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The effect of different criteria on the number of
patients blind from open-angle glaucoma
Anders Heijl*, Johan Aspberg and Boel Bengtsson

Abstract

Background: The prevalence of blindness and visual impairment from glaucoma is influenced by the criteria used
to define these entities, which differ between countries and regions, as well as among published reports. The
objective of the present study was to ascertain the extent to which different criteria of blindness and visual
impairment influence estimates of the number of patients classified as blind or visually impaired by glaucoma in a
clinic-based population.

Methods: We conducted a retrospective chart review of 914 patients with open-angle glaucoma to compare numbers
of patients identified as visually impaired with and without considering visual field status. We also compared
proportions classified using World Health Organisation (WHO) and United States (US) blindness criteria, and applying a
new US Social Security Administration (SSA) disability criterion: perimetric mean deviation (MD) ≤ -22 dB.

Results: Forty patients (4.4%) were bilaterally blind from glaucoma by the WHO criteria. Fifty-two (5.7%) were blind
by the the US criterion. Assessing only visual acuity, 14 (1.5%) patients were blind by the WHO criteria and 24
(2.6%) by the US definition. Eighty-five (9.3%) met the US SSA disability criterion. Among those, 52 were impaired
also by the WHO definition. No patients impaired according to the WHO criteria had MD values better than -22 dB.

Conclusions: Excluding visual field status will seriously underestimate the prevalence of glaucoma blindness. In our
patient population, 30% more patients were classified as blind by the US than by the WHO definition. Also, 60%
more were identified as visually impaired by the US SSA criterion than by the WHO criteria. Visual field assessment
is vital to determine visual impairment caused by glaucoma.

Background
Open-angle glaucoma is the second most common cause
of blindness globally [1]. It is important that we have
knowledge about the prevalence of visual impairment
caused by glaucoma in order to enable correct allocation
of resources for glaucoma care, and also to allow evalua-
tion of the effects of treatment and potential benefits of
population screening.
Evaluation of the prevalence of blindness and visual

impairment from glaucoma is influenced by the criteria
used to define these entities, which differ between coun-
tries and regions. The definition of visual impairment sti-
pulated by the World Health Organisation (WHO) can be
considered the current gold standard in this context. How-
ever, many countries use their own criteria for blindness.
An example of this is the definition used in the United

States here designated the US criteria, which is also widely
accepted and used in other countries. The number of peo-
ple identified as blind from glaucoma should be higher
when using the US definition than with the WHO defini-
tion, since the latter includes stricter criteria for blindness
both by visual acuity (VA) and visual field loss.
In some cases, the prevalence of visual impairment

(blindness and low vision) in glaucoma is studied and
reported based on VA alone, i.e., not including visual field
status [2-21]. It seems obvious that this approach will yield
falsely low estimates of the prevalence, because visual
impairment will not be recognised in patients who have
end-stage glaucomatous visual field loss with preserved
central VA.
The US Social Security Administration (SSA) recently

endorsed use of a new criterion for disability determina-
tions, the perimetric mean deviation (MD). This ruling
[22] states that an MD of -22 dB on a 30-2 Humphrey
threshold visual field corresponds approximately to a
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constriction of the visual field to less than 20° of fixation,
and recommends an MD of ≤ -22 dB as a visual field cri-
terion to define disability.
The objective of the present study was to ascertain the

extent to which different criteria of blindness and visual
impairment influence estimates of the number of patients
classified as blind or visually impaired by glaucoma. Our
primary aim was to investigate how omitting visual field
status from criteria affects the rate of visual impairment.
We also wanted to compare the number of patients identi-
fied as blind from glaucoma by the US and the WHO
glaucoma blindness definitions, respectively, and to esti-
mate the number classified as disabled by the US SSA
visual field criterion compared to the WHO criteria.

Methods
Patients
We performed a retrospective chart review of patients
diagnosed with open-angle glaucoma who visited the
Department of Ophthalmology at Malmö University Hos-
pital between 1 June 2004 and 31 May 2006. The great
majority of these patients had reproducible visual field
defects defined as a Glaucoma Hemifield Test “outside
normal limits” on a SITA Standard test performed on a
Humphrey Field Analyzer (HFA; Carl Zeiss Meditec Inc.,
Dublin, CA, USA), compatible with glaucoma, and not
explained by other ocular or neurological disorders.
We selected patients born on days 1-15 of each month

and used a study period of 2 years so that we would not
miss those who made only infrequent visits to the Malmö
Department of Ophthalmology. Glaucoma patients not
treated primarily at this department (e.g., those referred
for cataract surgery, laser treatment, or a second opinion)
were not eligible, because our records on such cases con-
tained insufficient data for reliable classifications.
For each patient, we recorded VA, perimetric findings in

both eyes (as MD values of SITA Standard 30-2 tests in
the great majority of cases, but also by Goldmann kinetic
perimetry in a few), age, and presence/absence of visual
impairment determined by the various criteria studied.
Patients who met the WHO blindness criterion for VA
and lacked visual field data were assigned an MD value of
-30 dB.
The study was approved by the Regional Ethics Board

in Lund, Sweden, and the tenets of the Declaration of
Helsinki were followed.

Comparisons of criteria
The term visual impairment includes both low vision
and blindness. Here, bilateral visual impairment was
based on best-corrected VA and/or visual field status in
the best eye, and hence a person with one blind eye and
low vision in the other was considered to have low
vision.

Each patient was evaluated for the presence of visual
impairment using these different criteria:

1. Low vision and blindness according to the WHO
criteria
2. Blindness according to the US criteria
3. Impairment according to the perimetric MD value
criterion suggested by the US SSA [22] (Table 1)
4. Low vision and blindness based on VA alone, thus
omitting visual field data

Visual field status is not included in the US criterion,
defining low vision as VA < 0.5. Therefore, we chose
not to register patients classified as having low vision
according to this criterion.
We calculated the diameter of the remaining visual

field as recommended by the SSA [23]. Pseudoisopters
were drawn on the HFA numerical threshold dB print-
outs, midway between test point locations with thresh-
old sensitivity values of 10 dB or better, and points with
sensitivity less than 10 dB (Figure 1).
The causes of visual loss were determined for all patients

with visual impairment. For each impaired eye, the disease
that initially contributed to visual loss was noted as the
leading cause. However, if the time for impairment could
not be established, the disease that was deemed to contri-
bute most to the impairment was registered as the main
cause. Visual field data were available in most cases in
which glaucoma was deemed to be the main cause. Such
data were lacking in some cases, such as for elderly
patients with end-stage glaucoma who could not partici-
pate in visual field testing, or when VA was so low that
visual field testing had been abandoned. Classification in
those cases was based solely on VA.
We used both the WHO criteria and the US criterion

(blindness only) to determine the number of bilaterally
blind/visually impaired patients, and we calculated the
effect of omitting visual field status from the definition of
visual impairment. We also investigated the difference in
the numbers of patients defined as blind by the WHO
and US criteria. The numbers of patients classified as
impaired with WHO criteria and the US SSA visual field
criterion were compared.

Statistical analyses
We applied descriptive statistics to compare the US and
WHO criteria regarding the number of patients identified
as blind and visually impaired, and the number of
patients with and without using visual field data. The
number classified as blind and visually impaired will
always be larger when visual field criteria are applied
than when they are omitted, because all patients who are
blind according to VA criteria alone are also blind when
field data are included. Similarly, all patients who are
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identified as blind according to the WHO criteria are also
blind according to the less stricter US criteria. Analyses
of numbers of blind according to WHO and US criteria
and with and without taking visual fields into account
were, therefore, purely descriptive, and no analyses for
significances were performed.

Results
A total of 914 eligible patients were evaluated. Their
mean age was 79 years (range 30-100 years). Nearly all
the patients were Caucasians.
Table 2 presents the total numbers of patients identified

as blind or visually impaired by the WHO and US criteria
with and without taking visual field status into account.
The number of blind patients was 30% higher according
to the US criteria than the WHO criteria. Using the WHO
criteria, the number of patients classified as blind was 40
when visual field was included but only 14 when visual
field status was omitted, which represents a 65% reduction
(Figure 2). Similarly, the WHO criteria identified visual
impairment in only 37 patients when visual field status
was ignored as compared to 58 patients when field status
was included, a 36% reduction. Using the US criterion, the
number of blind patients was only 24 when visual fields

were omitted compared to 52 when field status was
included, a reduction of 54%.
Eighty-five patients (9.3%) met the SSA criterion of bilat-

eral visual impairment caused by glaucoma in both eyes
with measured or assigned MD values ≤ -22 dB. Among
those, 52 were visually impaired also by the WHO defini-
tion. No patients who were impaired according to the
WHO criteria had MD values better than -22 dB.
Fifty-four patients had visual fields tested in one eye

only, and 36 had no field tests at all. In 54 (60%) of those
cases, the reason tests were not performed was that the
patients already had very low VA and totally cupped
discs at the initial visit, and in 28 cases it was because the
patients’ visual impairment was due to a cause other than
glaucoma. For nine patients, perimetric results were not
available for the study period or had been obtained only
by testing on the Competer perimeter. Three patients
were considered unable to do undergo perimetric testing.

Discussion
The most important finding of the current study is that a
very large proportion of the visually impaired glaucoma
patients were not identified as being visually impaired
when only VA criteria were used to define such low vision.

Table 1 Visual impairment criteria*
WHO US US SSA

Low
vision

VA < 0.3 (20/70) and/or a constriction of the central visual
field to < 20°

VA < 0.5 (20/40). MD ≤ -22 dB in
both eyes.

Blindness VA < 0.05 (20/400) and/or a constriction of the central
visual field to < 10°

VA ≤ 0.1 (6/60) and/or a constriction of the central
visual field to < 20°

*Visual impairment = low vision + blindness.
VA, visual acuity; MD, mean deviation; dB, decibel.

Figure 1 Calculation of the diameter of the remaining visual field. The central visual field is indicated by the pseudoisopter (red line). The
distance is 6° between each test point location and 3° between test points and the pseudoisopter. The pseudoisopter is used to calculate the
widest diameter of the remaining central visual field. This field is constricted to 18° around the point of fixation.
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This can be compared with an investigation performed by
Hattenhauer et al [24], in which the risk of bilateral blind-
ness was calculated for patients 20 years after a glaucoma
diagnosis had been made using the US definition of blind-
ness. Those authors found that the risk was 9% based on
both visual field status and VA together but was 5% when
based on VA alone, which is similar to our results. The
visual field data in the study by Hattenhauer and collea-
gues came mainly from kinetic Goldmann perimetry. The
Baltimore Eye Survey [25] using similar visual field testing,

on the other hand suggested that the number of patients
classified as having bilateral blindness would increase by at
most 25% when combining visual field data and VA com-
pared to if evaluation were based on VA alone. The visual
field criteria for blindness and for visual impairment are
quite restrictive. In glaucoma the remaining visual field is
seldom circular, and many eyes are not classified as blind
despite very small remaining field areas. A narrow seg-
ment of the field with test points with sensitivity values of
10 dB or better, that extends outside 10° from fixation
may be enough for an eye not to fulfill any of the two
blindness criteria (Figure 3). It is, therefore, obvious that
impairment caused by glaucomatous field loss requires
loss of a very considerable proportion of normal function
and has large consequences if bilateral, and that field loss
is a very important part of the visual burden caused by
glaucoma.
Our results indicate that it is very likely that glaucoma

impairment and blindness have been considerably under-
estimated in papers reporting rates of blindness deter-
mined using VA data, but omitting visual field status
[3,4,15,18]. Furthermore, glaucoma must have been sub-
stantially underestimated as a cause of blindness in
numerous population studies which have relied solely on
VA [2,5-14,16,17,19-21]. Relying on visual acuity alone
results in under-estimation of impairment caused by
other disease, e.g., in onchocerciasis [26].
The number of patients classified as blind from glau-

coma differs between investigations using the US criteria
and those applying the WHO criteria. To our knowledge
only two studies including visual field status has used both
the WHO and the US definition to evaluate glaucoma
blindness [27,28]. However, very few patients in the cited
investigations were blind from glaucoma, and thus the
results of that evaluation do not allow any conclusions to
be drawn about the difference in the numbers of blind
identified using these two approaches.
We found it interesting to study results obtained using

the US SSA criteria for visual impairment. To our knowl-
edge no other investigators have published visual impair-
ment data based on MD values. It would no doubt be
easier to use this MD-based criterion in surveys compar-
ing visual impairment than performing actual measure-
ments of visual field constriction, and that would also
facilitate comparison of observations made in different
studies.
This study had several strengths. Automated HFA peri-

metry is standard practice in our clinical setting, and
other types of perimetry are rarely used. Ophthalmic
practice in Sweden is somewhat unusual in that glau-
coma care is delivered predominantly by the public
health services. Our hospital provides primary glaucoma
care for approximately three quarters of all patients with
this disease in the catchment area. The current study was

Table 2 Influence of visual field status on the number of
patients classified as blind/visually impaired from
glaucoma

Visual fields + VA*
No. (% of all patients)

VA alone
No. (%)

WHO - blindness 40 (4.4%) 14 (1.5%)

WHO - visual impairment 58 (6.3%) 37 (4.0%)

US - blindness 52 (5.7%) 24 (2.6%)

* VA, visual acuity.

Figure 2 Blindness by visual acuity or field. Number of blind
patients (best eye) using visual acuity (VA) or visual field (VF) data
with WHO and US criteria.
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cross-sectional in design and included a rather large
number of visually impaired patients. Therefore, our
results should be reasonably representative of clinic-
based populations. One may speculate on whether the
proportions of individuals classified as blind from glau-
coma using visual acuity alone or taking both visual
acuity and fields into account are the same in clinic-
based cohorts and in the population. If so the true preva-
lences of glaucoma blindness could be more than twice
as large as those reported from many countries, and a
“correction/multiplication factor” of 2.2 (US) or 2.9
(WHO) could be used to help provide at least a rough
estimate of the total number of blind glaucoma patients
in areas where such blindness has been estimated using
visual acuity alone. Similar multiplication factors have
been used by WHO to estimate low vision in areas where
only blindness and not low vision have been assessed
[29]. Reduced visual acuity seems to influence measur-
able reduction of quality of life earlier than field loss, and
measurable utility may not be affected until end stage
visual field status in the better eye [30,31]. It is, therefore,
even possible that the proportion of undiagnosed indivi-
duals with glaucoma in the population who are blind
according to visual field criteria, but not because of poor
visual acuity, are even more common in the population
than in clinic-based cohorts.
A relative weakness of our investigation is that it was

retrospective, and therefore some data were incomplete or
missing. However, missing data constitute a problem in
prospective studies as well. Visual field testing can also
pose a problem in very old patients or in elderly with very
low vision, who might have to be followed without such
testing during their last few years of life. Also, considering
prospective studies, some institutionalised patients are lost

to follow-up, and some continue to come for examinations
but no subjective measurements of visual function can be
performed. The great majority of our patients were sub-
jected to regular follow-up that included visual field test-
ing, and there was little occurrence of incomplete or
missing data.

Conclusions
In conclusion, we found that the number of patients
with bilateral blindness from glaucoma was greatly
underestimated when the evaluation was based solely on
VA testing. The number of bilaterally blind was consid-
erably higher when using the US definition of blindness
compared to the WHO definition. The number of
impaired patients was 60% higher by the US SSA
impairment criterion than by the WHO criteria. Visual
field testing is very important to achieve correct assess-
ment of visual impairment caused by glaucoma.
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ORIGINAL ARTICLE
Screening for Open-Angle Glaucoma and Its

Effect on Blindness

JOHAN ASPBERG, ANDERS HEIJL, AND BOEL BENGTSSON 
• PURPOSE: To evaluate the effect of population screen- 
ing on low vision and blindness from open-angle glau- 
coma.
• DESIGN: Retrospective cohort study.
• METHODS: A large population-based screening for glau- 
coma was conducted in Malmö, Sweden, from 1992 to
1997. A total of 42,497 subjects were invited, of which
32,918 were screened, and 9,579 were non-responders
(ie, did not participate). The records of glaucoma patients
who had visited the Department of Ophthalmology at
Malmö University Hospital from January 1, 1987, to De- 
cember 31, 2017, were reviewed. Patients diagnosed at or
after the screening were assessed for moderate or severe
vision impairment, here called low vision, or blindness by
the World Health Organization de!nition. Selection bias
was corrected by creating a group of potential screening
participants from a comparison group of clinical patients.
Main outcome measures were the risk ratios of the cu- 
mulative incidence for bilateral low vision or blindness
caused by glaucoma in screened patients compared with
the potential participants.
• RESULTS: The cumulative incidence of blindness was
0.17% in the screened population versus 0.32% among
the potential participants; and for low vision 0.25% ver- 
sus 0.53%. The risk ratio (95% con!dence interval) be- 
tween the two was 0.52 (0.32-0.84) for blindness and
0.46 (0.31-0.68) for low vision. There were no differ- 
ences between the proportions of potential confounders
in the comparison group and those in the non-responders.
• CONCLUSIONS: The results suggest that popula- 
tion screening may reduce bilateral low vision and
blindness caused by glaucoma by approximately
50%. (Am J Ophthalmol 2021;228: 106–116.
© 2021 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license
( http://creativecommons.org/licenses/by/4.0/ ))
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G 
laucoma is one of the leading causes of irreversible
blindness worldwide. 1 , 2 Late presentation is the
major risk factor for developing blindness from

open-angle glaucoma, 3-8 which suggests that screening for
the disease (ie, earlier detection with subsequent treat- 
ment) may reduce the prevalence of glaucoma-induced
blindness. In developed countries, approximately 50% of
glaucoma cases are undiagnosed. 9 Most of the criteria for
a screenable disease are ful!lled by open-angle glaucoma,
with the exception of the cost-effectiveness. 10 , 11 Several re- 
ports have been published regarding the potential bene!t of
population screening in reducing the risk of impairment due
to glaucoma, 12-19 but the results of those investigations rep- 
resent predictions made using models based on prevalence
data and presumed effects of glaucoma treatment. No study
has yet reported real-life long-term effects of screening on
rates of glaucoma blindness.

In the 1990s, the largest screening ever performed
for open-angle glaucoma was conducted, which included
44,243 subjects, of whom 32,918 lived in Malmö. Twenty
years later, that screening offered a unique opportunity to
investigate the effect of screening on impairment from glau- 
coma, the intent of the present study.

METHODS

The population screening for open-angle glaucoma was
conducted from 1992-1997 in the cities of Malmö and
Helsingborg, Sweden, with populations at that time of
250,000 and 135,000 citizens, respectively. The purpose was
to recruit subjects with previously undetected glaucoma for
possible inclusion in the Early Manifest Glaucoma Trial
(EMGT). 20 In Malmö, all residents born between 1918 and
1932 and all women born between 1933 and 1939 were in- 
vited to the screening, excluding any individuals who had
visited the Department of Ophthalmology at Malmö Uni- 
versity Hospital during the year prior to screening.

The screening procedure and study design have been de- 
scribed previously in detail. 20-22 In short, the screening in- 
cluded measurement of intraocular pressure (IOP), refrac- 
tion, visual acuity (VA), fundus photography, and questions
regarding medical and family history and current medica-
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tions. Monoscopic fundus color photographs were obtained 
through dilated pupils using the non-mydriatic TRC-NW3 
fundus camera (Tokyo Optical Company, Tokyo, Japan) 
and Kodachrome 64 slide !lm (Kodak, Rochester, New 
York, USA). The picture angle was 50 degrees with the 
optic disc in the center of the image. All images were in- 
spected at 10-fold magni!cation and searched for signs of 
glaucomatous disc or retinal nerve !ber layer damage by 1 
glaucoma expert with considerable experience in glaucoma 
screening. 23 Individuals who screened positive for at least 
1 of the following criteria returned for additional examina- 
tions: 1) IOP > 25 mm Hg in at least 1 eye; 2) suspected 
or evident glaucomatous changes in the optic disc, retinal 
nerve !ber defects, or optic disc hemorrhages visible in fun- 
dus photographs; 3) exfoliation syndrome; or 4) manifest 
glaucoma in at least 1 !rst-degree relative. 

The post-screening examinations included repeated 
perimetry using the Humphrey Field Analyzer (Carl Zeiss 
Meditec, Dublin, California, USA) Full Threshold pro- 
gram, measurement of IOP using Goldmann applanation 
tonometry, dilated slit-lamp examination, and ophthal- 
moscopy. 

Patients included in the EMGT were 50-79 years old 
and had newly diagnosed, previously untreated chronic pri- 
mary open-angle glaucoma (POAG) or exfoliation glau- 
coma (PEXG), con!rmed by 2 consecutive Humphrey Full 
Threshold tests with glaucomatous !eld defects. Defects 
found in the 2 !eld tests had to affect the same sector of the 
Glaucoma Hemi!eld Test and be classi!ed as “outside nor- 
mal limits,” or if “borderline,” with obvious localized glau- 
comatous changes of the optic disc in an area corresponding 
to the !eld defect. 20 

Subjects with POAG or PEXG who ful!lled the other 
criteria for inclusion in the EMGT were asked to participate 
in the trial. Screened individuals with suspected or manifest 
glaucoma who did not ful!ll the inclusion criteria or who 
refused to participate in the trial were recommended and 
offered treatment and follow-up care at the Department of 
Ophthalmology at Malmö University Hospital or with an 
ophthalmologist in private practice of their own choice. 
• SUBJECTS: The main population of this study consisted 
of subjects of the screen-invited birth cohorts, men and 
women born between 1918 and 1932, and women born be- 
tween 1933 and 1939 who were living in the city of Malmö
from 1992-1997 and had been diagnosed with POAG or 
PEXG, either at or after the screening or study start. Pa- 
tients with secondary or angle-closure glaucoma were not 
eligible for the current study and neither were patients with 
POAG or PEXG diagnosed before the screening or study 
start. With few exceptions, glaucoma could be de!ned by 
criteria equivalent to those in the EMGT (ie, 2 consecu- 
tive Humphrey !eld analyzer threshold visual !eld test re- 
sults with glaucomatous defects that had to affect the same 
sector of the !eld). The Glaucoma Hemi!eld Test had to be 
“outside normal limits,” or if “borderline,” with obvious lo- 

calized glaucomatous changes of the optic disc correspond- 
ing to the !eld defect. 20 

The present study compared the frequency of bilateral 
impairment from glaucoma among 3 groups. The “screened”
group included those who attended the screening. The sec- 
ond group, the “non-responders to screening,” included 
those who had been invited to the screening but chose not 
to attend. The third group consisted of subjects who were 
a few years older or younger than the invited screening co- 
horts, designated the “uninvited comparison group,” which 
included men and women born between 1915 and 1917 and 
men born between 1933 and 1935. Subjects in this third 
group were not invited to the screening and would reveal 
what the proportion of impaired subjects would be with- 
out screening. 24 , 25 In the selection of patients into the un- 
invited comparison group, we tried to mimic the selection 
process used for the screened and non-responders as closely 
as possible. Inclusion and exclusion criteria were the same, 
and only the study start and end dates were adjusted. An 
overview of the selection process of the patients eligible for 
the present study is shown in Figure 1 . 

The study start date for the screened glaucoma patients 
was de!ned as each patient ́s individual screening date. Each 
screened age cohort had been examined consecutively ac- 
cording to date of birth. Non-responders to screening were 
assigned a study start date which was the same as the screen- 
ing date for screened subjects having the same birthdate. 
This strategy resulted in almost identical start and follow- 
up times. The study end for both groups was December 31, 
2017. For the uninvited comparison group, the start and 
end of the study period were adjusted to match age and 
follow-up time to those of the non-responders, who kept 
their original study start date. In the nonresponder age co- 
horts born between 1930 and 1932, the study end was short- 
ened by 3 years to match ages and follow-up times of the 
respective uninvited age cohorts ( Figure 2 ). 
• ETHICS: The EMGT (US National Institutes of Health 
Clinical Trials.gov identi!er NCT00000132; registered 
Sept 23, 1999) and the screening were approved by the 
Ethics Committee at Lund University, Sweden, in 1992, 
and approval was also given to the current study in 2006, 
with extensions most recently approved in 2019. Adver- 
tisements were published in local newspapers to allow glau- 
coma patients who had visited the department not to 
be included in the study. The EMGT was also approved 
by the Committee on Research Involving Human Sub- 
jects at the State University of New York at Stony Brook, 
USA. All studies followed the tenets of the Declaration of 
Helsinki. 
• DATA COLLECTION: Data were collected from medical 
records on visits to the Department of Ophthalmology at 
Malmö University Hospital from January 1, 1987, up to De- 
cember 31, 2017, and were reviewed to ascertain the date 
of diagnosis. The start date for review was set a few years 
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FIGURE 1. Flowchart of selection of data from patient records. Screened subjects and subjects not responding to the screening 
invitation are shown to the left, the uninvited comparison group is shown on the right. Dx = diagnosis; OAG = open-angle glaucoma. 
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FIGURE 2. Creation of the uninvited comparison group and corresponding non-responders. 
Patients from the unscreened comparison group (gray bars) were assigned the same day and month for the study start as the non- 
responders (black bars), but the year was adjusted to match for the age of the non-responder subjects. Similarly, the year for study 
end was adjusted to obtain the same follow-up time period for both groups. 

before the screening was initiated to ensure that only pre- 
viously undiagnosed subjects were included in the current 
investigation. 

Data for the size of the population of screen-invited co- 
horts were retrieved from screening records and protocols in 
paper format. The uninvited comparison group population 
was not part of the screening, and therefore, the mid-year 
number of subjects in this population was obtained from the 
Swedish Central Bureau of Statistics ( http://www.scb.se ) 

and adjusted for the proportion of individuals in the screen- 
ing population who were not invited to the screening. 

Ages for all glaucoma patients were recorded at the start 
and at the end of the study. In addition, sex, date of diagno- 
sis, date of death or loss to follow-up, VA, and the amount of 
visual !eld loss, which was noted as mean deviation (MD) 
for each eye at the last visit, were recorded. 26 The presence 
of exfoliative material in either eye on the anterior lens cap- 
sule or pupillary margin was also noted. In the cases with 
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TABLE 1. World Health Organization criteria for vision impairment 
Category Visual acuity in the better eye 

Worse than: Equal to or better than: 
1 Mild vision impairment 0.5 (20/40) 0.3 (20/70) 
2 Moderate vision impairment a 0.3 (20/70) 0.1 (20/200) 
3 Severe vision impairment a 0.1 (20/200) 0.05 (20/400) 
4-6 Blindness 0.05 (20/400) 
Category Remaining central visual field in the better eye 

Less than: Equal to or more than: 
3 Severe vision impairment a 20 ° 10 °
4-6 Blindness 10 ° - 
a Called low vision in this study. 

unilateral exfoliation syndrome, the patient was considered 
to be affected. 

Furthermore, for each patient, the !nal data obtained be- 
fore study end were assessed for possible impairment in ei- 
ther eye, as well as its cause and date of occurrence. The 
term vision impairment, de!ned according to World Health 
Organization (WHO) criteria ( Table 1 ), includes reversible 
causes of decreased vision (eg, uncorrected refractive er- 
rors). This study recorded best-corrected visual acuity and 
therefore used the terms low vision, corresponding to mod- 
erate and severe vision impairment of the WHO criteria, 
and blindness. Numbers of low vision in this report include 
blindness. 

Bilateral low-vision was reported, based on best- 
corrected visual acuity and/or visual !eld status in the best 
eye. Thus, a subject with 1 blind eye and low vision in the 
other eye was considered to have low vision. Each eye was 
counted as having low vision/blindness when VA got be- 
low the threshold for low vision or blindness (ie, < 20/70 or 
< 20/400, respectively) and did not improve on subsequent 
visits. The same was done for visual !eld data, with total 
extent of the central !eld of < 20 degrees but ≥10 degrees, 
de!ned as low vision, and central !eld extent < 10 degrees 
de!ned as blindness. A temporal aspect was applied: the dis- 
ease that !rst caused low vision or blindness was registered 
as the main cause for that eye. If 2 or more diseases con- 
tributed to the visual loss in 1 eye, and the date of visual 
loss was not known, the disease that was judged to con- 
tribute most extensively to the impairment was registered 
as the main cause. 

The constriction of visual !elds was determined by a 
previously described approach. 27 , 28 Brie"y, the diameter 
of the remaining visual !eld was calculated by drawing 
pseudoisopters on the numerical threshold decibel (dB) 
map on Statpac 26 single-!eld analysis printouts from the 
Humphrey perimeter, midway between test point locations 

with threshold sensitivity values of 10 dB or better and 
points with sensitivity less than 10 dB. 

In 96% of patients in this study, low vision and blind- 
ness from glaucoma were determined based on both visual 
!eld data and VA. However, in the 4% of patients in whom 
visual !eld data were lacking, the classi!cation was based 
solely on VA. 

The main risk factors for rapid progression and/or glau- 
coma blindness were recorded from the non-responders and 
the uninvited comparison group (ie, presence of exfoliation 
syndrome; age at death; and at study start: bilateral glau- 
coma; level of visual !eld loss by mean deviation; and un- 
treated IOP level). 3 , 29 The untreated IOP was noted as the 
mean of the measurements recorded within 3 months be- 
fore either the date of diagnosis or the starting date of IOP- 
reducing treatment, the latter for patients who were treated 
before receiving a diagnosis of glaucoma. 

To determine whether care practice had differed among 
groups, data were analyzed from a random sample of 100 pa- 
tients from each of the 3 groups. The number of visits per 
patient within 3 years after diagnosis or referral to our de- 
partment was registered, in addition to the number of pa- 
tients who had been treated with laser trabeculoplasty or 
other glaucoma surgical procedures. 
• ANALYSIS: Bilateral low vision and blindness due to glau- 
coma were the main outcome variables. Patients were con- 
sidered to have been lost to follow-up if they moved to other 
parts of Sweden or out of the country, and as a result, their 
ophthalmological data were not available to this study. 

Subjects who attend a screening sometimes have a dif- 
ferent risk of developing the disease endpoint than non- 
responders to screening. 30 , 31 The self-selection bias that 
may occur when comparing the outcome of screening at- 
tenders to non-responders can be corrected by the method 
of Duffy and associates, 32 in which a noninvited compar- 
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FIGURE 3. Correction for selection bias. The !gure illustrates how the effect of the screening is calculated both for screening 
participants and for the population. 33 , 34 It is assumed that the proportion of non-responders would be the same in the uninvited 
comparison group as in the screening-invited subjects. 32 The number of potential non-responders and the number of blind in this 
group were derived from the proportions among the non-responders. 

ison group was included. This correction is based on the 
assumption that the population of the uninvited compar- 
ison group would have the same proportions of screening 
attenders and non-responders as in the screen-invited pop- 
ulation ( Figure 3 ). 33 , 34 The number of subjects and persons 
with low vision or blindness from glaucoma was calculated 
in both the potential non-responders and the potential par- 
ticipants in the uninvited comparison group. Results were 
rounded to the nearest integer. 

Means of normally distributed continuous variables be- 
tween groups were compared by Student ́s t -test. The non- 
parametric Mann-Whitney U test was performed for com- 
parisons when appropriate. Associations between categor- 
ical variables were assessed using the χ2 test or by the z- 
test in case of 2 independent population proportions. The 
follow-up time was de!ned as the number of years from a 
patient’s study start date to the study end date. The re- 
verse Kaplan-Meier method was used to calculate median 
follow-up time, where events and censoring are reversed. 35 
Thus, the events of death or bilateral blindness from any 
cause were treated as censored, and censored patients (ie, 
those lost to follow-up and those alive at study end) were 

treated as events. Distributions of follow-up time were com- 
pared between groups by using the log rank test. Rates and 
risk ratios for the cumulative incidence of low vision and 
blindness were calculated. Sample size and power calcu- 
lations were not made for this study, because no samples 
were taken. The screening invited full age cohorts, and the 
study included all glaucoma patients visiting the authors’ 
department from the time of screening/study start to study 
end. The Statistical Package for the Social Sciences ver- 
sion 24.0 software (IBM, Armonk, New York, USA) was 
used. Risk ratios with con!dence intervals (CI) were calcu- 
lated using OpenEpi version 3.0.1 software (updated April 
6, 2013, accessed October 25, 2019; OpenEpi, Minneapolis, 
Minnesota, USA). 

RESULTS 
A total of 32,918 subjects born between 1918 and 1939 
were screened; 9,579 individuals refused the screening invi- 
tation; and 4,117 subjects were not invited to the screening, 
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TABLE 2. Descriptives of screened glaucoma patients (n = 1575) and glaucoma patients who were invited to but did not attend the 
screening (non-responders) (n = 271) 

Screened Non-responders Number of patients in analysis 
(screened/non-responders) 

Mean age at screening, years (95% CI) 67.5 
(67.3–67.7) 68.0 

(67.4–68.5) 1575/271 
Cumulative incidence of glaucoma, rate in % (95% 
CI) 4.8% 

(4.6-5.0) 2.8% 
(2.5-3.2) 1575 of 32918/ 

271 of 9579 
Male sex (patients born 1918–1932) (95% CI) 37.8% 

(0.35–0.40) 30.9% 
(0.25–0.37) 514 of 1360/ 

76 of 246 
Follow-up time, years (median + 95% CI) 22.6 

(22.5–22.8) 22.8 
(22.2–23.4) 1571/271 

Age at death, years (mean + 95% CI) 85.3 
(85.0–85.7) 85.8 

(84.9–86.7) 990/187 
Exfoliation glaucoma (95% CI) 50.0% 

(0.48–0.53) 56.5% 
(0.50–0.62) 1575/271 

MD, dB in worse eye at study end (median + IQR) –17.3 (17.0) –25.4 (15.0) 1498/242 a 
MD, dB in best eye at study end (median + IQR) –7.0 (9.8) –9.0 (13.3) 1498/242 a 

MD = mean deviation. CI = confidence interval. POAG = primary open-angle glaucoma. IQR = interquartile range. dB = decibel. 
a Data missing for part of the patients. 

because they had visited the Department of Ophthalmology 
during the year prior to screening. Thus, the screening had 
an attendance rate of 77.5%. Most attendees were of Euro- 
pean origin. 

Among all individuals invited to the screening, 1,846 
patients were identi!ed who had diagnoses of POAG or 
PEXG at the screening or during the follow-up period; 
1,575 patients were screened, and 271 were non-responders 
to screening. The diagnosis was set at or within 6 months of 
the screening in 427, and at more than 6 months after the 
screening in 1,148 of the screened patients. Of the latter 
patients, 155 received diagnoses of ocular hypertension or 
suspected glaucoma at the screening and were subsequently 
followed by regular checkups at the authors’ department or 
an ophthalmologist in private practice. A "owchart of the 
selection of patients eligible for the present study is pre- 
sented in Figure 1 . 

The mean age of all screen-invited glaucoma patients (ie, 
screened and non-responders) at the time of the screening 
was 67.6 years; 67.5 years for the screened, and 68.0 years 
for non-responders. Maximum follow-up time for each age 
cohort ranged from 22-25 years, and the median follow-up 
time for all invited patients was 23 years. Among the in- 
vited patients, 51% had PEXG, and 49% had POAG. The 
proportion of PEXG between screened and non-responders 
differed somewhat: 50% (95% CI: 0.48-0.53) and 56.5% 
(95% CI: 0.50-0.62), respectively ( P = 0.048, z-score). 
Characteristics of the screened and non-responder patients 
are presented in Table 2 . 

The diagnosis of glaucoma was based on the intended el- 
igibility criteria: reproducible visual !eld defects and corre- 

sponding optic disc damage in 1,680 (91%) of the patients. 
In 93 patients (5%), only 1 visual !eld was available, but 
corresponding optic disc damage was present. Visual !eld 
test results were missing for 73 patients (4%), in whom 
the diagnosis was based on optic disc appearance alone on 
photographs or in a written description. Of these patients, 
3/4 had been screened, and 1/4 were non-responders. Ap- 
proximately half of them (ie, 2% of all included) were pa- 
tients referred to the authors’ department from ophthalmol- 
ogists in private practice for cataract surgery or laser tra- 
beculoplasty, in whom no visual !eld tests had been per- 
formed before the patients returned to the referring doc- 
tor. Poor vision, physical restrictions, or mental illness 
were other reasons for not testing the visual !eld. Data 
for VA were missing for only 7 patients, 5 screened and 2 
non-responders. 

A total of 23 patients, not including deceased, were lost 
to follow-up. At the end of the study, 36% of the glaucoma 
patients were alive. Median time from the last visual !eld 
to study end date was 1 year for both screened and non- 
responders; median time from the last VA test to study end 
was 0 years for both groups. 

Characteristics of the glaucoma patients in the non- 
responder and uninvited comparison groups are presented 
in Table 3 . No statistically signi!cant differences were 
found between the groups regarding risk factors for rapid 
progression of glaucoma and/or glaucoma blindness (ie, the 
presence of exfoliation syndrome; age at death, and at study 
start: bilateral glaucoma; level of visual !eld loss by mean 
deviation; and untreated IOP level). The cumulative inci- 
dence of glaucoma was similar in both groups. 
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TABLE 3. Descriptives of the uninvited comparison group patients (n = 257) and the corresponding group of non-responder patients 
(invited to but did not attend the screening) (n = 68), including risk factors for glaucoma blindness and/or rapid progression 

Uninvited comparison 
group Non-responders Number of patients in analysis (non-responders/ 

uninvited comparison group) 
Patient and eye characteristics 
Mean age at diagnosis, years (95% CI) 79.3 79.2 68/257 

(78.5–80.1) (77.7–80.6) 
Cumulative incidence of glaucoma (95% CI) 2.80% 2.84% 68 of 2392/257 of 9170 

(2.48–3.16) (2.23–3.61) 
Male sex (patients from older age cohorts) (95% CI) 31.5% 30.0% 15 of 50/57 of 181 

(0.25-0.39) (0.19-0.44) 
Follow-up time, years (median + 95% CI) 21.3 23.3 68/257 

(19.5–23.1) (19.7–26.9) 
MD in best eye at study end (dB) (median + IQR) –9.28 (17.4) –9.68 (14.9) 60/233 a 
MD in worse eye at study end (dB) (median + IQR) –24.9 (14.5) –25.3 (15.2) 60/229 a 
Risk factors for fast progression and/or blindness 
Exfoliation glaucoma (95% CI) 49.4% 50.0% 

(0.38–0.62) 68/257 
(0.43–0.56) 

Mean age at death, years (95% CI) 89.5 88.7 55/181 
(88.7–90.3) (86.9–90.5) 

Bilateral glaucoma at diagnosis (95% CI) 34.6% 36.7% 
(0.25–0.50) 60/243 a 

(0.29–0.41) 
Max. IOP, at diagnosis (mmHg) (median + IQR) 30.0 (10.5) 31.0 (14.0) 58/233 a 
Min. IOP at diagnosis (mmHg) (median + IQR) 22.0 (9.0) 24.0 (10.0) 57/233 a 
MD in best eye at diagnosis (dB) (median + IQR) –4.72 (8.65) –5.41 (11.0) 58/205 a 
MD, in worse eye at diagnosis (dB) (median + IQR) –17.2 (15.8) –16.8 (19.9) 58/206 a 

MD = mean deviation. CI = confidence interval. IOP = intraocular pressure. IQR = interquartile range. dB = decibel. 
a Data missing for part of the patients. 

TABLE 4. Comparison of cumulative incidence of bilateral blindness and low vision from glaucoma in the uninvited comparison group 
and non-responders to screening. 

Number of subjects at study start Blind in both eyes, 
rate in %, (n) Low vision or blind in best eye, rate 

in %, (n) a 
Uninvited comparison group 9170 0.33 (30) 0.51 (47) 
Non-responders 2392 0.29 (7) 0.42 (10) 
Risk ratio Uninvited/ Non-responders (95% 
CI) 1.12 (0.49-2.54) 1.23 (0.62-2.42) 

CI = confidence interval. 
a Numbers on blindness are included in the low vision category. 

The risk ratio of the cumulative incidence of bilateral low 
vision or blindness caused by glaucoma differed somewhat 
between the groups but not signi!cantly ( Table 4 ). 

There were no statistically signi!cant differences among 
the screened, the nonresponder, and the uninvited groups 
regarding care practice; the median number of visits and 
percentages of patients who had been treated with laser tra- 
beculoplasty or surgery were similar in all 3 groups ( Table 5 ). 

The cumulative incidence of bilateral low vision and 
blindness caused by glaucoma was signi!cantly lower in 

the screened population than in the potential partici- 
pants: 0.17% of the screened were blind versus 0.32% of 
the potential participants. The proportions of low vi- 
sion, blindness included, were 0.25% versus 0.53%, re- 
spectively ( Figure 3 ). The risk ratios between the two 
were 0.52 (95% CI: 0.32-0.84) for blindness and 0.46 
(95% CI: 0.31-0.68) for low vision. The risk ratios, cal- 
culated according to the method of Duffy and associates 
were equal to our calculations: 0.52 and 0.46, respectively 
( Table 6 ). 32 
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TABLE 5. Comparison of care practice between the patients of the screened, the non-responders to 
screening, and uninvited comparison groups. 

Screened, n = 100 Non-responders, n = 100 Uninvited, n = 100 
Number of visits during the first 3 years 
Median 7 7 6 
Mean 8.12 8.78 7.25 
Number of laser trabeculoplasties 
0 62 62 66 
1 24 18 23 
2 10 15 8 
≥3 4 5 3 
Number of surgical procedures ∗
0 95 90 95 
1 3 7 5 
2 2 0 0 
≥3 0 3 0 

∗trabeculectomies, shunts, or cyclodiode laser treatments 

TABLE 6. Cumulative incidences of bilateral blindness and low vision from glaucoma in the screened 
population, the non-responders to screening and the potential participants population. 

Number of subjects at 
study start Blind in both eyes, (n) Low vision or blind in best 

eye, (n) a 
Screened 32 918 0.17% (55) 0.25% (81) 
Non-responders 9579 0.34% (33) 0.44% (42) 
Potential participants 7103 0.32% (23) 0.53% (38) 
Risk ratio 
Screened/ Potential 
participants 
(95% CI) 

0.52 
(0.32–0.84) 
p = 0.01 

0.46 
(0.31–0.68) 
p = 0.000 

CI = confidence interval. 
a Numbers on blindness are included in the low vision category. 

DISCUSSION 
This is the !rst study to present real-life long-term results 
regarding the impact of population screening on glaucoma- 
induced low vision or blindness. Our !ndings suggest that 
the screening and subsequent treatment had a protective 
effect. The risk ratios over a follow-up time of more than 
20 years revealed that approximately half as many subjects 
in the screened group developed low vision or blindness 
caused by glaucoma compared to subjects in the poten- 
tial participants group. These !ndings are not surprising, 
considering that glaucoma is detected at earlier stages by 
screening than by diagnosis in routine clinical practice 21 
and that the amount of visual !eld loss at the time of diag- 
nosis is the most important risk factor for developing blind- 
ness from glaucoma. 3-8 

The main strengths of the current study are the large 
numbers of subjects included in the screened group 
(n = 32,918) and the non-responders to screening 
(n = 9,579) and the length of follow-up. Also, only 1.2% 
of the patients in this study were lost to follow-up. Another 
advantage of this investigation is that approximately 75% 
of the patients with the diagnosis of glaucoma in the city of 
Malmö are followed at our hospital. Our department serves 
as the primary and tertiary glaucoma center for residents of 
Malmö and as the tertiary glaucoma center for a large part 
of southern Sweden, and we receive all referrals for glau- 
coma surgery and most referrals for laser trabeculoplasty or 
a second opinion from private practitioners in Malmö. 

Patients with severe glaucoma managed in private care 
in Malmö have most likely visited our department on some 
occasion. In an earlier study of lifetime risk of glaucoma 
blindness in Malmö, 36 only approximately 3% of the 592 
glaucoma patients who were included had not visited the 
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authors’ department. Accordingly, we believe that the few 
glaucoma patients with low vision or blindness who might 
not have visited this department could not have seriously 
biased the results of the study. 

The most important limitation of the current study is 
the lack of randomization of subjects. Therefore, we inves- 
tigated whether confounders were present in the 3 major 
groups compared: the screened, the non-responders, and 
the uninvited. The last group had a cumulative incidence 
of glaucoma similar to that of the non-responders, which 
indicates that this is the expected rate without screen- 
ing. Risk factors for rapid progression/blindness did not dif- 
fer signi!cantly between these 2 groups. Median follow- 
up time did not differ signi!cantly between screened and 
non-responders. No statistically signi!cant differences were 
found among the 3 groups regarding care practice. Over- 
all, the comparisons regarding potential confounders sug- 
gest that there were no important differences that needed 
to be corrected for in the analysis of the main outcome mea- 
sures. 

A comparison between the outcomes of the screened and 
those of the non-responder group would be susceptible to se- 
lection bias, as non-responders to a screening examination 
may have a higher or a lower risk of developing the outcome 
of interest compared to the general population. Selection 
bias may result in a "awed estimation of the true effect of 
screening. 30 , 31 Therefore, correction was made for selection 
bias ( Figure 3 ) in the calculation of risk ratios for the main 
outcome. 

We have shown that the uninvited comparison group 
was similar to the corresponding age groups of the non- 
responders regarding potential confounders and the cumu- 
lative incidence of glaucoma. However, the cumulative 
incidence of blindness was lower, 0.29%, in those non- 
responders who were compared with the uninvited com- 
parison group ( Table 4 ) than in all non-responders, 0.34% 
( Table 6 ). For the non-responders born between 1921 and 
1929 who were not included in the comparison with the 
uninvited group, the proportion of blindness was 0.36%. If 
it is assumed that this higher proportion of blindness in all 
non-responders would be the same in a !ctive uninvited 
comparison group of the corresponding ages and popula- 
tion size, the corrected proportion of blindness in the lat- 
ter would be 0.39%, and result in a risk ratio of blindness 
of 0.42 in screened subjects compared to potential partic- 
ipants (ie, a larger effect of screening). We chose not to 
make such a correction due to the uncertainties generated 
by the small numbers of blind subjects in the non-responder 
group who are compared with the uninvited group. Instead, 
a more conservative estimate was presented based on the 
uncorrected blindness rate of 0.33% in the uninvited com- 
parison group and the blindness rate of 0.34% of all the non- 
responders ( Figure 3 ). 

Other sources of bias that may occur in screening stud- 
ies, such as lead time, length time, and overdiagnosis bias, 
are not relevant to the present study. The main outcome 

is presented as the risk ratio of low vision and blindness 
from glaucoma, not by survival analysis. The study start 
of the different compared groups is based on the screen- 
ing dates of the screened, which gives the same follow-up 
time for all patients of the same age at study start, and 
patients with a diagnosis date before study start were not 
included. 24 , 25 

This is a retrospective investigation, an approach that 
has known limitations. Missing data and loss to follow-up 
are aspects of all observational studies, especially those as- 
sessing an elderly population in which other illnesses and 
age-related frailties affect follow-up and the ability of the 
subjects to manage examinations. However, only 1.2% of 
the patients in this study were lost to follow-up. Lack of vi- 
sual !eld data can lead to an underestimation of low vision 
or blindness caused by glaucoma but was missing for only 
4% of patients. 28 

If any cases of glaucoma-induced low vision or blindness 
among the patients without visual !eld data were not ac- 
counted for, the number of such subjects would have been 
small and probably would not have had a substantial impact 
on the main results. 

The authors of 3 major reviews 37-39 were unable to iden- 
tify a single randomized controlled trial or observational 
study of screening for open-angle glaucoma and its effect on 
low vision or blindness caused by this disease, and we have 
not found any more recent reports on this subject. There- 
fore, we cannot compare our results with the !ndings of ear- 
lier studies. 

Most screened subjects were white Europeans, and a con- 
siderable proportion of the glaucoma patients had exfolia- 
tion glaucoma, which makes direct comparisons with other 
regions or by race dif!cult. 

Our results suggest that population screening may lead to 
reductions in glaucoma-induced low vision or blindness of 
approximately 50%. This potential is, of course, valid only 
if glaucoma patients detected at screening are offered treat- 
ment and follow-up and are managed according to generally 
accepted principles. 

A possible limitation to observational studies, as the 
current study, is that one cannot be certain that all 
confounding factors have been identi!ed and controlled 
for. The reductions in low vision and blindness are 
large, however, and would probably not change much 
even if these unknown confounding factors were iden- 
ti!ed and corrected. A randomized controlled trial of 
glaucoma screening could provide even more conclu- 
sive evidence, but that would take many years. In the 
shorter term, follow-up evaluation of subjects who have 
been enrolled in earlier population studies may provide 
quick and independent con!rmation or refutation of our 
results. 

We hope that these !ndings will encourage further re- 
search of screening for glaucoma, which may reduce the 
effect of glaucoma on patients’ quality of life, especially 
as longevity increases over time. Ideally, a screening test 
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for glaucoma would be quick, simple, and affordable with- 
out compromising the most important property of a screen- 
ing method, high speci!city, which reduces the emotional 
harm caused by false positive !ndings. With recent progress 
in computer-assisted analysis of optic disc photographs and 
OCT scans, tests of this kind might be available in the near 
future. 40 

The cost-effectiveness of population screening depends 
on the prevalence of the disease in question. Therefore, it 
may not be cost-effective to screen for glaucoma in younger 
age groups in whom prevalence is low, but it may be worth- 
while in older age groups or in groups with higher preva- 
lence (eg, in people of African descent or in those with a 
family history of glaucoma). 15 , 16 

Opportunistic screening by optometrists may result in 
earlier detection of glaucoma but also in an increased 
burden on ophthalmologists because of larger numbers of 
referred patients. Clear-cut guidelines of suitable screen- 
ing methods, what ages to screen, and criteria for re- 
ferral to ophthalmologists and re-screening intervals are 
desirable. 

In conclusion, we have made the !rst long-term evalua- 
tion of the effectiveness of real-life glaucoma screening us- 
ing follow-up data from the largest screening for open-angle 
glaucoma conducted so far. The results suggest that low vi- 
sion or blindness in the screened population was reduced 
by half. Con!rmatory studies will be necessary before mak- 
ing any recommendations about general population screen- 
ing. However, it may be correct to consider opportunistic 
screening of older subjects if performed by trained person- 
nel using methods with high speci!city. 

TOC 
This study evaluated the effect on blindness of a large pop- 
ulation screening for open-angle glaucoma. The screen- 
ing was conducted in the 1990s in Malmö, Sweden, 
with approximately 33,000 participants. The results suggest 
that population screening may reduce blindness in those 
screened by approximately 50%. 
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