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The future of healthcare is being 
shaped by innovation in eyecare 
and in particular a field known as 

oculomics. This discipline leverages ocular 
biomarkers to provide insights into various 
health conditions, including cardiovascular 
diseases and psychological or neurological 
disorders [1]. Today, oculomics data are 
used to train artificial intelligence (AI) 
models to increase accessibility, accuracy 
and affordability of healthcare. For instance, 
the retina offers a unique non-invasive 
window into the body’s vascular and 
neurological health. According to a recent 
review study, retinal scans can predict 
cardiovascular events with a minimum 
accuracy of 70%, showcasing the potential 
of ocular biomarkers in preventive 
healthcare [2]. As an ophthalmologist, 
optometrist, or primary care provider, 
understanding and integrating oculomics 
and related tools into your practice can 
significantly enhance patient care and 
open new avenues for early detection and 
personalised treatment.

Early detection and diagnostics
Early detection is a cornerstone of 
oculomics, providing a pathway for timely 
interventions that can save lives and 
reduce healthcare costs. Retinal imaging 
enables the early detection of systemic 
diseases such as diabetes, hypertension 
or cardiovascular conditions, and even 
kidney and neurodegenerative diseases 
[3–6]. This proactive approach allows for 
timely intervention, significantly increasing 
quality of life and reducing treatment costs 
by reducing the need for more complex 
or invasive procedures. The economic 
benefit of early detection is underscored by 

the projected growth of the digital health 
market, expected to increase from $452 
billion in 2023 to $1.9 trillion by 2030 [7].

Today, significant challenges remain. 
For instance, studies have shown that 
optometrists can miss or misdiagnose 
retinal diseases in up to 39% of instances 
[8]. Primary care providers often lack 
adequate knowledge or confidence to 
effectively deal with eye problems, and 
survey results showed only 40% could 
confidently distinguish an abnormal optic 
disc [9]. Furthermore, ophthalmologists face 
challenges in detecting neurodegenerative 
diseases and age-related macular 
degeneration (AMD) in up to 25% of patients 
[10]. In all cases, diagnosis is often done 
when symptoms are notable, which is 
often too late. However, with the use of 
AI to interpret retinal images, a condition 
like AMD could not only be screened by 
all clinicians, but these systems could 
also predict which patients are likely to 
progress [11]. This capability not only 
facilitates earlier detection but also enables 
intervention at a stage when the disease is 
more manageable, potentially preventing 
severe complications such as vision loss.

Personalised and preventive 
healthcare
Oculomics plays a significant role in 
personalised and preventive healthcare. By 
analysing ocular biomarkers using advanced 
technologies such as AI, treatments can 
be tailored to individual patients based 
on their unique genetic and phenotypic 
profiles. Studies have shown that specific 
biomarkers in the retina can detect genetic 
mutations associated with AMD and other 
retinal diseases. For instance, the presence 

of certain angiogenic and stress-related 
factors in the vitreous fluid can indicate 
early stages of retinal degeneration, 
enabling early intervention and personalised 
treatment plans tailored to the patient’s 
specific condition [12]. 

The personalised medicine market is 
projected to grow at a compound annual 
growth rate of 8.2%, valued at $529 billion 
in 2023, driven by the potential to analyse 
vast data through AI, streamline drug 
development processes and reduce clinical 
trial costs [13]. This growth underscores 
the increasing importance of personalised 
approaches in managing complex diseases.

Regular ocular assessments contribute 
to preventive healthcare by identifying 
risk factors early, leading to lifestyle 
modifications and preventive measures. The 
economic benefit of preventive healthcare 
is significant, with potential long-term cost 
savings through the prevention of disease 
progression. For instance, detecting 
biomarkers of neurodegeneration or 
chronic inflammation in retinal diseases 
allows for timely therapeutic interventions, 
which can delay or prevent the onset of 
severe symptoms and complications [12]. 
Incorporating these advanced diagnostic 
tools into routine practice can help clinicians 
optimise patient outcomes by offering 
tailored, proactive healthcare solutions that 
address the unique needs of each individual, 
ultimately leading to better management of 
diseases and improved overall health.

Neurological and systemic health 
monitoring
The eye serves as a vital indicator for both 
neurodegenerative and systemic diseases, 
offering a unique window into a patient’s 
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overall health. Advanced ocular imaging 
techniques such as optical coherence 
tomography (OCT) and fundus imaging 
have been instrumental in diagnosing and 
monitoring various conditions:

Neurodegenerative diseases
Optical coherence tomography has shown 
promise in assessing disease severity 
and monitoring progression in multiple 
sclerosis by measuring retinal nerve fibre 
layer thickness, which correlates with 
disease activity [14]. Despite challenges 
in differentiating multiple sclerosis from 
other neurological conditions, OCT holds a 
significant prognostic value. For Alzheimer’s 
disease, both OCT and fundus imaging have 
identified retinal biomarkers like changes 
in retinal thickness and amyloid plaques 
[15–17]. Fundus imaging, enhanced by AI, 
shows potential in assessing neurologic 
dysfunction in Parkinson’s disease through 
the analysis of subtle changes in the retinal 
vasculature [18]. 

Systemic diseases
Ocular imaging techniques are equally 
valuable in diagnosing and monitoring 
systemic diseases. Diabetic retinopathy, 
a common complication of diabetes, can 
be detected early through retinal imaging, 
with AI-enhanced scans demonstrating 
over 90% accuracy [19]. Additionally, 
retinal imaging has been used to identify 
changes indicative of various conditions 
such as heart disease, kidney disease, 
autism, cardiovascular and cerebrovascular 
diseases, infectious disease, leukaemia and 
metabolic syndrome [20–27].

Data collection techniques 
Advanced imaging and molecular 
techniques provide deeper insights 
that will further fuel oculomics, and 
consequently diagnosis and monitoring of 
neurodegenerative and systemic diseases 
through the eye. These methods provide 
detailed insights into retinal and choroidal 
structures, as well as the biochemical and 
genetic underpinnings of ocular health, 
enhancing the ability of clinicians to deliver 
personalised and effective treatments. Here 
are some examples: 
• Fluorescein angiography: Highlights 

retinal blood vessels to diagnose diabetic 
retinopathy and AMD by detecting 
microaneurysms and non-perfusion 
areas.

• Indocyanine green angiography: 
Visualises the choroidal vasculature, 
useful for conditions like polypoidal 
choroidal vasculopathy.

• Electroretinography: Measures electrical 
responses in the retina to diagnose and 
monitor inherited retinal disorders such 
as retinitis pigmentosa.

• Adaptive optics: Enhances retinal image 
resolution, allowing for the visualisation 
of individual photoreceptor cells, 
primarily used in research.

• Hyperspectral imaging: Captures detailed 
spectral information from the retina to 
identify biochemical changes associated 
with diseases like diabetic retinopathy 
and AMD.

• Ocular coherence elastography: 
Measures mechanical properties of 
ocular tissues, aiding in the study of 
diseases like glaucoma and keratoconus.

• Proteomic and metabolomic analysis: 
Analyses ocular fluids to identify 
biomarkers for conditions such as dry 
eye disease, diabetic retinopathy, and 
neurodegenerative diseases.

• Genetic testing: Diagnoses inherited 
retinal disorders, enabling personalised 
treatment approaches based on the 
patient’s genetic profile.

Potential integration of oculomics
Integrating oculomics into various 
healthcare platforms can significantly 
enhance diagnostic accuracy, personalised 
treatment, and accessibility to care. These 
technologies offer innovative solutions 
for both clinicians and patients, paving 
the way for a more comprehensive 
approach to health monitoring and disease 
management.

Telemedicine
Oculomics can be seamlessly integrated 
into telemedicine platforms to enhance 
remote healthcare delivery. This integration 
allows clinicians to conduct comprehensive 
eye exams and monitor ocular biomarkers 
from afar, making it easier to provide timely 
interventions for patients in remote or 
underserved areas. Teleophthalmology can 
include AI-assisted retinal image analysis 
or video games to screen for diseases like 
diabetic retinopathy and AMD, improving 
access to specialised care and monitoring 
treatment effectiveness.

Electronic health records (EHR)
Incorporating oculomics data into EHR can 
provide a more holistic view of a patient’s 
health. By integrating imaging data and 
biomarkers into EHRs, with the help of 
clinical platforms, clinicians can track 
changes over time and correlate ocular 

health with systemic conditions. This can 
improve the accuracy of diagnoses and the 
effectiveness of treatment plans, leading to 
better patient outcomes.

Personalised medicine
Oculomics supports the advancement of 
personalised medicine by using ocular 
biomarkers to tailor treatments based on 
individual genetic and phenotypic profiles. 
Integration with genomic data and AI can 
help identify patients at risk for specific 
diseases and customise prevention and 
treatment strategies. This approach 
enhances the efficacy of interventions and 
minimises adverse effects.

AI and machine learning
Artificial intelligence or machine learning 
algorithms can analyse vast amounts 
of oculomics data to identify patterns 
and predict disease progression. These 
technologies can be integrated into 
diagnostic tools and imaging devices to 
provide real-time analysis and decision 
support for clinicians. AI-driven insights 
can lead to earlier detection of diseases 
like Alzheimer’s, Parkinson’s, and diabetes, 
improving patient prognosis, as discussed 
before.

Wearable health devices
Wearable devices, such as smart VR 
glasses, smart contact lenses and glasses, 
equipped with sensors to monitor ocular 
health, can or will continuously collect data 
on eye movements, intraocular pressure, 
glucose levels, and other biomarkers. 
Integration with mobile health apps allows 
patients and clinicians to track ocular 
health metrics in real time, facilitating early 
detection of anomalies and prompt medical 
attention.

Clinical decision support systems (CDSS)
Integrating oculomics into CDSSs 
can aid clinicians in making more 
informed decisions. Clinical decision 
support systems can provide alerts and 
recommendations based on oculomics 
data, helping to identify potential issues 
early and suggesting appropriate diagnostic 
tests or treatments without requiring 
complex or lengthy training or expertise. 
This can enhance clinical workflows and 
improve patient management.

“
”

By understanding and utilising ocular 
biomarkers or tools that utilise them, you can 
play a crucial role in advancing the field of 
oculomics and shaping the future of healthcare
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Research and development
Oculomics can be integrated into research 
platforms to facilitate the study of ocular 
and systemic diseases. By combining 
data from EHR, ocular imaging, genetic 
testing, and biomarker analysis, researchers 
can gain deeper insights into disease 
mechanisms and develop innovative 
therapies. Collaborative databases that 
pool oculomics data from various sources 
can accelerate discovery and translational 
research.

Public health and screening programmes
Oculomics technologies can be integrated 
into public health initiatives and screening 
programmes to identify at-risk populations 
and implement preventive measures. 
Large-scale retinal screening programs 
using portable imaging devices and AI 
analysis can detect early signs of systemic 
diseases, enabling community-wide health 
interventions and reducing the burden on 
healthcare systems.

Regenerative medicine and research
Regenerative medicine, combined 
with oculomics, offers potential in 
ophthalmology by leveraging advanced 
techniques such as stem cell therapy, gene 
therapy, and tissue engineering to more 
effectively repair and restore damaged 
ocular tissues. By analysing ocular 
biomarkers, clinicians can personalise 
these regenerative treatments to target 
specific genetic and phenotypic profiles, 
enhancing their effectiveness and 
minimising side-effects. This integration 
provides innovative therapeutic options 
for conditions like AMD and retinitis 
pigmentosa, significantly advancing our 
understanding and management of eye 
health.

Conclusion
Oculomics represents a transformative 
shift in healthcare, offering unprecedented 
opportunities for early disease detection, 
personalised treatment, and improved 
patient outcomes. As clinicians, embracing 
these technologies will not only enhance 
your practice but also contribute to the 
broader goal of a healthier, more equitable 
future. By understanding and utilising 
ocular biomarkers or tools that utilise them, 
you can play a crucial role in advancing the 
field of oculomics and shaping the future of 
healthcare.

The integration of oculomics into 
routine clinical practice, supported by 
robust technological innovations and a 
commitment to equitable access, promises 
a future where quality healthcare is more 
accessible, proactive, personalised, and 
effective. As the digital health market 
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continues to grow and evolve, the role 
of ocular biomarkers in early detection, 
personalised medicine, and holistic 
healthcare will become increasingly 
prominent, offering a brighter future for 
patients and clinicians alike.
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