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In this Comment, we discuss how visual system 
abnormalities in schizophrenia can provide 
mechanistic insights and aid prognosis. We 
also highlight the importance of coordinated 
efforts to harmonize the field of vision and 
oculomics in psychiatry.

Psychiatry continues to face a fundamental challenge: the absence 
of objective, scalable biological measures that meaningfully inform 
mechanisms, trajectories, and outcomes of mental illness. Here, we 
reflect on a body of research that has now reached sufficient maturity 
to warrant synthesis rather than novelty claims, work demonstrat-
ing reproducible abnormalities across the visual system, including 
the retina, in schizophrenia and related disorders1,2. Although visual 
dysfunction in psychosis has been documented for decades, recent 
advances in retinal imaging, electrophysiology, and analytic meth-
ods now enable these abnormalities to be quantified noninvasively, 
longitudinally, and at scale. The central issue is no longer whether 
visual system alterations exist, but how they should be interpreted, 
integrated, and translated. Rather than arguing for retinal or ocular 
measures as standalone diagnostic tools, we seek to clarify how reti-
nal, oculomotor, and other visual system measures can contribute to 
mechanistic understanding of psychiatric disorders and to clinically 
relevant questions such as prognosis, stratification, longitudinal moni-
toring, and treatment response. Thus, visual and oculomic measures 
are best understood as complementary interfaces with brain function 
rather than replacements for existing approaches.

Visual system abnormalities have been integral to schizophrenia 
research for over half a century. Seminal studies in the 1960s and 1970s 
demonstrated impairments in smooth pursuit eye movements and 
backward masking3, challenging early assumptions that the visual 
system, and even the visual cortex, was spared in the disorder. Sub-
sequent neuroimaging studies confirmed structural and functional 
abnormalities in occipital and extrastriate regions, often associated 
with cognition and functional outcome. Contemporary retinal and 
oculomic approaches extend this tradition by moving biologically 
closer to neural tissue, while retaining continuity with established 
visual neuroscience frameworks.

Advances now enable the investigation of several, biologically 
distinct levels of the visual system, including retinal structure (optical 
coherence tomography, OCT), retinal function (electroretinography, 
ERG), oculomotor behavior (eye tracking), and autonomic–arousal 
responses (pupillometry). These measures differ substantially in 

biological proximity and interpretability. Retinal structure and elec-
trophysiology provide relatively direct indices of neural tissue sharing 
embryological origin, microvascular regulation, and neurotransmitter 
systems with the brain. By contrast, eye-tracking measures index a 
partly distinct mix of processes: smooth pursuit and saccadic control 
that primarily reflect sensorimotor integration and corollary discharge, 
whereas pupillometry reflects arousal and autonomic regulation. This 
distinction is heuristic rather than absolute: as detailed below, retinal 
structural changes are themselves associated with cognitive impair-
ment, which indicates that these domains likely reflect overlapping 
neural processes rather than fully separable ones. We focus here on 
retinal and oculomotor measures because they are currently the most 
scalable and mechanistically tractable ocular biomarkers and it is not 
intended to diminish the broader literature on visual perception, which 
reflects related but conceptually distinct cortical processes and merits 
dedicated review elsewhere.

Across schizophrenia, bipolar disorder, and related conditions, dif-
ferent ocular measures appear to index different dimensions of illness. 
Retinal thinning, particularly of the retinal nerve fiber layer and gan-
glion cell–inner plexiform layer4, has been consistently associated with 
cognitive impairment, illness duration, and global functional decline5. 
Electroretinographic abnormalities have been linked to altered retinal 
neurotransmission and may reflect neurodevelopmental vulnerability 
or genetic risk6. Pupillary abnormalities, including blunted dilation and 
constriction responses, have been associated with impaired arousal 
regulation, greater negative symptom severity, and poorer working 
memory performance7. By contrast, saccadic and smooth pursuit 
abnormalities primarily reflect distributed cognitive and sensorimotor 
control processes rather than retinal pathology per se8. Meta-analyses 
indicate that retinal abnormalities in schizophrenia are robust but mod-
est in magnitude, typically in the small-to-moderate range9,10. These 
effect sizes are insufficient to support standalone diagnostic use or to 
reliably differentiate schizophrenia from other psychiatric and medical 
conditions. However, this limitation is not unique to ocular measures. 
Loss of gray matter volume, white matter abnormalities, and cognitive 
impairment are also observed across numerous neurological and medi-
cal disorders yet remain central to schizophrenia research and clinical 
trials. In psychiatry, biological measures are rarely disease-specific; 
their utility lies in indexing mechanisms, trajectories, and outcomes 
within diagnosed populations. Accordingly, the relevant standard for 
evaluating retinal and oculomic measures is not diagnostic specificity, 
but whether they provide meaningful information about prognosis, 
cognitive and functional decline, relapse risk, or treatment response. 
Historically, visual system measures have shown strong associations 
with outcome variability, even though they have not yet been incorpo-
rated into routine clinical practice.
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Framing visual and oculomic measures around concrete use 
cases helps to clarify their potential value. First, risk stratification 
within clinical-high-risk or early-stage populations can be used as 
part of multimodal models rather than standalone predictors. Sec-
ond, longitudinal monitoring of illness burden or neuroprogressive 
changes can be assessed using scalable, repeatable measures. Third, 
treatment monitoring and response prediction are needed, particu-
larly in mechanism-targeted interventions. Lastly, trial enrichment 
and mechanistic endpoints can be enhanced using retinal and ocular 
measures to reduce heterogeneity and test circuit-level hypotheses. 
This framing emphasizes prognosis, stratification, and monitoring 
rather than diagnosis, aligning claims with current evidence and with 
established practices in psychiatric research.

Retinal abnormalities have been observed not only in chronic ill-
ness but also in individuals at genetic or clinical high risk of psychosis6,11, 
supporting neurodevelopmental models of schizophrenia12. Because 
retinal measures can be obtained early in life and repeatedly through-
out development, they provide a unique means of disentangling 
developmental alterations from later neurodegenerative or neuropro-
gressive processes, a challenge for which traditional brain imaging has 
yielded only limited progress. Framed in this way, developmental aims 
are not generic aspirations but specific questions that retinal meas-
ures are uniquely positioned to address. A growing body of genetic 
evidence further supports this developmental perspective. Retinal 
thickness and microvascular architecture are highly heritable, and 
emerging studies have linked retinal phenotypes to polygenic risk for 
schizophrenia and to neurodevelopmental gene networks shared with 
the brain. These findings suggest that the retina may be more than a 
peripheral correlate, serving instead as a genetically informed window 
into neurodevelopmental risk6,12. Larger, genetically informed cohorts 
will be needed to determine whether retinal measures can meaningfully 
improve genetic risk stratification beyond existing approaches based 
on polygenic scores and family history.

Lesion network mapping studies and related approaches have 
provided causal evidence to link specific visual cortical networks, 
particularly extrastriate regions, to visual hallucinations, largely in 
nonpsychiatric populations13. Complementary work demonstrates that 
perceptual abnormalities and visual processing deficits extend across 
illness stages, including prodromal phases. Together, these findings 
support models in which retinal measures, cortical circuits, and clini-
cal symptoms can be linked within a coherent mechanistic framework. 
Because the lesion-network evidence that links these circuits to hallu-
cinations derives largely from nonpsychiatric samples, its translational 
relevance to visual hallucinations in psychosis remains to be directly 
established. Equally important are the functional, perceptual, and sub-
jective consequences of these circuit-level abnormalities. Altered visual 
grouping, motion perception, and reality-testing can themselves be clini-
cally meaningful, particularly during the prodromal stage, when subtle 
perceptual disturbances and emerging hallucinatory phenomena may 
signal illness onset before the emergence of frank psychosis11. Integrat-
ing symptom-level and functional outcome measures with circuit-level 
findings will help clarify how these disorders are subjectively experi-
enced, not merely how they arise mechanistically. Neuromodulation 
approaches that target visual and associative circuits, including transcra-
nial magnetic stimulation and transcranial electrical stimulation, illus-
trate how visual system measures can inform circuit-level hypotheses14. 
Although early findings suggest potential effects on hallucinations and 
cognition, these approaches remain preliminary and should be viewed 
as mechanistic probes rather than established treatments.

In psychiatry, ‘oculomics’ refers primarily to retina-centered, 
systems-level biomarkers enabled by modern OCT, OCT angiography, 
and contemporary ERG, rather than to eye tracking or classic psycho-
physics alone4,15. The novelty lies in biological proximity, scalability, and 
integrability: retinal measures offer access to neural and microvascular 
tissue, can be repeated longitudinally with minimal burden, and can be 
integrated with brain imaging, cognition, and clinical outcomes within 
the same individuals. In this sense, oculomics consolidates previous 
visual findings while adding new biological and practical leverage. As 
the field has grown, the need for coordination has become increasingly 
clear. The Consortium for Vision and Oculomics in Psychiatry (CVOP), 
established in 2021, aims to promote methodological harmonization, 
shared datasets, and cross-disciplinary collaboration across psychiatry, 
ophthalmology, neuroscience, engineering, and data science. Current 
efforts focus on standardizing retinal imaging acquisition and analysis, 
developing shared infrastructure for data and methods, and fostering 
conceptual synthesis across visual system domains.

Conclusion
The eye offers psychiatry a rare combination of biological proximity, 
noninvasive access, and scalability. Retinal and ocular measures are 
not diagnostic tools and need not be to add value. Their promise lies 
in advancing mechanistic understanding and supporting prognosis, 
stratification, longitudinal monitoring, and treatment response within 
diagnosed populations. By clarifying scope, calibrating expectations, 
and coordinating methods, vision science and oculomics can move the 
field from isolated findings toward integrated, clinically meaningful 
models of brain function, development, and outcome.
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