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ABSTRACT

Background This study assessed the quality distribution
of non-mydriatic fundus photographs (NMFPs) in real-
world glaucoma screening and analysed its influencing
factors.

Methods This cross-sectional study was conducted

in primary healthcare centres in the Yinzhou District,
China, from 17 March to 3 December 2021. The quality
distribution of bilateral NMFPs was assessed by the Digital
Reading Department of the Eye Hospital of Wenzhou
Medical University. Generalised estimating equations and
logistic regression models identified factors affecting
image quality.

Results A total of 17232 photographs of 8616 subjects
were assessed. Of these, 11.9% of images were reliable
for the right eyes, while only 4.6% were reliable for the
left eyes; 93.6% of images were readable in the right
eyes, while 90.3% were readable in the left eyes. In
adjusted models, older age was associated with decreased
odds of image readability (adjusted OR (aOR)=1.07,

95% Cl 1.06~1.08, p<0.001). A larger absolute value

of spherical equivalent significantly decreased the odds

of image readability (all p<0.001). Media opacity and
worse visual acuity had a significantly lower likelihood of
achieving readable NMFPs (aOR=1.52, 95%Cl 1.31~1.75;
a0R=1.70, 95%Cl 1.42~2.02, respectively, all p<0.001).
Astigmatism axes within 31°~60° and 121°~150° had
lower odds of image readability (a0R=1.35, 95% Cl
1.11~1.63, p<0.01) than astigmatism axes within
180°+30°.

Conclusions The image readability of NMFPs in large-
scale glaucoma screening for individuals 50 years and
older is comparable with relevant studies, but image
reliability is unsatisfactory. Addressing the associated
factors may be vital when implementing ophthalmological
telemedicine in underserviced areas.

Trial registration number ChiCTR2200059277.

INTRODUCTION

As the world’s leading irreversible and age-
related blinding eye disease, glaucoma
is often asymptomatic in its early stages,'
making population screening crucial for early
detection. A systemic review estimates that

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Artificial intelligence (Al) based on high-quality fun-
dus images excels in eye health screening.

= However, the presence of unreliable images may
impact diagnostic outcomes and exacerbate already
overwhelmed healthcare systems.

WHAT THIS STUDY ADDS

= In this cross-sectional study, which examined
17232 photographs of 8616 subjects, the bilateral
non-mydriatic fundus photographs (NMFPs) were
found to have an image reliability rate below 12%.

= The image reliability of single-field NMFPs in large-
scale glaucoma screening for individuals 50 years
and older is unsatisfactory.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings suggest that the applicability of
Al based on fundus photographs for community
screening in real-world settings may confront po-
tential challenges.

= Despite the revolutionary impact of Al-based sys-
tems in healthcare, these challenges cannot be

ignored.

the number of patients with glaucoma world-
wide will increase to 111.8million in 2040.
Along with an ageing population, improved
life expectancy, changing environments and
behavioural patterns, healthcare systems are
facing unprecedented challenges in meeting
the current and anticipated demands for eye
care. Although population-based screening
of angle-closure glaucoma and open-angle
glaucoma has been shown to be cost-effective
in China,” it is still not a routine screening
programme owing to ophthalmic personnel
shortages and financial constraints. Encourag-
ingly, telemedicine and artificial intelligence
(AI) algorithms have revolutionised the field
of eye health screening. Telemedicine enables
ophthalmologists to evaluate and deliver care
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remotely, which facilitates a more efficient and equitable
distribution of limited healthcare resources.” Al-assisted
screening using colour fundus photographs (CFPs) has
demonstrated high sensitivity and specificity.”'* Addi-
tionally, deep learning (DL) systems have made it possible
to predict the onset and progression of glaucoma.'’ '
Recently, Wang et al”’ developed a Markov model and
concluded that annual Al telemedicine screening was the
most cost-effective strategy in China.

Glaucoma screening is highly dependent on various
imaging devices. Among them, fundus photography has
become avaluable tool due toits high feasibility, important
diagnostic value and wide availability. Obtaining
high-quality CFPs is crucial for the development and
application of DL systems, especially for the internal set
used for training and validation.”'? However, fundus
photographs acquired during real-world glaucoma
screening are often non-mydriatic with short shooting
times and can be obscured due to media opacities such
as cataracts. A certain proportion of fundus photographs
obtained in population-based glaucoma screening may
be deemed ‘unreadable’. Poor-quality images limit the
application of Al in the healthcare industry, yet little
attention has been given to the image quality of real-
world fundus photographs.

In light of this, we employ a new evaluation criterion
to assess the quality distribution of NMFPs obtained
during real-world glaucoma screening and to analyse the
factors that impact image quality. The results can serve as
a valuable reference for enhancing the quality of fundus
photographs in primary healthcare centres, optimising
the screening approach for eye diseases and improving
the efficiency of screening for those conditions.

METHODS

This cross-sectional study was part of a randomised
controlled trial (RCT) of community glaucoma screening
in Yinzhou District. Informed consent was obtained from
all participants. The protocol has been published on the
website (http://www. medresman.org.cn/) with registra-
tion number ChiCTR2200059277.

Community glaucoma screening

We randomly selected six communities to conduct glau-
coma screening in Yinzhou District (Ningbo City, China).
Before screening, we distributed publicity materials and
propagated screening activities to community staff in
advance, and community workers mobilised residents
aged 50 and older to participate in the screening. Glau-
coma screening was integrated with routine community
health examinations in primary healthcare centres from
26 November 2020 to 3 December 2021.

Patient and public involvement statement

Patients or the public were not involved in the design,
or conduct, or reporting or dissemination plans of our
research.

Participants

Subjects included in this study were individuals aged 50
and older who underwent glaucoma screening from 17
March 2021 to 3 December 2021, and had NMFPs taken
of both eyes, along with clinical diagnosis and image
quality grading. Subjects who did not receive a definite
image quality grade or did not complete optometry of
both eyes were excluded from the study. The inclusion
and exclusion diagram of the study participants is shown
in online supplemental figure 1.

A total of three screening teams that underwent profes-
sional training simultaneously conducted the glaucoma
screening. The screening items included registration,
presentingvisual acuity (PVA), intraocular pressure (I0P),
automatic refractor, non-mydriatic fundus photography,
optical coherence tomography and handheld slitlamp
biomicroscopy. The glaucoma screening flowchart is
shown in online supplemental figure 2. Ophthalmolo-
gists made diagnoses based on ophthalmic examinations
and fundus reading reports. The definitions of glaucoma
suspect were in accordance with the Wenzhou Glaucoma
Screening Programme.'’ Media opacity included kera-
topathy, cataracts and vitreous opacity. The diagnostic
criteria for cataracts included lens opacity, such as vacu-
oles, water clefts, lamellar separation, wheel amplitude
opacity, wedge turbidity, nuclear opacity and posterior
capsule opacity, but not a few punctate opacities that do
not impact vision."” Additionally, a PVA of less than 0.7,
except forvisual impairment caused by diseases excluding
cataracts, was also considered a diagnostic criterion.'®

NMFP and telemedicine reading

In the darkroom environment of primary healthcare
centres, a trained operator used a digital non-mydriatic
fundus camera (VISUCAM 224, Zeiss, Germany) with
24 million pixels high-resolution fundus imaging to take
fundus photographs of the subjects. The parameter
settings of the fundus camera included the following:
capture mode was colour, field of view was 450, the
flash mode was automatic flash with flash light level 5,
refractive compensation range was continuous, within
+35D~-35D, the working distance was 40mm from the
eye to the lens, and the internal fixation point corre-
sponded to the midpoint of the line connecting the
optic disc and the macula, which was at the centre of
the photographing field. The image was meticulously
focused on the posterior pole of the retina at 45°, and the
photographic sequence was the right eye first, followed
by the left. The operator selected and uploaded the
optimal image for each eye onto the Eye Health Compre-
hensive Data Cloud Management Platform. Reading staff
in the Digital Reading Department of the Eye Hospital
of Wenzhou Medical University logged into the manage-
ment platform and reviewed the image data during the
screening period. The image quality was graded, the
diagnosis was established by the reading staff and feed-
back was provided in a timely manner. The Kappa values
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Figure 1 Quality grading criterion for non-mydriatic

fundus photographs. (A) Reliability fundus photographs.

(B) Readable (both optic disc and macula visible): the
photograph was mild defocus, but the results could still

be interpreted. (C) Readable (both optic disc and macula
visible): artefacts were discernible that did not affect the
reading results. (D) Readable (optic disc only visible): the
photograph was slightly defocused, but the results could still
be interpreted. (E) Readable (optic disc only visible): artefacts
are discernible that did not affect the reading results. (F)
Unreadable: the photograph was seriously defocused that
made it impossible to interpret the results. (G) Unreadable:
large artefacts existed that affected the reading results. (G)
Unreadable: the images were under exposed, so the optic
disc was not visible.

of intraobserver agreement between image readers were
0.95~0.99, and interobserver agreement was 0.53~0.68.

Quality grading for fundus photographs

This study established a criterion for grading fundus
images to facilitate rapid population screening of glau-
coma, which is mainly based on the photographic
location and clarity. If the optic disc was not fully located
or clearly reviewed by the reading staff, the image quality
was considered unreadable. If the optic disc was clearly
visible but the macular area and blood vessels were
blurry, the image quality was considered readable with
only the optic disc visible. If the optic disc and macular
area were clearly visible but flaws such as artefacts or
defocus existed, the image quality was considered read-
able with both the optic disc and the macula visible. If the
optic disc, macular area and blood vessels were clearly
visualised without obvious flaws, the image quality was
considered reliable. Therefore, the image quality was
divided into four levels, and details are shown as follows:

The image quality was deemed reliable according to
the established criterion'”: the photographs were free
from defocus, blurs, underexposure or overexposure,
and both the macula and the optic disc were visible and
clear, as demonstrated in figure 1A.

The image quality was considered readable with both
the optic disc and the macula visible. Although there was
mild defocus in the photographs (as shown in figure 1B),
the results could still be interpreted. Furthermore,
the photographs contained easily discernible artefacts
(figure 1C) that did not affect the reading results. Both

Open access

the macula and the optic disc were visible in the photo-
graphs.

The image quality was considered readable with only
the optic disc visible. Although the photographs were
slightly defocused (as shown in figure 1D), the results
could still be interpreted. There were easily recognis-
able artefacts (figure 1E) that did not affect the reading
results. Only the optic disc and its supratemporal and
infratemporal regions were visible in the fundus photo-
graphs.

The image quality was deemed unreadable in photo-
graphs that were seriously defocused (figure 1F) and
contained large artefacts that made it impossible to
interpret the results (figure 1G). The images were
also underexposed, and the optic disc was not visible
(figure 1H).

Among them, readability included images that were
readable with only the optic disc visible, images that were
readable with both the optic disc and the macula visible,
and reliable images. Unreadability merely included
unreadable images. Reliability included reliable images.
Unreliability included unreadable images, images that
were readable with only the optic disc visible, and images
that were readable with both the optic disc and the
macula visible.

Statistical analysis

The sample size was calculated based on a cluster RCT
design. According to the annual health examination
population, the gross domestic product per capita in
the community and the linear distance between each
community and the Eye Centre of Yinzhou People’s
Hospital (provided by Center for Disease Control and
Prevention of Yinzhou District and Yinzhou People’s
Hospital), 12 selected communities were included in this
study, each as a cluster. The cluster size is approximately
7000. Six control clusters and two intervention clusters
would have 90% power at a 5% level of significance at
two-sided to detect a difference of 39.4%'" in the diag-
nosis rate from the intervention group compared with
the control group within lyear after screening started.
Therefore, the minimum sample size was 14000 for the
screening community.

The mean+SD was used to describe normally distrib-
uted continuous variables, while the median (IQR) was
used for skewed distribution data. Paired samples t-test,
non-parameter test and y* tests were used to compare
baseline characteristics and the quality distribution
of fundus photographs between both eyes. We used
generalised estimating equations and logistic regression
models to analyse factors affecting the image quality of
both eyes. Before logistic regression analysis, we checked
for collinearity among independent variables'’ and
handled missing data on PVA and IOP through multiple
imputated linear regression models.”” We calculated ORs
and 95% CIs to determine the risks associated with image
quality. Statistical analysis was performed using SPSS
V.24.0, with a significance level set at p<0.05.
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Table 1 Baseline characteristics of the subjects included in the study

Items oD oS P value
Number of eyes 8616 8616
Age, years (median and IQR) 68 (64~73)
Gender (male) 3545 (41.4%)
Presenting visual acuity (logMAR) 0.22 (0.10~0.40) 0.22 (0.10~0.40) 0.654
Missing data 318 (3.7%) 319 (8.7%)
SE, D (median and IQR) +0.50 (-0.38~+1.13) +0.50 (-0.38~+1.13) 0.743
<-6D 179 (2.1%) 176 (2.0%)
-6D~<-3D 301 (3.5%) 281 (3.3%)
-3D-<0.5D 1521 (17.7%) 1499 (17.4%)
-0.5D-0.5D 2621 (30.4%) 2659 (30.9%)
>0.5D 3994 (46.4%) 4001 (46.4%)
IOP, mmHg (median and IQR) 12.9 (10.9, 15.0) 13.3 (11.2, 15.5) <0.001
Missing data 182 (2.1%) 192 (2.2%)
Diagnosed with media opacity <0.001
No 3286 (38.1%) 3053 (35.4%)
Yes 5330 (61.9%) 5563 (64.6%)
Astigmatism axis, degree (median and IQR) 94 (72, 126) 90 (73, 146) <0.001

1~30
31~60
61~90
91~120
121~150
151~180

980 (11.4%)
533 (6.2%)
2829 (32.8%)
1699 (19.7%)
517 (6.0%)
2058 (23.9%)

1461 (17.0%)
430 (5.0%)
1936 (22.5%)
2496 (29.0%)
570 (6.6%)
1823 (20.0%)

Factors with statistical significance are shown in bold.

IOP, intraocular pressure; logMAR, logarithm of the minimum angle of resolution; OD, oculus dexter; OS, oculus sinister; SE, spherical

equivalent.

RESULTS

In total, 17232 images from 8616 subjects (3545 male and
5071 female) were analysed (table 1). The median age of
the subjects was 68 years (IQR 64~73 years). The median
logMAR PVA of both eyes was 0.22 (IQR 0.10~0.40), and
the spherical equivalent (SE) of both eyeswas +0.5 diopters
(D) (IQR -0.38~+1.13D). The median IOPs of the right
and left eyes were 12.9mmHg (IQR 10.9~15.0 mm Hg)
and 13.3mmHg (IQR 11.2~15.5mmHg), respectively.
The IOP difference between bilateral eyes was statisti-
cally significant (p<0.001). Media opacity was observed in
5330 (61.9%) right eyes and 5563 (64.6%) left eyes, and
the difference was statistically significant (p<0.001). The
difference in the astigmatism axis between bilateral eyes
was also statistically significant (p<0.001).

Quality distribution of fundus photographs between bilateral
eyes

The distribution of image quality between bilateral eyes
significantly differed (x°=1968.302, p<0.001). For the
right eye, 11.9% of images were reliable, 37.7% were
readable with both the macula and the optic disc visible,
44% were readable with only the optic disc visible, and

6.4% were unreadable. For the left eye, 4.6% of images
were reliable, 13.1% were readable with both the macula
and the optic disc visible, 72.6% were readable with only
the optic disc visible and 9.7% were unreadable. The
bilateral image distributions of readability and reliability
were also significantly different (x°=63.925and 301.134,
respectively, all p<0.001) (table 2).

Factors influencing the readability of NMFPs

Our analysis using unadjusted models discovered that
older age, higher absolute value of SE, media opacity,
poorer visual acuity (VA) and astigmatism axis not
within 180°+30° were all significantly associated with
a reduced likelihood of achieving image readability
(all p values<0.001). After adjusting for age, absolute
value of SE, media opacity, VA and axis orientation, we
observed a significant association between older age and
decreased odds of image readability (aOR=1.07, 95% CI
1.06~1.08, p<0.001). Subjects with a larger absolute
value of SE had significantly lower odds of image read-
ability (all p<0.001). Participants diagnosed with media
opacity also showed significantly decreased odds of image
readability (aOR=1.52, 95%CI 1.31~1.75, p<0.001).
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Table 2 Quality distribution of binocular fundus photographs

Quality classification oD 0s Pearson y° P value
Unreadable 553 (6.4%) 839 (9.7%) 1968.302 <0.001
Readable (optic disc only visible) 3789 (44.0%) 6252 (72.6%)

Readable (both optic disc and macula visible) 3246 (37.7%) 1125 (13.1%)

Qualified (reliability) 1028 (11.9%) 400 (4.6%)

Unreadable 553 (6.4%) 839 (9.7%) 63.925 <0.001
Readable 8063 (93.6%) 7777 (90.3%)

Unreliable 7588 (88.1%) 8216 (95.4%) 301.134 <0.001
Reliable 1028 (11.9%) 400 (4.6%)

Factors with statistical significance are shown in bold.
OD, oculus dexter; OS, oculus sinister.

Individuals with poorer VA had a significantly lower like-
lihood of achieving image readability (aOR=1.70, 95% CI
1.42~2.02, p<0.001). Moreover, astigmatism axes within
31°~60° and 121°~150° were associated with decreased
odds of image readability (aOR=1.35, 95% CI 1.11~1.63,
p<0.01) compared with astigmatism axes within 180°+30°
(table 3).

Factors influencing the reliability of NMFPs

In univariate logistic regression models, older age, male
sex, higher absolute value of SE, worse VA and smaller
IOP were all associated with reduced odds of image reli-
ability (all p<0.05). An astigmatism axis within 90°+30°
was associated with increased odds of image reliability

(OR=0.76, 95% CI 0.67~0.87, p<0.001) compared with
an astigmatism axis within 180°£30°. After adjusting for
age, sex, absolute value of SE, media opacity, VA, IOP and
axis orientation, a significant correlation was identified
between older age and decreased odds of image reliability
(aOR=1.06, 95% CI 1.05~1.07, p<0.001). Individuals with
an absolute value of SE greater than 6.0D exhibited
significantly lower odds of image reliability compared
with those with an absolute value of <3.0D (aOR=1.98,
95% CI 1.04~3.75, p<0.05). An astigmatism axis within
90°+30° was associated with increased odds of image reli-
ability (OR=0.71, 95% CI 0.62~0.81, p<0.001) compared
with an astigmatism axis within 180°+30° (table 4).

Table 3 Logistics regression of factors affecting image readability

Unadjusted OR P value* Adjusted OR P valuet
Age (years) 1.08 (1.07~1.09) <0.001 1.07 (1.06~1.08) <0.001
Gender

Male 1 (ref)

Female 1.00 (0.88~1.13) 0.950
Absolute value of SE (D)

<3.0 1 (ref) 1 (ref.)

>3.0 and <6.0 2.40 (1.93~3.00) <0.001 2.49 (1.75~3.55) <0.001

> 6.0 2.91 (2.14~3.97) <0.001 1.69 (1.33~2.14) <0.001
Diagnosed with media opacity

No 1 (ref.) 1 (ref.)

Yes 1.71 (1.49~1.97) <0.001 1.52 (1.31~1.75) <0.001
Visual acuity (logMAR) 2.63 (2.23~3.09) <0.001 1.70 (1.42~2.02) <0.001
IOP (mmHg) 0.99 (0.97~1.01) 0.184
Axis orientation (degree)

1~30 and 151~180 1 (ref.) 1 (ref.)

31~60 and 121~150 1.46 (1.22~1.76) <0.001 1.35(1.11~1.63) 0.003

61~90 and 91~120 1.27 (1.12~1.45) <0.001 1.09 (0.95~1.25) 0.223

*Univariate logistic regression models without adjusted viables.

TMultivariate logistic regression models, adjusted for age, absolute value of SE, media opacity, visual acuity and axis orientation.
IOP, intraocular pressure; logMAR, logarithm of the minimum angle of resolution; SE, spherical equivalent.
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Table 4 Logistics regression of factors affecting image reliability

Unadjusted OR P value* Adjusted OR P valuet
Age (years) 1.05 (1.04~1.06) <0.001 1.06 (1.05~1.07) <0.001
Gender

Male 1 (ref.) 1 (ref.)

Female 0.85 (0.75~0.97) 0.017 0.90 (0.78~1.03) 0.121
Absolute value of SE (D)

<3.0 1 (ref) 1 (ref.)

>3.0 and <6.0 1.43 (1.04~1.97) 0.027 1.37 (0.96~1.96) 0.080

> 6.0 1.82 (1.03~3.21) 0.038 1.98 (1.04~3.75) 0.037
Diagnosed with media opacity

No 1 (ref.) 1 (ref.)

Yes 1.12 (0.98~1.27) 0.092 0.88 (0.76~1.01) 0.062
Visual acuity (logMAR) 1.56 (1.17~2.09) 0.003 1.08 (0.81~1.45) 0.583
IOP (mmHg) 0.97 (0.96~0.99) 0.001 0.99 (0.97~1.01) 0.356
Axis orientation (degree)

1~30 and 151~180 1 (ref.) 1 (ref.)

31~60 and 121~150 0.92 (0.75~1.11) 0.377 0.90 (0.73~1.11) 0.314

61~90 and 91~120 0.76 (0.67~0.87) <0.001 0.71 (0.62~0.81) <0.001

*Univariate logistic regression models without adjusted viables.

TMultivariate logistic regression models, adjusted for age, gender, absolute value of SE, media opacity, visual acuity, IOP and axis

orientation.

IOP, intraocular pressure; logMAR, logarithm of the minimum angle of resolution; SE, spherical equivalent.

DISCUSSION

This study first reported the distribution of image quality
for glaucoma screening and related influencing factors
in China. The fundus images of previous studies mostly
originated from the clinic and mydriatic,”’ ** and image
quality was graded for the detection of disease-specific
features. However, fundus abnormalities in large-scale
glaucoma screening in communities vary widely. Because
this study was conducted in the context of comprehen-
sive eye health screening primarily focused on glaucoma,
image readability was the primary concern. Accurate
diagnosis of glaucoma relied on high-quality fundus
photography, with particular emphasis on capturing the
discrimination range of the optic disc and its surrounding
two papillary diameters. This was critical for identifying
the vertical cup-disc ratio, as well as the width of the supe-
rior temporal or inferior temporal disc edge and retinal
nerve fibre layer.”” The readability of bilateral image
quality was found to be above 90%, which was a higher
rate compared with previous telemedicine programmes
that used NMFP.*** This difference could be due to
variations in the definition of unreadable images. Addi-
tionally, multiple age-related eye diseases tend to coexist
and exacerbate each other in elderly individuals.”” The
primary objective of screening was to refer individuals
with suspected eye diseases and prevent cases of missed
diagnosis. Comprehensive eye health screening could
serve as a relatively cost-effective screening model, which
would help to address issues related to high screening

costs and low efficiency. As a result, it was recommended
that four specific areas of a single-field fundus photo-
graph—the optic disc, macular area and the first branch
of the upper and lower retinal vascular arch—should be
clearly visible as the standard for determining image reli-
ability.”® However, the reliability of bilateral image quality
in our study was found to be less than 12%, which was
lower than previously reported.” This indicated that the
quality of real-world NMFPs fell far short of meeting this
criterion. During the screening process, factors such as
improper eye fixation, miosis, blepharoptosis, inaccurate
focus, excessive or insufficient exposure, and lens opacity
might contribute to a decline in the quality of fundus
photographs. This could, in turn, distinctly impact the
overall effectiveness of NMFP as a tool for population-
based screening of fundus diseases in real-world settings.

Our study showed that the image readability and reli-
ability of the right eyes were consistently better than those
of the left eyes. There could be several reasons for this,
including the photography sequence and insufficient inter-
photograph intervals, which could lead to inadequate pupil
dilation and the proportion difference of media opacity,
subsequently, more unreadable or unreliable images
for the left eyes. In addition, the postillumination pupil
response (PIPR)™ ' was sustained pupil constriction that
occurred after light cessation, of which redilation velocity
was its quantified metric. The PIPR redilation velocity has
been found to increase with decreasing irradiance, shorter
stimulus duration and longer wavelengths.” A previous
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study” reported that the maximum duration of PIPR in
healthy participants was 83.0+48.0s for 1s pulsed light
stimulation. Lamirel e a”® found that taking high-quality
photographs with an interphotograph interval of 30-90s
was 3.8 times more effective than intervals of <15s. Our
glaucoma screening was integrated into the community
health examination, with a maximum of nearly 130 subjects
being examined in the morning. We speculated that the
bilateral photography interval during onsite screening fell
within the PIPR period, especially for the left eyes, which
worsened the image quality. These findings were essential
for community-based screening programmes that primarily
relied on NMFPs. A prospective study might be conducted
in the future to find a suitable photographic interval.

This study also showed that older age, media opacity and
poorer VA were associated with a decreased likelihood of
obtaining readable fundus images, and older age was also
associated with significantly decreased odds of image reli-
ability. These findings were consistent with previous studies
based on NMFPs.** ***' % It was likely that older participants
were more vulnerable to ocular media opacity and miosis,
which could deteriorate image quality. Previous studies™ ™
found that unoperated cataracts were a primary cause of
visual impairment and blindness. Hark e al"* established
that the rate of visually significant cataracts in participants
with unreadable images was twice as high as that in read-
able images (p<0.05). Therefore, the image readability of
subjects with poorer VA was susceptible to media opacity.

We observed a novel finding that a higher absolute
value of SE was associated with lower odds of fundus
image readability and reliability. This could be attributed
to poor fixation in individuals with high myopia or hyper-
opia, which might limit the fundus camera’s ability to fully
compensate for ametropia. Our findings also indicated
that oblique astigmatism was associated with a lower like-
lihood of image readability compared with with-the-rule
(WTR) astigmatism, and against-the-rule (ATR) astigma-
tism was associated with a significantly higher likelihood of
image reliability compared with WIR astigmatism. Regular
astigmatism takes three different forms,” and previous
studies have shown that corneal irregular astigmatism was
greatest in eyes with oblique astigmatism, even after adjust-
ment for age in a stepwise multiple regression model. This
was followed by WTR astigmatism and then ATR astigma-
tism.” Corneal irregular astigmatism is known to increase
with age and various corneal diseases.”” ™ We speculated
that eyes with oblique astigmatism have the largest corneal
irregularity astigmatism, followed by WIR astigmatism and
then ATR astigmatism, so the image readability of eyes with
oblique astigmatism was worse than that of WIR astigma-
tism, and the image reliability of eyes with ATR astigmatism
was better than that of WIR astigmatism.

There were several limitations in our study. First,
due to the screening process, we were unable to collect
comprehensive sociodemographic information from
the participants. Second, we did not grade the severity of
media opacity, particularly cataracts, which could have
affected image quality. Additionally, we did not perform

dilated fundus photography, as this was not feasible in a
large-scale community-based screening with a high popula-
tion density. Furthermore, it should be noted that subjects
with narrow angle anatomy may be at risk of acute angle-
closure glaucoma attacks when their pupils are dilated.
Third, to provide timely feedback regarding diagnosis
during onsite screening, we did not conduct hierarchical
image reading. However, the reading staff had more than
10 years of experience in retina reading, and the interob-
server and intraobserver agreement was moderate to high.
Finally, due to a large number of individuals usually making
appointments for health examinations everyday during
the screening period, we did not investigate different
photographic conditions on image quality, such as photog-
raphy intervals, exposure intensity and so on. Meanwhile,
recently different fundus cameras such as ultra-wide fundus
imaging, retro-mode imaging based on confocal scanning
laser ophthalmoscopy and fundus adaptive optics scanning
laser ophthalmoscope emerged rapidly. These cameras
greatly improved the quality and resolution of fundus
imaging compared with traditional fundus cameras, espe-
cially for old population with media opacity, and without
pharmacological pupil dilation. These fundus imaging
techniques might improve the image reliability in the real
world.

Our study suggests that single-field NMFPs can be used for
large-scale glaucoma screening in the general population
over 50 years old, but the reliability of the images may be
compromised. Age, absolute value of SE, media opacity and
VA are significant factors that affect image quality. Oblique
astigmatism is associated with worse image readability than
WTR astigmatism, while ATR astigmatism is associated with
better image reliability than WTR astigmatism. These find-
ings highlight the importance of addressing these factors
to improve the effectiveness of ophthalmological telemed-
icine and to optimise the screening mode for eye diseases
in underserved areas.
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