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Risk factors for open-angle
glaucoma and recommendations
for glaucoma screening

Learning objectives

After reading this article, you will:
4 Be able to classify the frequency of

the presence and occurrence of open-
angle glaucoma.

4 Be able to name the relevant risk
factors for the development of open
angle-glaucoma.

4 Know quality parameters for popula-
tion-based screening and be able to
classify findings during screening.

4 Be able to evaluate the risk factors of
open-angle glaucoma for screening.

Introduction

Glaucoma is a group of slowly progres-
sive optic neuropathies that result in
loss of retinal ganglion cells and their
axons, with resultant visual field defects
[1]. Glaucoma can be differentiated
into open-angle glaucoma and acute
or chronic angle closure based on the
iridocorneal angle configuration. In the
latter, the chamber angle is displaced,
whereas in open-angle glaucoma, it is
macroscopically open.

Open-angle glaucoma often becomes
symptomatic only at an advanced stage
[2], making screening of great clinical im-
portance. Crabb et al. report that 26% of
patients initially do not notice any symp-
toms of their disease [2]. When respon-
dentswereaskedtoreproduce theirvisual
field defect, 54% chose a sample image
with blurred spots [2]. As a result, many
patients do not notice the disease and

The German version of this article can be
found under https://doi.org/10.1007/s00347-
020-01251-x

no ophthalmologist is consulted. How-
ever, regular glaucoma screening allows
the disease to be detected at an early
stage. An Australian population-based
study reports that if no eye exam has
been performed in the previous 2 years,
there is an eight-fold greater likelihood of
undiagnosed glaucoma [3]. It is not yet
possible to reverse nerve fiber loss that
has already occurred or to completely re-
verse visual field defects. However, there
are therapeutic measures that can stop or
delay further progression of open-angle
glaucoma in many cases [4–6].

Against this background, the Associa-
tion of the Scientific Medical Societies in
Germany (Arbeitsgemeinschaft der Wis-
senschaftlichen Medizinischen Fachge-
sellschaften, AWMF) guideline (S2e) of
the German Ophthalmological Society
(DOG) and the German Professional
Association of Ophthalmologists (BVA)
was created for the “Assessment of risk
factors for the occurrence of open angle
glaucoma”[7], fromwhichrecommenda-
tions for open-angle glaucoma screening
were derived. These recommendations
will be presented in this CME article;
therefore, this text stays relatively close
to the guideline. In particular, the rec-
ommendations/statements have been
adopted from the guideline. Only in-
dividuals who are not at increased risk
for open-angle glaucoma due to other
eye diseases, eye surgery, and drug side
effects other than the use of steroids are
considered.

Epidemiology

Prevalence of open-angle
glaucoma

A systematic review of population-based
studies [8] reports that 2.93% of the
European population aged 40–80 years
has glaucoma, the majority of whom
have open-angle glaucoma (prevalence
of 2.51%). Data from the Gutenberg
Health Study confirm these figures for
theGerman population aged 35–74 years
[9]. Prevalence estimates describe how
many people have a certain disease at
any one time. Estimates of incidence,
on the other hand, indicate how many
people who do not have the disease at
that time will develop the disease within
a certain time.

Age and gender dependency
A meta-analysis shows that open-angle
glaucoma is more frequent with increas-
ing age ([10]; . Fig. 1). A 2.0- to 2.5-
fold increase per decade of age is ob-
served after the age of 40 years. At the
age of 40 years, 0.4% of the population
has open-angle glaucoma, at the age of
50 years 0.7%, at the age of 60 years 1.4%,
at the age of 70 years 2.10%, at the age of
80 years 5.3%, and at the age of 90 years
about 10%.

This study also shows that men are
1.3 times more likely to have open-an-
gle glaucoma. Data from 54 population-
based studies were analyzed, including
ethnicity, year of study, and definition of
glaucoma [10].

Statement The prevalence of open-an-
gle glaucoma increases with age in the
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Fig. 18 Prevalence of open-angle glaucoma. (Figure from themeta-analysis by Kapetanakis et al.
[10])

Caucasian population up to 10% at the
age of 90 years.

Incidence of open-angle glaucoma

Studies on the occurrence of open-angle
glaucoma (incidence) show that about
0.5–1.5% of people aged 40–80 years de-
velopglaucomawithin5years. Therefore,
repeated screening tests were performed
in these studies to also detect undiag-
nosed glaucoma. However, there are sig-
nificant differences in the estimations of
the incidence of open-angle glaucoma,
partly due to methodological differences
in the studies, such as the glaucoma def-
inition used, the time intervals consid-
ered, and the average age of the cohorts
considered. Glaucoma incidence was in-
vestigated indifferentprimaryCaucasian
cohorts [11–17]. In the Blue Mountain
Eye Study, 0.3% of subjects developed
open-angle glaucoma over a 10-year pe-
riod [16], and the Rotterdam Eye Study
found a similar pattern with 0.6% (def-
inite) and 1.2% (definite and probable)
over 5 years, and 2.8% (definite andprob-
able) over approximately 10 years [13,

14]. The Ponza Eye Study reports an in-
cidence of definite open-angle glaucoma
of 3.8% over a 12-year observation pe-
riod [12]. In other ethnic groups, the in-
cidence was sometimes lower and some-
times higher [18–21]. Having said that,
some studies had a low response rate and
a small studysize. However, there is a lack
of reliable data in the very elderly group
(over 90 years).

Age dependence of incidence
Analogous to the prevalence, the inci-
dence of open-angle glaucoma is age
dependent. The Rotterdam Eye Study
reports that the risk increases 1.07-fold
per year (95% confidence interval [CI]:
1.04–1.11) [22]. The incidence of open-
angle glaucoma was analyzed in a Cau-
casian Australian cohort: Compared
to persons aged 40–49 years, the risk
was two-fold higher in 50- to 59-year-
olds, 8.4-fold higher in persons aged
60–69 years, 12.2-fold higher in persons
aged 70–79 years, and 8.6-fold higher
in persons over 80 years of age [23].
However, due to the size of the study,
the estimates were imprecise, especially

at higher ages. Men were 1.3–2 times
more likely to develop new open-angle
glaucoma at a mean observation period
of 5–9 years [14, 17, 24]. This difference
was small and could not be statistically
proven.

Statement Between 0.5 and 1.5% of 40-
to 80-year-olds will develop open-angle
glaucoma within the next 5 years. The
incidence increases particularly with ad-
vanced age.

Risk factors for the development
of open-angle glaucoma

In addition to age, a positive family his-
tory, increased intraocular pressure, my-
opic refractive error, and pseudoexfolia-
tion are risk factors for open-angle glau-
coma and are associated with increased
incidence.

Family history
According to a study fromSweden, a pos-
itive familyhistory(forglaucoma) isa risk
factor: People with a positive family his-
tory are two times more likely to develop
glaucoma [24]. A similar result is re-
ported by the Visual Impairment Project
from Australia [23].

However, glaucoma patients report
that their mothers (5.0%) and sisters
(2.6%) are more likely to have glaucoma
than their fathers (1.5%) and brothers
(1.2%) [25]. On the other hand, epi-
demiological data suggest that men are
more likely to have open-angle glaucoma
than women [10]. This indicates that
patient history data may show memory
bias, survival bias, and underdiagnosis
of the disease.

Statement Individuals with a positive
first-degree family history have a two-
fold higher risk of developing glaucoma.

Intraocular pressure
The presence of elevated intraocular
pressure is associated with an increased
risk for developing open-angle glau-
coma. This association has been de-
scribed in several population-based
studies [22–24].

In the case of increased intraocular
pressure (24–32mmHg) without prior
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glaucomatous disease, the risk of devel-
oping glaucomawithin 5 years is 9.5%, as
demonstrated by the control arm of the
Ocular Hypertension Treatment Study
[26]. A reduction in intraocular pressure
results in a reduction to 4.4% [26]. The
European Glaucoma Prevention Study
showed a conversion rate in ocular hy-
pertension (22–29mmHg)of 13.4%with
dorzolamide and 14.1% without local
therapy after 5 years [27]. While the
Ocular Hypertension Treatment Study
[26] and the study by Ekstrom [24]
used Goldmann applanation tonometry
to determine intraocular pressure, the
Visual Impairment Project [23] initially
measured without applanation tonome-
try and only in the case of an increased
value was the measurement confirmed
usingGoldmannapplanation tonometry.

The reliability of intraocular pressure
measurement (defined as transcorneal
pressure) differs between different mea-
surement methods, as does the agree-
mentwithGoldmannapplanation tonom-
etry [28]. Therefore, if the intraocular
pressure is not measured according to
Goldmann, a value of 22mmHg or more
should be checked with Goldmann ap-
planation tonometry.

In addition, thinner central corneal
thickness in ocular hypertension is
known to be a risk factor for the occur-
rence of open-angle glaucoma, as shown
in the European Glaucoma Prevention
Study [29].

Statement The risk of open-angle glau-
coma increases with higher intraocular
pressure. In the case of ocular hyperten-
sion (≥24mmHg), the risk of developing
glaucoma within the next 5 years is 9%.

Refractive error
In the Rotterdam Eye Study, high my-
opia (–4dpt or more) was shown to be
a risk factor for the occurrence of open-
angle glaucoma (2.3-fold increase) [13].
This was also shown for other ethnic
groups: In a Chinese cohort study, my-
opia (–0.5dpt ormore)was also shown to
be a risk factor for open-angle glaucoma
[19]. The Chinnai Eye Disease Incidence
Study showed that axis length is related
to the risk of open-angle glaucoma: The
risk increased by a factor of 1.5 per mil-

limeter increase in axis length [21]. In
addition, inhighlymyopiceyes, opticdisc
assessment is complicated by oblique op-
ticnerve entryand, forexample, amyopic
conus.

Statement Myopia from –4dpt carries
a two- to three-fold higher risk of glau-
coma.

Pseudoexfoliation and pigment
dispersion
Three studies in Caucasians report an in-
creased risk of glaucoma with pseudoex-
foliation: This risk was higher by a factor
of 4.19 [11], 4.8 [23], and 5.68 [24]. Pseu-
doexfoliation was diagnosed by slit-lamp
microscopy. In pseudophakic eyes, how-
ever, the deposits accumulate especially
at the periphery of the intraocular lens
[30], which is why an examination inmy-
driasis is particularly important here. In
pigment dispersion (syndrome), the risk
of conversion is10%after5years and15%
after 15 years [31]. Young myopic men
in particular (mean age 42 years) seem to
develop pigment dispersion glaucoma.

Statement Pseudoexfoliation increases
the risk of open-angle glaucoma by a fac-
tor of 4–6.

Other factors associated with
open-angle glaucoma

Ethnicity
Individuals with dark skin color have
a three-fold higher risk of open-angle
glaucoma compared to people with light
skin color [10], and they develop the
disease at an earlier age.

According to the results of two stud-
ies, people of Latin American origin are
also more likely to develop open-angle
glaucoma with increasing age, especially
beyond the age of 80 years.

Note Individuals with dark skin color are
three times more likely to develop open-
angle glaucoma than are individuals with
light skin color. A significantly steeper
increase with age is seen in people of
LatinAmericanorigincompared toother
ethnicities.

Steroids
Oral or topical use of steroids can cause
secondary open-angle glaucoma in pre-
disposed patients.

Very few results are available from
population-based studies on the use of
steroidsandtheoccurrenceofopen-angle
glaucoma [32]. However, a link between
systemic steroid administration andapos-
sible increase in intraocular pressure has
long been known from numerous clini-
cal studies [33–35]. Glucocorticoid nasal
sprays have not been shown to be associ-
atedwith changes in intraocular pressure
[36, 37]. No case of glaucoma was found
in either review [36, 37].

However, a correlationbetweenopen-
angle glaucoma/increased intraocular
pressure and the use of inhaled corti-
costeroids in individuals with a positive
family history [38] is possible, especially
if the dose is increased (four puffs/day
for at least 3 months).

Steroids applied topically to the eye
have been shown in clinical studies
to increase intraocular pressure [39],
and this appears to be more common
than with systemic steroid administra-
tion, leading to higher pressure levels.
Myopic and high myopic patients are
particularly affected by this, as observed
in postoperative treatment after cataract
surgery [40].

Intravitreal steroids can also increase
intraocular pressure [41], in both a dose-
and a drug-dependent manner. A sys-
tematic review reports that 11% of pa-
tientsdevelop increased intraocularpres-
surewith0.35mgintravitrealdexametha-
sone, 15% with 0.7mg dexamethasone,
32%with4mgintravitreal triamcinolone,
66% with 0.59mg fluocinolone, and 79%
with 2.1mg fluocinolone [41]. These
data show a dose-dependent steroid re-
sponse. For the lower concentration flu-
ocinolone preparation available in Eu-
rope (0.19mg), a study using retrospec-
tive data showed an increase in intraoc-
ular pressure (by 10mmHg or more) in
22% of patients [42].

Statement A higher risk for the occur-
rence of elevated intraocular pressure is
seenwith systemic, topicallyappliedoph-
thalmic, and intravitreal steroids.

Der Ophthalmologe
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sick persons healthy personsprevalence 2.5%

500 1

Total number of screened persons
100 000

sensi�vity 80% specificity 90%

2 500

2 000 2

97 500

9 750 3 87 750 4

97.5%2.5%

20% 80% 10% 90%

nega�ve 
test result

posi�ve predic�ve value
2 000

(2 000 + 9 750)
= 0.17

nega�ve predic�ve value
87 750

(500 + 87 750)
= 0.994

posi�ve 
test result

nega�ve 
test results

Fig. 28 Sensitivity, specificity, positive predictive value, and negative predictive value in glaucoma
screening using an example (1 false-negative, 2 true-positive, 3 false-positive, 4 true-negative test re-
sult)

Disc morphology
The vertical optic cup–disc ratio (CDR)
is associated with a higher probability
of glaucoma with increasing values. In
a systematic review [43], open-angle
glaucoma was 7.0–7.5 times more likely
with a CDR≥ 0.6 (compared to a CDR
of 0.6), and 14 times more likely with
a CDR≥ 0.7. However, it must be taken
into account that with increasing disc
size, the physiological cup of the optic
disc also increases and the CDR is phys-
iologically larger [9, 44]. With a side
difference of ≥0.2 in the vertical CDR,
open-angle glaucoma is four times more
likely, and with a vertical CDR≥ 0.3 as
much as seven times more likely [43].
Other morphological changes are also
associatedwith an increased riskofopen-
angle glaucoma. In the presence of optic
disc hemorrhage, open-angle glaucoma
is 7.5 times more likely [45]. The most
common theory for optic disc hemor-
rhage is mechanical vascular disruption
[46], which indicates increased sensitiv-
ity of the optic disc. Other signs that
have been associated with the diagnosis
of glaucoma (defined by multiple expert
assessments of the optic disc) include
increased optic disc cupping and the
presence of a rim notch and bayoneting

of small vessels at the upper and lower
optic disc margins. It should be noted
that optic disc cupping is also a clinical
sign of glaucoma and may be interpreted
as an early sign of the disease.

Statement (Vertical) optic disc cupping
with a CDR≥ 0.6 in normal-sized optic
discs is associated with an increased risk
of glaucoma.

StatementA side difference in (vertical)
optic disc cupping increases the likeli-
hood of glaucoma (approximately four-
fold for ≥0.2 side difference, approxi-
mately seven-fold for ≥0.3 side differ-
ence).

Statement The probability of glaucoma
is 7.5 times higher in the case of optic
disc hemorrhage.

Rationale for glaucoma
screening

The vast majority of people with glau-
coma notice the disease late, after func-
tional deficits have already developed
[47]. Treatment options with low side
effect profiles are available, such as the
use of eye drops that lower intraocular

pressure [48] and prevent or slow the
progression of glaucoma [4–6]. There-
fore, glaucoma screening is deemed
promising, and the expert consensus
concluded [7] that patients at increased
risk should be offered open-angle glau-
coma screening at defined intervals.

The available evidence for glaucoma
screening is limited, giventhatthereareno
randomized studies evaluating the extent
to which—timely—glaucoma screening
can actually prevent vision loss or blind-
ness. Therefore, the evidence can only
be derived indirectly and is subject to
a certain degree of uncertainty. From an
ethical perspective, and in the opinion of
the expert committee, the consequences
of glaucoma that is not detected or de-
tectedtoolateoutweightheconsequences
of suspected glaucoma that later turns
out to be unfounded through additional
diagnostics.

Severalmethods are available for glau-
coma screening. When tonometry is used
as the sole measure to diagnose glau-
coma, sensitivity (percentage of people
diagnosed with the test out of all peo-
ple with glaucoma) and specificity (per-
centage of people diagnosed as healthy
out of all healthy people) depend on the
thresholds chosen. Chan et al. describe
a sensitivity of 30% with an intraocular
pressure threshold of 21mmHg and of
8% for a threshold of 26mmHg, as well
as a specificity of 81% (for 21mmHg) to
98%(for 26mmHg) [49]. In fundoscopic
examination of the optic disc, sensitivity
ranges from 66 [50] to 78% [51], while
specificity ranges from 60 [50] to 83%
[51]. Ophthalmoscopy is considered to
have sufficient specificity to detect glau-
coma [52]. Screening based on patient
history questions, which could be asked,
e.g., by the primary care physician, has
notbeenshowntobeeffective[52]. Other
methods such as perimetry are highly
dependent on patient cooperation [53],
meaning that no reliable statements can
be made about sensitivity and specificity.
Newermethods such as optical coherence
tomography (OCT) measurements of the
optic disc [54] and themacula, especially
the ganglion cell layer, or deep learning
algorithms based on fundus images [55]
achieve higher sensitivity and specificity
than do conventional approaches under

Der Ophthalmologe
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Table 1 Risk factors relevant to screening intervals according to the guideline “Risk factors for
open-angle glaucoma” [7]
Risk factors for shortening the examination interval

Family predisposition (first-degree relative)

Myopia from 4dpt

People with dark skin color or of Latin American descent

Ocular hypertensionwith intraocular pressure of 22–25mmHg (pachymetry-controlled)

Borderline optic disc cupping (vertical CDR≥ 0.6)

Side difference of optic disc cupping (vertical CDR≥ 0.2)

Prolonged treatment with steroids systemically or in the eye

CDR cup–disc ratio

study conditions. However, imaging di-
agnostics for glaucoma (OCT, etc.) rep-
resent individual health care services in
Germany and are not included in the
service catalog of statutory health insur-
ances.

If intraocular pressure measurement
is combined with binocular indirect oph-
thalmoscopy to test for the presence of
glaucoma, studies show a sensitivity of
64% at a specificity of 96% (individ-
uals with intraocular pressure below
18mmHg were defined as healthy) [56]
and a sensitivity of 61% at a specificity of
84% (with a defined pressure threshold
of 21mmHg and vertical CDR≥ 0.5).
However, fixed intraocular pressure
thresholds should be viewed critically,
especially in the context of normal-ten-
sion glaucoma. The expert consensus
of this guideline recommends at least
a combination of intraocular pressure
measurement and binocular indirect
ophthalmoscopy for glaucoma screening
[7].

However, binocular indirect oph-
thalmoscopy as part of the screening
procedure requires sound experience in
disc evaluation in order to avoid too
many false-positive findings. Therefore,
in equivocal cases, imaging, especially
with modern OCT technology, and a vi-
sual field examination are recommended
for further clarification. In a recent study
on glaucoma detection, a sensitivity of
77% and a specificity of 98% could be
achieved by combining OCT and visual
field findings, without taking into ac-
count the respective intraocular pressure
[57].

However, it is also important that
the combination of intraocular pressure
measurement and optic disc assessment

is additionally able to identify individuals
with ocular hypertension.

Statement The glaucoma screening ex-
aminationshould includeat least abinoc-
ular examination of the optic disc and in-
traocular pressure measurement. These
examinationsrepresentonlyaminorbur-
den for the patient.

Patients need to be educated about the
benefits and risks of glaucoma screening
as well as the typically long asymp-
tomatic course of glaucoma disease,
which is characterized by irreversible
nerve fiber loss. In addition, it should be
explained to patients that an abnormal
result in screening does not necessarily
mean that the disease is actually present,
but that further examinations (perime-
try, pachymetry, repeated intraocular
pressure measurements, morphometric
imaging) are required to confirm or rule
out the suspicion. The result may also
indicate ocular hypertension, which,
although not requiring treatment, must
be monitored more closely and inten-
sively than in patients with a negative
examination result.

The positive predictive value indicates
how many people with a positive test re-
sult actually have the disease (e.g., in the
60- to 64-year-old age group, only 17 out
of100individualswithabnormalfindings
have glaucoma with an assumed sensi-
tivity of 80% and a specificity of 90%;
. Fig. 2). The percentage of undetected
glaucoma is comparatively low due to
the low prevalence: 6 out of 1000 per-
sons with a negative test result have glau-
coma at the age of 60–64 years that was
not detected (assumed sensitivity of 80%,
specificityof 90%, andprevalence of 2.5%
in the given example). It is important to

note that a single tonometric measure-
ment does not rule out ocular hyperten-
sion due to the fluctuation in measured
values [58].

Statement Patient education on the ben-
efits and risks of glaucoma screening
should be provided. The patient should
also be informed about the further pro-
cedure in the case of a positive result.

NoteDue to the fluctuation in tonometry
values, a single tonometric measurement
does not exclude ocular hypertension or
glaucoma.

The expert consensus in the guideline
[7] advocated that risk groups in partic-
ular should be more closely monitored.
These risk groups are determined by fac-
tors that increase the risk of developing
glaucoma at least two-fold. Risk factors
that increase the risk less than two-fold
(e.g., gender) are therefore not consid-
ered. These risk factors include: First-de-
gree family history of glaucoma, myopia
of –4dpt or more, individuals with dark
skin or of Latin American descent, oc-
ular hypertension with intraocular pres-
sure of 22–25mmHg (pachymetry-con-
trolled), borderline optic disc cupping
(vertical CDR≥ 0.6), side difference in
optic disc cupping (vertical CDR≥ 0.2),
and prolonged systemic or topical steroid
eye treatment (. Table 1). After the start
of steroid medication, steroid response
should be ruled out by timely intraocular
pressure monitoring.

Note Untreated glaucoma progresses at
different rates. This should be taken into
account when determining the intervals
at which glaucoma examinations are per-
formed.

Theprevalenceand incidenceofopen-
angle glaucoma increases with age. To
date, however, there is little epidemio-
logical data on open-angle glaucoma in
people under 40 years of age. There-
fore, no evidence-based statement can
be made for this age group. However, if
risk factors are present, an examination
should also be considered in individuals
aged 40 years.

Glaucoma screening at a younger age
(40–60 years) is important, since the dis-
easecanresult inareducedability to drive;
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Next glaucoma
screening a�er
0  RF:    5 years
1  RF: 2-3 years
2+ RF:    1 year

60 years and above

Glaucoma
screening

Next glaucoma
screening a�er

0   RF: 2-3 years
1+ RF:    1 years

Glaucoma
screening:

0 RF: none
1 RF: every 5 years

3+RF: every year

Excep�ons: 
• Presence of pseudoexfolia�on
• Ocular hypertension (>25 mmHg)

screening interval of at least 1 year 
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te
rv

al

2 RF: every 2-3 years

Fig. 39 Recom-
mendations for
glaucoma screen-
ing (RF risk factors
other than age,
+ includes this or
a higher number of
risk factors)

for example, Gramer et al. report that
10–20% of patients were not fit to drive
at the time of first presentation in clinics
due to an impaired binocular visual field
[59]. In addition, a glaucoma patient
with visual impairment or blindness at
a young age lives longer with this dis-
ability than does someone who becomes
ill at an advanced age.

However, there is a lack of studies
from which it can be reliably deduced for
whom glaucoma screening offers more
advantages than disadvantages and from
what age such an examination should be
performed. Therefore, based on clinical
experience and a risk–benefit assessment
by the editorial committee of the guide-
line, it is recommended that glaucoma
screening should be offered to all per-
sons over the age of 40 years.

NoteFromthe age of 40, everyone should
be offered glaucoma screening.

To date, there is no literature on how
examination intervals should be set for
high-risk patients. Since the rate of
progression of glaucomatous disease can
vary widely [1], this must also be taken
into account when setting intervals for
repeat examinations. The intervals must
be long enough to detect a slow aver-
age progression of the disease while at
the same time short enough to detect
a rapidly progressive form of the disease

before severe functional impairment oc-
curs. Here, too, there is a lack of studies
from which the interval length can be
reliably derived. The expert consensus
of this guideline therefore recommends
[7] that the interval length should be
determined according to risk factors for
the occurrence of open-angle glaucoma
and age.

If there are no risk factors other than
age, the examination interval should be
5 years at the age of 40–59 and 2–3 years
from the age of 60 (. Fig. 3). At an as-
sumed sensitivity of 80% and a specificity
of 90% for the examination, this leads
to a negative predictive value (persons
with negative findings [no open-angle
glaucoma] also do not have open-angle
glaucoma) of over 99%. However, the
positive predictive value showed a high
percentage of false positives: At the age
of 40–49 years, only one in 20 persons
with positive findings have open-angle
glaucoma after 5 years; at the age of over
70 years, only one in eight persons with
positive findings have open-angle glau-
coma after 2.5 years. The patient needs
to be informed about this and a positive
result must be confirmed or excluded as
open-angle glaucomaby furtherdiagnos-
tics (OCT examination, perimetry, etc.).
Only by means of further examinations
(imaging procedures such as OCT and
visual field examination) can this high

false-positive number of cases be suffi-
ciently reduced [57].

Statement Between the ages of 40 and
59 years, examination intervals should be
5 years, and from the age of 60 onwards,
2–3 years if there are no risk factors other
than age.

Due to the increased prevalence and
incidence ofopen-angle glaucoma for the
risk factors described above, the expert
group is of the opinion that in persons
with one risk factor (except age), the
examination interval should be reduced
to 2–3 years for the 40- to 59-year age
group and to1year forpersonsolder than
60 years [7]. In the presence of two or
more risk factors (except age), the exam-
ination interval should also be reduced
to 1 year for the 40- to 59-year age group
[7].

Statement If there is an additional risk
factor (other than age), the screening in-
terval can be reduced to:
4 2–3 years for persons aged

40–59 years
4 1 year from 60 years.

For two or more risk factors (except age),
the interval should be reduced to 1 year.

Adults under the age of 40 years
should be examined every 5 years if any
of the above risk factors are present, every
2–3 years if two risk factors are present,
and annually if three or more risk factors
are present. Glaucoma screening is also
recommended for individuals with dark
skin color from the age of 30 years.
Again, since there are no studies from
which this can be reliably deduced, the
recommendation was made on the basis
of expert consensus.

NoteGlaucoma screening should be per-
formed every 5 years in adults under the
age of 40 years with one risk factor, ev-
ery 2–3 years with two risk factors, and
annually with three or more risk factors.

The main risk factors with the highest
effect estimates for open-angle glaucoma
were pseudoexfoliation and ocular hy-
pertension with an intraocular pressure
over 25mmHg as measured by appla-
nation tonometry (. Table 2). Therefore,
in the presence of pseudoexfoliation or
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Table 2 Risk factors that require at least
annual screening according to the guideline
“Risk factors for open-angle glaucoma” [7]
Risk factors that require at least one an-
nual examination

Presence of pseudoexfoliation

Ocular hypertensionwith an intraocular
pressure on applanation tonometry over
25mmHg

ocular hypertension, a screening interval
of at least 1 year is recommended [7].

Statement In the presence of pseudoex-
foliation or ocular hypertension with
an intraocular pressure over 25mmHg
as measured on applanation tonometry,
screening should be performed at least
once a year.

Patients at increased risk for open-an-
gleglaucomamustbe informedabout this
risk, as well as the paucity of subjective
symptoms of this disease. According to
the guideline, repeat screening should be
recommended after the abovementioned
intervals and documented accordingly.
Thus, the risk of reduced quality of life,
e.g., as a result of unfitness to drive due
to visual field defects, can be reduced
by early detection and treatment of the
disease.

Statement Patients with risk factor(s)
should be informed about their increased
risk of glaucoma, and repeat screening
at the appropriate interval should be rec-
ommended and documented.

Practical conclusion

4 In the context of development of the
guidelines, risk factors for open-angle
glaucoma were demonstrated by the
literature review.

4 According to the expert consensus,
these should be taken into account in
the recommendations for glaucoma
screening in order to implement
them in a risk-adjusted manner.
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