
Reti-CVD is an artificial intelligence(AI)-empowered software for the cardiovascular risk assessment, which verifies
the structure and vessels of the retina through a simple eye examination to predict the risk of developing
cardiovascular disease.

Start with Reti-CVD
A new, innovative and novel perspective on

assessing cardiovascular risk

Reference 1. Prescribing information of Reti-CVD. Ministry of Food and Drug Safety.        This product is a ̒ medical device’, please read ̒ Precautions for use’ and ̒ How to use’ carefully before use.

For medical professionals



Multiple studies have demonstrated the association between retinal 
vascular damage and subtle changes and the risk of cardiovascular 
disease.1-6

Reti-CVD predicts the incidence of cardiovascular disease similarly
to the coronary artery calcium (CAC) score measured by cardiac CT.1,2

Furthermore, it has shown superior performance in predicting the 
incidence of cardiovascular disease compared to the carotid intima-
media thickness or the brachial-ankle pulse wave velocity (baPWV).1,2

The American Heart Association/American College of Cardiology 
(AHA/ACC) recommends the coronary artery calcium (CAC) score 
for evaluating cardiovascular disease risk and making treatment 
decisions in the intermediate-risk group.7

ACC, American College of Cardiology; AHA, American Heart Association; CAC, coronary artery calcium; CHD, coronary heart disease.

References 1. Wong et al., N Engl J Med. 2004;351(22):2310-7. 2. Kawasaki et al., Stroke. 2012;43(12):3245-51. 3. McGeechan et al., Am J Cardiol. 2008;102(1):58-

63. 4. Wong et al., Lancet. 2001;358(9288):1134-40. 5. Witt et al., Hypertension. 2006;47(5):975-81. 6. Wong et al., Surv Ophthalmol. 2001;46(1):59-80. 7. Arnett 

DK, et al., Circulation. 2019;140(11):e596-646.

CAC
(Agatston unit)

Treatment decision Note

0 Consider no statin
Unless diabetes, family history of premature CHD,

or cigarette smoking are present

1~99 Favor statin Especially after age 55

>100 Initiate statin therapy

2019 ACC/AHA guideline on the primary prevention of cardiovascular disease7

Cumulative incidence of cardiovascular events in the CMERC-HI cohort2

References 1. Rim et al., The Lancet Digit Health. 2021;3(5):e306-16. 2. Pivotal trial of a deep-learning-based retinal biomarker (Reti-CVD) in the prediction of cardiovascular 

disease: data from CMERC-HI. 2022.
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The performance of Reti-CVD risk assessment was evaluated in the "Cardiovascular and Metabolic Disease Etiology Research Center-
High Risk (CMERC-HI) Study: A Prospective Cohort Study“ which was funded by national research funds.

A total of 1,106 patients were followed prospectively for 5 years. During the study, retinal imaging (A), cardiac computed tomography 
(CT)-based coronary artery calcium (CAC) score (B), carotid ultrasound (C), and brachial-ankle pulse wave velocity (baPWV) were 
measured to evaluate cardiovascular risk at the time of recruitment.

The 5-year follow-up revealed that the risk stratification performance of Reti-CVD based on retinal imaging was similar to the CAC 
score based on cardiac CT, and superior to carotid ultrasound-based carotid intima-media thickness or baPWV.

Cardiocerebrovascular disease occurred in 17 out of 277 high-risk patients on Reti-CVD, and cardiovascular disease occurred in 19 out 
of 352 high-risk patients with a CAC score exceeding 100. The 10-year incidence rate was 13.3% for the high-risk group identified 
by Reti-CVD and 11.6% for the high-risk group with a CAC score above 100. These findings suggest that Reti-CVD appears to be a 
promising tool for accurately assessing CVD risk.

Efficiency 

Optimization

Relatively low cost and high accuracy lead to
an increased participation rate in testing.
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Reti-CVD enables quick and easy prediction of the risk of 
cardiocerebrovascular disease.

Reti-CVD is user-friendly for installation and operation, 
reducing the burden on clinics and patients.

API, application programming interface; PACS, picture archiving communication system.

Take retinal
photographs

Capture retinal photographs 

using a retinal camera 

Generate test results
and provide the reports

Risk assessment for 

cardiovascular events

Provide test result and report 

to the patients

Easy installation

on the available 

retinal camera

Rapid results

within 3 minutes

Easy integration

with the current

workflow

(API call / PACS)

A non-invasive test 

reducing the burden

of the examination 

(procedure, cost, and risk 

of radiation exposure, etc)

A cloud-based

system that does

not require any

additional program

installation

Easy to capture 

images by nurses 

or optometrists 

without requiring a 

specialist

3
mins

With Reti-CVD, the entire process of predicting 
cardiocerebrovascular risk can be completed

in just 3 minutes.
“

”

ST EP

ST EP

ST EP

Upload image
and use AI analysis

Input patient information

Upload retinal images

AI analysis

Stable

operation

A fast and convenient testing method
reduces the burden on clinics and patients. 
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Reti-CVD test report for patients

The report provides an explanation of the Reti-CVD test and its working principle, as well as 

a risk assessment and a quantified risk score for cardiovascular disease based on AI analysis.

References 1. Rim et al., Lancet Digit Health. 2020;2(10):e526-36. 2. Rim et al., Lancet Digit Health. 2021;3(5):e306-16. 3. Vardas et al., Eur Heart J. 2022;43(4):271-9.

4. Tseng et al., BMC Med. 2023;21:28. 5. Kang et al., Circulation. 2022;146:A11334. 6. Rim et al., Circulation. 2022;146:A11822. 7. Tseng et al., Circulation. 2022;146:A10113.

The AI analysis results classify 

patients into 3 risk groups

(low, moderate, and high risk) 

and provide corresponding 

recommendations for the risk of 

cardiovascular events and CAC score.

Reti-CVD test result page for medical professionals
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Introduction
The retina is the only organ that allows direct, non-
invasive, in-vivo visualisation of the microvasculature and 
neural tissues. It thus affords a unique opportunity for 
the non-invasive detection of systemic vascular and 
neuro logical diseases.1 In recent decades, our under-
standing of retina–systemic disease relationships has 
relied on classic epidemiological studies based on obser-
vable, human-defined retinal features (eg, retino pathy or 
retinal vascular calibre).2 The potential discovery of 
unobservable retinal features associated with systemic 
diseases has been enhanced by advances in artificial 
intelli gence technology, specifically deep learning.3 Deep 
learning can be used to predict many systemic biomarkers 

using retinal photo graphs, obviating the need for 
observable, precharacterised retinal features.4 Using UK 
Biobank data, Poplin and colleagues showed that deep-
learning models could predict six cardiovascular risk 
factors using only retinal photographs with reasonable 
accuracy.5 Using these photographs, deep learning could 
accurately predict features such as age and sex, which 
otherwise cannot be similarly identified by human eyes 
alone. Additionally, deep learning was reported to predict 
serum haemoglobin concentrations from retinal photo-
graphs, suggesting a potential new model for automated 
anaemia screening.6 More recently, several studies on 
deep learning-predicted systemic conditions from retinal 
photographs have been published.7–11

Prediction of systemic biomarkers from retinal photographs: 
development and validation of deep-learning algorithms 
Tyler Hyungtaek Rim*, Geunyoung Lee*, Youngnam Kim*, Yih-Chung Tham*, Chan Joo Lee, Su Jung Baik, Young Ah Kim, Marco Yu, Mihir Deshmukh, 
Byoung Kwon Lee, Sungha Park, Hyeon Chang Kim, Charumathi Sabayanagam, Daniel S W Ting, Ya Xing Wang, Jost B Jonas, Sung Soo Kim†, 

Tien Yin Wong†, Ching-Yu Cheng†

Summary
Background The application of deep learning to retinal photographs has yielded promising results in predicting age, 
sex, blood pressure, and haematological parameters. However, the broader applicability of retinal photograph-based 
deep learning for predicting other systemic biomarkers and the generalisability of this approach to various populations 
remains unexplored.

Methods With use of 236 257 retinal photographs from seven diverse Asian and European cohorts (two health 
screening centres in South Korea, the Beijing Eye Study, three cohorts in the Singapore Epidemiology of Eye Diseases 
study, and the UK Biobank), we evaluated the capacities of 47 deep-learning algorithms to predict 47 systemic 
biomarkers as outcome variables, including demographic factors (age and sex); body composition measurements; 
blood pressure; haematological parameters; lipid profiles; biochemical measures; biomarkers related to liver function, 
thyroid function, kidney function, and inflammation; and diabetes. The standard neural network architecture of 
VGG16 was adopted for model development.

Findings In addition to previously reported systemic biomarkers, we showed quantification of body composition 
indices (muscle mass, height, and bodyweight) and creatinine from retinal photographs. Body muscle mass could be 
predicted with an R² of 0∙52 (95% CI 0·51–0·53) in the internal test set, and of 0∙33 (0·30–0·35) in one external test 
set with muscle mass measurement available. The R² value for the prediction of height was 0∙42 (0·40–0·43), of 
bodyweight was 0∙36 (0·34–0·37), and of creatinine was 0∙38 (0·37–0·40) in the internal test set. However, the 
performances were poorer in external test sets (with the lowest performance in the European cohort), with R² values 
ranging between 0∙08 and 0∙28 for height, 0∙04 and 0∙19 for bodyweight, and 0∙01 and 0∙26 for creatinine. Of the 
47 systemic biomarkers, 37 could not be predicted well from retinal photographs via deep learning (R²≤0∙14 across all 
external test sets).

Interpretation Our work provides new insights into the potential use of retinal photographs to predict systemic 
biomarkers, including body composition indices and serum creatinine, using deep learning in populations with 
a similar ethnic background. Further evaluations are warranted to validate these findings and evaluate the clinical 
utility of these algorithms.

Funding Agency for Science, Technology, and Research and National Medical Research Council, Singapore; Korea 
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Deep-learning-based cardiovascular risk stratification using 
coronary artery calcium scores predicted from retinal 
photographs
Tyler Hyungtaek Rim*, Chan Joo Lee*, Yih-Chung Tham*, Ning Cheung, Marco Yu, Geunyoung Lee, Youngnam Kim, Daniel S W Ting, 
Crystal Chun Yuen Chong, Yoon Seong Choi, Tae Keun Yoo, Ik Hee Ryu, Su Jung Baik, Young Ah Kim, Sung Kyu Kim, Sang-Hak Lee, 
Byoung Kwon Lee, Seok-Min Kang, Edmund Yick Mun Wong, Hyeon Chang Kim, Sung Soo Kim†, Sungha Park†, Ching-Yu Cheng†, Tien Yin Wong†

Summary
Background Coronary artery calcium (CAC) score is a clinically validated marker of cardiovascular disease risk. We 
developed and validated a novel cardiovascular risk stratification system based on deep-learning-predicted CAC from 
retinal photographs.

Methods We used 216 152 retinal photographs from five datasets from South Korea, Singapore, and the UK to train 
and validate the algorithms. First, using one dataset from a South Korean health-screening centre, we trained a deep-
learning algorithm to predict the probability of the presence of CAC (ie, deep-learning retinal CAC score, RetiCAC). 
We stratified RetiCAC scores into tertiles and used Cox proportional hazards models to evaluate the ability of RetiCAC 
to predict cardiovascular events based on external test sets from South Korea, Singapore, and the UK Biobank. 
We evaluated the incremental values of RetiCAC when added to the Pooled Cohort Equation (PCE) for participants in 
the UK Biobank.

Findings RetiCAC outperformed all single clinical parameter models in predicting the presence of CAC (area under 
the receiver operating characteristic curve of 0∙742, 95% CI 0∙732–0∙753). Among the 527 participants in the 
South Korean clinical cohort, 33 (6∙3%) had cardiovascular events during the 5-year follow-up. When compared with 
the current CAC risk stratification (0, >0–100, and >100), the three-strata RetiCAC showed comparable prognostic 
performance with a concordance index of 0∙71. In the Singapore population-based cohort (n=8551), 
310 (3∙6%) participants had fatal cardiovascular events over 10 years, and the three-strata RetiCAC was significantly 
associated with increased risk of fatal cardiovascular events (hazard ratio [HR] trend 1∙33, 95% CI 1∙04–1∙71). In the 
UK Biobank (n=47 679), 337 (0∙7%) participants had fatal cardiovascular events over 10 years. When added to the PCE, 
the three-strata RetiCAC improved cardiovascular risk stratification in the intermediate-risk group (HR trend 1∙28, 
95% CI 1∙07–1∙54) and borderline-risk group (1∙62, 1∙04–2∙54), and the continuous net reclassification index 
was 0∙261 (95% CI 0∙124–0∙364).

Interpretation A deep learning and retinal photograph-derived CAC score is comparable to CT scan-measured CAC in 
predicting cardiovascular events, and improves on current risk stratification approaches for cardiovascular disease 
events. These data suggest retinal photograph-based deep learning has the potential to be used as an alternative 
measure of CAC, especially in low-resource settings.

Funding Yonsei University College of Medicine; Ministry of Health and Welfare, Korea Institute for Advancement of 
Technology, South Korea; Agency for Science, Technology, and Research; and National Medical Research Council, 
Singapore.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Cardiovascular disease is the leading cause of death 
worldwide.1 Coronary artery calcium (CAC) is a 
preclinical marker of atherosclerosis and is strongly 
associated with risk of clinical cardiovascular disease.2 
Measurement of CAC scores has increasingly been 
used for stratification of cardiovascular disease risk, in 
conjunction with clinical risk prediction models in 
international guidelines.3,4 The American College of 
Cardiology/American Heart Association (ACC/AHA) 
guidelines3,4 recommend the use of the Pooled Cohort 

Equation (PCE) to stratify people at risk of cardiovas­
cular disease and determine who should be given 
statin therapy. However, for patients classified in 
the intermediate­risk group based on the PCE, the 
clinician–patient risk discussion can include risk­
enhancing factors (eg, family history or CAC score). 
CAC score has been recommended as an additional test 
to refine risk estimates and improve selection for statin 
treatment.3,4 However, current measurement of CAC 
scores requires ready access to CT scans, which carries 
radiation risk.
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Graphical Abstract Digital tool development in cardiovascular medicine
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This article presents some of the most important developments in the field of digital medicine that have appeared over the last 12 months
and are related to cardiovascular medicine. The article consists of three main sections, as follows: (i) artificial intelligence-enabled cardio-
vascular diagnostic tools, techniques, and methodologies, (ii) big data and prognostic models for cardiovascular risk protection, and (iii)
wearable devices in cardiovascular risk assessment, cardiovascular disease prevention, diagnosis, and management. To conclude the article,
the authors present a brief further prospective on this new domain, highlighting existing gaps that are specifically related to artificial intelli-
gence technologies, such as explainability, cost-effectiveness, and, of course, the importance of proper regulatory oversight for each clinical
implementation.

Keywords AI-ECG • AI-wearables • Digital health • Cardiovascular medicine • Big data • Machine learning
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AI analysis of retinal photos yields similar results to

cardiac CT in predicting incident cardiovascular diseases.

The Lancet Digital Health (IF 36.6)

Predicting systemic biomarkers through

AI analysis of retinal photos.

The Lancet Digital Health (IF 36.6)

Reti-CVD was introduced as one of the significant innovative 

technologies in cardiovascular medicine in 2021

European Heart Journal (IF 35.9)

In a review article published in the European 

Heart Journal, Prof. Vardas, former president of 

the European Society of Cardiology, suggests that 

emerging medical innovations have the potential to 

enable early detection of hidden cardiovascular risks.

The review article emphasizes Reti-CVD as an 

innovative medical technology for detecting 

hidden cardiovascular diseases, alongside other 

cutting-edge cardiology examination methods like 

smartwatches and AI-driven ECG analysis.

Reti-CVD provides objective AI analysis reports and
additional guidance tailored to individual patient coditions.

Reti-CVD provides professional and objective data for 
effective and efficient patient consultation.

Reti-CVD's performance has been validated through several
studies and published in prestigious medical journals.1-7

Strengthen 

professionalism
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Reti-CVD have demonstrated comparable performance 
to coronary artery calcium (CAC) scores measured by 
cardiac CT and a superior performance to carotid
intima-media thickness measured by carotid ultrasound 
in predicting the risk cardiovascular disease.1-3

Reti-CVD is easy to install and use with no risk of
radiation exposure, and reduces the burden on both
medical professionals and patients. 
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Summary

Reti-CVD enables quick and easy prediction of the
risk of cardiocerebrovascular disease.

Reti-CVD provides professional and objective data
for effective and efficient patient consultation. 

Reti-CVD's performance has been validated in multiple 
studies published in prestigious medical journals.3-9
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