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Abstract 
Aim: We reviewed various ocular biomarkers relevant to gastrointestinal 
(GI) disorders and examined the potential role of artificial intelligence (AI) 
in detecting, integrating, and translating these biomarkers into clinical 
gastroenterology practice. 
Methods: A literature search from PubMed, MEDLINE, Scopus, Google 
Scholar, and Web of Science from the year 2000 up to February 2026 was 
conducted. We included published articles on ocular findings in 
gastrointestinal disorders and/or AI-based analysis of ocular biomarkers 
with gastrointestinal connections. Results suggested a positive correlation 
between AI-based ocular biomarkers and GI disorders. 
Results: After reviewing the literature, we found that the most frequently 
described ocular biomarkers were retinal vascular caliber and arteriovenous 
ratio on fundus photography; retinal nerve fibre layer and choroidal changes 
on optical coherence tomography; and vessel-density changes on optical 
coherence tomography angiography. The persistent signal came from 
inflammatory bowel disease and steatotic liver disease. AI may improve 
image processing, feature extraction, and pattern recognition, but more 
multicentric studies are needed to establish definitive analogy. 
Discussion: This review suggests that ocular biomarkers could provide a 
simple, non-invasive way to identify and monitor gastrointestinal diseases, 
especially inflammatory bowel disease and steatotic liver disease. Changes 
in retinal blood vessels, the retinal nerve fibre layer, the choroid, and OCTA-
derived vessel density may reflect the inflammation, metabolic disturbances, 
and small-vessel changes associated with these conditions. However, these 
findings should be interpreted with caution because many existing studies 
included small or selected patient groups, used cross-sectional designs, 
applied different imaging methods, and did not consistently account for 
factors such as age, vascular risk, medications, or coexisting eye disease. 
Artificial intelligence may improve the analysis of complex eye images by 
identifying subtle patterns. Still, high model performance alone does not 
prove that these tools are accurate, reliable, or specific enough for clinical 
use. Future studies should therefore include large, multicentre, prospective 
populations, standardized imaging and reporting methods, independent 
external validation, and clinically meaningful outcomes. These steps will 
help determine whether AI-assisted oculomics can reliably support 
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gastrointestinal screening, disease classification, risk assessment, and long-
term monitoring. 
Conclusions: Various ocular biomarkers offer a promising, non-invasive 
approach to studying the deeper nuances of gastrointestinal disease. AI may 
help scale early biomarker detection and avoid gaps in analysis. Still, routine 
clinical use will require better external validation, clearer reporting 
standards, and prospective translational studies. 
Keywords: oculomics, gastrointestinal disease, artificial intelligence, retinal 
imaging, ocular biomarkers 
Abbreviations: AI = artificial intelligence, AUC = area under the curve, CNN 
= convolutional neural network, FAZ = foveal avascular zone, GI = 
gastrointestinal, IBD = inflammatory bowel disease, MASLD = metabolic 
dysfunction-associated steatotic liver disease, ML = machine learning, 
NAFLD = non-alcoholic fatty liver disease, OCT = optical coherence 
tomography, OCTA = optical coherence tomography angiography, RNFL = 
retinal nerve fibre layer 

 
 

Introduction 

Oculomics uses ocular findings to investigate 
systemic health and disease. The eye offers a rare 
opportunity to examine neural tissue, 
microvasculature, and external adnexal structures 
without invasive testing, which makes ophthalmic 
imaging attractive for systemic biomarker research. 
Slit-lamp examination, external-eye and fundus 
photography, optical coherence tomography (OCT), 
OCT angiography (OCTA), and ocular-fluid analysis 
can all generate quantitative data relevant to 
screening, early detection, risk stratification, 
prognosis, and treatment monitoring [1-6]. AI 
methods, especially machine learning and deep 
learning, have widened the scale at which these 
multimodal data can be analyzed [1-6]. Although the 
field is advancing quickly, a focused review of AI-
enabled ocular biomarkers across gastrointestinal 
(GI) disorders remains absent; most dedicated 
syntheses to date have focused on hepatobiliary 
disease [7]. Therefore, this review brings together the 
available evidence across hepatobiliary disorders, 
inflammatory bowel disease, and other GI conditions 
and considers how AI might support clinical 
translation. 

The eye is uniquely suited to systemic biomarker 
research because it offers direct, repeatable, and 
relatively low-cost access to both the microcirculation 
and the central nervous system. Retinal vessels are 
anatomically and physiologically analogous to 
cerebral and systemic microvasculature. At the same 
time, the retina, choroid, cornea, tear film, lens, and 
ocular adnexa each provide distinct forms of 
structural, vascular, neural, inflammatory, or 
biochemical information [2-6]. Recent oculomics 
studies have shown that ocular images may encode 
not only ophthalmic disease but also age, sex, 
smoking exposure, blood pressure, cardiometabolic 
risk, and broader systemic phenotypes [1-6]. 

Importantly, the value of ocular biomarkers is not 
necessarily tied to disease specificity at the level of a 
single feature. Rather, the future of oculomics lies in 
integrating multimodal signals across ocular 
structures and combining them with AI-enabled 
pattern recognition to improve specificity, support 
differential diagnosis, and enable clinically usable 
prediction models [1,4-6]. 

A biologically plausible gut-liver-eye axis 
provides the conceptual basis for studying ocular 
biomarkers in GI disease. The gut microbiome can 
influence distant organs through inflammatory, 
immune, neuroendocrine, and metabolic pathways, 
and dysbiosis may disrupt epithelial and vascular 
barriers, promote oxidative stress, and alter host 
immune regulation [8-11]. These mechanisms are 
relevant to ophthalmology because microbial and 
systemic inflammatory signals have been linked to 
dry eye disease, uveitis, retinal vascular dysfunction, 
glaucoma, and other ocular disorders [8-11]. In 
parallel, liver disease can alter systemic metabolism, 
lipid handling, vitamin storage, bilirubin metabolism, 
and endothelial function; these changes may be 
reflected in the conjunctiva, sclera, cornea, retina, and 
choroid. Therefore, the eye may serve as a 
downstream readout of gut-derived inflammation, 
liver-related metabolic dysfunction, or both. 

Dynamic, fast-evolving AI-based ocular biomarker 
applications in gastroenterology can help with 
screening, triage, phenotyping, and follow-ups. AI-
assisted retinal screening platforms have already 
demonstrated strong performance in ophthalmology 
and systemic-risk prediction, illustrating how scalable 
ocular image analysis can be deployed in real-world 
workflows [12]. In hepatobiliary disease, deep-
learning models trained on external-eye or fundus 
images have shown promising discriminatory 
performance for cirrhosis, liver cancer, and other 
hepatobiliary conditions. At the same time, 
smartphone-based applications for scleral jaundice 
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have demonstrated potential for low-cost bilirubin 
assessment and home monitoring [13,14]. These 
examples do not yet establish routine GI practice, but 
they strongly support the feasibility of ocular imaging 
as a scalable adjunctive biomarker platform for 
chronic GI disease. 

Methods 

Review design 
We conducted a narrative review to study the 

published literature on Artificial Intelligence (AI)-
based detection of ocular biomarkers in 
gastrointestinal disorders.  

 
Literature search strategy 
We conducted an extensive literature search 

using PubMed/MEDLINE, Scopus, and Web of Science 
for articles published from 2000 to February 2026. 
Keywords and MeSH terms included “ocular 
biomarkers”, “retinal imaging”, “artificial 
intelligence”, “deep learning”, “machine learning”, 
“gastrointestinal disorders”, “inflammatory bowel 
disease”, “celiac disease”, “liver disease”, “optical 
coherence tomography”, “fundus photography”, and 
“retinal vasculature”, using Boolean operators 
(AND/OR).  

 
Eligibility criteria 
We included only published studies with ocular 

findings in humans and animals and confirmed 
gastrointestinal disorders. We excluded abstracts, 
preprints, editorials, and opinion articles without 
primary data. 

 
Study selection and data extraction 
Two reviewers independently screened articles 

for relevance, with a third resolving disagreements. 
We recorded study design, demographic 
characteristics, gastrointestinal condition, ocular 
parameters, imaging modality, and AI details. 

 
Data synthesis plan 
We arranged findings thematically into structural, 

vascular, and functional ocular changes; AI 
frameworks; and disease-specific associations.  

Results 

Overview of Included Evidence 
Most of the literature identified for this review 

consisted of observational or cross-sectional studies 
examining retinal or ocular-surface features in 
patients with hepatobiliary disease or inflammatory 
bowel disease [15,16]. These studies mainly explored 
associations rather than validated clinical tests. 
Parallel advances in retinal AI, illustrated by large-

image analyses from Poplin and Ting, have shown 
that fundus photographs can contain subtle vascular 
and structural signals linked to systemic disease 
[17,18]. 

  
Ocular Imaging Modalities and Candidate 

Biomarkers 
Fundus photography, optical coherence 

tomography (OCT), and optical coherence 
tomography angiography (OCTA) are the main ocular 
imaging tools used to investigate GI-related 
biomarkers.  

Fundus photography enables high-resolution 
imaging of retinal vasculature and optic disc 
architecture, and is widely employed to assess retinal 
vascular parameters associated with systemic 
diseases [19]. OCT provides cross-sectional imaging 
of retinal layers and the choroid, enabling the 
detection of subtle structural changes associated with 
neurodegenerative or inflammatory disorders [20]. 
As a novel technique, OCTA facilitates non-invasive 
assessment of retinal microvascular perfusion and 
capillary density [21]. 

Fundus Photography Markers 

Fundus photography is one of the most widely 
used imaging modalities in ocular biomarker research 
because of its accessibility, low cost, and compatibility 
with automated image analysis. Among fundus-based 
indicators, retinal vascular caliber is frequently 
reported. Changes in the diameter of retinal arterioles 
and venules have been associated with systemic 
inflammatory and metabolic disorders [19,22]. 
Similarly, alterations in the retinal arteriovenous 
ratio, particularly arteriolar narrowing and venular 
dilation, have been linked to metabolic syndrome and 
systemic inflammation, conditions that may coexist 
with gastrointestinal diseases [23].  

 

 
 
 Fig. 1 Arteriovenous changes in a patient with chronic IBD 
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Additional retinal features include vascular 
tortuosity, branching patterns, and optic disc 
morphology. AI-driven analysis enables automated 
quantification of these characteristics and improves 
the detection of subtle vascular abnormalities. Deep 
learning models can predict systemic conditions such 
as cardiovascular and metabolic diseases from fundus 
photographs alone, as shown in studies by Poplin et 
al. [18]. However, further validation is needed 
because these applications have a limited role in 
gastrointestinal diseases. 

 
OCT-Derived Biomarkers in GI Disorders 
Several studies have reported thinning in the 

retinal nerve fibre layer (RNFL) and related macular 
alterations in patients with inflammatory bowel 
disease, including Crohn’s disease and ulcerative 
colitis. These variables may reflect possible interplay 
between chronic systemic inflammation and 
neuroinflammatory processes or microvascular 
compromise [24]. 

Studies evaluating patients with metabolic and 
hepatic diseases, such as non-alcoholic fatty liver 
disease, have reported alterations in another 
parameter known as subfoveal choroidal thickness 
[25]. These changes may reflect systemic vascular 
dysregulation, inflammatory cytokine activity, or 
metabolic disturbances affecting choroidal 
circulation. 

Changes in macular thickness and retinal layer 
integrity have also been described in inflammatory 
bowel disease and other chronic inflammatory states 
[26]. Advances in AI-assisted segmentation 
techniques now allow automated analysis of retinal 
layer thickness across OCT datasets, enabling 
detection of subtle structural variations that may 
serve as systemic disease biomarkers. 

Overall, OCT-derived parameters provide 
valuable structural insights into retinal and choroidal 
changes that may reflect systemic inflammatory and 
metabolic processes associated with gastrointestinal 
diseases. 

 
OCTA Microvascular Biomarkers 
OCTA enables non-invasive imaging of retinal and 

choroidal microvasculature without contrast agents. 
Various OCTA studies have suggested reduced retinal 
vessel density in the superficial and deep capillary 
plexuses among patients with inflammatory bowel 
disease [26]. This suggests chronic inflammation 

driven by microvascular injury and systemic 
endothelial dysfunction. 

Alterations in the foveal avascular zone (FAZ) 
have been verified in systemic inflammatory and 
metabolic disorders, indicating impaired retinal 
perfusion and disrupted vascular autoregulation [21]. 
Furthermore, optic nerve microcirculation decreases 
because peripapillary vessel density declines. 

AI applications can analyze OCTA images to 
automatically measure vessel density, perfusion 
indices, and capillary non-perfusion regions, 
improving detection of subtle vascular abnormalities. 
Despite the limited number of OCTA-based studies 
focused on gastrointestinal diseases, this technique 
shows potential for detecting systemic microvascular 
changes evident in retinal circulation. 

 
Anterior Segment and Ocular Surface Biomarkers 
Beyond retinal imaging findings, several 

gastrointestinal diseases are associated with ocular 
surface and anterior segment manifestations that may 
indicate systemic inflammatory activity. 

Ocular surface abnormalities such as dry eye 
symptoms, conjunctival hyperemia, and tear film 
instability have been reported in patients with 
inflammatory bowel disease [15]. Chronic immune 
activation and inflammatory cytokine release may 
contribute to lacrimal gland dysfunction and ocular 
surface inflammation. 

Patients with Crohn’s disease and ulcerative 
colitis may also develop episcleritis, scleritis, and 
anterior uveitis, which are recognized extraintestinal 
manifestations of these diseases [15,16]. Episcleritis 
often correlates with active intestinal inflammation, 
whereas uveitis may occur independently of 
gastrointestinal disease activity. 

Furthermore, corneal nerve fibre alterations, 
visualized using in vivo confocal microscopy, have 
been investigated as potential biomarkers of systemic 
neuropathy and inflammatory activity [26,27]. 
Although evidence specifically linking corneal nerve 
changes to gastrointestinal diseases remains limited, 
such markers may provide insights into systemic 
neuroinflammatory mechanisms. 

Overall, integrating anterior- and posterior-
segment ocular findings may provide a 
comprehensive framework for AI-based identification 
of systemic biomarkers associated with 
gastrointestinal disorders. Table 1 illustrates the 
interconnected trajectories between GI disorders and 
ocular biomarkers. 
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Table 1. Conceptual overview of candidate ocular biomarkers across gastrointestinal disorders 

Gastrointestinal disorder 
Ocular imaging 
modality 

Reported ocular biomarkers Key findings 

Metabolic dysfunction-
associated steatotic liver 
disease / nonalcoholic 
steatohepatitis 

Optical coherence 
tomography 

Increased or altered choroidal 
thickness; retinal structural 
changes 

Ocular microvascular alterations 
may reflect metabolic and 
inflammatory processes associated 
with hepatic steatosis. 

Liver cirrhosis Fundus photography 
Retinal vascular abnormalities; 
vessel-caliber changes 

Systemic hemodynamic alterations 
and endothelial dysfunction may 
influence retinal microcirculation. 

Inflammatory bowel 
disease 

Optical coherence 
tomography 

Retinal nerve fiber layer 
thickness changes; macular 
alterations 

Retinal structural changes may 
reflect systemic inflammatory 
activity. 

Crohn disease / 
ulcerative colitis 

Optical coherence 
tomography 
angiography 

Reduced retinal capillary 
density; altered foveal avascular 
zone 

Microvascular changes may reflect 
chronic systemic inflammation. 

Celiac disease 
Fundus photography 
/ ocular surface 
evaluation 

Ocular surface abnormalities, 
retinal dysfunction related to 
vitamin deficiency 

Nutritional deficiencies secondary 
to malabsorption may affect ocular 
tissues. 

Pancreatitis / 
pancreaticobiliary 
disorders 

Optical coherence 
tomography / OCT 
angiography 

Retinal vascular alterations 
Systemic inflammatory and 
vascular effects may influence 
retinal circulation. 

Colorectal cancer Fundus photography Retinal microvascular changes 
Systemic metabolic and 
inflammatory alterations may be 
reflected in retinal vasculature. 

 
AI Methods for Ocular Biomarker Detection 
Integrating AI with retinal imaging modalities 

such as Fundus photography, OCT, and OCTA has 
enabled automated extraction of clinically relevant 
features that may reflect systemic inflammatory, 
metabolic, or vascular alterations associated with 
gastrointestinal disorders. Machine learning and deep 
learning advancements have significantly improved 
the accuracy and scalability of ocular image analysis 
for biomarker discovery [17,28-31]. 

 
Traditional Machine Learning (ML) versus Deep 

Learning (DL) 
Traditional ML requires predefined feature 

selection and domain expertise, which constrains its 
application. Whereas deep learning approaches, 
particularly convolutional neural networks (CNNs), 
allow automatic extraction of advanced image 
features directly from raw data. CNN-based models 
can detect intricate patterns within retinal images 
that may not be easily identifiable through 
conventional ML methods [17,18,28]. 

DL algorithms have shown high diagnostic 
accuracy in multiple ocular applications, including 
detecting diabetic retinopathy, age-related macular 
degeneration, glaucoma, and other retinal diseases. 
Several landmark studies have shown that DL models 
trained on large retinal imaging datasets can achieve 
sensitivity and specificity comparable to, or better 

than, expert ophthalmologists in biomarker detection 
tasks [30-32]. Ample evidence supports the 
superiority of deep learning systems for identifying 
novel ocular biomarkers in many systemic disease 
processes. 

 
Model Architectures and Training Strategies 
Numerous DL models have been applied in ocular 

image analysis. The most widely used architecture for 
retinal image classification is the convolutional neural 
network (CNN) because it can capture multi-
dimensional relationships within images. Common 
CNN architectures used in medical image analysis 
include deep residual networks (ResNet), VGG 
networks, and Inception-based models [32,33]. 

For further evaluation of ocular images, 
segmentation architectures such as U-Net have been 
widely applied to delineate retinal layers and vascular 
structures in OCT and fundus images. Segmentation 
methodologies can support in-depth quantitative 
analysis of ocular biomarkers such as retinal 
thickness, vessel density, and capillary morphology 
[34]. 

Supervised learning requires annotated imaging 
datasets to train AI models. This process requires 
large, labeled datasets to develop robust, 
generalizable AI applications. To address limitations 
in dataset size, researchers often apply data 
augmentation techniques such as image rotation, 
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flipping, scaling, and contrast adjustment to increase 
training diversity and reduce overfitting [17]. 

To improve transparency in DL models, 
researchers have developed several explainable AI 
techniques. Visualization tools such as saliency maps 
and gradient-weighted class activation mapping 
(Grad-CAM) identify image regions that most strongly 
influence model predictions [35]. These visualization 
approaches enable researchers and clinicians to 
determine whether AI models focus on clinically 
relevant anatomical structures in retinal images. 

In ophthalmology, AI methods have shown that 
deep learning models rely on retinal vascular features 
and optic disc characteristics when predicting 
systemic cardiovascular risk factors from fundus 
photographs [18]. Such findings suggest that similar 
AI-based approaches could potentially identify retinal 
biomarkers associated with systemic inflammatory or 
metabolic diseases. 

 
Validation and Performance Metrics 
AI models in ocular imaging require validation, 

commonly evaluated using standard tests such as 
accuracy, sensitivity, specificity, precision, and F1 
score. The area under the receiver operating 
characteristic curve (AUC) is used as an overall 
measure of a model’s ascendancy in many diagnostic 
studies [17]. 

Cross-validation and calibration analysis are also 
needed to assess model stability and reliability. Such 
validation is critical for AI systems developed to 
identify systemic disease biomarkers from ocular 
images, where reproducibility and clear clinical 
interpretation are essential [36-38]. 

 
Evidence by GI Disorder Category 
A targeted literature search suggests that GI 

disorders may involve retinal, choroidal, or ocular-
surface changes. Although evidence is stronger for 
hepatobiliary disease and inflammatory bowel 
disease, evidence for other GI disorders remains 
limited and often exploratory because fewer studies 
exist. 

 
Hepatobiliary Disorders 
Hepatobiliary disorders are among the best-

studied GI conditions in ocular biomarker research. 
Steatotic liver disease, steatohepatitis, hepatitis, and 
cirrhosis share metabolic, inflammatory, and vascular 
mechanisms that may affect ocular microcirculation. 
Reported findings include altered subfoveal choroidal 
thickness in fatty liver disease [25] and broader 
vascular changes that may parallel systemic 
endothelial dysfunction [22]. In advanced liver 
disease, ocular findings are interpreted as 
downstream reflections of circulatory and metabolic 
disturbance rather than as disease-specific markers 

[39]. Cholestatic disease may also produce visible 
ocular-surface or scleral changes through bilirubin 
deposition. Overall, the signal is biologically probable, 
but the clinical meaning of these findings still needs 
validation. 

 
Inflammatory Bowel Disease 
Ocular involvement is well recognized in patients 

with inflammatory bowel disease, more so in Crohn’s 
disease and ulcerative colitis. Ocular manifestations 
are considered among the most common 
extraintestinal complications of these disorders and 
may occur in up to 10% of patients [15]. 

Anterior segment inflammatory conditions such 
as episcleritis, scleritis, and uveitis are frequently 
reported in IBD. Uveitis is found independently of 
gastrointestinal symptoms, whereas episcleritis is 
more often observed with active intestinal disease 
[15]. The immune-mediated mechanisms and 
systemic cytokine dysregulation lead to ocular 
inflammation. 

Recent studies have used optical coherence 
tomography in IBD to investigate retinal structural 
changes alongside clinical findings. Confirmed reports 
of alterations in retinal nerve fibre layer density and 
macular thickness suggest possible 
neuroinflammatory involvement of retinal tissues 
[39]. 

To take it further, Optical Coherence Tomography 
Angiography is a valuable tool for assessing subtle 
microvascular changes. In IBD, systemic endothelial 
dysfunction and chronic inflammation may reduce 
retinal capillary density and alter the foveal avascular 
zone [26]. 

These studies suggest that retinal microvascular 
change could serve as an adjunctive ocular biomarker 
of systemic inflammatory activity in IBD; however, 
current evidence is too limited, and more studies are 
needed to support its applicability in routine clinical 
use. 

 
Other Gastrointestinal Conditions 
Other than hepatobiliary disorders and IBD, 

patients with Celiac disease and other malabsorption 
syndromes may develop ocular manifestations due to 
nutritional deficiencies. Vitamin A, D, and B-complex 
nutrient deficiencies can lead to ocular surface 
abnormalities, night blindness, or retinal dysfunction 
[40]. In these conditions, ocular findings may 
represent secondary effects of systemic nutritional 
deficits. 

The literature has occasionally associated 
pancreatitis with ocular complications such as retinal 
vascular occlusions or inflammatory changes. 
Although these associations are relatively rare, they 
may help link GI disorders to ocular tissues through 
systemic vascular and inflammatory pathways. 
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Evidence for ocular biomarkers in GI malignancy 
is far less developed than in hepatobiliary disease or 
IBD. Any link between colorectal cancer and retinal 
microvascular change remains preliminary and 
should be interpreted cautiously [41]. Ocular imaging 
may eventually help detect systemic effects of 
malignancy, but at present, this area is better viewed 

as hypothesis-generating than practice-changing. 
Overall, ocular imaging offers a non-invasive window 
into systemic pathophysiology across several GI 
disorders, but evidence maturity differs markedly by 
disease group. Table 2 summarizes the major 
biomarkers and imaging modalities. 

 
Table 2. Representative studies and imaging modalities relevant to ocular biomarkers in gastrointestinal disorders 

GI disorder 
Ocular imaging 
modality 

Candidate ocular 
biomarker 

Key findings 
Representative 
studies 

Inflammatory 
bowel disease 

Fundus 
photography 

Retinal vascular 
caliber changes; 
arteriovenous ratio 

Altered retinal microvascular 
parameters reflecting systemic 
inflammation and vascular 
dysfunction 

Wong et al.; Cheung 
et al. 

Inflammatory 
bowel disease 

Optical coherence 
tomography 

RNFL thickness; 
macular thickness 

Subtle retinal neuronal-layer 
changes associated with 
chronic systemic inflammation 

Coskun et al. 

Inflammatory 
bowel disease 

Optical coherence 
tomography 
angiography 

Vessel density; foveal 
avascular zone 

Reduced capillary density 
suggesting systemic 
microvascular impairment 

Migliorisi et al. 

Crohn disease 
Clinical anterior 
segment evaluation 

Episcleritis, uveitis 
Extraintestinal inflammatory 
manifestations correlated with 
systemic disease activity 

Mintz et al. 

Ulcerative 
colitis 

Ocular surface 
imaging 

Dry-eye parameters: 
tear-film instability 

Increased prevalence of ocular 
surface disease in IBD patients 

Mintz et al.; Vavricka 
et al. 

Non-alcoholic 
fatty liver 
disease / 
MASLD 

Optical coherence 
tomography 

Choroidal thickness 
Altered choroidal circulation 
linked to metabolic and 
vascular change 

Avci et al. 

Liver cirrhosis 
Fundus 
photography 

Retinal vascular 
abnormalities 

Microvascular changes 
associated with systemic 
circulatory alterations 

Iwakiri and 
Groszmann 

Systemic 
inflammatory 
GI diseases 

In vivo confocal 
microscopy 

Corneal nerve fiber 
density 

Reduced corneal nerve density 
may reflect systemic 
inflammation and neuropathy. 

Petropoulos et al.; 
Tavakoli et al. 

Multiple GI 
disorders 

AI-based retinal 
image analysis 

Deep-learning retinal 
features 

AI models can detect systemic 
disease patterns from retinal 
images. 

Poplin et al.; Ting et 
al. 

 
Correlation with Clinical Phenotypes and Outcomes 
Ocular imaging biomarkers may also have value 

beyond disease detection. Because the retina and choroid 
share vascular and immunologic features with other organ 
systems, ocular changes may track clinically meaningful 
phenotypes such as disease burden, inflammatory activity, 
treatment response, and long-term vascular risk in GI 
disorders. 

 
Diagnosis, Screening, and Triage 
Ocular biomarkers may have a role in screening and 

triage because retinal vascular features can reflect broader 
metabolic and inflammatory states [42]. Fundus-derived 
measures such as vessel caliber, tortuosity, and branching 
pattern have already been linked to hypertension, diabetes, 
and metabolic syndrome [43-45]. AI-based retinal analysis 

extends this concept by extracting systemic risk 
information directly from images [18]. For GI disease, the 
likely early use case is not a standalone diagnosis but rapid 
risk enrichment or supportive triage in settings where more 
complex testing is limited. 

 
Severity and Staging of Disease 
In selected GI disorders, ocular findings may also 

correlate with disease severity. Structural retinal and 
choroidal changes can reflect the burden of systemic 
metabolic or inflammatory stress [19]. In steatotic liver 
disease, for example, ocular vascular or choroidal 
abnormalities may parallel the underlying metabolic milieu 
rather than act as a direct surrogate for liver histology 
[25,44]. Quantitative OCT and OCTA measurements, 
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therefore, remain promising, but their role in staging 
disease is not yet settled. 

 
Pathological Activity and Therapeutic Response 
Another area of interest is whether ocular biomarkers 

change with disease activity or treatment response. In IBD, 
ocular inflammation may accompany intestinal activity, and 
newer imaging studies suggest that retinal microvascular 
parameters may vary with systemic inflammatory burden 
[15,26]. If confirmed in longitudinal studies, AI-assisted 
image analysis could help detect subtle interval change and 
support non-invasive monitoring over time. 

 
Prognosis and Complications 
Ocular biomarkers may also provide prognostic 

information by reflecting the broader vascular risk carried 
by chronic GI disease. Retinal microvascular abnormalities 
are already associated with cardiovascular events, stroke, 
and mortality in population studies [22]. The current 
evidence suggests that ocular vascular features may add 
context to long-term complication risk. However, they 
remain an adjunctive rather than established prognostic 
tool for GI conditions linked to systemic inflammation or 
metabolic dysfunction. 

Discussion 

In this first review, the literature supports the concept 
that ocular biomarkers may serve as a non-invasive 
screening and diagnostic tool for GI disease, especially in 
disorders characterized by chronic inflammation, 
endothelial dysfunction, immune activation, and metabolic 
stress.  

The retina is a metabolically active neurovascular 
tissue with dense microcirculation and distinct structural 
layers, so it may reflect systemic vascular and inflammatory 
injury in ways that can be imaged non-invasively. In IBD, 
ocular disease is already recognized as part of the 
extraintestinal spectrum, and newer imaging studies 
suggest that posterior-segment changes may extend beyond 
overt ocular inflammation [45-47]. In steatotic liver 
disease, chronic low-grade inflammation, insulin resistance, 
dyslipidemia, and endothelial dysfunction provide a 
plausible basis for retinal and choroidal change 
[44,45,48,49]. Celiac disease offers a different model, in 
which ocular findings may arise from a combination of 
immune disturbance, nutritional deficiency, and 
microvascular injury [15]. 

Across the literature reviewed, the most consistent 
ocular signals were observed in IBD and steatotic liver 
disease. The principal biomarkers included retinal vascular 
caliber and arteriovenous ratio on fundus photography, 
retinal nerve fiber layer and choroidal parameters on OCT, 
and retinal vessel density measures on OCTA. These 
findings support the concept that the eye may provide a 
non-invasive window into systemic inflammatory, 
metabolic, and vascular processes associated with GI 
disease. However, heterogeneity in study populations, 
imaging protocols, biomarker definitions, and analytical 
methods limit direct comparison across studies. 
Accordingly, these ocular features should currently be 
considered candidate biomarkers rather than established 
diagnostic markers. AI may enhance their utility through 

automated feature extraction and recognition of subtle 
patterns, but their clinical relevance remains dependent on 
external validation and prospective evaluation. 

Clinically, AI-based ocular biomarkers are likely to 
support, rather than define, GI disease management. Retinal 
imaging alone may not confirm IBD. They must be well 
correlated with laboratory markers, endoscopy, and cross-
sectional imaging by providing a rapid, repeatable view of 
systemic inflammatory or vascular burden [46]. In short, 
ocular biomarkers in steatotic liver disease are value-added 
only and far beyond established non-invasive tools such as 
fibrosis scores and elastography. Hence, a realistic approach 
is to prioritize broader vascular risk stratification over 
liver-specific diagnosis, as some retinal associations appear 
linked to obesity and other cardiometabolic factors [50]. 

The current evidence base remains constrained by 
several methodological weaknesses. Confounding is a major 
concern, especially for MASLD, cirrhosis, and 
pancreaticobiliary disease, because diabetes, hypertension, 
obesity, dyslipidemia, smoking exposure, and renal 
dysfunction independently alter retinal structure and 
microvasculature. An apparent gastrointestinal ocular 
biomarker may, in some studies, be a cardiometabolic 
biomarker in disguise. In a large 2025 cohort study on 
steatotic liver disease, the association with retinal vein 
occlusion weakened after adjustment for body mass index, 
suggesting that obesity may also drive the signal [50]. 
Studies also differ in imaging platforms, segmentation 
algorithms, scan density, preprocessing pipelines, and 
definitions of retinal thickness and OCTA-derived vascular 
metrics. Small sample sizes and cross-sectional designs 
further limit causal inference. The OCTA study in patients 
with acute pancreatitis showed early microvascular and 
retinal thickness differences during hospitalization. This is 
an important finding but remains limited proof of concept 
[51]. AI-specific bias adds complexity, as models trained on 
a specific population or device may struggle elsewhere 
because of domain shift, spectrum bias, and calibration 
drift. Heavy reliance on internal validation can lead to 
overestimated performance. 

The next phase of this field should move beyond small 
single-modality studies toward multimodal, collaborative, 
and longitudinal designs. Multimodal fusion models that 
combine fundus photography, OCT, OCTA, ocular surface 
features, laboratory markers, fibrosis indices, 
anthropometry, inflammatory markers, and disease-specific 
clinical variables are likely to outperform image-only 
approaches. Longitudinal cohorts are equally important 
because the true clinical value of ocular biomarkers lies not 
simply in cross-sectional association but in whether they 
track prognostic factors over time. The OCT study in IBD 
patients offers an early example of this more clinically 
relevant direction by linking retinal and choroidal metrics 
to therapeutic response [47].  

A major strength of this review is that it integrates 
three areas usually discussed separately: ocular 
biomarkers, gastrointestinal systemic disease, and AI-
enabled image analysis. Another strength is that the 
discussion incorporates current PubMed-indexed literature 
through 2025, including recent work on inflammatory 
bowel disease, MASLD nomenclature and management, 
pancreatitis-associated retinal change, and contemporary 
AI reporting guidance [15,44-54]. The limitations of this 
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review reflect those of the underlying evidence base, which 
is predominantly observational and often cross-sectional, 
with few GI-specific validations of AI models.  

Future studies in this field should be designed and 
reported according to contemporary AI standards from the 
outset. TRIPOD+AI now provides updated guidance for 
clinical prediction model studies that use regression or 
machine-learning methods and replaces reliance on the 
original TRIPOD checklist [52]. CLAIM remains relevant for 
medical imaging because it improves transparency about 
data provenance, image acquisition, dataset partitioning, 
reference standards, preprocessing, and model evaluation 
[55]. For diagnostic accuracy studies, STARD-AI provides a 
dedicated reporting framework that is especially useful 
when comparing AI outputs with clinical reference 
standards in translational imaging research [56].  

          Overall, the available evidence supports the 
concept that ocular imaging may provide a noninvasive 
window into systemic inflammatory, metabolic, and 
vascular processes associated with GI diseases. Retinal 
vascular, structural, and choroidal parameters show 
recurring associations, particularly in IBD and steatotic 
liver disease, while AI may facilitate automated detection 
and integration of these signals. At present, however, these 
findings should be regarded as promising candidate 
biomarkers rather than established clinical diagnostic tools. 
Multicentric studies with standardized imaging protocols, 
appropriate adjustment for systemic confounders, external 
validation, and longitudinal clinical outcomes are needed 
before ocular biomarkers and AI-based analysis can be 
incorporated into routine GI practice. 

Conclusion 

Ocular imaging biomarkers offer a promising non-
invasive approach to studying GI disease, particularly in 
disorders driven by chronic inflammation, metabolic 
dysfunction, and microvascular injury. Fundus 
photography, OCT, and OCTA have identified candidate 
retinal, choroidal, and ocular-surface biomarkers in 
inflammatory bowel disease, hepatobiliary disease, and 
selected other GI conditions. Because the evidence remains 
heterogeneous and largely exploratory, AI may improve 
how these signals are detected and analyzed. For clinical 
use in GI disorders, more multimodal studies, external 
validation, longitudinal follow-up, and adherence to 
contemporary reporting standards will be essential. 
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