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Summary
Background The global prevalence of diabetes is rising, alongside costs and workload associated with screening for 
diabetic eye disease (diabetic retinopathy). Automated retinal image analysis systems (ARIAS) could replace primary 
human grading of images for diabetic retinopathy. We evaluated multiple ARIAS in a real-life screening programme.

Methods Eight of 25 invited and potentially eligible CE-marked systems for diabetic retinopathy detection from 
retinal images agreed to participate. From 202 886 screening encounters at the North East London Diabetic Eye 
Screening Programme (between Jan 1, 2021, and Dec 31, 2022) we curated a database of 1⋅2 million images and 
sociodemographic and grading data. Images were manually graded by up to three graders according to a standard 
national protocol. ARIAS performance overall and by subgroups of age, sex, ethnicity, and index of multiple 
deprivation (IMD) were assessed against the reference standard, defined as the final human grade in the worst eye for 
referable diabetic retinopathy (primary outcome). Vendor algorithms did not have access to human grading data.

Findings Sensitivity across vendors ranged from 83⋅7% to 98⋅7% for referable diabetic retinopathy, from 96⋅7% to 
99⋅8% for moderate-to-severe non-proliferative diabetic retinopathy, and from 95⋅8% to 99⋅5% for proliferative 
diabetic retinopathy. Sensitivity was largely consistent for moderate-to-severe non-proliferative and proliferative 
diabetic retinopathy by subgroups of age, sex, ethnicity, and IMD for all ARIAS. For mild-to-moderate non-
proliferative diabetic retinopathy with referable maculopathy, sensitivity across vendors ranged from 79⋅5% to 
98⋅3%, with greater variability across population subgroups. False positive rates for no observable diabetic 
retinopathy ranged from 4⋅3% to 61⋅4% and within vendors varied by 0⋅5 to 44 percentage points across 
population subgroups.

Interpretation ARIAS showed high sensitivity for medium-risk and high-risk diabetic retinopathy in a real-world 
screening service, with equitable performance across population subgroups. ARIAS could provide a cost-effective 
solution to deal with the rising burden of screening for diabetic retinopathy by safely triaging for human grading, 
substantially increasing grading capacity and rapid diabetic retinopathy detection.
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Introduction
Diabetes affects 1 in 10 adults globally, and rates worldwide 
have quadrupled over the past two decades, with approxi-
mately 537 million people currently having diabetes, pro-
jected to rise to 784 million people in 2045. 1 The majority of 
health-care costs for diabetes relate to complications. 2,3 

Diabetic retinopathy is the main microvascular complica-
tion of diabetes and a leading cause of incident blindness 
among the working-age population. 4 The English NHS 
Diabetic Eye Screening Programme (DESP) carried out 
over 2⋅2 million diabetic eye screening appointments from 
April 1, 2017, to March 31, 2018. 5 The primary aim of this 
national programme is to “reduce the risk of sight loss 
amongst people with diabetes by the prompt identification 
and effective treatment if necessary of sight-threatening

diabetic retinopathy ... with a long-term aim of preventing 
blindness in people with diabetes”. 6,7 However, given the 
rising prevalence of diabetes, screening for diabetic retin-
opathy presents a huge challenge, requiring manual grad-
ing of over 12 million retinal images in England alone each 
year by up to three trained human graders (primary, sec-
ondary, and tertiary graders, reflecting level of experience 
and expertise) for the presence and severity of diabetic 
retinopathy. People with sight-threatening diabetic retin-
opathy are referred to hospital eye services for further 
assessment and potential treatment. Diabetic retinopathy 
screening is labour-intensive and costly, and requires 
ongoing training and quality assurance of human graders. 8 

Several automated retinal image analysis systems (ARIAS), 
including artificial intelligence (AI) algorithms, can safely
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and effectively triage patients into low-risk diabetic retinop-
athy (not requiring human grading) and medium-risk or 
high-risk diabetic retinopathy (requiring human grading), 9–11 

which could considerably reduce the number of encounters 
requiring human grading. 8,10,12 ARIAS could substantially 
increase image-grading capacity and provide a cost-effective 
alternative to a purely human grading system. 8,10–12

ARIAS that are trained and tested using retinal images 
from restricted demographic and ethnic groups might not 
be generalisable to other populations and could amplify 
differences between subgroups, thereby introducing or 
deepening bias. For example, ARIAS systems developed in 
predominantly White populations might not perform 
equally well in other ethnic groups, 13,14 given that differing 
levels of retinal pigmentation might affect image quality 12 

and system performance, analogous to known errors in 
pulse oximetry with skin pigmentation. 15 As ARIAS enter 
clinical use, effective assessment of performance before, 
during, and after implementation in health care is 
increasingly important.

To avoid financial disinvestment in health service provi-
sion, mistrust in innovation, and public or stakeholder 
disengagement from technological advances, algorithmic 
evaluation must be transparent, trustworthy, and impartial. 
Furthermore, algorithmic fairness must be assessed across 
diverse population subgroups to ensure that systems meet 
predefined standards before they are deployed in the 
intended health-care settings. 13–15

Most evaluations to date have used a single ARIAS on a 
specific dataset, making selection of the optimal ARIAS for 
deployment by health-care commissioners problematic. 
Head-to-head comparisons of ARIAS on the same large, 
real-life, diverse population data are needed to provide 
robust comparisons in the same computational environ-
ment. We outlined our methodology 16 for multivendor 
evaluation of equity and algorithmic fairness of clinical AI 
across different subgroups of the population, which com-
plies with British Standards Institute BS 30440. 17 In this 
Article, we present a real-world evaluation done in a large, 
ethnically diverse screening programme in the North East 
London (NEL) DESP. We aimed to provide valuable, up-to-
date information on ARIAS performance relevant to gov-
ernmental, UK National Health Service (NHS), and lay 
stakeholders, and commercial vendors. Our intended use 
case for ARIAS is to safely triage medium-risk and high-risk 
diabetic retinopathy cases for human grading, thereby 
removing low-risk cases from the human grading queue. 
Our evaluation focused on assessment of ARIAS with 
(or pending) CE Class IIa medical device certification 
(ie, software licenced as a medical device).

Methods
Overview of the ARIAS evaluation process
Our methodology has been described in detail; 16 two invi-
tations were sent to 25 (potential CE-marked) vendors 
(panel), giving them 15 months to submit algorithms for

Research in context

Evidence before this study
We searched PubMed from Jan 1, 2021, to Sept 26, 2025, to 
identify published evaluations and reviews of automated retinal 
image analysis systems (ARIAS) designed to fully or partly replace 
human grading for the detection of diabetic eye disease (diabetic 
retinopathy). We used the following search terms: ("Diabetic 
Retinopathy"[mh] OR "diabetic retinopathy"[tiab]) AND 
(("fundus photograph*"[tiab] OR "retinal image*"[tiab])) AND 
(("image processing, computer assisted/methods"[mh] OR 
"automated"[tiab] OR "AI"[tiab] OR "deep learning"[tiab] OR 
"machine learning"[tiab])) AND ("direct comparison"[tiab] OR 
"head-to-head"[tiab]). Most evaluations of ARIAS to date have 
largely relied on a single system applied to a specific dataset. The 
deployment of ARIAS in large-scale screening, such as national 
programmes, has been restricted globally. We identified two 
large-scale head-to-head evaluations of multiple vendors, but 
only one provided results with named vendors. Both studies were 
underpowered to assess equity and algorithmic fairness across 
different population subgroups.

Added value of this study
We present a large-scale, multi-vendor comparison of licensed 
ARIAS using a diverse dataset encompassing images with varying 
characteristics. The population in this study represents multiple 
ethnicities, a wide age range, varying levels of social deprivation,

and the full spectrum of diabetic retinopathy severity, providing 
an accurate reflection of real-world health-care settings. To our 
knowledge, our evaluation is the most comprehensive conducted 
by a research team with no commercial interests in any particular 
algorithm. This study is unique in both its scale and the open 
reporting of the results for each algorithm. Moreover, our 
methodology could serve as a model for independent evaluation 
of algorithms in other real-world health-care settings.

Implications of all the available evidence
ARIAS showed similar sensitivity to human graders for detecting 
medium-risk and high-risk diabetic retinopathy in routine high-
volume screening, with equitable precision in performance across 
diverse population subgroups. ARIAS have the potential to 
enhance grading capacity in diabetic eye disease screening by 
enabling rapid diabetic retinopathy detection and triage for 
human assessment. Multiple algorithms met the predefined 
standards for safety and workload reduction, strengthening the 
case for their deployment in large-scale diabetic eye screening. 
Our findings could stimulate further investment and innovation 
in combatting this globally prevalent blinding disease. This study 
provides a framework for transparent and reliable evaluation of 
clinical artificial intelligence systems in screening, providing 
valuable insights to guide health-care standards for ARIAS in a live 
screening setting.
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offline image processing to our secure server. Eight vendors 
accepted (appendix p 8). 16 ARIAS were developed using 
internationally recognised clinical scales for diabetic retin-
opathy grading. 18,19 All consecutive screening encounters 
with images between Jan 1, 2021, and Dec 31, 2022, from 
the NEL DESP were used to evaluate ARIAS performance. 
The NEL DESP, provided by Homerton Healthcare NHS 
Foundation Trust, offers annual (or biennial since October, 
2023) screening to over 150 000 people aged 12 years or 
older living with diabetes. Patient consent for data collec-
tion and use is obtained upon entry to the NEL DESP and 
stored electronically. Uniquely, NEL DESP serves a popu-
lation that comprises the three main ethnic groups in the 
UK (29% White, 17% Black, and 41% south Asian), show-
ing the full spectrum of diabetic eye disease severity, with a 
wide age range. 4% of people in the NEL DESP have type
1 diabetes. The NEL DESP is located in one of the most 
deprived regions in the UK. 20 OptoMize software version 
4.8 (NEC Software Solutions; Cheshire, UK) is used to 
manage and store screening and sociodemographic data.

Ethics
All data were managed according to UK NHS information 
governance requirements, in accordance with the princi-
ples of the Data Protection Act 2018. Methodologies adhere 
to the Homerton Healthcare NHS Foundation Trust 
Security Policy and Information Governance Policy, and 
General Data Protection Regulation principles relating to 
processing of personal data. The study has been approved 
by the Health Research Authority (IRAS project ID 265637). 
The NHS Health Research Authority toolkit identified that 
research ethics approval was not required for this project, as 
all data are pseudonymised and presented in aggregate 
form. A Data Protection Impact Assessment was submitted 
to Homerton Healthcare NHS Foundation Trust Infor-
mation Governance Lead and approved by the information 
governance team in December, 2022.

Data sources
Retinal image capture followed UK National Screening 
Committee (NSC) protocols (two 45 ◦ field retinal images 
per eye centred on the optic disc and macula following 
mydriasis). A range of approved fundus cameras were 
used. 21

The clinical care team uploaded pseudonymised images 
after removal of personal identifiable data and image 
metadata (circa 200 000 screening episodes with around 
1⋅2 million images) to a trusted research environment for 
ARIAS processing that protects data privacy. A second 
dataset that included routinely recorded information 
(eg, age, sex, self-described ethnicity, visual acuity, index of 
multiple deprivation [IMD], 22 type of diabetes, duration of 
diabetes, and human grades following national grading 
classification) 23,24 was exported (using the same pseudony-
mised identifiers as for retinal images) to a separate loca-
tion and not shared with ARIAS vendors. 16 Crucially, this

real-life dataset of images from NEL DESP has not been 
used to develop or train any ARIAS.

Reference standards for evaluation of ARIAS
Retinal images are assessed by up to three trained human 
graders following UK NSC guidance standards for the 
presence and severity of diabetic retinopathy 23,24 and quality 
assurance. 25,26 The NEL DESP has 40 graders, working 
2–24 h per week, and consistently delivers high-quality 
assurance. All primary grades with any diabetic retinop-
athy and 10% with no diabetic retinopathy receive higher-
level grading. 23 The final human grade in the worst eye 
per encounter was used as the reference standard to assess 
ARIAS performance (appendix pp 5–7). Human graders in 
the NEL DESP have access to sociodemographic data and 
visual acuity, which if 6/12 (20/40) or worse, in the absence 
of amblyopia or macular degeneration, requires assessment 
of the anterior segment and macula.

The UK NSC grading classifications and commensurate 
Early Treatment Diabetic Retinopathy Study (ETDRS) ret-
inopathy grade scores are 18 as follows: no observable dia-
betic retinopathy (R0), ETDRS scores 10, 14–15 inclusive; 
no observable diabetic maculopathy (M0); mild non-
proliferative (background) diabetic retinopathy (R1),

Panel: Alphabetic list of manufacturers invited that potentially had CE mark (class IIa), 
with automated retinal image analysis system participation key

• Airdoc Inc: Retinal Image Intelligent Analysis Software
• Artelus Ltd: DRISTi 2.0*—participation key A
• Digital Diagnostics: IDX-DR
• Evolucare Technologies SAS: OphtAI 2.3*—participation key F
• EyeCheckup: Eyecheckup AI*—participation key C
• Eye2you AI: Eye2you
• Eyetelligence Pty Ltd: Eyetelligence Assure
• EyeNuk Inc: EyeArt v3.0.0*—participation key B
• EyRis: SELENA+
• Google Health/Verily Life Science LLC: Automated Retinal Disease Assessment
• iHealthScreen Inc: iPredict
• Intelligent Retinal Imaging Systems LLC: Intelligent Retinal Imaging System
• MONA.health: MONA*—participation key D
• NEC Software Solutions: NEC*—participation key E
• Optomed: Avenue AI
• Remido Innovative Solutions Pvt Ltd: Remidio*—participation key G
• RetinAI: RetinAI
• Retina-AI Health Inc: Retina-AI Galaxy
• RetinaLyza System A/S: RetinaLyze
• Retmarker SA: Retmarker*—participation key H
• Scottish Health Innovations Ltd: GradingM
• SigTuple Technologies: Drishti
• TeleMedC: DRLite
• Thirona: RetCAD
• VUNO: VUNO Med-Fundus AI

Participation key (A–H) refers to the identifier used for each system in the results tables and figures. *Fully 
participated in the evaluation.

See Online for appendix
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ETDRS scores 20–35 inclusive; ungradable images (U); 
moderate-to-severe non-proliferative (pre-proliferative) 
diabetic retinopathy (R2), ETDRS scores 43–53 inclusive; 
any diabetic maculopathy (M1); and proliferative diabetic 
retinopathy (R3), ETDRS scores ≥61. 23,24 In the English 
NHS DESP, retinopathy grades R0M0 and R1M0 are non-
referable diabetic retinopathy and grades M1, R2, and R3 
are referable diabetic retinopathy. Patients with referable 
diabetic retinopathy or ungradable images are reviewed by 
the referral outcome grader to confirm referral to a hospital 
eye service for specialist assessment and treatment if 
required. Patients with non-referable retinopathy receive 
an invitation for rescreening per protocol. 23

Standards for detection of referable diabetic retinopathy
English NHS DESP quality assurance standards for human 
graders 25 examine human graders’ ability to correctly refer 
patients compared with the reference standard. Human 
grader sensitivity greater than 85% for referable diabetic 
retinopathy is defined as adequate; 85% or lower is inad-
equate. Currently, there is no additional standard for the 
most severe retinopathy (proliferative diabetic retinopathy 
[R3]). To minimise unnecessary referrals to the hospital eye 
service, specificity is set to more than 80% (ie, to correctly 
not refer in the absence of referable diabetic retinopathy). 
To contextualise ARIAS performance against the reference 
standard, we compared ARIAS with primary graders. This 
comparison will be biased in favour of primary graders 
because of the aforementioned selective higher-level grading 
described.

Statistical analysis
We outlined our sample size calculation for equity in per-
formance precision, 16 as defined by the lower bound of the 
95% CIs for detection of the most serious and rarest out-
come, proliferative diabetic retinopathy (R3). We antici-
pated ARIAS sensitivities of 90% or greater for R3. A priori,

we agreed that a 1⋅0 percentage point difference or less in 
the lower bound of the 95% CI was an equitable precision 
standard for specified detection rates for R3 across the three 
main ethnic groups, which required curation of 200 000 
consecutive encounters. 16

ARIAS outcomes were merged via the pseudonymised 
identifier, with the DESP dataset containing the human 
grades and sociodemographic data. A positive ARIAS test is 
indicative of some form of diabetic retinopathy or not 
assessable image or technical failure by the algorithm 
(requiring human review to ascertain the reason for tech-
nical failure, eg, cataract obscuring retina actions slit-lamp 
biomicroscopy to visualise the retina) and ARIAS negative 
test is indicative of disease absence. ARIAS sensitivity 
(detection rate), false positive rates (ie, 100% minus-
specificity as %), positive and negative predictive values, 
and likelihood ratios were calculated against the human 
reference standard of presence of referable diabetic retin-
opathy (yes vs no) and for each reference standard diabetic 
retinopathy grade by ethnicity (White, Black, south Asian, 
or other or unknown), age (<30 years, 30 years to <45 years, 
45 years to <60 years, 60 years to <75 years, and ≥75 years), 
sex, diabetes type, and IMD quintiles. Age groups, rather 
than continuous age, were used to compare performance in 
those younger than 30 years versus older adults, in whom 
eye diseases like cataracts might affect retinal visibility and 
impact both human and ARIAS performance. Throughout, 
95% CIs are logit-transformed or binomial exact for values 
of 100%. Given the large sample size, algorithmic fairness 
was assessed by graphically examining and summarising 
the absolute percentage differences in ARIAS and primary 
human grader performance across population subgroups 
compared with the reference standard.

ARIAS screen-positive rates estimated the proportion of 
all screening encounters that would require human grad-
ing if ARIAS were to be implemented as a first-pass triage 
before human grading. Sensitivity analyses examined

Overall (N=5773) NEL DESP (N=4273) SEL DESP (N=1500)

% (95% CI) n/N % (95% CI) n/N % (95% CI) n/N

Ethnicity

White 95⋅9 (94⋅9–96⋅7) 1930/2013 95⋅6 (94⋅4–96⋅6) 1325/1386 96⋅5 (94⋅7–97⋅8) 605/627

Black 97⋅1 (96⋅1–97⋅9) 1351/1391 97⋅3 (96⋅0–98⋅3) 835/858 96⋅8 (94⋅9–98⋅1) 516/533

South Asian 96⋅8 (95⋅8–97⋅6) 1473/1522 96⋅7 (95⋅6–97⋅5) 1394/1442 98⋅8 (93⋅2–100⋅0) 79/80

Other or missing 96⋅0 (94⋅4–97⋅2) 813/847 95⋅9 (94⋅0–97⋅4) 563/587 96⋅2 (93⋅0–98⋅1) 250/260
Age group, years 

>30 99⋅4 (97⋅7–99⋅9) 306/308 99⋅5 (97⋅4–100⋅0) 210/211 99⋅0 (94⋅4–100⋅0) 96/97

30 to <45 97⋅7 (96⋅6–98⋅6) 939/961 97⋅9 (96⋅5–98⋅8) 686/701 97⋅3 (94⋅5–98⋅9) 253/260

45 to <60 97⋅4 (96⋅7–98⋅0) 2287/2347 97⋅6 (96⋅7–98⋅3) 1646/1687 97⋅1 (95⋅5–98⋅3) 641/660

60 to <75 95⋅1 (94⋅0–96⋅1) 1580/1661 94⋅6 (93⋅2–95⋅7) 1215/1285 97⋅1 (94⋅8–98⋅5) 365/376

≥75 91⋅7 (89⋅0–94⋅0) 455/496 92⋅5 (89⋅5–95⋅0) 360/389 88⋅8 (81⋅2–94⋅1) 95/107
Overall 96⋅4 (95⋅9–96⋅9) 5567/5773 96⋅3 (95⋅7–96⋅9) 4117/4273 96⋅7 (95⋅6–97⋅5) 1450/1500

n=number of R3A encounters primary graders classified as referable diabetic retinopathy. N=total number of R3A encounters per subgroup. NEL DESP=North East London Diabetic 
Eye Screening Programme. SEL DESP=South East London Diabetic Eye Screening Programme.

Table 1: Data from NEL and SEL DESPs for encounters with final human outcome grade of active proliferative diabetic retinopathy (R3A) in worst eye between 
March 1, 2014, and Dec 31, 2022
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White 
(N=64

 
023)

Black 
(N=34

 
058)

South
 
Asian

 
(N=78

 
415)

Other or 
unknown

 
ethnicity 
(N=24

 
942)

Age <30 years 
(N=4219)

Age 30 to
 

<45
 
years 

(N=21 871)

Age 45 to 
<60

 
years 

(N=66
 
941)

Age 60 to
 

<75
 
years 

(N=74
 
231)

Age ≥75 years 
(N=34

 
176)

Overall 
(N=201 438)

A—Artelus Ltd: DRISTi 2.0
 

No
 

referable diabetic 
retinopathy

54⋅4
 

(54⋅0–54⋅8) 37⋅8
 

(37⋅2–38⋅3) 38⋅5 (38⋅2–38⋅9) 41⋅8
 

(41⋅2–42⋅5) 27⋅2 (25⋅8–28⋅7) 25⋅4
 

(24⋅8–26⋅0) 34⋅0
 

(33⋅6–34⋅4) 49⋅4
 

(49⋅0–49⋅8) 66⋅4
 

(65⋅9–67⋅0) 44⋅0
 

(43⋅8–44⋅2)

Referable diabetic 
retinopathy
(including
ungradable)

85⋅5 (84⋅7–86⋅3) 79⋅0
 

(78⋅0–80⋅0) 83⋅2 (82⋅5–83⋅8) 84⋅0
 

(82⋅7–85⋅2) 77⋅6
 

(73⋅8–81⋅1) 84⋅3 (83⋅0–85⋅7) 84⋅3 (83⋅5–85⋅0) 82⋅7 (82⋅0–83⋅4) 81⋅4
 

(80⋅3–82⋅4) 83⋅0
 

(82⋅6–83⋅5)

Referable diabetic 
retinopathy
(excluding
ungradable)

91⋅0
 

(90⋅3–91⋅7) 83⋅9
 

(82⋅8–84⋅9) 86⋅4
 

(85⋅7–87⋅0) 88⋅0
 

(86⋅8–89⋅1) 79⋅4
 

(75⋅5–82⋅9) 85⋅9
 

(84⋅6–87⋅2) 86⋅8
 

(86⋅0–87⋅4) 87⋅8
 

(87⋅1–88⋅5) 88⋅9
 

(87⋅8–90⋅0) 87⋅2 (86⋅8–87⋅6)

B—EyeNuk Inc: EyeArt v3.0.0

No
 

referable diabetic 
retinopathy

35⋅8
 

(35⋅4–36⋅2) 48⋅1 (47⋅5–48⋅6) 39⋅7 (39⋅4–40⋅1) 40⋅0
 

(39⋅3–40⋅6) 44⋅6
 

(43⋅0–46⋅2) 32⋅4
 

(31⋅7–33⋅1) 32⋅9
 

(32⋅6–33⋅3) 40⋅6
 

(40⋅2–41⋅0) 56⋅2 (55⋅6–56⋅8) 39⋅8
 

(39⋅6–40⋅1)

Referable diabetic 
retinopathy
(including
ungradable)

96⋅7 (96⋅2–97⋅0) 98⋅4
 

(98⋅0–98⋅7) 98⋅1 (97⋅9–98⋅4) 98⋅2 (97⋅7–98⋅6) 98⋅9
 

(97⋅5–99⋅6) 98⋅4
 

(97⋅9–98⋅8) 98⋅4
 

(98⋅1–98⋅6) 97⋅6
 

(97⋅3–97⋅9) 96⋅8
 

(96⋅3–97⋅2) 97⋅8
 

(97⋅6–98⋅0)

Referable diabetic 
retinopathy
(excluding
ungradable) 

97⋅8
 

(97⋅4–98⋅1) 98⋅5 (98⋅1–98⋅8) 98⋅3 (98⋅0–98⋅5) 98⋅6
 

(98⋅1–99⋅0) 99⋅2 (97⋅9–99⋅8) 98⋅6
 

(98⋅0–99⋅0) 98⋅6
 

(98⋅3–98⋅8) 98⋅0
 

(97⋅7–98⋅3) 97⋅5 (96⋅9–98⋅0) 98⋅2 (98⋅1–98⋅4)

C—EyeCheckup: Eyecheckup AI

No
 

referable diabetic 
retinopathy

62⋅4
 

(62⋅0–62⋅8) 56⋅7 (56⋅1–57⋅2) 60⋅3 (59⋅9–60⋅7) 58⋅2 (57⋅6–58⋅9) 47⋅6
 

(46⋅0–49⋅3) 53⋅2 (52⋅5–53⋅9) 57⋅9
 

(57⋅5–58⋅3) 61⋅4
 

(61⋅0–61⋅8) 68⋅1 (67⋅6–68⋅6) 60⋅1 (59⋅9–60⋅4)

Referable diabetic 
retinopathy
(including
ungradable)

91⋅7 (91⋅1–92⋅3) 91⋅1 (90⋅4–91⋅8) 93⋅3 (92⋅9–93⋅7) 91⋅8
 

(90⋅8–92⋅7) 96⋅2 (94⋅1–97⋅6) 95⋅8
 

(95⋅0–96⋅5) 94⋅7 (94⋅3–95⋅1) 91⋅0
 

(90⋅5–91⋅5) 88⋅3 (87⋅4–89⋅1) 92⋅3 (92⋅0–92⋅6)

Referable diabetic 
retinopathy
(excluding
ungradable) 

96⋅4
 

(95⋅9–96⋅9) 94⋅2 (93⋅5–94⋅9) 96⋅1 (95⋅7–96⋅5) 95⋅8
 

(95⋅0–96⋅5) 97⋅3 (95⋅4–98⋅6) 97⋅1 (96⋅4–97⋅7) 96⋅7 (96⋅4–97⋅1) 95⋅0
 

(94⋅6–95⋅5) 93⋅7 (92⋅8–94⋅5) 95⋅8
 

(95⋅5–96⋅0)

D—MONA.health: MONA

No
 

referable diabetic 
retinopathy

10⋅0
 

(9⋅7–10⋅2) 16⋅3 (15⋅9–16⋅7) 15⋅1 (14⋅8–15⋅4) 14⋅5 (14⋅0–15⋅0) 14⋅4
 

(13⋅3–15⋅6) 11⋅4
 

(11⋅0–11⋅9) 12⋅3 (12⋅1–12⋅6) 13⋅7 (13⋅5–14⋅0) 16⋅9
 

(16⋅5–17⋅3) 13⋅5 (13⋅4–13⋅7)

Referable diabetic 
retinopathy
(including
ungradable)

69⋅3 (68⋅3–70⋅3) 76⋅2 (75⋅1–77⋅2) 77⋅9
 

(77⋅1–78⋅6) 77⋅8
 

(76⋅4–79⋅1) 87⋅4
 

(84⋅2–90⋅1) 86⋅4
 

(85⋅1–87⋅6) 82⋅7 (82⋅0–83⋅5) 73⋅2 (72⋅4–74⋅0) 59⋅1 (57⋅8–60⋅4) 75⋅2 (74⋅8–75⋅7)

Referable diabetic 
retinopathy
(excluding
ungradable)

82⋅5 (81⋅6–83⋅5) 84⋅0
 

(82⋅9–85⋅0) 84⋅6
 

(83⋅9–85⋅2) 86⋅6
 

(85⋅3–87⋅8) 90⋅2 (87⋅2–92⋅7) 88⋅5 (87⋅2–89⋅6) 86⋅7 (86⋅0–87⋅4) 82⋅9
 

(82⋅1–83⋅7) 76⋅2 (74⋅7–77⋅7) 84⋅2 (83⋅7–84⋅7)

E—NEC
 

Software Solutions: NEC

No
 

referable diabetic
retinopathy 

70⋅5 (70⋅1–70⋅9) 69⋅3 (68⋅8–69⋅9) 68⋅9
 

(68⋅6–69⋅3) 68⋅9
 

(68⋅3–69⋅5) 83⋅5 (82⋅3–84⋅7) 66⋅3 (65⋅7–67⋅0) 65⋅8
 

(65⋅4–66⋅2) 69⋅4
 

(69⋅0–69⋅7) 77⋅5 (77⋅0–78⋅0) 69⋅5 (69⋅3–69⋅7)

Referable diabetic 
retinopathy 
(including 
ungradable)

95⋅4
 

(94⋅9–95⋅8) 95⋅0
 

(94⋅4–95⋅5) 96⋅6
 

(96⋅3–96⋅9) 96⋅1 (95⋅5–96⋅7) 98⋅7 (97⋅3–99⋅5) 98⋅5 (97⋅9–98⋅9) 97⋅7 (97⋅4–98⋅0) 95⋅0
 

(94⋅6–95⋅4) 92⋅8
 

(92⋅1–93⋅5) 95⋅9
 

(95⋅7–96⋅1)

(Table 2 continues on
 

next page)
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White 
(N=64

 
023)

Black 
(N=34

 
058)

South
 
Asian

 
(N=78

 
415)

Other or 
unknown
ethnicity 
(N=24

 
942)

Age <30 years 
(N=4219)

Age 30 to
 

<45
 
years 

(N=21 871)

Age 45 to 
<60

 
years

(N=66
 
941)

Age 60 to
 

<75
 
years 

(N=74
 
231)

Age ≥75
 
years 

(N=34
 
176)

Overall 
(N=201 438)

(Continued from
 

previous page)

Referable diabetic 
retinopathy
(excluding
ungradable)

99⋅1 (98⋅9–99⋅3) 98⋅2 (97⋅8–98⋅5) 98⋅6
 

(98⋅3–98⋅8) 98⋅9
 

(98⋅4–99⋅2) 99⋅8
 

(98⋅8–100⋅0) 99⋅0
 

(98⋅5–99⋅3) 98⋅9
 

(98⋅7–99⋅1) 98⋅6
 

(98⋅3–98⋅8) 97⋅9
 

(97⋅3–98⋅3) 98⋅7 (98⋅5–98⋅8)

F—Evolucare Technologies SAS: OphtAI 2.3

No
 

referable diabetic 
retinopathy

25⋅2 (24⋅8–25⋅5) 26⋅7 (26⋅2–27⋅2) 25⋅5 (25⋅2–25⋅9) 24⋅6
 

(24⋅0–25⋅2) 24⋅2 (22⋅9–25⋅7) 20⋅1 (19⋅6–20⋅7) 21⋅5 (21⋅2–21⋅9) 26⋅1 (25⋅7–26⋅4) 35⋅8
 

(35⋅2–36⋅3) 25⋅5 (25⋅3–25⋅7)

Referable diabetic
retinopathy
(including
ungradable)

82⋅6
 

(81⋅8–83⋅5) 82⋅3 (81⋅3–83⋅3) 84⋅4
 

(83⋅8–85⋅1) 83⋅9
 

(82⋅6–85⋅0) 95⋅0
 

(92⋅8–96⋅7) 91⋅0
 

(89⋅9–92⋅0) 88⋅4
 

(87⋅7–89⋅0) 81⋅2 (80⋅5–82⋅0) 74⋅3 (73⋅1–75⋅4) 83⋅5 (83⋅0–83⋅9)

Referable diabetic
retinopathy
(excluding
ungradable)

92⋅4
 

(91⋅7–93⋅0) 87⋅4
 

(86⋅4–88⋅3) 89⋅3 (88⋅7–89⋅8) 90⋅2 (89⋅1–91⋅3) 97⋅3 (95⋅4–98⋅6) 92⋅6
 

(91⋅6–93⋅6) 91⋅4
 

(90⋅8–92⋅0) 88⋅5 (87⋅8–89⋅1) 85⋅2 (83⋅9–86⋅4) 89⋅8
 

(89⋅4–90⋅1)

G—Remido
 

Innovative Solutions Pvt Ltd: Remidio

No
 

referable diabetic
retinopathy

17⋅2 (16⋅8–17⋅5) 21⋅8
 

(21⋅3–22⋅3) 19⋅7 (19⋅4–20⋅0) 19⋅1 (18⋅6–19⋅6) 20⋅4
 

(19⋅2–21⋅8) 13⋅5 (13⋅0–14⋅0) 15⋅5 (15⋅2–15⋅8) 19⋅9
 

(19⋅6–20⋅2) 28⋅3 (27⋅8–28⋅9) 19⋅1 (19⋅0–19⋅3)

Referable diabetic 
retinopathy
(including
ungradable)

77⋅8
 

(76⋅8–78⋅7) 79⋅6
 

(78⋅5–80⋅6) 81⋅9
 

(81⋅2–82⋅6) 81⋅3 (80⋅0–82⋅5) 91⋅2 (88⋅4–93⋅5) 88⋅0
 

(86⋅7–89⋅2) 85⋅1 (84⋅4–85⋅8) 78⋅6
 

(77⋅8–79⋅3) 70⋅0
 

(68⋅8–71⋅2) 80⋅3 (79⋅8–80⋅7)

Referable diabetic 
retinopathy
(excluding
ungradable) 

87⋅8
 

(86⋅9–88⋅6) 85⋅3 (84⋅3–86⋅3) 87⋅1 (86⋅5–87⋅7) 87⋅9
 

(86⋅7–89⋅1) 92⋅3 (89⋅5–94⋅5) 89⋅7 (88⋅5–90⋅8) 88⋅4
 

(87⋅7–89⋅0) 86⋅3 (85⋅5–87⋅0) 82⋅2 (80⋅8–83⋅5) 87⋅0
 

(86⋅6–87⋅4)

H—Retmarker SA: Retmarker

No
 

referable diabetic
retinopathy (R0, R1) 

32⋅5 (32⋅1–32⋅9) 23⋅6
 

(23⋅1–24⋅1) 19⋅4
 

(19⋅1–19⋅7) 21⋅9
 

(21⋅3–22⋅4) 35⋅4
 

(33⋅8–36⋅9) 17⋅3 (16⋅8–17⋅9) 17⋅9
 

(17⋅6–18⋅2) 25⋅2 (24⋅8–25⋅5) 40⋅4
 

(39⋅8–41⋅0) 24⋅6
 

(24⋅4–24⋅9)

Referable diabetic 
retinopathy 
(including 
ungradable) 

81⋅4
 

(80⋅5–82⋅2) 74⋅2 (73⋅1–75⋅3) 78⋅4
 

(77⋅7–79⋅1) 79⋅7 (78⋅4–81⋅0) 86⋅6
 

(83⋅4–89⋅4) 84⋅2 (82⋅8–85⋅6) 82⋅2 (81⋅4–83⋅0) 76⋅5 (75⋅7–77⋅3) 72⋅3 (71⋅1–73⋅4) 78⋅5 (78⋅1–79⋅0)

Referable diabetic 
retinopathy 
(excluding 
ungradable)

87⋅6
 

(86⋅7–88⋅4) 80⋅3 (79⋅1–81⋅4) 82⋅8
 

(82⋅1–83⋅5) 84⋅7 (83⋅3–85⋅9) 89⋅8
 

(86⋅7–92⋅4) 85⋅7 (84⋅4–87⋅0) 84⋅6
 

(83⋅9–85⋅4) 82⋅4
 

(81⋅6–83⋅2) 81⋅9
 

(80⋅5–83⋅2) 83⋅7 (83⋅2–84⋅1)

N=201 438
 

encounters from
 

126
 

365 people living with
 

diabetes. Data show
 

the proportion
 

of encounters classified as test-positive by ARIAS (95%
 

CIs). The primary outcome is defined by the reference standard, which
 

is the final human
 

grade in
 

the worst 
eye. ARIAS test positive is indicative of some level of diabetic retinopathy or not assessable or technical failure by the algorithm. The overall column

 
percentages represent overall ARIAS test positives for the primary outcome. Rows labelled referable diabetic 

retinopathy represent ARIAS sensitivity (detection
 

rates) for referable diabetic retinopathy (moderate-to-severe non-proliferative [pre-proliferative] retinopathy [R2], diabetic maculopathy [M1], proliferative retinopathy [R3]). Rows labelled no
 

referable 
diabetic retinopathy represent ARIAS false positives for no

 
referable diabetic retinopathy. ARIAS=Automated Retinal Image Analysis System. R0=No

 
observable diabetic retinopathy. R1=mild non-proliferative diabetic retinopathy.

Table 2: ARIAS performance for vendors A–H 
for the primary outcome (referable diabetic retinopathy (yes vs no); overall and by ethnicity and age group)
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ARIAS performance if encounters with visual acuity of 6/12 
or worse were also classified as screen positive. Findings for 
ARIAS that had another CE-approved operating threshold 
are shown in the appendix (pp 36–47).

Stata version 18 was used for statistical analyses.

External validation of NEL DESP primary graders for active 
proliferative diabetic retinopathy
We examined primary grader performance for the most 
serious retinopathy, active proliferative diabetic retinopathy 
(R3A), in two sociodemographically diverse screening 
centres, NEL DESP and South East London (SEL) DESP. 10 

Both centres screen over 100 000 people each year. Among 
those with a final human grade in the worst eye of R3A over 
an 8-year period (March 1, 2014, to Dec 31, 2022), the pro-
portion that primary graders correctly defined as referable 
diabetic retinopathy in each centre by subgroups of age, sex, 
and ethnicity was determined. P values for inclusion of 
interaction terms between subgroups and centre were tested 
using logistic regression likelihood ratio tests.

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
We recorded the proportion of encounters with final 
human grade in the worst eye of R3A (over an 8-year period 
in two centres) that primary graders classified as referable 
(table 1). Primary graders correctly graded 96⋅4% (95% CI 
95⋅9–96⋅9) of R3A as referable diabetic retinopathy. The 
proportion of R3A encounters classified as referable by 
primary graders declined with increasing patient age. We 
found no evidence to suggest that primary grader classi-
fications by subgroups (age, sex, and ethnicity) differed 
across centres (p interactions >0⋅20 in all instances).

In total, 202 886 encounters (126 365 people, 1⋅2 million 
images, median six images per screening encounter) were 
processed through eight ARIAS algorithms; 201 438 
encounters had complete grading data for analysis 
(appendix p 10). Screened participants’ mean age was 
60⋅5 years (SD 14⋅3). 95 070 (47%) of 201 438 screened 
participants were female and 106 368 (53%) were male. 
181 172 (93%) of 201 438 screened participants had type 
2 diabetes. 64 023 (32%) of 201 438 screened participants 
were White, 34 058 (17%) were Black, 78 415 (39%) were 
south Asian, and 24 942 (12%) were of other or unknown 
ethnicity (1915 [0⋅5%] missing data). 30–48% of each ethnic 
group were from the lowest quintile of material circum-
stance, as defined by IMD, and 116 531 (58%) of 
201 438 screened participants had diabetes diagnosed less 
than 10 years ago (appendix p 9). We had good representation 
of all grades of diabetic retinopathy, with 24 479 referable 
cases (tables 2, 3; appendix p 11).

For referable diabetic retinopathy (grades M1, R2, and R3 
combined), ARIAS sensitivities for the eight vendors (A–H)
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ranged from 83⋅7% to 98⋅7%. 13⋅5% to 69⋅5% of cases 
without referable diabetic retinopathy (grades R1M0 and 
R0M0) were also classified as positive by ARIAS (figure 1A; 
appendix p 12). Algorithms with a short bar to the left of
0 and a long bar to the right show the most discrimination for 
the primary outcome (figure 1A). Sensitivity for referable 
diabetic retinopathy was largely governed by the greater fre-
quency of R1M1 cases (tables 2, 3). Additionally, variation by 
subgroups (tables 2, 3; appendix pp 13–14) was driven by 
variability in ARIAS sensitivity for R1M1 not R2, R3, or R3A. 
As expected, inclusion of encounters with final human grade 
of ungradable resulted in lower detection rates for all vendors. 

ARIAS positive test rates for no referable diabetic retin-
opathy varied by population subgroups for all vendors 
(table 2). However, the absolute percentage differences 
were typically less than 10 percentage points, with larger 
variation between the youngest and oldest age groups 
(appendix pp 15–16).

ARIAS false positives across vendors ranged from 4⋅3% 
to 61⋅4% for R0M0 (no observable diabetic retinopathy with 
no observable diabetic maculopathy; ie, specificity 95⋅7% to 
38⋅6%). ARIAS sensitivity for mild non-proliferative dia-
betic retinopathy without diabetic maculopathy (R1M0) 
ranged from 44⋅1% to 96⋅6% (table 3; figure 1B). Sensitiv-
ities for mild non-proliferative diabetic retinopathy with 
diabetic maculopathy (R1M1) ranged from 79⋅5% to 98⋅3% 
across vendors, and within ARIAS sensitivity varied across 
population subgroups by typically less than 5% (up to 16% 
variation across age groups; appendix pp 13, 20–27). For 
moderate-to-severe non-proliferative diabetic retinopathy 
(R2; ETDRS 43–53) or proliferative diabetic retinopathy 
(R3; ETDRS ≥61), with or without diabetic maculopathy, 
ARIAS sensitivities ranged from 96⋅7% (95% CI 96⋅1–97⋅2) 
to 99⋅8% (99⋅7–99⋅9) and from 95⋅8% (94⋅8–96⋅6) to 99⋅5% 
(99⋅1–99⋅8), respectively (table 3; appendix pp 20–27). For 
R2 and R3, within ARIAS variation in sensitivity across 
subgroups was typically less than 2 percentage points, with 
slightly higher variation (up to 7%) associated with the older 
age groups (figures 2, 3; appendix pp 20–27). Primary 
graders’ sensitivity declined with increasing patient age for 
grades R2, R3, and R3A, and for some ARIAS (figure 3). 

Overall screen positive rates ranged from 23% to 74% 
(figure 1C). Positive predictive values ranged from 17% to 
47%, indicating that, among tests, between approximately
1 in 5 to 1 in 2 would have referable diabetic retinopathy as 
per the reference standard. For all vendors, negative pre-
dictive values were above 96%. Positive likelihood ratios for 
the ARIAS test ranged from 1⋅42 to 6⋅22 and negative 
likelihood ratios ranged from 0⋅03 to 0⋅23.
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Figure 1: Performance metrics for ARIAS vendors A–H for the primary and 
secondary outcomes, as defined by the reference standard of final human 
grade in the worst eye
Positive ARIAS test is indicative of some level or form of DR or not assessable or 
technical failure by the algorithm. (A) ARIAS test positives for the primary 
outcome of referable DR (reference standard DR grades R2, M1, or R3) are shown 
as sensitivity (detection rates) and ARIAS test positives for the primary outcome 
of no referable DR (reference standard DR grades R0M0 and R1M0) are shown as 
false positives. (B) Proportion of ARIAS positive tests for the secondary outcomes 
(ie, each reference standard DR grade separately). For DR grades R1, M1, R2, and 
R3, percentage values represent the sensitivity for each grade. For reference 
standard R0M0, percentage values represent the false positive rate for those

without observable DR or maculopathy. (C) Overall screen positive rate for ARIAS 
A to H and the positive predictive value and negative predictive value for each 
ARIAS for referable DR as per the reference standard. ARIAS=automated retinal 
image analysis systems. DR=diabetic retinopathy. M0=no observable diabetic 
maculopathy. M1=diabetic maculopathy. n=number of encounters. R0=no 
observable diabetic retinopathy. R1=mild non-proliferative retinopathy. 
R2=moderate-to-severe non-proliferative (pre-proliferative) retinopathy. 
R3=proliferative retinopathy.
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Inclusion of the 6/12 visual acuity criterion resulted in 
increased detection of referable diabetic retinopathy (from 
87% to 99% across vendors; appendix p 17). This increase 
did not materially affect the already high sensitivity for R2, 
R3, and R3A, but improved sensitivity for R1M1 (83⋅6% to 
98⋅7%; appendix pp 13, 19, 28–35). Overall screen positive 
rates slightly increased (35% to 77%) but positive and negative 
predictive values were not materially altered (appendix p 18).

Six of the eight algorithms had a second operating 
threshold (designed to detect more severe diabetic retinop-
athy), which had lower false positive and detection rates for 
referable diabetic retinopathy, but sensitivities for R2 and R3 
remained high for some algorithms (appendix pp 36–47).

Among 18 887 cases with referable diabetic retinopathy 
as per reference standard with good acuity that were ARIAS

test-negative, between five and 24 (0⋅03–0⋅13%) were 
urgent referrals to ophthalmology for diabetic retinopathy, 
and another six to 56 (0⋅03–0⋅3%) were referred to ophthal-
mology departments for diabetic retinopathy (appendix p 52). 
Most cases were reviewed in a local imaging pathway at 1, 3, or
6 months.

Discussion
Eight CE-marked commercial ARIAS did as well as or 
better than primary human graders for the detection of 
moderate-to-severe non-proliferative or proliferative dia-
betic retinopathy (with or without referable maculopathy), 
and did not show systematic differences (bias) across sub-
groups of ethnicity, sex, and IMD quintiles, but had lower 
performance (in agreement with human graders) for the
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Figure 2: Performance for PGs and ARIAS (vendor algorithms A–H) by ethnic group
Numerical values represent the proportion of encounters with specified reference standard diabetic retinopathy grades that were classified as referable diabetic retinopathy (PG r ) or diabetic retinopathy 
present (PG d ) by PG. For vendor algorithms, A to H values represent the proportion of encounters that were ARIAS test positive. Error bars are 95% CIs. (A) Reference standard diabetic retinopathy grade R2; 
moderate-to-severe non-proliferative diabetic retinopathy. (B) Reference standard diabetic retinopathy grade R3; proliferative diabetic retinopathy including those with or without diabetic maculopathy 
(grades M0 and M1). (C) Reference standard diabetic retinopathy grade R3A; active proliferative diabetic retinopathy, including those with or without diabetic maculopathy (grades M0 and M1). Blue 
indicates all ethnicities combined, orange indicates White ethnicity, green indicates Black ethnicity; red indicates south Asian ethnicity; and purple indicates all other ethnic groups. The horizontal dashed 
line is the lower 95% CI limit for PG r for all subgroups combined. ARIAS=automated retinal image analysis systems. M0=no observable diabetic maculopathy. M1=diabetic maculopathy. PG=primary grader. 
R2=moderate-to-severe non-proliferative (pre-proliferative) retinopathy. R3=proliferative retinopathy.
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oldest age group (likely due to poor image quality in older 
people, eg, with cataracts or small pupils hindering diabetic 
retinopathy detection by both humans and ARIAS). ARIAS 
could reduce the need for human grading by 26–77%. 
To our knowledge, this is the largest open-label, vendor-
independent, head-to-head evaluation of eight ARIAS in 
the same computational environment, including over 
200 000 encounters, and around 1⋅2 million images with 
nearly 25 000 cases of referable diabetic retinopathy from a 
routine, high-volume national diabetic eye screening pro-
gramme. There is good representation across population 
subgroups, including ethnicity, age, level of deprivation, 
and the spectrum of diabetic eye disease.

We showed that NEL DESP primary graders’ output used 
as a comparator for ARIAS in this study mapped well with

another large screening centre (SEL DESP) for active pro-
liferative diabetic retinopathy, and was unlikely to have 
missed cases of R3. Hence, we are confident that our pri-
mary graders are representative of primary graders in other 
quality-assured screening centres. 12

Previous standards based on expert opinion suggested 
detection rates for any diabetic retinopathy should be at 
least 90%. 27 The current quality assurance standard for 
human graders in the English NHS DESP 25 for referrable 
diabetic retinopathy is 85%. If ARIAS were to follow the 
same quality assurance standards as set for primary human 
graders, the minimum acceptable sensitivity for referable 
diabetic retinopathy should be at least 85%. Although 
several ARIAS achieved this standard, there are differences 
in how they perform. From a safety perspective, we propose
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Figure 3: Performance for PGs and ARIAS (vendor algorithms A–H) by age group
Numerical values represent the proportion of encounters with specified reference standard diabetic retinopathy grade that were classified as referable diabetic retinopathy (PG r ) or diabetic retinopathy 
present (PG d ) by PG. For vendor algorithms, A to H values represent the proportion of encounters that were ARIAS test positive. Error bars are 95% CIs. (A) Reference standard diabetic retinopathy grade R2; 
moderate-to-severe non-proliferative diabetic retinopathy. (B) Reference standard diabetic retinopathy grade R3; proliferative diabetic retinopathy including those with or without diabetic maculopathy 
(grades M0 and M1). (C) Reference standard diabetic retinopathy grade R3A; active proliferative diabetic retinopathy, including those with or without diabetic maculopathy (grades M0 and M1). Blue 
indicates <30 years; orange indicates 30 years to <45 years; green indicates 45 years to <60 years; red indicates 60 years to <75 years; and purple indicates ≥75 years. The horizontal dashed line is the 
lower 95% CI limit for PG r for all subgroups combined. ARIAS=automated retinal image analysis systems. M0=No observable diabetic maculopathy. M1=diabetic maculopathy. PG=primary grader. 
R2=moderate-to-severe non-proliferative (pre-proliferative) retinopathy. R3=proliferative retinopathy.
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that the lower limit of the 95% CI for R2, R3, and R3A 
sensitivity (regardless of any statistical test of significance) 
be considered alongside quality assurance standards for 
primary graders by population subgroups (eg, age, ethni-
city, and visual acuity) relevant to the intended screening 
setting. 16

Agreement between human graders is known to be het-
erogeneous, especially for less severe diabetic retinopathy 
grades (R1) or milder forms of maculopathy. 9,28,29 Human 
graders miss 11% of cases with R1 and 2–4% of cases with 
referable diabetic retinopathy, 28 likely contributing to the 
observed variation in ARIAS sensitivity across and within 
vendors for diabetic retinopathy grades R1 and R1M1. 
Inclusion of a visual acuity criterion increased sensitivity 
overall, especially for grades R1 and R1M1, with a small 
associated rise in screen positive rates. Among those with 
reference standard referable diabetic retinopathy and good 
acuity, ARIAS missed less than 0⋅5% of cases that were 
subsequently referred for diabetic retinopathy or other 
conditions. We and others recommend ARIAS as a first 
pass to triage patients into low risk (no human grading) and 
medium risk or high risk (receive human grading); 9–12 

hence lower specificity (ie, higher false positive rate) could 
still be cost-effective by increasing grading capacity, 12 even 
with a visual acuity criterion. Differences in ARIAS per-
formance across factors such as age might necessitate 
tailored ARIAS to ensure equity. Our previous work esti-
mated that annual screening of around 2 million people 
with ARIAS to triage for human grading could save the 
NHS £8–10 million per year, with earlier versions of ARIAS 
having lower test performance. 12 Updated cost-effectiveness 
analyses are needed to compare current practice with triage 
afforded by different ARIAS and comparative analyses of 
annual or biennial recall for low-risk groups.

Most published ARIAS performance comparisons are 
weakened by single ARIAS evaluations in populations with 
low sociodemographic diversity, 30 small sample sizes, 
unspecified pre-selection or pre-processing of retinal 
images, and unspecified image capture systems, grading 
protocols, and reference standards. 9,30 Our approach cir-
cumvents these issues by design. The strengths of our study 
included multiple ARIAS head-to-head comparisons on a 
large, appropriately powered, sociodemographically 
diverse, clinically relevant dataset using the same compu-
tational environment and executed by a vendor-neutral 
research team. Although based at one screening centre, 
this centre is one of the largest NHS screening centres, 
serving one of the most diverse and deprived populations in 
the country. Validation of our primary graders, along with 
our previous work, 10 supports the generalisability of the 
findings. Although the reference standard (final human 
grade) is not an absolute ground truth and might have 
classification bias, as not all encounters received higher-
level grading, the reference standard provided a pragmatic 
solution for real-world evaluation. The eight self-selected 
vendors might represent algorithms developed on pop-
ulations similar to the current study, potentially leading to

better performance. Other vendors might have declined to 
participate due to concerns about poor results. These 
factors underscore the importance of conducting such 
evaluations with prespecified standards and analysis plan, 
akin to phase 3 clinical trials for regulatory approval and 
clinical application of pharmaceutical agents.

Our approach aligns with a governmental review of equity 
in medical devices, 15 highlighting the need to assess algo-
rithmic fairness and equity using real-world data before 
deployment in health care. 13–15,17 We have developed a 
transferable framework for the evaluation of clinical AI, 16 

ensuring algorithms meet predefined standards for fair-
ness and trustworthiness before being commissioned. By 
focusing on algorithmic fairness, we aim to promote equal 
opportunities for ARIAS in health-care services, preventing 
monopolies and encouraging investment. Our public 
engagement efforts 31 aim to build trust, innovation, and 
cost-effective advancements.

In conclusion, we compared multiple ARIAS across 
diverse populations and found that those matching or 
exceeding human grader sensitivity for moderate-to-severe 
non-proliferative (R2) or proliferative (R3) diabetic retin-
opathy—with or without diabetic maculopathy—can safely 
be used in global screening programmes to triage and could 
reduce human grading by up to 80%.
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