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*  *  *  *  *  

Scientists have been examining the eye to under-

stand the neurobiology of schizophrenia since 1908, 

when Diefendorf and Dodge published their landmark 

study, “ocular reactions of the insane”. Using Raymond 

Dodge’s new photochronograph technology, they pro-

ved that cases had significantly abnormal eye move-

ments, which Allen Diefendorf had clinically observed 

in his patients. Deepening discoveries about perception, 

central processing and attention are still ongoing from 

this discovery. 

Jurisic and colleagues (2019) have written a scho-

larly and comprehensive review of insights into the 

pathophysiology of schizophrenia that can be gleaned 

from the eye and related structures. Abnormalities in the 

neurovasculature, identified by Joe et al (2018), but also 

myelination, neuropil density, glia, cytokines, and im-

mune function, all proposed to underlie schizophrenia, 

can be directly observed in the eye using increasingly 

sophisticated technologies. Developmental versus dege-

nerative processes can also be discerned, which may 

predominate in single cases at different illness phases or 

characterize different subtypes of schizophrenia.  

Beyond the neurons, glia, myelin and other neural 

ocular components, the examination of the eye can 

probe numerous facets of visual perception that may 

underlie the visual dysfunction observed in schizo-

phrenia. Stimuli travel from the retina to brain and pro-

duce measurable perceptual responses that can be 

quantitated. This peripheral window to brain function is 

an exceptional opportunity to illuminate potential patho-

logical mechanisms for schizophrenia.  

Knowledge of the human visual system itself, inclu-

ding its anatomy and physiology, columnar organization 

and receptive fields, is so well understood that it pro-

vides an elegant model of brain function that can be 

viewed using the advancing methods of ophthalmology. 

For example, contrast detection is a seemingly simple 

task, but it is highly pertinent to general brain function 

and for understanding schizophrenia. Indeed, contrast 

detection is a prototypical example of gain control, 

which, along with integration, have been identified as 

core mechanisms underlying visual disturbances in 

schizophrenia by the NIMH-sponsored Cognitive Neuro-

science Treatment Research to Improve Cognition in 

Schizophrenia initiative (Butler et al. 2008). Gain con-

trol refers to the homeostatic amplification or attenua-

tion of signals to keep neural activity within an adap-

tively limited signaling range, preventing under- or 

over-stimulation, respectively. Gain control operates not 

only in the visual system but also in other brain areas. 

Contrast detection can be measured psychophysically 

and through visual evoked potentials and neuroimaging 

(Butler et al. 2005, Calderone et al. 2013). Such studies 

demonstrate reduced responding at low contrast presen-

tations in subjects with schizophrenia, which exempli-

fies impaired gain control (Butler et al. 2005, 2009).  

As noted by Jurisic and colleagues (2019), visual 

contrast detection is an important determinant of social 

function and other judgements about the environment. 

Indeed, the impaired capacity of schizophrenia cases to 

make accurate in judgments at low contrast is related to 

their inability to recognize the facial emotions of other 

persons, which handicaps them in reciprocal social 

interactions. Persons with schizophrenia require twice 

as much contrast as controls to accurately detect face 

emotion which does not accord with natural expressions 

(Butler et al. 2009). Such low-level visual dysfunction, 

including spatial frequency detection, also impacts 

perceptual organization, object recognition, reading, and 

measures of functional outcome (e.g., Butler et al. 2005, 

Silverstein et al. 2010). The difficulty in discerning 

whole images, gestures and other gestalts is consistent 

with involvement of the magnocellular visual system. 

There is complex interplay between magnocellular and 

parvocelluar visual pathways and other brain areas, in 

successful perceptual function and these systems may be 

awry in schizophrenia. Intracellular recordings from ma-

caque monkeys following glutamatergic receptor blocka-

de mirror the abnormalities observed in some schizo-

phrenia patients (Butler et al. 2005, Kwon et al. 1992).  

Examining contrast responding in schizophrenia can 

provide a model for a general impairment in brain 

function that could include decreased glutamatergic 

function and slower processing. Because incoming 

visual information propagates throughout the brain, the 

impaired initial visual input may produce widespread 

brain dysfunction, which can be useful to infer the 

impact of other sensory and internally generated stimuli. 
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The formation and integration of stored visual memories 

may be essential for navigating social interactions. Stu-

dies that assess the location along the visual pathway 

where the impairments arise can parse out the top-down 

as well as the bottom up contributions of the neural 

dysfunction producing the schizophrenia system. The 

association of neural elements that can quantitated 

through ocular imaging will permit the studies to move 

from the level of circuitry to tissue elements and ulti-

mately to molecules.  

Increased understanding of basic visual elements and 

processes that are disrupted in schizophrenia also may 

inform targeted perceptual cognitive remediations. Butler, 

Silverstein, and colleagues are conducting a randomized 

controlled trial of visual remediation to target ability to 

detect contrast and contour perception (low and mid-

level visual functions). If the remediation successfully 

alters these visual functions, its impact on social, cogni-

tive, and other outcomes will also be assessed. 

With the advances in ophthalmologic techniques, 

including OCT and computational modeling, the nature 

of the impaired visual perception in schizophrenia, and 

its impact on other types of function, may become 

finally clarified. Many studies have found thinning of 

retinal structures in schizophrenia and further work 

looking at stage of illness and medical comorbidities is 

needed to understand the nature of these impairments 

(Silverstein et al. in press). In addition, we recently 

found good reliability across different OCT machines in 

schizophrenia (Miller et al. in press) which may be 

helpful in comparing studies between machines. Medi-

cal breakthroughs regularly follow advances in techno-

logy, but innovations in ocular assessments are truly 

salient to neuroscience, as they permit the direct inves-

tigation of central neural components, overcoming the 

constraints of the skull without the cost and com-

plexity of neuroimaging.  

Schizophrenia is actually a heterogeneous syndrome, 

for which precision medical approaches will require 

valid biomarkers of neural dysfunction, likely to differ 

significantly between groups of cases. There can be no 

better lens to identify subgroups than through the eye, 

and these approaches may set the way for precision 

treatment of particular subgroups of cases within this 

heterogeneous syndrome. 
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