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Background: Retinal assessment has indicated the presence 
of neuronal loss in neurodegenerative disorders, but its role 
in schizophrenia remains unclear. We sought to synthesize 
the available evidence considering 3 noninvasive modalities: 
optical coherence tomography, electroretinography, and 
fundus photography, and examine their diagnostic accuracy 
based on unpublished individual participant data, when pro-
vided by the primary study authors. Methods: We searched 
MEDLINE, SCOPUS, clinicaltrials.gov, PSYNDEX, 
Cochrane Controlled Register of Trials (CENTRAL), WHO 
International Clinical Trials Registry Platform, and Google 
Scholar, up to October 30, 2018. Authors were contacted and 
invited to share anonymized participant-level data. Aggregate 
data were pooled using random effects models. Diagnostic 
accuracy meta-analysis was based on multiple cutoffs lo-
gistic generalized linear mixed modeling. This study was 
registered with PROSPERO, number CRD42018109344. 
Results: Pooled mean differences of peripapillary retinal 
nerve fiber layer thickness in micrometer between 694 eyes of 
432 schizophrenia patients and 609 eyes of 358 controls, from 
11 case-control studies, with corresponding 95% confidence 
intervals (CIs) by quadrant were the following: −4.55, 95% 
CI: −8.28, −0.82 (superior); −6.25, 95% CI: −9.46, −3.04 
(inferior); −3.18, 95% CI: −5.04, −1.31 (nasal); and −2.7, 
95% CI: −4.35, −1.04 (temporal). Diagnostic accuracy, 
based on 4 studies, was fair to poor, unaffected by age and 
sex; macular area measurements performed slightly better. 
Conclusion: The notion of structural and functional changes 
in retinal integrity of patients with schizophrenia is supported 
with current evidence, but diagnostic accuracy is limited. The 
potential prognostic, theranostic, and preventive role of ret-
inal evaluation remains to be examined.

Key words:   optical coherence tomography/
electroretinography/fundus photography/neurodegenera
tion/neuropsychiatry/retinal imaging/psychosis/biomark
ers/optic nerve

Introduction

Schizophrenia (SZ) is a debilitating mental disorder 
affecting more than 20 million people worldwide.1 
Currently, although SZ biomarkers are a rapidly evolving 
field, a structured interview by a mental health profes-
sional is still widely considered as the optimal diagnostic 
approach.2 In addition, there is dispute over the reliability 
of biomarkers in predicting or monitoring disease pro-
gression.3 Neurodegenerative diseases, such as multiple 
sclerosis,4 Parkinson’s disease,5 and Alzheimer’s disease6 
are known to be correlated with a loss of retinal neurons.7 
There is a growing body of evidence suggesting that sim-
ilar changes may also be present in psychiatric disorders. 
Two recently published meta-analyses have shown that 
SZ may be correlated with loss of retinal neurons, detect-
able by optical coherence tomography (OCT).8,9 OCT is 
a noninvasive imaging method providing automated in 
vivo measurements of retinal sections, such as the retinal 
nerve fiber layer (RNFL).10

In this study, we aimed to investigate the potential role 
of 3 noninvasive retinal evaluation methods in SZ detec-
tion: OCT, fundus photography, and electroretinography 
(ERG). OCT technology differs by device model and 
vendor. There are 3 types of OCT devices: time-domain 
(TD-OCT), swept-source (SS-OCT), and spectral-
domain (SD-OCT). SD-OCT and SS-OCT devices allow 
for more accurate measurements of retinal structures, 
including the ganglion cell layer (GCL) of the macula, 
where the cellular bodies of the optic nerve are concen-
trated.11 Some devices combine this layer with the adja-
cent inner plexiform layer (IPL), measuring GCL-IPL 
thickness. ERG is a noninvasive procedure that can detect 
retinal cell dysfunction after flash stimulation, based on 
analysis of response waves under high- (photopic), inter-
mediate-, or low-luminance (scotopic) conditions.12,13

Previous OCT studies have yielded discrepant results. 
For instance, Silverstein et al.14 reported that decreased 
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retinal thickness in macular area was correlated with the 
presence of diabetes and hypertension. Although rele-
vant studies had measured continuous biomarkers in dis-
eased and non-diseased groups, none of them reported 
outcomes of diagnostic accuracy. In order to evaluate the 
discriminatory ability of any of these methods and sub-
group effects of age, sex, and antipsychotic medication, 
we analyzed individual participant data (IPD).

Methods

This study was registered with PROSPERO, number 
CRD42018109344. The Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA)-IPD 
checklist was completed (supplementary appendix 1).

Search Strategy, Selection Criteria, and Data 
Extraction

We performed a systematic review and meta-analysis of 
the literature, based on published aggregate and unpub-
lished IPD. We independently searched the databases 
MEDLINE, SCOPUS, clinicaltrials.gov, PSYNDEX, 
Cochrane Controlled Register of Trials (CENTRAL), 
and WHO International Clinical Trials Registry Platform 
from the time of their inception to October 30, 2018, with 
no language restrictions. The following structured algo-
rithm was applied for the database search: [(schizophreni* 
OR psychosis) AND (retinal OR retina* OR “optical co-
herence” OR ERG OR electroretinography)].

All observational studies (case-control, cohort, 
cross-sectional), reporting OCT, ERG, or fundus camera 
measurements in patients with a SZ diagnosis by a 
trained psychiatrist and at least 1 comparison group 
without SZ, were deemed eligible for inclusion in the sys-
tematic review. No constraints were applied regarding the 
age of participants or the diagnostic system used. Non-
comparative studies (ie, case reports, case series), animal 
studies, in vitro studies, and review articles were excluded. 
The eligibility of results was assessed in a 3-stage process. 
First, the titles and abstracts were screened for their rele-
vance to the research question. The full text and any sup-
plementary material of potentially eligible studies was 
subsequently retrieved and examined independently by 
both authors. Any discrepancies were discussed and re-
solved. If  the full text was unavailable, data extraction 
was attempted based on the abstract.

The citation indexing feature of the Google Scholar 
search engine was used to identify any unindexed articles 
published until October 30, 2018, that cited the eligible 
studies. A full list of the Google Scholar web addresses 
used during the search can be found in the supplemen-
tary appendix 2. Furthermore, we recursively screened 
the reference lists of the included studies for eligible 
entries. Authors of eligible studies, which were published 
within 10 years prior to search end date, were contacted 

via e-mail and invited to share anonymized participant-
level data. A table showing all requested parameters with 
their standardized measurement units can be found in 
the supplementary appendix 3. We validated the integrity 
of IPD. We checked for typographic errors and implau-
sible values, compared published summary statistics with 
those derived from the IPD, examined missingness, and 
visually assessed normality assumptions by constructing 
quantile-quantile plots. Authors were consulted if  any 
anomalies were found.

Definitions and Outcomes

Peripapillary RNFL (pRNFL) thickness was reported 
by most OCT studies, either in quadrants or 6 sectors. 
Those sectors were termed as superior (S), inferior (I), 
nasal (N), temporal (T), and superior-temporal (ST), 
superior-nasal (SN), inferior-temporal (IT), inferior-
nasal (IN), nasal (N), temporal (T), respectively. We 
analyzed pRNFL by quadrant, considering S pRNFL as 
the average of  ST and SN pRNFL and I pRNFL as the 
average of  IT and IN pRNFL. Total macular thickness 
was reported in up to 9 segments (central, inner SNIT, 
outer SNIT). GCL-IPL average thickness was the av-
erage of  GCL thickness estimates in 6 macular sectors 
(ST, SN, N, T, IN, IT).

Mean differences of superior, inferior, nasal, temporal 
pRNFL, between the eyes of SZ patients and subjects 
with no diagnosed psychiatric illness were the primary 
outcome of aggregate data meta-analysis; the secondary 
outcomes were the mean difference in cubic micrometers 
of macular volume and the standardized mean differ-
ences of the ERG a-wave and b-wave amplitudes, under 
photopic and scotopic conditions. The IPD meta-analysis 
primarily investigated the diagnostic accuracy of OCT in 
SZ; the psychiatrist’s diagnosis was considered as the ref-
erence standard, and GCL-IPL average, superior, infe-
rior, nasal, temporal pRNFL, central macular thickness 
measurements were the index tests. In this analysis, sen-
sitivity and specificity at the optimal cutoff, along with 
the area under the summary receiver operating charac-
teristic curve (AUSROC) estimates were the primary out-
comes. Secondary outcomes were the optimal threshold 
per index test, across all included studies.

Quality and Risk of Bias Assessment

We evaluated the quality of all studies that provided suf-
ficient information in the full text and any supplementary 
material, using the Newcastle-Ottawa Scale (NOS) for 
case-control and cohort studies.15 The Quality Assessment 
of Diagnostic Accuracy Studies 2 (QUADAS-2)16 was 
used to assess the quality of all studies included in a di-
agnostic accuracy meta-analysis (DMA). All evaluations 
were performed independently by both reviewers and 
consensus was reached for discrepancies.
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Statistical Analysis

Data management and statistical analysis were performed 
in R 3.5.3 environment.17 Statistical significance level (α) 
was set at .05. The eyes of participants were regarded as 
the unit of analyses. For the aggregate data meta-analysis, 
when IPD were not available, combined summary statis-
tics from 3 or more studies were calculated, by pooling 
variances of reported right and left eye measurements. 
The GetData Graph Digitizer software was used to re-
trieve unreported data from appropriate study figures.18 
Effect sizes were calculated and univariate random effects 
models were fitted using the metafor package.19,20 Between-
study heterogeneity was appraised with the Cochran’s Q 
statistic21 and the Higgins’ inconsistency index (I2),22 with 
I2 > 50% indicating substantial heterogeneity. Four uni-
variate generalized mixed-effects models, including more 
than 10 studies,23 were constructed—pRNFL superior, 
inferior, nasal, temporal mean differences were the de-
pendent variables, and mean age, male percentage, NOS 
score, and type of OCT device used (SD vs TD) were the 
effect modifiers. Sensitivity analyses included leave-one-
out analyses,24 publication bias assessment with Egger’s 
regression,25 Begg–Mazumdar rank correlation test,26 
and funnel plot asymmetry evaluation with the “trim and 
fill” method,27 for all pRNFL quadrants. To investigate 
the effect of data availability bias, funnel plot asymmetry 
and pooled estimates of studies with IPD were compared 
with the results from other studies.28,29

For the IPD meta-analysis, DMA was the primary anal-
ysis. Imputed data meta-analysis was a secondary anal-
ysis, handling missing data in 2 studies14,30; missingness 
was less than 10% for all OCT measurements analyzed 
(refer to table  1, under “Measurements” column, for 
further details about missing measurements and supple-
mentary appendix 3 for details about imputed data anal-
ysis methodology). Separate DMAs were done for right 
and left eyes. After calculating numbers of true-positive, 
true-negative, false-positive, and false-negative diagnosis 
at every possible cutoff, from each study, several gener-
alized linear mixed-effects models of binomial family 
were constructed by the diagmeta package; the restricted 
maximum likelihood criterion was used for model selec-
tion.31,32 Cutoff values were multiplied by −1 in order to 
account for the negative correlation of biomarker values 
with test outcome.31 The nsROC package was used for 
nonparametric imputed data DMA33 (supplementary 
appendix 4). Summary ROC curves were constructed 
and AUSROC, specificity, sensitivity, and across-study 
optimal cutoffs were estimated. Heterogeneity was ap-
praised with the residual variance of the random effects 
model (τ 2). We compared independent AUSROC esti-
mates34,35 of subjects less than 40  years old vs subjects 
with an age ≥40 years, and male vs female subjects, and 
assessed diagnostic accuracy after exclusion of reported 
smokers and hypertensives in 2 studies—smokers were 

only reported by 1 study.36 Exploratory data analysis was 
performed for GCL-IPL average thickness measurements 
in cases, based on univariate, multilevel generalized linear 
modeling (supplementary appendix 5). Differences from 
published protocol are presented in supplementary ap-
pendix 6.

Results

Of 1111 results from the database search and 5 additional 
studies found from other sources, after screening for du-
plicates, 815 records were excluded; 798 were irrelevant 
to the research question, 10 were reviews,8,58–66 2 included 
high-risk subjects for SZ,67,68 1 did not use an eligible 
ophthalmic device,69 1 was a summary overlapping with 
another study,70 2 were letters without any reported meas-
urements,71,72 and the abstract of 1 study could not be 
retrieved.73 All eligible studies that reported ERG param-
eters49,51–54 were excluded from the IPD meta-analysis, 
because most of them49,52,54 were conducted more than 
10 years before this study. We requested IPD for 13 OCT 
studies14,30,36,37,39–41,43,45–48,74; data of 5 SD-OCT studies were 
provided.14,30,36,43,47 The authors of 6 studies did not re-
spond, whereas authors of 2 studies40,41 responded that the 
requested data were no longer available. No data anom-
alies were found. 1 study was excluded from quantitative 
synthesis due to the minimal number of cases; an out-of-
sample evaluation of DMA results was done using IPD 
from this study43 (supplementary appendix 7). In total, 4 
eligible studies were excluded55,56,74,75 from the aggregate 
data synthesis, due to lack of sufficient data. Seventeen 
case-control studies–12 using OCT14,30,36,37,39–41,43,45–48 (1351 
eyes of 825 participants) and 5 using ERG49,51–54 (408 
participants) were eventually included in the aggregate 
data meta-analysis; 11 subjects with schizoaffective dis-
order41 and 17 participants with bipolar disorder49 were 
excluded. 4 studies, including 597 eyes of 346 participants 
(42.5% of participants in eligible OCT studies, 52.7% of 
participants in all SD-OCT studies) were included in the 
IPD meta-analysis. The systematic review procedure is 
presented with a flow diagram38 in figure 1.

Study Characteristics and Missingness Information

Study characteristics, along with information about 
missing data, are summarized in table  1. Various diag-
nostic procedures were followed.42,44,50,57,76 The Diagnostic 
and Statistical Manual of Mental Disorders (DSM)77 was 
used as the diagnostic classification system in 13 studies, 
while the International Classification of Diseases (ICD)78 
was used in 2 European studies. Controls were age 
matched in all studies. Participants with comorbidities 
that could affect the reported measurements were ex-
cluded in every eligible study. The Positive and Negative 
Syndrome Scale79 was used to assess clinical severity  
of SZ in 11 studies.14,30,36,37,39,40,45–47,49,51 Antipsychotic  

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
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dose was reported in chlorpromazine equivalents80 in 7 
studies.14,36,39,47,49,51,54 Three studies excluded participants 
with diagnosed diabetes mellitus (DM).45,47,51 Two studies 
included a subgroup of treatment-naïve patients.41,54 
All 5 ERG studies reported the amplitudes of response 
waves under photopic conditions. Only 1 eligible study 
did not report ERG measurements under scotopic con-
ditions.49 One study51 reported an additional ganglion 
cell-specific response wave (photopic negative response). 
Heterogenous pupil dilation, flash stimuli, and signal 
processing hardware were used. All 12 OCT studies meas-
ured pRNFL by segments; these measurements were 

available for less than 50% of the participants in the IPD 
of 1 study,43 which was eventually excluded from data 
synthesis. Total macular thickness was measured by seg-
ments in 7 studies,14,37,39,43,45–47 macular volume was meas-
ured in 6 studies,14,37,39,41,43,45 whereas GCL thickness in the 
macular area was reported in 4 studies.14,36,40,47 A Stratus 
TD-OCT device was used in 3 studies,37,39,41 a Cirrus 
SD-OCT device in 4 studies,14,36,45,48 a Spectralis SD-OCT 
device in 4 studies,30,40,43,46 and a handheld Leica Envisu 
SD-OCT device in 1 study.47 Five OCT studies36,41,43,46,48 
and 3 ERG studies52–54 scored less than 6 of 9 in the NOS 
(supplementary table S1). A summary of data extracted 

8 eligible studies for which IPD were
not sought
(3 out of 5 ERG studies were published
prior to 2009, 2 used fundus photography,
1 OCT study reported LCD exclusively)

1111 records identified through database searching 5 records identified through other sources,
including contact with researchers

IPD meta-analysis (SD-OCT):

4 studies included in data synthesis
pRNFL thickness diagnostic accuracy:
 597 eyes of 347 participants in complete case analysis
 (No missing values in any dataset)

Central macular thickness diagnostic accuracy:
 392 eyes of 243 participants in complete case analysis
 393 eyes of 244 participants in imputed data analysis

GCL-IPL average thickness diagnostic accuracy:
 322 eyes of 163 participants in complete case analysis
 332 eyes of 166 participants in imputed data analysis

< 10 participants in SZ group; inappropriate for SROC
construction and meta-regression
> 50% missingness of pRNFL measurements; macular 
volume was included in aggregate data synthesis

          Aggregate data meta-analysis (OCT + ERG):

Mean differences of OCT measurements and
standardized mean differences of ERG parameters 
(SZ vs healthy controls; published data + complete case IPD)

Superior pRNFL thickness (OCT): 
       11 studies (1303 eyes of 790 participants) included 
Inferior pRNFL thickness (OCT):
       11 studies (1303 eyes of 790 participants) included
Nasal pRNFL thickness (OCT): 
       11 studies (1303 eyes of 790 participants) included
Temporal pRNFL thickness (OCT):
       11 studies (1303 eyes of 790 participants) included
Macular volume (OCT):
        6 studies (552 eyes of 306 participants) included
Photopic a-wave amplitude (ERG):
        4 studies (369 participants) included
Scotopic a-wave amplitude (ERG):
        3 studies (323 participants) included
Photopic b-wave amplitude (ERG):
        5 studies (391 participants) included
Scotopic b-wave amplitude (ERG):
        4 studies (345 participants) included

17 participants (bipolar disorder) excluded (ERG)
11 participants (schizoaffective disorder) excluded (OCT)
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13 studies for which IPD were sought

836 records screened for eligibility

836 records after duplicates removed

5 studies for which IPD were provided (SD-OCT)
371 participants for whom data were provided
Data were provided for all study participants

8 studies for which IPD were not provided 
  3 studies used TD-OCT, 5 studies used SD-OCT
No response from authors (6), Data unavailable (2)
169 participants (TD-OCT), 286 participants (SD-OCT)

17 studies for which aggregate data were available
1233 Participants - 825 (OCT) + 408 (ERG)

815 records excluded:
     798 were irrelevant to the rationale
     10 were reviews (1 meta-analysis)
     2 included high-risk subjects
     1 did not use OCT, ERG or fundus photography
     2 letters did not report any measurements
     1 abstract included same sample with another study
     Unable to retrieve full text or abstract of 1 study 

1 study excluded from data synthesis

1 longitudinal study excluded; data were unavailable
2 fundus photography studies excluded (< 3 required)
1 OCT study excluded; single study measuring LCD

Fig. 1.  PRISMA-IPD flow diagram. IPD, individual participant data; PRISMA, Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses; SZ, schizophrenia subjects; OCT, optical coherence tomography; ERG, electroretinography; TD, time-domain; SD, 
spectral-domain; pRNFL, peripapillary retinal nerve fiber layer; GCL-IPL, ganglion cell layer with inner plexiform layer; LCD, lamina 
cribrosa depth; SROC, summary receiver operating characteristic curve.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
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from 2 cohort studies using fundus photography55,56 is 
presented in the supplementary table S2.

Aggregate Data Synthesis

The mean differences, between cases and controls, of 
the pRNFL measurements by quadrant were pooled 
from 11 studies. The pooled estimates were −4.55  μm, 
95% confidence interval (CI): [−8.28, −0.82], 95% pre-
diction interval (PI): [−18.37, 9.27], heterogeneity: 
Q = 29.59 (df = 11), P = .001, I2 = 67.69% for the supe-
rior quadrant; −6.25 μm, 95% CI: [−9.46, −3.04], 95% PI: 
[−16.65,4.15], heterogeneity: Q = 18.41 (df = 11), P = .05, 
I2  =  50.31% for the inferior quadrant; −3.18  μm, 95% 
CI: [−5.04, −1.31], 95% PI: [−8.50, 2.14], heterogeneity: 
Q  =  15.7 (df  =  11), P  =  .11, I2  =  34.21% for the nasal 
quadrant; and −2.7 μm, 95% CI: [−4.35, −1.04], 95% PI: 
[−8.17, 2.77], heterogeneity: Q = 18.81 (df =11), P = .001, 
I2 = 47.19% for the temporal quadrant (figures 2A–D). 
The meta-regression analysis did show that, for a single 
year increase in age, nasal and inferior pRNFL thick-
ness of cases were significantly reduced on average; the 
95% CIs of model coefficients were [−1.03, −0.18] and 
[−1.39, −0.11] respectively, and a single-point increase of 
the NOS score correlated with significantly reduced su-
perior and inferior pRNFL thickness effect size in cases; 
the 95% CIs of model coefficients were [−4.35, −0.07] and 
[−3.76, −0.57], respectively (table 2). Egger’s and Begg’s 
tests for publication bias were not statistically significant 
(refer to supplementary figure S1 for funnel plots, sup-
plementary figure S2 for radial plots, and supplementary 
table S3 for statistical testing results). Macular volume 
mean differences were pooled from 6 studies; the overall 
effect size was statistically insignificant (supplementary 
figure S3). Standardized mean differences of ERG re-
sponse waves under photopic and scotopic conditions 
were also pooled; a relatively small decrease of wave 
amplitudes in cases, along with low between-study heter-
ogeneity, was observed (figures 2E–F). The statistical sig-
nificance of pooled estimates of pRNFL thickness at the 
inferior, nasal, temporal quadrants, b-wave amplitudes, 
and a-wave amplitudes under photopic conditions was 
not altered by removing any of the included studies from 
the meta-analysis (supplementary table S4). No statisti-
cally significant differences were found in subgroup com-
parisons of pooled estimates from studies without IPD vs 
studies with IPD (supplementary table S5).

Participant Characteristics and Diagnostic Accuracy 
Evaluation Based on IPD

The participant characteristics of studies with IPD are 
presented in the supplementary table S6. QUADAS-2 
quality assessment indicated that diagnostic accuracy es-
timates may be biased due to the case-control design of 
all included studies. In addition, 3 studies had not applied 

the reference standard to the controls14,30,47 and 1 study 
had not used a structured clinical interview as the refer-
ence standard,30 potentially compromising the validity of 
the results (figure 3A, supplementary figure S4, and sup-
plementary appendices 8–11). Results of DMA, along 
with unadjusted and stratified AUSROC estimates, are 
shown in figures 3B–H for right eyes; refer to supplemen-
tary figure S5 for left eye results. Sensitivity and specificity 
estimates of right eye measurements, at optimal cutoffs, 
were respectively as follows: 0.80, 95% CI: 0.69, 0.88 
and 0.21, 95% CI: 0.17, 0.41 (superior pRNFL); 0.62, 
95% CI: 0.43, 0.79 and 0.53, 95% CI: 0.34, 0.71 (infe-
rior pRNFL); 0.69, 95% CI: 0.53, 0.82 and 0.37, 95% CI: 
0.22, 0.54 (nasal pRNFL); 0.46, 95% CI: 0.25, 0.68 and 
0.65, 95% CI: 0.42, 0.82 (temporal pRNFL); 0.60, 95% 
CI: 0.36, 0.81 and 0.51, 95% CI: 0.27, 0.74 (central mac-
ular thickness); 0.65, 95% CI: 0.38, 0.85 and 0.47, 95% 
CI: 0.23, 0.73 (GCL-IPL average). Estimates based on 
left eye measurements were respectively as follows: 0.62, 
95% CI: 0.50, 0.71 and 0.50, 95% CI: 0.38, 0.61 (superior 
pRNFL); 0.75, 95% CI: 0.56, 0.88 and 0.39, 95% CI: 0.21, 
0.60 (inferior pRNFL); 0.60, 95% CI: 0.37, 0.79 and 0.46, 
95% CI: 0.25, 0.68 (nasal pRNFL); 0.76, 95% CI: 0.62, 
0.86 and 0.29, 95% CI: 0.17, 0.44 (temporal pRNFL); 
0.58, 95% CI: 0.35, 0.78 and 0.56, 95% CI: 0.34, 0.77 (cen-
tral macular thickness); 0.47, 95% CI: 0.20, 0.75 and 0.68, 
95% CI: 0.38, 0.88 (GCL-IPL average). Inferior quad-
rant pRNFL thickness, central macular, and GCL-IPL 
average thickness at the inferior quadrant demonstrated 
fair discriminatory power, but were not diagnostic at the 
95% confidence level. Other OCT measurements per-
formed poorly as disease classifiers. Between-subgroup 
differences in the estimated AUSROCs were not statis-
tically significant (supplementary table S7). After ex-
cluding smokers from the study by Delibas et  al.36 and 
hypertensives, as well as participants with DM, from the 
study by Silverstein et al.,14 GCL-IPL average became di-
agnostic of SZ (supplementary figure S6). Exploration 
of correlations between GCL-IPL average thickness and 
disease-specific covariates in 2 eligible studies14,36 yielded 
heterogenous results (supplementary table S8).

Discussion

The main findings of our study were that, based on 
available evidence from 11 case-control studies, pRNFL 
measurements were reduced in SZ cases, and that OCT 
indices had fair to poor discriminatory potential, unaf-
fected by age and sex, in 4 matched case-control studies. 
Narrower PIs for inferior, nasal, and temporal pRNFL 
mean differences suggested that future studies of similar 
design will likely favor retinal thinning in these quad-
rants.81 Superior quadrant pRNFL was also significantly 
reduced. It is noteworthy that studies of higher quality 
reported greater mean differences of inferior and supe-
rior pRNFL thickness (table 2). However, the statistical 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
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http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
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http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
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http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
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http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data
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significance of the superior quadrant mean difference was 
lost in the leave-one-out analysis, raising concerns about 
its validity. Diagnostic accuracy heterogeneity, between 
the 4 studies with IPD, was lower for macular area meas-
urements (ie, GCL-IPL average thickness, foveal macular 
thickness). Excluding all reported hypertensives, partici-
pants with DM and smokers slightly improved GCL-IPL 

average diagnostic efficacy, suggesting that these factors 
were not responsible for the observed differences between 
cases and controls. Both aggregate data and IPD ana-
lyses indicated that the observed differences in pRNFL 
thickness were rather small to be clinically meaningful 
in diagnosis (supplementary table S5). Although exam-
ining variability in findings of primary studies, we found 

F Scotopic ERG response wave analysis

A-wave amplitude standardized mean difference [95% CI]
Cases:Controls

(Subjects)

Overall

Warner et al. (1999)⁵⁴

Hébert et al. (2015)⁵³

Demmin et al. (2018)⁵¹

B-wave amplitude standardized mean difference [95% CI]
Cases:Controls

(Subjects)

Warner et al. (1999)⁵⁴

Hébert et al. (2015)⁵³

Gerbaldo et al. (1992)⁵²

Demmin et al. (2018)⁵¹

Overall

25 SZ: 25 controls

150 SZ: 105 controls

9 SZ: 9 controls

25 SZ: 25 controls

9 SZ: 13 controls

150 SZ: 105 controls

9 SZ: 9 controls

−30 −10 0 10 20

Yilmaz et al. (2015)⁴⁸
Topcu−Yilmaz et al. (2018)³⁰ *
Silverstein et al. (2018)¹⁴ *
Samani et al. (2017)⁴⁷ *
Mota et al. (2015)⁴⁶
Lee et al. (2013)⁴⁵
Delibas et al. (2017)³⁶ *
Chu et al. (2012)⁴¹
Celik et al. (2016)⁴⁰
Ascaso et al. (2015)³⁹
Ascaso et al. (2010)³⁷

 −4.50 [ −9.99,  0.99]
 −0.97 [−18.49, 16.55]

  0.62 [ −6.73,  7.98]
 −9.15 [−13.35, −4.95]
  1.35 [−13.82, 16.52]

 −9.60 [−17.50, −1.70]
 −5.85 [−10.07, −1.63]

  0.11 [ −6.50,  6.72]
 −9.16 [−22.05,  3.74]

−15.65 [−23.02, −8.29]
−12.00 [−24.71,  0.71]

 −6.25 [ −9.46, −3.04]Overall

Mean difference (in μm) [95% CI]
Cases Controls

A Inferior pRNFL thickness

10/20 10/20

OCT device

Stratus OCT
30/60 30/60 Stratus OCT

(Subjects/Eyes)
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*Studies with IPD *Studies with IPD

Yilmaz et al. (2015)⁴⁸
Topcu−Yilmaz et al. (2018)³⁰ *
Silverstein et al. (2018)¹⁴ *
Samani et al. (2017)⁴⁷ *
Mota et al. (2015)⁴⁶
Lee et al. (2013)⁴⁵
Delibas et al. (2017)³⁶ *
Chu et al. (2012)⁴¹
Celik et al. (2016)⁴⁰
Ascaso et al. (2015)³⁹
Ascaso et al. (2010)³⁷

Yilmaz et al. (2015)⁴⁸
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Mota et al. (2015)⁴⁶
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Ascaso et al. (2015)³⁹
Ascaso et al. (2010)³⁷

Fig. 2.  Mean differences of pRNFL measurements and standardized mean differences of ERG measurements between schizophrenia 
cases and controls. (A) inferior quadrant pRNFL thickness, (B) nasal quadrant pRNFL thickness, (C) superior quadrant pRNFL 
thickness, (D) temporal quadrant pRNFL thickness, (E) photopic ERG response wave analysis, (F) scotopic ERG response wave analysis. 
95% CI, 95% confidence interval; 95% PI, 95% prediction interval; SZ, schizophrenia subjects; OCT, optical coherence tomography; ERG, 
electroretinography; pRNFL, peripapillary retinal nerve fiber layer; IPD, individual participant data; HD, high definition.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbz106#supplementary-data


37

Retinal Changes in Schizophrenia

Table 2.  Results of Aggregate Data Meta-regression Analysis

Study-Level Covariate Number of Studies Coefficient (SE) z Statistic P Value 95% CI

Superior pRNFL mean difference
Percentage of males 11 0·046 (0·205) 0·224 .823 −0·36, 0·445
Mean patient age 11 −0·367 (0·461) −0·8 .426 −1·27, 0·537
NOS score 11 −2·21 (1·09) −2·02 .043 −4·35, −0·07
Type of OCT device 11     
  Time-domain 3 Reference    
  Spectral-domain 8 2·13 (4·36) 0·49 .63 −10·68, 6·42
Nasal pRNFL mean difference
Percentage of males 11 −0·016 (0·1) −0·165 .87 −0·21, 0·18
Mean patient age 11 −0·61 (0·22) −2·80 .005 −1·03, −0·18
NOS score 11 −0·078 (0·69) −0·11 .911 −1·28, 1·43
Type of OCT device 11     
  Time-domain 8 Reference    
  Spectral-domain 3 −2·58 (2·67) −0·965 .335 −7·82, 2·66
Inferior pRNFL mean difference
Percentage of males 11 −0·12 (0·18) −0·69 .49 −0·48, 0·23
Mean patient age 11 −0·75 (0·33) −2·31 .02 −1·39, −0·11
NOS score 11 −2·16 (0·81) −2·66 .008 −3·76, −0·57
Type of OCT device 11     
  Time-domain 8 Reference    
  Spectral-domain 3 −2·82 (3·96) −0·71 .477 −10·58, 4·95
Temporal pRNFL mean difference
Percentage of males 11 −0·002 (0·09) −0·017 .986 −0·17, 0·17
Mean patient age 11 −0·092 (0·213) −0·432 .666 −0·51, 0·326
NOS score 11 −0·265 (0·611) −0·434 .664 −1·464, 0·933
Type of OCT device 11     
  Spectral-domain 8 Reference    
  Time-domain 3 0·05 (2·15) 0·022 .983 −4·17, 4·27

Note: P values indicating statistical significance of regression coefficients are shown in bold. SE, standard error; 95% CI, 95% confidence 
interval of coefficient; pRNFL, peripapillary retinal nerve fiber layer thickness; NOS, Newcastle-Ottawa scale.

that increased age of sampled cases was correlated with 
greater differences in inferior and nasal quadrant pRNFL 
measurements from controls (table 2). Two fundus pho-
tography studies showed greater retinal vessel diameters 
in both young and elderly SZ patients. ERG amplitude 
measurements were reduced in SZ patients, in all eli-
gible studies, and between-study heterogeneity was small. 
However, the small number of studies reporting ERG 
measurements does not allow for robust inference. Study 
quality was moderate to high in OCT studies and mod-
erate to low in ERG studies, thus providing a more solid 
base for interpretability in the former indices. The effect 
of disease severity, duration, and medication on OCT 
measurements remains unclear.

In our study, we demonstrated that a distinct pattern 
of retinal changes may be emerging through 3 nonin-
vasive modalities. Both structural and functional as-
sessment of retinal cells indicated deficits in chronically 
treated SZ subjects. It is noteworthy that the GCL-IPL 
average thickness was the only measurement that out-
performed a random test in the 2 studies that were in-
cluded in IPD meta-analysis14,36; this finding is further 
supported by significant differences of GCL thickness 
in the aggregate data of 2 other OCT studies40,47 and a 
decreased photopic negative response in one ERG study 

that measured it51. The cross-sectional nature of available 
data does not allow for solid conclusions regarding the 
pathophysiology of the disease. Nevertheless, it can be 
hypothesized that the rate of neuronal loss in SZ subjects 
is higher than normally anticipated,82 regardless of med-
ication received. This can be observed both in aggregate 
data and IPD: studies that included older SZ subjects 
reported, on average, slightly lower nasal and inferior 
quadrant pRNFL measurements, compared to con-
trols, and, when IPD were available, the discriminatory 
ability of inferior, nasal pRNFL, and GCL-IPL average 
measurements was slightly improved in older subgroups, 
without those differences reaching statistical significance. 
One possible mechanism that could explain such subtle, 
ongoing changes in the retina is retrograde transsynaptic 
degeneration (RTSD).

RTSD has been described in the human visual system 
since late 20th century.83 It refers to progressive damage 
of ganglion cells secondary to synaptic dysfunction in 
the lateral geniculate nucleus in the thalamus, where the 
optic nerve fibers are connected. It has been speculated 
that thalamic connectivity is disrupted in SZ.84 Given 
the complexity and heterogeneity of the disorder, it can 
be hypothesized that it also indirectly affects neurons 
in the lateral geniculate nucleus, yet these changes are 
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very slight, probably unrelated to the clinical severity 
of the disease—as suggested by exploratory analysis of 
IPD. However, it is interesting that retinal cell dysfunc-
tion could be detected with ERG in high-risk subjects as 
well.67,68 Furthermore, the only longitudinal ERG study49 
found that those deficits were greater at an earlier point 
in the course of treatment, which may be conjectured to 
imply an attenuation of retinal changes after onset of 
treatment. It can be assumed that the rate of neuronal 
damage is related with the vulnerability to psychotic at-
tack, but further studies are needed to investigate this. 
Another possible explanation would be that, at least in 
some patients, such changes may be secondary to cortical 
gray matter volume reduction, which has been correlated 
with average daily and lifetime intake of antipsychotic 
medication.85

Strengths and Limitations of This Study

This was the first study to evaluate the diagnostic accu-
racy of OCT indices in psychiatry; having access to IPD 
allowed more stringent analysis. We adjusted for age and 
sex, and we explored the effect of potential confounders 
(smoking, DM, hypertension) on diagnostic accuracy. 
Compared to 2 previously published studies,8,9 this meta-
analysis did not apply any language restrictions, included 
more than 10 studies reporting pRNFL measurements, 
assessed the probability of publication bias more reli-
ably and examined heterogeneity with meta-regression. 
Furthermore, we evaluated OCT measurements in the 
macular area (GCL-IPL, total macular thickness, mac-
ular volume).

However, several limitations of our study should be 
outlined. Adoption of a matched case-control design by 
all studies included in quantitative synthesis introduced 
bias, which precluded solid conclusions about diagnostic 
accuracy.86 Data availability was limited, and virtually 
no participants were treatment naïve, further hindering 
generalizability. Still, subgroup analysis did not indicate 
significantly different pRNFL effect estimates between 
studies with IPD and the remaining studies (supplemen-
tary table S4). Only 3 studies excluded participants with 
diagnosed DM. This condition may cause retinal thin-
ning and can be precipitated by chronic antipsychotic 
administration.87 Owing to paucity of data, we did not 
adjust for optical spherical equivalent, race, and type of 
medication used. CIs calculated from imputed data anal-
ysis may be biased (supplementary appendix 3).

Implications for Future Research

All in all, it is premature to draw definite conclusions 
about the potential clinical utility of retinal evaluation 
in SZ. Even though it seems that diagnostic accuracy 
is limited, the role of these indices in prognostic and 
theranostic evaluation remains to be examined. Given 

the comparable findings in studies including high-risk 
subjects for SZ,67,68 it could be hypothesized that retinal 
changes may be evident early in the development of the 
disease, and this subgroup could be benefited from longi-
tudinal retinal assessment—potentially allowing for risk 
stratification and early intervention. A comparative eval-
uation of retinal measurements in SZ spectrum disorders 
could elucidate potential differences among these entities. 
Longitudinal studies, with population-representative 
sampling and evaluation of measurement accuracy and 
reproducibility, are warranted; it should be noted that 
the potential cost of such studies may be high, given the 
small observed differences.

Supplementary Material

Supplementary data are available at Schizophrenia 
Bulletin online.
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