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Abstract

Diabetes is a prevalent global concern, with an estimated 12% of the global adult population affected by 2045.
Diabetic retinopathy (DR), a sight-threatening complication, has spurred diverse screening approaches worldwide
due to advances in DR knowledge, rapid technological developments in retinal imaging and variations in healthcare
resources.

Many high income countries have fully implemented or are on the verge of completing a national Diabetic Eye
Screening Programme (DESP). Although there have been some improvements in DR screening in Africa, Asia,

and American countries further progress is needed. In low-income countries, only one out of 29, partially imple-
mented a DESP, while 21 out of 50 lower-middle-income countries have started the DR policy cycle. Among upper-
middle-income countries, a third of 59 nations have advanced in DR agenda-setting, with five having a comprehen-
sive national DESP and 11 in the early stages of implementation.

Many nations use 2—4 fields fundus images, proven effective with 80-98% sensitivity and 86-100% specificity
compared to the traditional seven-field evaluation for DR. A cell phone based screening with a hand held retinal
camera presents a potential low-cost alternative as imaging device. While this method in low-resource settings may
not entirely match the sensitivity and specificity of seven-field stereoscopic photography, positive outcomes are
observed.

Individualized DR screening intervals are the standard in many high-resource nations. In countries that lacks a national
DESP and resources, screening are more sporadic, i.e. screening intervals are not evidence-based and often less fre-
quently, which can lead to late recognition of treatment required DR.

The rising global prevalence of DR poses an economic challenge to nationwide screening programs Al-algorithms
have showed high sensitivity and specificity for detection of DR and could provide a promising solution for the future
screening burden.

In summary, this narrative review enlightens on the epidemiology of DR and the necessity for effective DR screening
programs. Worldwide evolution in existing approaches for DR screening has showed promising results but has also
revealed limitations. Technological advancements, such as handheld imaging devices, tele ophthalmology and artifi-
cial intelligence enhance cost-effectiveness, but also the accessibility of DR screening in countries with low resources
or where distance to or a shortage of ophthalmologists exists.
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Background

Diabetic retinopathy (DR) is a recognized sight-threat-
ening complication to diabetes and is recommended
for screening by the World Health Organization [1-3].
Various studies confirm the cost-effectiveness of DR
screening despite variations in approaches and the
availability of diverse imaging technologies across dif-
ferent countries [1, 4].

The imperative for DR screening is expected to esca-
late concomitantly with the rising prevalence of diabe-
tes [5]. As a consequence, it is crucial to elucidate the
current status of DR screening at a global scale. This
narrative review is necessary to assess the prevailing
levels of awareness, accessibility and implementation
of DR screening programs worldwide. Understand-
ing the existing landscape will provide insight into the
adequacy of the current screening measures and high-
light areas that may require enhancement to effectively
address the growing prevalence of diabetes and its
associated ocular complications.

This narrative review aims to provide a global per-
spective of DR epidemiology and screening while
exploring new approaches alongside development of
artificial intelligence (AI) technology.

Methods

Data sources

This narrative review aims to be as comprehensive as
possible in identifying data. The sources used for iden-
tification of literature were MEDLINE, Embase and The
Cochrane Database of Systematic reviews. We used
the search terms “diabetic retinopathy’, “screening of
diabetic retinopathy’, “prevalence of diabetic retin-
opathy’, “incidence of diabetic retinopathy’, “artificial
intelligence’, “deep learning” and obtained information
on ongoing DR screening programs, not published in
scientific journals, from the official pages of the World
Health Organization and the International Diabetes

Federation.

Inclusion criteria

Studies and reports focusing on epidemiology and
screening programs for DR were considered for inclu-
sion. A comprehensive approach involved the inclu-
sion of both cross-sectional and longitudinal studies
to investigate the prevalence of DR, but we considered
only longitudinal studies for exploration of DR and PDR
incidences. Inclusion criteria encompassed studies that
(1) examined national or subnational DR screening pro-
grams regardless of economic status, (2) investigated epi-
demiology of DR and (3) were written in English.
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Global epidemiology of DR

Prevalence

It is estimated that diabetes affects 783 million peo-
ple aged 20-79 years worldwide by 2045, which
equals 12.2% of the global adult population [5]. As life
expectancy continues to rise and prevalence of diabe-
tes increases, the prevalence of DR is expected to rise
alongside [6]. Figure 1 displays the global prevalence of
DR and vision threatening DR in both type 1 and 2 dia-
betes according to data from two comprehensive sys-
tematic reviews [6, 7].

Incidence of DR in type 1 diabetes

Most studies investigating the incidence rates of DR in
patients with type 1 diabetes are of older date [8-10].
These include a study by Klein et al. from 1989 that
reported a 4 year incidence of DR in type 1 diabetes of
59.0% [8], a European study from 1986 that reported a
5 year incidence of 47.0% [9] and a Swedish study from
2003 that found a 10 year incidence of 39% [10].

Incidence of DR in type 2 diabetes

A Danish cohort study of patients with type 2 diabetes
who attended the Danish screening program for DR
showed a 5 year incidence of 3.8% for DR [11] com-
pared to 4% in a study from United Kingdom (UK)
[12]. A group from India reported a 4 year incidence of
9.2% [13], while studies of older date from Hong Kong
[14], Australia [15] and USA [16] reported substan-
tially higher 5 year incidences of 15.2, 22.2 and 38.6%,
respectively.
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Fig. 1 The figure illustrates the global prevalence of diabetic
retinopathy, including vision-threatening cases, based
on populations-based systematic reviews [6, 7]. The proportion
of vision-threatening cases are highlighted above the overall
prevalence of diabetic retinopathy. DR diabetic retinopathy, VTDR
vision threatening diabetic retinopathy. NAC North America
and Caribbean, SACA South and Central America, EUR Europe, MENA
Middle East and Northern Africa, AFR Africa, SEA South East Asia, WP
Western Pacific
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Incidence of PDR

We identified 11 population-based studies that investi-
gated the incidence of PDR over various follow-up peri-
ods of four [8, 16—18], five [11, 19-22], nine [23], ten [10]
and 25 years [24]. Among these studies, three focused on
patients with type 1 diabetes [8, 10, 24], five on patients
with type 2 diabetes [11, 16, 18, 20, 23], while four studies
encompassed populations that comprised patients with
both type 1 and 2 diabetes [17, 19, 21, 22]. The incidences
of PDR are displayed in Fig. 2 arranged chronologically
based on the year marking the baseline date. Starting
with the earliest study and progressing to the latest, the
line of tendency shows that the incidence of PDR has sig-
nificantly declined over the 32 year period.

Current DR screening recommendations

Countries like Iceland, UK, Ireland, and Denmark have
national diabetic eye screening programmes (DESP) [1,
4]. Many nations are making considerable progress in
developing regional screening and treatment services
including Norway, Sweden, the Netherlands, Czech
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Republic, Italy, Poland, Serbia, Hungary, Turkey and oth-
ers that can be studied in Table 1 [4].

A consultative group of the International Agency
for the Prevention of Blindness (IAPB) categorized 10
South-East Asia countries (SEAC) into low (Myanmar
and Timor-Leste), middle (Bhutan, Indonesia, Maldives,
Myanmar, Nepal and Sri Lanka) and high resource (Thai-
land and India) level and made recommendations of
DR management [25]. Even though only four of these
countries (India, Nepal, Sri Lanka and Thailand) have
developed national DR guidelines, the middle resource
countries have made improvements in DR screening due
to the increasing prevalence of diabetes and its complica-
tion [25, 26].

However, DR screening in SEACs, like many low-,
lower-middle- and upper-middle-income countries
that lacks a national DESP, is sporadic and the meth-
ods are either screening camps, telemedicine vans,
opportunistic screening, or physician-led screenings
utilizing direct ophthalmoscopy, where only a small
number of patients undergoes mydriatic imaging [26,
27]. A review authored by Vujosevic et al. [4], observed
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Fig. 2 Trends in the incidence of proliferative diabetic retinopathy in population-based studies of type 1° or 2 diabetes® and some
including both types of diabetes’. The year marks the baseline date of each follow-up period and the uppercase number is the reference number.

PDR proliferative diabetic retinopathy
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Table 1 A global overview of nations with a national or partially implemented diabetic retinopathy screening program (DESP)

National level of income

Nation

National or partially
implemented DESP

Low-income nations

Lower-middle-income nations

Higher-middle-income nations

High-income nations

None found

Bangladesh [26]
India (66, 67]
Kenya [68]
Nepal [69]
Pakistan [70]
Peru [28]
SriLanka [71]
Tanzania [72]
Vietnam [73]

West Bank and Gaza [74]

Zambia [75]

Argentina [33]

Bosnia and Herzegovina [76]

Botswana [77]
Brazil [34]

China [78]

Costa Rica [29]
Fiji [79]
Lebanon [80]
Malaysia [81]
Mexico [30, 31]
South Africa [82]
Thailand [83]

Australia [84]
Bahrain [85]
Canada [86]
Chile [87]

Croatia [35]
Denmark [1]
Estonia [88]
Finland [89]
France [90]
Germany [91]
Iceland [92]
Ireland [93]

[taly [94]

Malta [95]

New Zealand [96]
Norway [97]
Northern Ireland [98]
Portugal [99]
Scotland [100]
Singapore [101]
Slovenia [102]
South Korea [103]

Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial

Partial
Partial
National
National
Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial

Partial
Partial
Partial
Partial
Partial
National
Partial
National
Partial
Partial
National
National
Partial
National
National
Partial
National
Partial
National
Partial
National
Partial
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Table 1 (continued)
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National level of income Nation National or partially
implemented DESP
Spain [104] Partial
Sweden [105, 106] Partial
The Netherlands [107] Partial
UK [42,108] National
USA [37-40] Partial

advancements in DR screening in African and Asian
countries, which included Botswana, China, Singapore,
Indonesia, and Bangladesh.

In examining the management of DR in various Mid-
dle- and South American countries, a disparity in
resource allocation and healthcare provision become evi-
dent [28-32].

Peru has established a comprehensive DR referral
network in La Libertad, but still faces challenges in in
impeding widespread screening and treatment, due to
limited resources, thus categorizing it as a low-resource
nation [28].

The middle-resource countries Argentina [33], Brazil
[34], Costa Rica [29], and Mexico [30, 31] demonstrates
different stages of progress in DR screening and manage-
ment. However, they share common struggles in achiev-
ing uniformity and comprehensive access in DR care [32].
Argentina’s particular challenge lies in its highly distorted
economy with persistently high inflation and a massive
fiscal deficit, which had led to economic constraints and
had impacted the national healthcare strategies for diabe-
tes and DR [33]. On the other hand, Mexico [30, 31] and
Costa Rica [29] both underscore the need for improved
healthcare strategies and effective disease management.

A study from Costa Rica [29] showed that 23.5% of
individuals with diabetes had retinopathy and/or macu-
lopathy, with 6.2% having Vision-Threatening DR. The
study urges the need for improvement, especially among
the older population, in DR screening methods and
management e.g. the authors suggests that conventional
screening methods like direct ophthalmoscopy have low
sensitivity and may not be as effective.

Another study found that the coverage of DR screen-
ing among diabetic patients in Brazil [34] has increased
from 12.1% in 2014 to 21.2% in 2019. Nevertheless, it
was concluded that further progress is required in these
regions, due to the fact that screenings of DR often are
private insurance-based health care, decentralized health
care screening, or has not been expanded from localized
regions to encompass the entire nation, and therefore
with significant regional differences [34].

The studies illustrate the broader challenge in the Latin
American context, where the growth in DR screening

is yet to meet the needs dictated by the prevalence and
complexity of the condition.

SEAC, Middle- and South American countries need
more widespread access to trained staff in order to have a
fully functional DESP [4, 35] e.g. Thailand face challenges
due to the long distance to specialized medical practices,
while China is challenged with only 20 ophthalmologists
per one million people in contrast to 49 in the UK and 59
in the USA. [36].

The USA also faces challenges due to the fact that DR
screening differs across different states and are insur-
ance-based. Many health insurance plans, including the
national Medicare, typically cover annual diabetic eye
exams, but not all insurances cover more intensive fol-
low-up or economic loss due to less work that particular
day, which can lead to the screening being influenced by
personal economics instead of evidence based recom-
mendations [37-40].

Curran et al. [41] found that of 29 identified low-
income countries, only four had data available on DR pol-
icy planning, and just one had a partially rolled out DESP.
Among the 50 lower-middle-income countries, 21 had
begun a DR policy cycle, with a single nation having a
national DESP and 18 with DESPs in the early implemen-
tation phase. For Upper-Middle-Income Countries, 22
out of 59 countries had advanced in DR agenda-setting.
Only five of these Upper-Middle-Income Countries had
a comprehensive national DESP in place with 11 more in
the partially implemented stages of DESP.

Practical approaches

Visual acuity

Several DESPs incorporate the assessment of visual acu-
ity as a part of the screening routine [1, 42], but is not
sufficiently sensitive to stand alone [43]. This limitation
arises from the fact that a significant number of patients
may remain asymptomatic until vision threatening DR
manifests, often precipitated by vitreous bleeding or clin-
ically significant diabetic macula edema.

Classification scales
Several classification systems of DR exist e.g. English
National Screening Programme -, Wisconsin Diabetic
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Retinopathy—and the Scottish Diabetic retinopathy
grading system. The gold standard in classification of DR
in clinical trials has traditionally been the Early Treat-
ment of Diabetic Retinopathy Study (ETDRS) classifica-
tion scale [2, 44, 45]. This is an evidence based approach
to screening and have demonstrated its effectiveness in
predicting the risk of progression to proliferative DR and
vision loss. However, the ETDRS scale use in a clinical
settings is limited due to its complexity and many levels
of DR classification. A simplified version of the ETDRS
system, the International Clinical Diabetic Retinopathy
(ICDR) scale [46], is recommended by various interna-
tional clinical guidelines, which includes the guidelines
established by the International Council of Ophthalmol-
ogy (ICO) for everyday clinical practice [2]. Therefore,
several nations use the ICDR severity scale in DR screen-
ing worldwide. The ICDR severity scale categorise DR
into following levels accordingly to the severity of DR.

Level 0 is the absence of DR. Level 1 is mild non-prolif-
erative DR (NPDR) characterized exclusively by microa-
neurysms and/or dot haemorrhages. Level 2 representing
moderate NPDR, which is defined as more severe than
level 1 but less than level 3. Level 3 indicates severe
NPDR, where there’s observed more than 20 intrareti-
nal haemorrhages in each of the four quadrant, or defi-
nite venous beading in at least 2 quadrants or prominent
intraretinal microvascular abnormalities in at least 1
quadrant, but no proliferative DR. Level 4: signifies pro-
liferative DR [46].

Standard fundus images

The gold standard for evaluating DR in clinical trials has
traditionally been ETDRS seven-standard fields, which
are a compilation of seven stereoscopic 30-degree fun-
dus images [44, 45]. A review from 2020 [4] found that a
limited number of fundus images (typically two to four)
exhibit a sensitivity ranging from 80 to 98% and a speci-
ficity between 86 and 100% when compared to the results
obtained from ETDRS seven-fields in detecting DR. Con-
versely, a single central field was found to have lower sen-
sitivity (ranging from 54 to 78%) and specificity (between
88 and 89%) when compared to the results of the ETDRS
seven-standard fields.

The use of limited single-field fundus photos [4] is
found to be effective, especially considering the diffi-
culties, expenses, and time constraints associated with
performing the ETDRS seven-standard fields, making it
impractical for routine screening [1]. As a result, most
Western nations rely on the simplicity and efficiency of
limited single-field fundus photos, covering around 30%
of the retinal surface [42].

The Danish and UK guidelines recommend a minimum
two-field mydriatic fundus photos for DR screening. The
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retinal images should encompass a minimum horizontal
field of view of 45° in the UK and 70-80° in Denmark.
The vertical coverage should be at least 40° in the UK and
45° in Denmark [1, 42].

The recommendation from the IAPB in SEAC is that
low resource SEACs uses a minimum of four-field non-
mydriatic fundus photos with a 30° camera, whereas
middle- and high resource SEACs uses minimum two-
field non-mydriatic fundus photos with wide-field (50°or
more) camera [25].

Alternative image modalities

A recent alternative technique has emerged, known as
the cell phone-based approach. This method involves uti-
lizing a handheld condensing lens in combination with a
smartphone camera to capture retinal images [47—-49].

A review [4] conducted in Western Australia, where
handheld retinal cameras were introduced for commu-
nity-based clinical assessments of DR in low-resource
settings, demonstrated positive result and thereby
showed a potential for such systems to expand eye care
services to underserved areas and remote locations.

No handheld devices have yet matched the sensitivity
and specificity of seven-field stereoscopic photography
in detecting sight-threatening DR. Rajalakshmi et al. [49]
conducted a comparative study in which they evaluated
the performance of a smartphone-based retinal camera
against seven-field digital retinal photography. It was
found that these methods produced identical results in
92.7% of patients, with a substantial kappa statistic of
0.90. Jacoba et al. [50] discovered that depending on the
referral threshold, up to 37.0% of individual eyes with
PDR might remain undetected when utilizing handheld
photos.

This aligns with the result of several studies [51, 52]
which found high agreement in DR classification and
image quality between handheld fundus cameras with
standard tabletop fundus cameras for DR. However, disa-
greements in microaneurysms, small hemorrhages, and
intraretinal microvascular abnormalities, contributed to
the higher discordance within non-proliferative DR due
to the decreased resolution in the retinal microvascula-
ture. Moreover, the studies found that for referable DR
and vision-threatening DR the agreement was 85% with
only a substantial kappa statistic of 0.7. Consequently,
they recommended lowering the referral thresholds to an
eye-centre when utilizing handheld devices.

On the other hand, DR detection in smartphone-based
fundus photography using Al [52-54] showed high sen-
sitivity and specificity in detecting DR and sight-threat-
ening DR, suggesting that Al-based smartphone retinal
imaging could be a valuable tool for mass retinal screen-
ing in diabetes.
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Screening intervals

The ICO recommends that the interval between DR
screenings varies from 1 month to 2 years depending on
the patients DR severity according to the ICDR Severity
Scale. In recent years national guidelines for DR screen-
ing in several Western countries have shifted from fixed
or sporadic screening intervals to a more individualized
approach. These updated guidelines seek to optimize
healthcare resources by adjusting screening intervals
according to individualized risks of DR progression. Fac-
tors like glycaemic control and blood pressure are taken
into account, leading to shorter or longer screening inter-
vals, even when patients fall within the same severity
group on the ICDR scale [1, 42, 55].

In SEACs patients with mild non-proliferative diabetic
retinopathy (NPDR), the recommended screening inter-
val according to IAPB is one year. This is the same for
moderate NPDR [27]. Another study [32] recommend
screening interval of 2 years in case of no- and mild
NPDR in low- and middle income countries, and 1 year
interval for moderate NPDR. In the case of proliferative
DR, once the condition is stabilized, the recommended
interval is six months [26, 27, 32].

Automated retinal image analysis

The availability of resources for nationwide screening
programs remains limited in many countries. Never-
theless, advancements in technology have emerged as
game-changers in screening strategies, enhancing cost-
effectiveness. Technologies like scanning confocal oph-
thalmology with UWE, handheld mobile devices, tele
ophthalmology for remote grading, and Al for automated
detection and classification of DR have transformed
screening approaches. These innovations are not only
improving the efficiency of screening, but also contribut-
ing to better cost-effectiveness outcomes [4].

Four reviews [36, 56—58] refers to numerous studies
where deep learning (DL) algorithms have consistently
demonstrated remarkable high sensitivity, specificity, and
area under the receiver operating characteristic curve for
detection of DR, Diabetic macula edema and other eye
conditions like glaucoma as well as age-related macular
degeneration (AMD).

Cheung et al. [56] suggests that the use of DL tech-
nology could reduce costs and improve access while
enhancing patient outcomes through early detection and
treatment of DR. Ballemo et al. [36] highlights that stud-
ies on DL have been conducted across various countries,
showing promising results. The obstacles related to cur-
rent DR screening and the motivations for implementing
Al differ across nations.

The motivation for adopting Al in countries with well-
established healthcare systems like the UK and Singapore
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is to sustain a high-quality healthcare service for patients
while optimizing available resources [36].

Al could be an instrument capable of enhancing
screening availability to people in lower-middle-income
countries, but also to countries with long distances to
specialized medical practices, and to countries with low
numbers of ophthalmologists per million people [36, 57].
Studies have looked at Al for photo analysis of fundus
photo taken by handheld smartphone devices at patients
with dilated pupils [54, 59, 60]. Using a four-fundus
image [59], a two-image [54], and a single-image [60]
approach showed good results with automatic Al screen-
ing, even though Penha et al. [60] emphasize that it has
been established that a single image protocol loses diag-
nostic accuracy in comparison to a two-image protocol
when it comes to expert human reading. However, with
automatic reading using Al systems, the performance of
a single image protocol was considered satisfactory for
screening.

Cheung et al. [56] and Bellemo et al. [36] propose a
model where retinal images will be firstly analysed by the
DL systems. If the system does not find the need for fur-
ther intervention, the patients will be rescanned accord-
ingly to the screening program. However, if the system
finds the need for intervention, two possible options are
proposed: a semi-automated model where the images
will be read by doctors or trained graders before referring
the patients to an eye-centre or a fully-automated model
where patients will be referred to an eye-centre without
further investigations. Both models will lower the num-
ber of images doctors or trained graders should ana-
lyse, but could also increase the amount of patients that
undergoes screening per day.

Discussion

The progress made in imaging, treatment and under-
standing of DR has disrupted the existing DR screening
guidelines, giving rise to diverse practical approaches to
DR screening in various countries.

A recent review from 2021 [32] underscores the global
variations in DR screening practices. It stated that devel-
oped countries focus on an effort to enhance the effec-
tiveness and accuracy of DESPs, like optimized screening
intervals and adoption of new imaging technologies. In
contrast, for the vast majority of world countries, espe-
cially those with limited resources, the primary challenge
lies in establishing basic DR screening infrastructures.
The focus in these countries is therefore making basic DR
screening accessible and efficient.

In numerous low-, lower- and middle-income nations,
the primary challenge hindering the effectiveness of
screening programs is the absence of DESP, insuffi-
cient resources, and limited access to skilled healthcare
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professionals [27]. Furthermore, the individual financial
situations can influence the screening process, screening
frequency, and access to treatment.

Screening is a vital step in disease management,
and can potentially reduce the disease burden accord-
ing to The World Health Organization [61]. Particularly
in low-, lower- and middle-income nations this is more
complex, because screening may improve disease detec-
tion but doesn’t always lead to adequate treatment. Thus,
for screening programs to be truly impactful, they must
be integrated with effective treatment strategies to ensure
a meaningful decrease in the burden of diseases and to
prevent serious consequences [61].

For countries that have fully implemented or are near-
ing the completion of a national DESP, opportunities for
further enhancements still exist. Denmark has imple-
mented a nationwide DR screening program in 2013 and
the guidelines for this program have been grounded in
comprehensive evidence-based practices since 2018 [1].
The screening in Denmark [2, 42] is conducted by private
practicing ophthalmologists and hospitals ensuring com-
prehensive coverage. A recent Danish study [62] revealed
an impressive overall agreement of 93% between inter-
grader reliability within the Danish screening program
for DR. These results highlight the reliability and consist-
ency of grading outcomes within the Danish screening
program for DR.

Another potential area of improvement, as demon-
strated by the Danish screening program, is the aspect
where the screening results are documented in the Dan-
ish Registry of Diabetic Retinopathy (DiaBase), which is
a national clinical quality database [63]. This feature ena-
bles the program to make informed decisions and adapt
its screening strategies based on the data collected. For
instance, a cohort study conducted in 2022 [64] exam-
ined participants in the Danish screening program from
2013 to 2018. The study determined the characteristics of
patients who experienced delays in attending screenings
and evaluated the impact of these delays on the progres-
sion of DR.

Shortcomings in these evidence-based guidelines does
on the other hand exist. These guidelines focus solely on
the vascular aspect of the disease and disregard evalua-
tion of neural retina and diabetic retinal neurodegen-
eration. Scientific evidence has suggested that early
neural degeneration may precede or coexist with vascu-
lar lesions and impact visual function [47]. The existing
guidelines fails to account for the regression or resolution
of retinal neovascularization as well as the influence of
retinal areas with ischaemia or hypo perfusion.

There have been expression of concerns that the
screening relies on limited standard field photographs
(seven-field or less) [2, 46]. The issue with fundus photos
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covering a “limited part” of the retinal surface is the risk
of exclusion of peripheral retinal lesions, which could
have prognostic implications that can enhance outcome
prediction. New imaging technologies like UWF can
capture approximately 82% of the retinal surface. Studies
using UWF imaging also showed that around 50% of neo-
vascularization cases are predominantly peripheral [47,
48]. However, Kernt et al. [55] and Silva et al. [65] showed
that UWF imaging rarely resulted in better detection of
peripheral lesions in eyes with PDR that would not have
been detected otherwise with ETDRS seven-standard
fields. With the growing prevalence of diabetes [5] the
demand for cost-effective DR screenings is substan-
tial. Inadequate resources allocated to advanced imag-
ing technologies, trained professionals or specialized
facilities, might hinder accessibility and timely diagno-
sis, leading to increased long-term healthcare expenses
due to untreated DR complications [1, 3, 4, 56, 57]. The
implementation of Al in screening for DR can potentially
enhance the cost-effectiveness, however this raises ethi-
cal concerns such as data privacy, algorithmic bias, and
patient consent, which need to be addressed. Addressing
issue like transparent Al algorithms, safeguarding patient
data, and maintaining human oversight in decision-
making are necessary steps to overcome these concerns
[56]. The black box phenomenon is a returning concern
because clinicians and patients always seek a reason for
conclusions. This lack of understanding of how the algo-
rithm comes to its conclusions, makes it impossible for
physicians to detect potential biases. The issue of respon-
sibility in the event of adverse patient outcomes due to
Al-based technology is also a critical concern of many
physicians [36, 56].

DL algorithms demand substantial data to achieve
acceptable performance levels. However, countries with
lower income are often underrepresented in these data-
sets, which can lead to less accurate DL algorithms for
these populations. Moreover “real-world" experiments
are vital for validating DL algorithms and minimize bias
[36, 56]. Lower income countries may lack the resources
required for developing, implementing, and retraining,
which can decrease the benefits of Al based DR screen-
ing [57].

Many healthcare systems are not able to share data
due to the protection of sensitive personal information,
and the availability for diverse datasets from various set-
tings and populations are limited [56]. In the realm of Al
applied to DR screening, it is imperative for research-
ers to diligently pursue collaborative initiatives centred
on data sharing. This concerted effort is essential to
strengthen generalizability of Al models, thereby fortify-
ing the safety and efficacy of forthcoming advancements
in this research domain.
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Conclusion
This review sheds light on the need for effective DR
screening programs, especially with the projected rise
in diabetes cases worldwide. While some countries have
well-established national screening programs, many
struggle with decentralized or private-based healthcare
systems and the need of broader access to trained pro-
fessionals, which all impact screening effectiveness.
Screening approaches, including practical classifica-
tion scales, individualize screening intervals and new
imaging modalities shows promising results, but also
limitations. The emergence of Al technology raises
hope for countries to either continues high standards
DR screening without enormous economic cost, or
enhancing screening accessibility to their inhabitants.
However ethical concerns and the need for robust vali-
dation of AI persist.
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