number
of subtypes and separate classifications of glaucoma
involved. For example, the Japan Glaucoma Society

(JGS) (2004) classifies glaucoma into: primary
glaucoma, in which no other cause of elevated
intraocular pressure (IOP) is present; secondary
glaucoma, in which the elevation in IOP results
from other ocular diseases, ocular trauma, systemic
diseases or drug use; and developmental glaucoma,
in which the elevation in IOP results from devel-
opmental anomalies in the anterior chamber angle.
This can cause glaucomatous damage to the optic
nerve head and prevents visual development.
Alternatively, in Henness et al. (2007) systematic
review, glaucoma is classified into three broad
categories: congenital glaucoma; open-angle glau-
coma; and angle-closure glaucoma, with primary
and secondary types within each category.

Not all prevalence studies of glaucoma separate
primary and secondary glaucoma in a consistent
fashion, if they have done so at all. Debate
remains over inclusion of subtypes such as ocular
hypertension and normal tension glaucoma under
the broader term of POAG.

Foster et al. (2002) highlight the effect that the
selection of glaucoma definition and the population
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from which the data is derived, can have on the
accuracy of reporting prevalence and incidence.
Different definitions of glaucoma can result in
under-estimation or over-estimation of the pre-
valence and incidence of glaucoma and its sub-
types. It can also result in non-diagnosis of
glaucoma. Given the estimated percentage of
the population with undiagnosed glaucoma, this
would seem to be of concern. The lack of clear
information on prevalence and incidence, will
impact on policymakers’ ability to estimate
resource use to appropriately diagnose and man-
age glaucoma in future populations.

Different population descriptors

There were no standard population descriptors
(age, ethnicity, country) utilized by the primary
studies included in the published systematic
reviews, or in the guidelines identified in this
search. As a consequence, it was difficult to make
comparisons between studies, or to propose
consistent figures with respect to glaucoma pre-
valence, incidence or risk in specific populations.

Age classification

In general, in white populations around the
world, the prevalence and incidence of glaucoma
increases significantly with adult ages (Mitchell
et al., 1996; Weih et al., 2001; Burr et al., 2007). Burr
et al. (2007) and Plosker and Keam (2006) both
report that people aged 70+ years have approxi-
mately three times greater risk of developing
glaucoma than people aged 40 years. However, in
the VIP, an Australian study, this difference was
substantially bigger. Weih et al. (2001: 1969)
reported participants aged 80 years and older
were 17 times more likely to have glaucoma than
participants less than 50 years of age.

Prevalence and incidence rates were often
reported by age classifications, however, without
a consistent reference classification. For example,
some studies used five-year ranges, whilst others
used 10-year ranges, that is, 45-49, 40-49 and 80+
or 90+. Glaucoma was also reported with vari-
able prevalence, usually related to different age
groups (for instance, under 40 years, or 50 years,
for younger age glaucoma, and 60 years, or
70 years, for older glaucoma). Thus it was not
possible to accurately compare the prevalence
rates between age groups. Some studies used the

descriptors ‘adult’ and ‘infant’, without defining
what age brackets these terms encompassed. Two
systematic reviews reported age-adjusted pre-
valence data. Einarson et al. (2006; citing Coleman
(1999), Leske et al. (1994)) and Schmier et al. (2007)
systematic reviews both reported specific age-
adjusted prevalence rates for POAG. Age-adjusted
prevalence data have limited application in the
clinical sense, as it is a mechanism for providing
comparisons across the population as a whole. It is
more often used in the research environment. A
clinician is more interested in understanding what
the actual risk is, for (say) a 70-year-old patient,
with whom they are consulting. This lack of con-
sistency in classifying age makes it difficult to
compare results, as well as constraining translation
of research evidence into clinical practice.

Country classification

Prevalence and incidence rates were reported
using countries as population descriptors. This
was either as individual country/countries or as a
grouping of countries. Often it was not clear
which countries were included in a group. For
example under ‘worldwide’, there was no expla-
nation as to how many and which countries data
had been collected from. It was also not clear
whether the data collected were proportional (ie,
had data been collected from each continent). It
also seems unlikely that data were collected from
all 195 countries; therefore, the appropriateness
of ‘worldwide’ as a descriptor is questioned.
Similarly, there is no internationally agreed stan-
dard terminology for some of the descriptors
used (industrialized, Western) and thus different
people could interpret the generalizability and
applicability of the data differently.

Ethnicity classification

There was no clarity on ethnic classifications.
Some classifications were general (black, white or
Asian), without any details on ethnic inclusions,
whilst others were very specific to a small popu-
lation, such as the East Greenlandic Inuit. Given
the diversity of the included population under
generic ethnic terms, these data are unlikely to be
as generalizable or applicable as data that are
collected with specified ethnicity.

Despite concerns regarding definition and
diagnosis, the prevalence of glaucoma for black
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and Asian (unspecified country of origin) popu-
lations is elevated compared with white popula-
tions, with most reports suggesting approximately
a three-fold increase. The same differential is
reported for incidence in black populations
compared with white. The exact racial and ethnic
components included within the umbrella terms
‘black’ and ‘white’ were not uniformly specified
within the secondary evidence. In the majority of
cases where some specification was made, black
referred to those of African American origin and
white to those of Caucasian origin. There was
nothing to imply that black populations included
indigenous populations as relevant to the Aus-
tralian context.

Open-angle glaucoma

Overall prevalence for glaucoma of between
1-4% is commonly reported worldwide, although
the prevalence and incidence of POAG and
general OAG were variably reported. Prevalence
is closely linked to age and ethnicity of the
population. Open-angle glaucoma is the most
common form of glaucoma and accounts for 75%
to 95% of primary glaucomas, except in people of
Eastern Asian (Mongoloid) descent (Burr et al.,
2007). There appears to be consistency for the
prevalence reported within the subgroups and
general population, across most of the literature.
However, reporting the incidence of OAG in the
general population varied considerably (see Table 8).

Angle-closure glaucoma

There is little information on the incidence and
prevalence of angle-closure glaucoma. This lack
of data should not undermine the importance of
angle-closure glaucoma, as in China, PACG is
reported to be responsible for >90% of bilateral
glaucoma blindness (Saw et al., 2003). Foster et al.
(2002) emphasize that current PACG classifica-
tion is largely based on clinical observations in
European derived people, among whom the
condition is rare. While the acute, symptomatic
phase is dramatic, it occurs in only a minority of
those with PACG diagnosed in population-based
surveys in African and Asian settings.

Childhood and secondary glaucomas
There was only one systematic review (Moore
and Nischal, 2007) that considered the incidence

Should we be worried about glaucoma? 353

data on childhood primary congenital glaucoma.
However, this review did not discuss prevalence
data. Prevalence and incidence data for second-
ary glaucoma was not reported in the included
systematic reviews for this review. This highlights
that there is a possible gap in available evidence
for this classification of glaucoma. It is also
probable that the varying definitions of glaucoma
have affected the diagnosis of secondary glau-
coma, thereby impacting on available prevalence
and incidence data.

Specifically for Australia

There was only one systematic review that
focused specifically on Australia (Madden et al.,
2002), which for glaucoma prevalence was only
reported from the VIP study. Burr et al. (2007)
included non-age stratified prevalence data from
the VIP and BMES studies. These two primary
Australian studies were also included in our
review, as well as an ABS (2004) survey and
AIHW (2005) report in order to collate current
Australian prevalence information.

The two landmark population studies per-
formed in Australia (BMES, VIP) provide useful
data on the prevalence of eye diseases and visual
impairment. However, they were conducted pre-
dominantly on white people and prevalence data
from other ethnic groups were not provided. No
people with an Aboriginal or Torres Strait Islan-
der ancestry were involved in either study
(Mitchell et al., 1996; Weih et al., 2001). Weih et al.
(2001: 1969) in the ‘VIP study found an overall
prevalence of definite (1.8%) or probable or
definite (2.5%) glaucoma which is comparable
with prevalence reported for other white popu-
lations’. Mitchell et al. (1996: 1665) note that an
‘exponential increase in prevalence for glaucoma
was found for increasing 10-year age groups’.

A key failing of these two studies in providing
useful estimates of prevalence was the inclusion
of ‘white’ people without further ethnic break-
down. Given the multicultural population of
Australia, the generalizability of these findings
across the entire Australian population should be
questioned. Data regarding the prevalence and
incidence of glaucoma within the indigenous
population of Australia are limited. However,
POAG does not appear to be an important cause
of visual impairment in indigenous Australians
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(refer to ABS (2004)). Overall, Australian data
on the prevalence of glaucoma appear to be
comparable with the international prevalence
rates for OAG in white populations (refer to
Tables 5-7).

Comparison measures

Prevalence was always reported as percentages.
However, the differing population descriptors
made a synthesis of these estimates difficult. The
risk of glaucoma was often reported using quan-
tified (ie, four-fold higher) or unquantified (ie,
increased) comparisons or risk ratios between
different ethnic groups (refer to Table 3).

Data collection

The method of data collection can impact on
the accuracy of the glaucoma diagnosis. Some of
the Australian data were self-reported. In one
survey, ‘vision loss was defined by self-report as
blindness and other vision disturbances which
cannot be corrected by spectacles, and is a long-
term sight problem which has lasted or is expec-
ted to last for 6 months or more’ (ATHW, 2005:
30), whereas in another survey, ‘vision loss was
defined by self-report as total or partial loss of
sight, which cannot be corrected by spectacles’
(ATHW, 2005: 30). Self-reported data can be
questionable depending on whether definitions
are provided to or determined by participants
and on the type, number and complexity of
the questions asked. Foster er al. (2002) state
the accuracy of prevalence and incidence data
derived from ‘self-reported’ cases of glaucoma
needs to be considered, given the likelihood of
differing definitions of glaucoma held by clin-
icians as well as the population.

Also of note was that many of the systematic
reviews were based on the epidemiology data
from papers often published up to 10 years
earlier. Thus, even from recent reviews it was
difficult to obtain a current and consistent view
of prevalence. For example, in the Moore and
Nischal (2007) review, the incidence data on
childhood primary congenital glaucoma came
from a study published in 1980, whilst in the
Rolim de Moura et al. (2007) review, the pre-
valence data for POAG were based on studies
reported in 1983, 1991, 1994, 1997, 1998 and
2000.

Conclusion

There is a lack of consistent summary evidence on
the prevalence and incidence of glaucoma inter-
nationally, although the available secondary evi-
dence suggests that it is of the magnitude 1-4%.
Variability in reporting glaucoma epidemiology
appears to reflect international differences in dis-
ease and population definitions, disease prevalence
measures and data capture methods. There is a
clear need for worldwide agreement on standard
epidemiological descriptors of glaucoma, using
standard population frameworks, standard termi-
nology and standard age groups. Ethnic and age
differences are reported as consistent risk factors
related to glaucoma type and prevalence, although
these are variably defined. The key clinical and
methodological issues that need to be considered in
future research include clearly defined population
descriptors and the use of standard glaucoma
definitions and classifications to enable meaningful
comparisons to be made, increasing the believ-
ability of the data reported.
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