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Purpose: Glaucoma is the leading cause of irreversible blindness worldwide; however, vision loss resulting
from glaucoma generally can be prevented through early identification and timely implementation of treatment.
Recently, polygenic risk scores (PRSs) have shown promise in stratifying individual risk and prognostication for
primary open-angle glaucoma (POAG) to reduce disease burden. Integrating PRS testing into clinical practice is
becoming increasingly realistic; however, little is known about the attitudes of patients toward such testing.

Design: Cross-sectional, questionnaire-based study.
Participants: Among the participants in the Australian and New Zealand Registry of Advanced Glaucoma,

2369 were invited to participate who fit the inclusion criteria of adults with a diagnosis of POAG who had not
received genetic results that explain their condition, were not known to be deceased, resided in Australia, and had
agreed to receive correspondence.

Methods: One thousand one hundred sixty-nine individuals (response rate, 49%) with POAG completed the
survey evaluating their attitudes towards polygenic risk testing for glaucoma.

Main Outcome Measures: Sociodemographic, health, perception, and emotional factors were examined to
assess associations with interest in PRS testing. Interest in PRS testing was evaluated through assessing like-
lihood to take the test to predict personal risk of disease and disease severity, and whether the individual would
recommend the test to family members or others.

Results: Our results show strong interest in the test, with 69.4% of individuals (798 of 1150) indicating a
keenness in testing before diagnosis, had it been available. In particular, interest was seen in those from an urban
area (odds ratio [OR], 1.70; 95% confidence interval [CI], 1.15e2.49; P ¼ 0.007), those who perceived their risk of
developing glaucoma as higher (OR, 2.05; 95% CI, 1.28e3.29; P ¼ 0.003), and those who were worried about
developing glaucoma (OR, 2.07; 95% CI, 1.27e3.37; P ¼ 0.004). People who were interested in testing were more
likely to change their eye health-seeking intentions and to recommend testing to family members and others, as
well as to undergo testing for prognostication.

Conclusions: These findings will help to facilitate the clinical implementation of PRS testing for glaucoma to
reduce irreversible vision loss. Ophthalmology Glaucoma 2022;5:436-446 ª 2021 by the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Supplemental material available at www.ophthalmologyglaucoma.org.
Glaucoma is currently the leading cause of irreversible
blindness worldwide and the second most common cause of
vision loss after cataract.1 It is a genetically complex,
heterogeneous disease that manifests as progressive optic
neuropathy with corresponding visual field defects.2

Primary open-angle glaucoma (POAG) is the most com-
mon subtype, affecting 76 million individuals worldwide
and predicted to affect 112 million people by 2040.3 Raised
intraocular pressure (IOP) is the only known modifiable risk
factor for glaucoma. Current treatment principles focus on
reducing IOP, and this approach is highly effective at
slowing disease progression as well as being the only
evidence-based treatment option currently available.4

Despite the risk of irreversible blindness, even in
lsevier Inc
developed countries with excellent health care provisions,
approximately half of all individuals with glaucoma
remain undiagnosed.1,5 This is largely because the
condition is asymptomatic in the early stages of disease,
and also indicates that current screening methods are
inadequate.

Historically, glaucoma risk assessment has been
based on the cumulative sum of clinical features and
traditional risk factors. These include IOP, age,
ancestry, and family history.6,7 Glaucoma prevalence
differs between different ethnicities: those with African
ancestry are at greater risk of POAG than those with
European ancestry.3 Genetic risk largely has been
estimated through family history, with a 9.2-fold
.
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increased risk for first-degree relatives of patients with
glaucoma compared with controls.8 However, family
history is often an unreliable measure because many
patients are unaware of family members with
diagnosed or undiagnosed glaucoma or have erroneous
views as to the cause of relatives’ vision loss.9

Early diagnosis can be difficult, even in individuals
identified as being at increased risk, because of the
overlap of the phenotypic spectrum of healthy optic
nerves and nerves affected by early glaucoma.10

However, early identification and timely intervention
are critical because available treatments cannot restore
lost vision. Furthermore, rates of progression vary
widely in those with an established diagnosis of
glaucoma, which may result in delayed treatment or
overtreatment in those with rapid or slow progression,
respectively.

Glaucoma is one of the most heritable human diseases,
with the heritability of POAG underpinned by both rare and
common variants.11e13 High-penetrance variants in genes
such as MYOC, OPTN, and TBK1 account for up to 5% of
adult-onset POAG.14 Currently, the use of clinical genetic
testing for glaucoma has been restricted to rare genetic
variants that cause Mendelian glaucoma.14,15 However,
these are relevant to only a very small portion of the
population and often can be anticipated in individuals with
a strong family history of glaucoma and young age at
disease onset. Increasingly, large genome-wide association
studies and the derivation of polygenic risk scores (PRSs)
from these studies offers the prospect of performing genetic
risk assessment on a much broader population and suggests
that genetic risk profiling could be used to identify in-
dividuals at high risk of glaucoma developing, more rapid
disease progression, and treatment intensity.16 Other studies
have used PRS of glaucoma endophenotypes, such as IOP,
to provide further insight into the relationship between
genetic variants implicated in IOP and POAG
outcomes.17e19

Recommendations from the American Academy of
Ophthalmology in 2014 did not support routine genetic
testing for complex eye diseases such as adult-onset glau-
coma because of the limited number of genetic loci asso-
ciated with the disease and the lack of clinical usefulness at
the time.15 Recent findings regarding the genetic
stratification of risk and progression of POAG raise the
possibility that PRS testing may become part of glaucoma
screening and management if validated in prospective
clinical trials. Given that POAG affects approximately 3%
of individuals 50 years of age and older and that timely
treatment can prevent progression to blindness, enhanced
risk prediction has the potential to impact glaucoma
management significantly and to reduce vision loss
worldwide.20 Despite the significant progress made in
genetic risk prediction, no studies have assessed the
interest toward polygenic risk testing for glaucoma. In this
study, we assessed patients’ perception of genetic testing
for glaucoma and identified demographic as well as
psychosocial factors influencing their attitudes toward
polygenic risk testing.
Methods

Study Sample

This was a cross-sectional, questionnaire-based study approved by
the Southern Adelaide Clinical Human Research Ethics Committee
that adhered to the tenets of the revised Declaration of Helsinki.
The study sample included participants with diagnosed glaucoma
drawn from the Australian and New Zealand Registry of Advanced
Glaucoma (ANZRAG), one of the largest databases of clinical and
genetic data for primary glaucoma in the world.21 A letter of
invitation and a questionnaire were mailed to 2369 of the living
ANZRAG participants who met the inclusion criteria of adults
with a diagnosis of POAG who had not received genetic results
that explain their condition, resided in Australia, and had agreed
to receive correspondence. Consent to participate was implied by
completion of the survey.

Independent Variables

Sociodemographic, health, perception, and emotional factors were
examined to assess associations with interest in genetic testing.
Perception and emotional variables were assessed in a retrospective
sense, with participants asked to consider their possible perspective
before receiving a diagnosis of glaucoma.

Sociodemographic Variables

Age, gender, ethnicity, education, and urban or rural residence
were collected. Family history was acquired from the ANZRAG
database and was self-reported by respondents at the time of
recruitment. Family history of glaucoma, the number of family
members affected, and their degree of relation was collected.
Ethnicity was self-identified by respondents and defined in parallel
to the ANZRAG classification.21 Urban or rural status was based
on the Australian Bureau of Statistics census data using the
participants’ postcodes. Urban status was classified as those
postcodes with more than 50 000 residents.

Health Factors

Eye health factors included history of myopia, time since last eye
examination (by an optometrist or ophthalmologist), and frequency
of eye examinations. In addition to the information obtained from
the questionnaires, clinical data related to glaucoma were acquired
from the ANZRAG database. This included classification as
advanced or nonadvanced glaucoma, age at diagnosis, and specific
indicators of glaucoma severity, including best-corrected visual
acuity (BCVA) and vertical cup-to-disc ratio (VCDR). In the
ANZRAG database, advanced glaucoma was defined as central
visual field loss related to glaucoma with at least 2 of the 4 central
fixation squares having a pattern standard deviation probability of
less than 0.5% on a reliable Humphrey 24-2 field analysis (Carl
Zeiss Meditec) or a mean deviation worse than e15 dB or, in the
absence of visual field testing, BCVA worse than 20/200 because
of glaucoma.21 Additionally, evidence of glaucoma was required to
be present in the less severely affected eye, demonstrated through
glaucomatous visual field defects with corresponding optic disc rim
thinning, including an enlarged cup-to-disc ratio (� 0.7) or cup-to-
disc asymmetry (� 0.2) between both eyes.21 Best-corrected visual
acuity was converted to a decimal equivalent for ease of analysis
and interpretation. Legal blindness was defined by a visual acuity
of 20/200 or worse. The poorest recorded result between the right
and left eye of the clinical indicators of severity were used for
analysis.
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Perception and Emotional Factors

Perceptive factors were assessed through single-item measures
with Likert-like scale response options. Variables included
perceived knowledge regarding glaucoma, perceived severity of
disease, and perceived glaucoma susceptibility before diagnosis.
To assess the influence of emotion on interest in testing, partici-
pants were asked about their anxiety related to the possibility of
glaucoma developing before diagnosis.
Outcome Variable

Interest in genetic testing was evaluated through assessing likeli-
hood to undergo the test to predict personal risk of disease and
disease severity and whether the individual would recommend the
test to family members or others. A Likert-like scale was used to
assess personal interest and attitude toward testing for others.
Participants were given the opportunity to comment on their
selected responses regarding their interest in genetic testing and
how they might have changed their health-seeking intentions to-
ward glaucoma screening and management.
Additional Factors

Other factors relating to the test itself and communication of results
were assessed. Aspects of the test that were considered important to
know about before undergoing genetic testing and preferred
method of receiving genetic test results were assessed. Participants
were given the opportunity to comment on any additional aspects
of concern or interest regarding the test itself.
Statistical Analysis

Before the distribution, the survey was trialed with 10 volunteers at
Flinders Medical Centre and members of the community to ensure
ease of completion and that questions were comprehensible. In
addition, the survey was trialed with clinicians; however, it was not
validated for its effectiveness by an expert panel. Data were
analyzed using the Statistics Package for the Social Sciences
version 25.0 (SPSS, Inc). Descriptive statistics were used to
characterize the study sample. Responses were combined into
bivariate outcomes: “highly unlikely” and “unlikely” responses
were merged into a single “uninterested” group, and “likely” and
“highly likely” were merged into a single “interested” group.
“Unsure” responses for all questions were excluded. Univariate
logistic regression was performed between level of interest and
covariables (sociodemographic, emotional, and perception vari-
ables). Variables that showed significance levels of P < 0.1 in the
univariate analysis were included in the multivariate regression
model. Multivariate logistic regression modeling was used to
identify factors independently associated with interest in testing (P
< 0.05) using a backward stepwise approach. Where multiple
comparisons were made of the same data, Bonferroni correction
was applied.
Nonrespondents

Demographic and clinical data were obtained for those who did not
complete the survey (obtained at referral to the ANZRAG) and
were analyzed for comparison. These demographic data included
age, gender, and urban or rural status, and clinical data included
family history of glaucoma, age at diagnosis, classification of
severity (advanced or nonadvanced), VCDR, and BCVA.
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Results

Demographic Characteristics

In total, 2369 ANZRAG participants were invited to participate in
the study, with 1169 completing the questionnaire, yielding a
response rate of 49.3%. The demographic and personal character-
istics of respondents are shown in Table 1. In summary, 53.5% of
respondents were women, 92.9% were White, and 51.7% had an
education level of more than secondary school. The mean age of
the cohort was 75.7 � 10.3 years, with 93.8% being older than
60 years. A positive family history of glaucoma was reported by
65.9% of respondents, with 87.5% of those with a positive
family history having at least 1 affected first-degree relative. Of
the 1200 participants who did not respond, limited demographic
and clinical data were obtained from the ANZRAG database. In
summary, 55.2% of nonrespondents were women and 83.1% were
White. The mean age of nonrespondents was 77.7 � 14.5 years.
Respondents and nonrespondents did not differ by gender, age at
diagnosis, family history, or residency. However, respondents were
more likely to be younger (P < 0.001), to have White ancestry
(P < 0.001), and to have less severe glaucoma reflected by non-
advanced disease classification (P < 0.001) and rate of legal
blindness (P < 0.001) compared with nonrespondents (Table 1).

Understanding of Glaucoma and Perception of
Severity and Risk

Before being diagnosed with glaucoma, only 16.9% of respondents
believed that they knew a fair amount or a lot about glaucoma
(Table S1, available at www.ophthalmologyglaucoma.org). This
was associated significantly with family history, with those
having a family history of glaucoma being more likely to have a
better understanding of the condition before diagnosis (68.3% vs.
50.2%; P < 0.001). Furthermore, having a higher number of
affected family members was associated with increased
awareness of glaucoma (odds ratio [OR], 1.43; 95% confidence
interval [CI], 1.29e1.59; P < 0.001). Most participants (86.3%)
considered glaucoma to be a moderately severe or very severe
medical condition. Approximately one-third believed that glau-
coma was either likely or highly likely to develop in their lifetime
(29.2%) and were either slightly worried, moderately worried, or
very worried about glaucoma developing (29.1%) before receiving
a diagnosis. A belief of being at risk and being worried about
glaucoma developing were both associated with the presence of a
family history (self-reported; OR, 6.01 [95% CI, 4.18e8.62;
P < 0.001] and OR, 3.0 [95% CI, 2.23e4.10; P < 0.001],
respectively) and increasing number of affected family members
(OR, 1.88 [95% CI, 1.65e2.15; P < 0.001] and OR, 1.42 [95% CI,
1.30e1.57; P < 0.001], respectively).

Interest in Genetic Risk Testing for Glaucoma

Responses to survey questions are summarized in Table S1.
Overall, participants were in favor of glaucoma PRS testing.
More than two-thirds of individuals (69.4%) were likely or high-
ly likely to have undergone a genetic test to predict their risk of
glaucoma developing if it had been offered to them before they
received a diagnosis (Fig 1). Additionally, 96.2% of participants
would possibly, probably, or definitely take a test to predict their



Table 1. Characteristics of the Study Respondents and Nonrespondents

Variable Respondents (n [ 1169; 49.3%) Nonrespondents (n [ 1200; 50.7%) P Value

Age (yrs) <0.001*
Range 22.7e101.8 20.4e108.5
Mean � SD 75.7 � 10.3 77.7 � 14.5
Median 76.1 79.7

Age at diagnosis (yrs) 0.58*
Range 20.0e89.0 17.0e94.0
Mean � SD 59.1 � 12.8 59.2 � 14.4
Median 60.0 60.0
Unknown (excluded from analysis) n ¼ 80 n ¼ 93

Gender, no. (%) 0.43y

Female 625 (53.5) 662 (55.2)
Male 544 (46.5) 538 (44.8)

Ethnicity, no. (%) <0.001y

White 1086 (92.9) 971 (83.1)
Non-White 76 (6.5) 123 (10.5)

Asian 46 (3.9) 81 (6.9)
Mixed Ethnicity 19 (1.6) 19 (1.6)
Middle Eastern 5 (0.4) 8 (0.7)
African 4 (0.3) 10 (0.9)
Australian Aboriginal 1 (0.1) 0 (0.0)
Hispanic 1 (0.1) 5 (0.4)

Unknown (excluded from analysis) 7 (0.6) 106 (8.8)
Residency, no. (%) 0.20y

Urban 881 (75.4) 932 (77.7)
Rural 288 (24.6) 268 (22.3)
Highest level of education, no. (%) d d
Primary school 73 (6.3)
Secondary school 487 (42.0)
Vocational training 285 (24.6)
University 314 (27.1)
Unknown (excluded from analysis) 10 (0.9)

Family history of glaucoma 0.12y

Positive 770 (65.9) 740 (63.2)
Negative 389 (33.3) 431 (36.7)
Unknown (excluded from analysis) 12 (10.9) 29 (2.4) 0.26y

Positive
First-degree relative 674 (87.5) 647 (87.4)
Second-degree relative 86 (11.2) 74 (10.0)
Third-degree relative 7 (0.9) 12 (1.6)
Fourth-degree relative 3 (0.4) 3 (0.4)

Unknown (excluded from analysis) 2 (0.3) 4 (0.5)
Glaucoma severity, no. (%) <0.001y

Advanced 534 (45.7) 735 (61.2)
Nonadvanced 635 (54.3) 465 (38.8)
BCVA

> 20/200 1063 (90.9) 987 (82.3) <0.001y

� 20/200 72 (6.2) 179 (14.9)
Unknown (excluded from analysis) 34 (2.9) 34 (2.8)

VCDR
Range 0.10e1.0 0.2e1.0
Mean � SD 0.81 � 0.13 0.84 � 0.12 <0.001*
Median 0.80 0.90
< 0.9 728 (62.3) 570 (47.5)
� 0.9 409 (35.0) 592 (49.3)
Unknown (excluded from analysis) 32 (2.7) 38 (3.2) <0.001y

Last ophthalmic review, no. (%) d d
Within 6 mos 886 (77.5)
6e12 mos 182 (15.9)
1e2 yrs 60 (5.3)
More than 2 yrs 15 (1.3)
Unknown (excluded from analysis) 26 (2.2)

(Continued)
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Table 1. (Continued.)

Variable Respondents (n [ 1169; 49.3%) Nonrespondents (n [ 1200; 50.7%) P Value

Frequency of clinical reviews, no. (%) d d
Every 3 mos 172 (15.1)
Every 6 mos 678 (59.3)
Annually 229 (20.0)
Every 2 yrs 47 (4.1)
More than every 2 yrs 11 (1.0)
Unknown (excluded from analysis) 32 (2.7)

BCVA ¼ best-corrected visual acuity; SD ¼ standard deviation; VCDR ¼ vertical cup-to-disc ratio.
*Paired ManneWhitney U test for differences in median rank.
yChi-square test for association. Differences in ethnicity were assessed between White people and non-White people, positive and negative family history,
and VCDR between < 0.9 and � 0.9 groups. Boldface indicates statistical significance.
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risk of rapid progression or severe disease developing if stronger
treatments could prevent blindness.
Factors Affecting Interest in Genetic Risk
Testing for Glaucoma

The association between demographic, perception, and emotional
predictor variables and interest in genetic risk testing for glau-
coma was analyzed (Table 2). Age, age at glaucoma diagnosis,
gender, ethnicity, level of education, BCVA, VCDR, timing of
last eye examination, and frequency of eye examinations were not
associated with interest in glaucoma genetic risk testing in the
univariate logistic regression. Variables that reached a signifi-
cance level of P � 0.1 were included in a multivariate logistic
regression to identify the impact of these variables on a positive
interest in genetic risk testing for glaucoma (either likely or
highly likely to have undergone testing if it were available). After
adjusting for other predictor variables, urban residency was
associated with increased interest in testing (OR, 1.70; 95% CI,
1.15e2.49; P ¼ 0.007).

Level of knowledge of glaucoma before diagnosis and
perceived severity of glaucoma were not associated with increased
Figure 1. Bar graphs showing level of interest in polygenic risk testing for gla
attitude. Responses to the question, “How likely would you have been to take a g
to you before you were diagnosed?” Responses (A) were grouped by disease sever
unlikely, likely, or highly likely) or (B) were grouped into a positive (likely or hig
respondents indicated being unsure (5.2%).
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interest in testing. Level of glaucoma awareness before diagnosis,
perceived risk of glaucoma, and concern regarding glaucoma
developing before diagnosis were associated significantly with
interest in genetic risk testing for glaucoma in univariate analysis.
Increased interest in testing was associated with an increased
perceived risk of glaucoma (OR, 2.05; 95% CI, 1.28e3.29; P ¼
0.003) and worry before diagnosis about glaucoma developing
(OR, 2.07; 95% CI, 1.27e3.37; P ¼ 0.004) in the multivariate
logistic regression model (Table 2).

Health-Seeking Intentions

We assessed whether interest in glaucoma genetic risk testing was
associated with an individual’s eye health-seeking intentions or their
likelihood to recommendgenetic testing to others (Table 2). Interest in
testing was associated significantly with a likeliness to change health-
seeking intentions relating to eye health (OR, 1.53; 95% CI,
1.11e2.11; P¼ 0.009). In addition, interest was associated positively
with increased likelihood of recommending testing to family (OR,
12.83; 95% CI, 6.33e25.99; P < 0.001) and others (OR, 3.67; 95%
CI, 2.66e5.06; P < 0.001) and the likelihood of undergoing testing
for the purpose of predictingprognosis and disease severity (OR, 4.97;
95%CI, 2.47e10.00; P< 0.001) using univariate logistic regression.
ucoma according to (A) disease severity and (B) positive versus negative
enetic test to predict your risk of developing glaucoma if it had been offered
ity (advanced or nonadvanced) and by individual response (highly unlikely,
hly likely) or negative (highly unlikely or unlikely) expressed interest. Sixty



Table 2. Univariate and Multivariate Logistic Regression Analysis Assessing Predictors of a Positive Interest in Genetic Risk Testing and
the Impact of Interest in Testing on Health-Seeking Intentions

Variable

Univariate Logistic Regression Multivariate Logistic Regression

OR (95% CI) P Value OR (95% CI) P Value

Age (per increasing yr) 1.00 (0.99e1.01) 0.871
Age at diagnosis (per increasing yr) 1.00 (0.99e1.02) 0.487
Sex
Male 1.00
Female 1.15 (0.88e1.50) 0.312

European ancestry
Yes 1.00
No 1.05 (0.61e1.83) 0.857

Residency
Rural 1.00
Urban 1.44 (1.06e1.83) 0.018 1.70 (1.15e2.49) 0.007

Level of education 0.797
Primary school 1.00
Secondary school 0.88 (0.48e1.63) 0.682
TAFE/vocational education 0.80 (0.43e0.78) 0.502
University 0.78 (0.41e1.46) 0.428

Family history 0.002 0.638
Unaffected 1.00
First-degree relative 1.66 (1.25e2.22) <0.001 1.06 (0.67e1.68) 0.802
Other relative 1.28 (0.77e2.12) 0.338 1.39 (0.70e2.73) 0.348

No. of family members affected (per extra) 1.16 (1.04e1.29) 0.009 1.06 (0.92e1.13) 0.429
Glaucoma severity
Advanced
Nonadvanced 1.00 0.341

BCVA (per improvement of
0.1 on decimal scale)

1.14 (0.87e1.49)

BCVA 1.09 (0.70e1.71) 0.698
� 20/200 1.00
> 20/200 1.13 (0.65e1.95) 0.676

VCDR (per increase of 0.1) 0.67 (0.23e1.92)
VCDR 1.00 0.455
� 0.9 1.19 (0.90e1.57) 0.236
<0.9

Last eye examination 0.229
> 2 yrs 1.00
1e2 yrs 0.60 (0.14e2.49) 0.479
6e12 mos 1.12 (0.28e4.40) 0.875
Within 6 mos 1.08 (0.28e4.10) 0.913

Frequency of eye examinations 0.754
> 2 yrs 1.00
1e2 yrs 1.38 (0.30e6.38) 0.684
Annually 1.46 (0.35e6.01) 0.605
Every 6 mos 1.47 (0.36e5.93) 0.592
Every 3 mos 1.14 (0.28e4.76) 0.854

Awareness before glaucoma diagnosis
Not aware 1.00
Aware 1.65 (1.26e2.16) <0.001 1.03 (0.67e1.06) 0.883

Knowledge of glaucoma
No knowledge 1.00
Good knowledge 1.19 (0.66e2.12) 0.565

Perceived severity
Severe 1.00
Not severe 1.33 (0.62e2.87) 0.462

Perceived risk
Not at risk 1.00
At risk 3.14 (2.15e4.59) <0.001 2.05 (1.28e3.29) 0.003

Worry before diagnosis
Not worried 1.00
Worried 3.24 (2.28e4.62) <0.001 2.07 (1.27e3.37) 0.004

(Continued)
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Table 2. (Continued.)

Variable

Univariate Logistic Regression Multivariate Logistic Regression

OR (95% CI) P Value OR (95% CI) P Value

Likeliness to change health-seeking intentions
Not interested in PRS 1.00
Interested in PRS 1.53 (1.11e2.11) 0.009

Interest in test for prognosis
Not interested in PRS 1.00
Interested in PRS 4.97 (2.47e10.00) <0.001

Interest in test recommendation outside family
Not interested in PRS 1.00
Interested in PRS 3.67 (2.66e5.06) <0.001

Interest in family test recommendation
Not interested in PRS 1.00
Interested in PRS 12.83 (6.33e25.99) <0.001

BCVA ¼ best-corrected visual acuity; CI ¼ confidence interval; PRS ¼ polygenic risk score; TAFE ¼ Technical and Further Education; VCDR ¼ vertical
cup-to-disc ratio.
Boldface indicates statistical significance.
An odds ratio (OR) of more than 1 indicates that participants were more likely to be interested in testing.
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Factors about Testing and Follow-up

We assessed the aspects of glaucoma genetic risk testing and
follow-up that respondents would like to know before undergoing
analysis, regardless of their indicated interest in testing. All 4 op-
tions provided were deemed important by more than 70% of
respondents (cost, process involved, meaning of results, and follow-
up). We assessed the preferred method of receiving results, identi-
fying that most participants would prefer to receive results in
person, in a letter, or via e-mail, rather than via a telephone call. The
factors about testing and follow-up are summarized in Figure S1A
(available at www.ophthalmologyglaucoma.org), and the preferred
methods of receiving results are summarized in Figure S1B.
Several participants commented that their preferred method would
depend on the result; if at high risk, face-to-face delivery would
be preferred, and if low risk, other methods would be sufficient. It
also was noted that if results were received nonverbally or via
Figure 2. Bar graph showing the cost that participants would be willing to pay
involved, how much would you be willing to pay for the test?”
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telephone, an option to speak with someone in person would be
appreciated to discuss implications and answer questions. Regarding
cost, approximately 80% of participants would be willing to pay for
testing, with more than half of those willing to pay indicating that a
cost of AU$50 to AU$100 would be appropriate (Fig 2). Others
commented that they would expect the test to be covered by
Medicare (Australia’s universal health insurance system),
particularly if they themselves were a senior citizen or pensioner.

Additional Results

Participants were given the opportunity to make additional
comments on aspects of the test they would like to know more
about and how such testing would change their behavior
regarding their eye health. Some noted the accuracy of the test
would be important to know before undergoing testing with
respect to false-positive and false-negative rates and the
for a glaucoma genetic risk test. Responses to the question, “If a cost were
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specificity and sensitivity of the test. Privacy also was high-
lighted as a concern, given the need to provide genetic material
and the implications that results may have on employment or
insurance. Some were interested in whether any additional risks
(other than glaucoma risk) could be identified from the test and
whether the test would be recommended to family members
automatically based on their results. Recommended age to un-
dergo the test, treatment options, adverse effects of the test and
their available treatments, and short- and long-term prognosis
were also identified as information of interest.
Discussion

Recent studies of PRS have shown that implementing PRS
for clinical use in ophthalmology (and other fields of med-
icine) is becoming increasingly realistic.14,16e18,22e29 For
conditions such as glaucoma, PRS testing has strong clinical
usefulness given the complex nature and heritability of the
disease and its treatability, as well as the difficulties asso-
ciated with diagnosis.28 Polygenic risk testing has the
potential to improve disease prediction, diagnosis, and
management of vision loss, from reactive and responsive
to predictive and preventative. For this adaptation to be
successful, thorough understanding of stakeholders’
attitudes toward such testing is required first to develop
implementation frameworks and successful uptake.

To our knowledge, no studies have assessed the attitude
of individuals with glaucoma toward PRS testing for the
condition, and critical gaps in understanding barriers to
implementing such testing persist. This study provides
useful insights into the potential uptake of PRS testing for
glaucoma. Our results supported the hypothesis that in-
dividuals with glaucoma have a positive attitude toward
genetic risk testing for glaucoma (69.4% being likely or
highly likely to have undergone testing), as well as testing to
predict risk of severe disease or rapid progression. The re-
ported interest was similar to that of a previous study
investigating attitudes toward single gene testing for glau-
coma, with 61.8% reporting interest among a large glau-
coma pedigree.30,31 In addition, our results are comparable
with those of studies on predictive genetic testing in other
conditions, including inherited breast and colorectal
cancer.22e26,32e34 In particular, studies assessing interest
in predictive genetic testing for breast cancer among in-
dividuals affected by the disease reported similar levels of
interest, ranging from 57.0% to 61.8%.24,25 Further research
is needed to validate the effectiveness of PRS testing in an
unaffected population.

Increasing interest in glaucoma genetic risk testing was
associated with a positive family history of glaucoma and a
higher number of affected family members. However, it was
shown that the affected relative must be at least a second-
degree relative or closer. These results are in line with
other studies that found interest in genetic testing was
particularly supported if there was a family history of the
condition.22,23,26,32e34 However, although significant in the
univariate logistic regression, these variables were not sta-
tistically significant when controlling for other associated
variables. This may be attributable to some respondents
recognizing their predisposition from having an affected
family member. Several respondents commented that glau-
coma development was somewhat expected given their
family history of glaucoma, and therefore they believed that
a genetic test was not necessary, given that they were
already undergoing regular eye examinations. However, it
has been shown that glaucoma risk can vary significantly
even in individuals with high penetrant variants, ranging
from very high to average population risk depending on the
PRS.16,35 This indicates a need for community education
regarding genetic risk. Studies in inherited breast and
colorectal cancer reported positive interest particularly in
those with a positive family history of the
condition.23,26,32e34,36e41 However, it should be recog-
nized that screening for these conditions via colonoscopy or
mammography generally is more invasive than an eye ex-
amination, so genetic testing may be preferable by those at
an increased risk to avoid this type of investigation.

Previous studies have shown that individuals who have a
higher perceived risk of glaucoma are the most motivated to
reduce their risk of vision loss.42 This is consistent with our
results showing that those who had a higher perceived risk
of glaucoma developing were more interested in genetic
risk testing for glaucoma. Similarly, those who had been
worried about glaucoma developing before receiving a
diagnosis were more interested in testing. Interest in
testing was associated with having an intention to change
behavior toward eye health. This is not in keeping with
other genetic studies that have shown that knowledge of
risk has little effect on risk-reducing behaviors.43

However, this may be less relevant to glaucoma because,
unlike most common conditions, no established
environmental risk factors exist that could be modified
through risk-reducing lifestyle changes.

A positive attitude toward genetic risk testing for glau-
coma seems to extend beyond personal interest. Increasing
interest was associated with increased likelihood to recom-
mend testing to family members and others. Interestingly, a
positive family history of glaucoma was not associated with
an increased likelihood to recommend testing to family
members. However, although not significant, having an
affected first-degree relative was associated with an
increased interest in testing, suggesting that close affected
relatives still may influence interest in testing.

Nonrespondents were significantly older, more likely to
be of non-European ancestry, and more likely to have
advanced disease and legal blindness. Those who are of an
older age may believe that a genetic test regarding risk and
prognosis is not relevant at their stage of life. These in-
dividuals may also have added difficulty completing a
questionnaire that requires reading and comprehension and
the dexterity to record their responses. However, it is
possible that the disparity in age seen between groups is the
result of ANZRAG participants who have died remaining in
the database. Although the database is updated regularly, if
the database manager is not notified of a participant’s death,
it may not be recorded. Similarly, individuals of non-
European ancestry may not speak English as their primary
language and may have difficulty completing the question-
naire, which was delivered only in English. In addition, it is
443



Ophthalmology Glaucoma Volume 5, Number 4, July/August 2022
not yet clear how a glaucoma PRS may perform across non-
European populations, and participants of non-European
ethnicity may not be aware of this. Finally, those with
advanced disease may have had more difficulty completing
the questionnaire because of their impaired vision. More-
over, they may not have believed that genetic risk testing
would be personally relevant given their severe disease.
These individuals may have expected glaucoma to develop,
regardless of the potential calculated genetic risk, based on a
strong family history of the disease. However, no significant
association was found between advanced glaucoma and the
presence of a family history of glaucoma (P ¼ 0.245).

We asked participants which components of the test they
would like to know about before undergoing the test. The cost
of the test, the process involved in taking the test, the implica-
tions of the results, and likely follow-up were roughly of equal
importance to respondents,withmore than70% indicating each
would be important to know. Respondents indicated mail, in
person, and e-mail to be the most preferred methods of
receiving results. In addition, the largest proportion of partici-
pants (approximately 45%) indicated a cost of AU$50 to
AU$100 for the test would be reasonable. Some who indicated
an unwillingness to pay for the test commented on the chal-
lenges of affording additional health care costs while receiving
a pension. This is important to consider given the older age of
those most commonly affected by glaucoma.

The findings from this study should be interpreted in
light of the following limitations. Questions assessing
glaucoma knowledge, risk, and interest in genetic testing for
the study population were framed as a retrospective concept
given that individuals in this group had already received a
diagnosis. This may be difficult for some to interpret and
444
answer without the bias of hindsight influencing their
response. The study participants were drawn from an
existing glaucoma research registry that may have intro-
duced a selection bias. By participating in the ANZRAG (a
study in which participants must consent for genetic testing
in a research context), participants may be more interested in
genetic research, and therefore may be more likely to be
interested in such testing in a clinical context. Participants
were asked to indicate their level of interest in such testing
from a retrospective point of view, which may reduce this
bias. Almost 95% of the study sample was of European
ancestry, highlighting the need for further validation across
other ancestral backgrounds before implementation, which
also is pertinent to the predominantly European-derived
PRS instruments themselves.

Additional challenges to clinical implementation of PRS
testing for glaucoma remain. One challenge of conveying
PRS results is to ensure that these results are communicated
as absolute and relative risk values in conjunction with other
established and validated clinical risk factors, and not as
predictive or prognostic risk.27 Clinical implementation of
PRS will require that clinicians and the public receive
education about the significance and limitations of the
results. Furthermore, additional issues will arise in public
health infrastructure and policy including economically
balancing the cost of screening with the cost of
management, identifying the most appropriate target
screening population, and ensuring adequate access to
testing and follow-up treatment.44
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