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Abstract

Aim: This study aimed to evaluate the retinal nerve fibre layer changes among different group of
patients with schizophrenia and compare it with healthy controls by using swept-source optical
coherence tomography. Methodology: Patients with first-episode schizophrenia (n=21) in
remission (n = 35) or with treatment-resistant schizophrenia (TRS) (n =35) and 36 healthy
controls were evaluated for retinal thickness. Results: Patients with psychotic illnesses had sig-
nificantly lower sub-foveal choroidal thickness (effect size 0.84-0.86), when compared to the
healthy controls. When patients with first-episode schizophrenia were compared with patients
with TRS, TRS patients had significant lower sub-foveal choroidal thickness (left eye) when the
various confounders (such as age, gender, duration of treatment, smoking, current medications,
body mass index, waist circumference, blood pressure, fasting glucose, HbAlc, presence or
absence of metabolic syndrome) were taken into account. When the patients with TRS were
compared with healthy controls, initially significant differences were observed for the macular
volume (left and right) and the ganglion cell thickness (right eye) but these differences disap-
peared after controlling for the various covariates. Conclusions: Compared to healthy controls,
patients with schizophrenia, psychotic illnesses have thinning of the retina, especially in the
sub-foveal choroidal thickness.

Significant outcomes

« Patients with schizophrenia in remission have significantly lower sub-foveal choroidal
thickness as compared to other groups.

o Antipsychotic-naive patients with first-episode schizophrenia have significantly lower
macular volume in the left eye compared to the healthy controls.

o After controlling for various potential confounders, patients with psychotic illnesses
have lower sub-foveal choroidal thickness, compared to healthy controls.

Limitations

« The study involved cross-sectional assessment.

o The study did not evaluate the association of retinal changes with the brain changes by
using neuroimaging.

o The study did not evaluate the association of retinal changes with cumulative
antipsychotic dose exposure in the lifetime.

Introduction

Among various plausible current theories of schizophrenia, the neurodegenerative theory of
schizophrenia is a prominent one with much support (Zarogianni et al., 2013). Due to different
clinical presentations in patients with schizophrenia, and considerable overlap of symptoms
with other disorders, for diagnosing schizophrenia and related conditions, there is a need for
having objective markers (Ascaso et al., 2015; Zarogianni et al., 2013). Retina is considered
to be an extension of the brain. Due to this, it has been evaluated as an indicator of brain changes
seen in different diseases (hypertension, migraine, dementia and diabetes mellitus) and disor-
ders, including schizophrenia (Bowd et al., 2000; Lin et al., 2020; Dhasmana et al., 2016). Retina
develops from the anterior part of the neural tube in an early phase of development (Schonfeldt-
Lecuona et al., 2016). Due to this, the retina and cortical part of brain are similar in terms of their
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structure, neurotransmitters, and functions (Gordon-Lipkin et al.,
2007; Pulicken et al., 2007). The retinal nerve fibre layer (RNFL) is
composed of axons of retinal ganglion cells and can be considered
an extension of the brain (Pan et al., 2018). It is expected that the
changes occurring in the brain must reflect in the retina as it also
has unmyelinated axons which can be visualised by recent tech-
niques like optical coherence tomography (OCT) which is easy
to perform (Silverstein et al., 2018). OCT is a non-invasive and
quick imaging method, which can be used for in vivo imaging
of the retinal layers (Chu et al., 2012). There are no known contra-
indications to OCT, and it opens a ‘window into the brain’ which
allows measurement of retinal layers (Chu et al., 2012).

Some of the studies have evaluated retinal layer changes in
patients with schizophrenia. These studies have compared patients
with schizophrenia with age-matched controls, and the sample size
in these studies has varied from 10 to 81 patients with schizophre-
nia with all the studies except 2 including 40 or fewer patients with
schizophrenia. In general, although not consistent, most of these
studies suggest that there is a reduction in the RNFL thickness
(Ascaso et al, 2015, 2010; Cabezon et al, 2012; Celik et al.,
2016; Lee et al., 2013; Samani et al., 2018; Yilmaz et al., 2016) that
represents a reduction in ganglion cell axons (Silverstein et al.,
2019) and macular thinning (Ascaso et al, 2015; Lee et al.,
2013; Yilmaz et al., 2016; Silverstein et al., 2019) among patients
with schizophrenia, compared to healthy controls. Other findings
which are reported in one or another study include the increased
ratio of cup and disc along with the volume of the cup (Cabezon
et al., 2012). Overall studies of OCT in patients with schizophrenia
consistently show structural retinal pathology; however, sites
of abnormality vary across studies. A recent study evaluated
the relationship between structural retinal metrics in schizophre-
nia and co-morbid medical conditions. No differences were
seen in RNFL or macula measurements between patients with
schizophrenia and controls. However, across patient and control
groups, RNFL, macula and Ganglion cell-Inner Plexiform Layer
(GCL-IPL) thinning were associated with the presence of
co-morbid diabetes mellitus and hypertension. Even after con-
trolling for diabetes mellitus and hypertension, patients with
schizophrenia demonstrated enlarged optic cup volumes and
cup-to-disc ratios, suggestive of tissue loss in the surrounding
regions (Silverstein et al., 2019).

However, most of the existing studies are marked by certain
limitations. For example, some of the studies have not excluded
patients with co-morbid conditions such as diabetes mellitus
and hypertension (Ascaso et al, 2015, 2010; Cabezon et al,
2012; Celik et al., 2016; Lee et al., 2013; Samani et al, 2018;
Yilmaz et al, 2016) which can lead to subtle retinal changes
(Liao et al., 2011; Nasrallah et al., 2006). None of the studies has
evaluated the RNFL in drug-naive patients with schizophrenia
and a recent study which evaluated the patients with first-episode
schizophrenia, reported lack of significant difference between
patients and the healthy controls (Lai et al., 2020). Only some of
the studies have considered the effect of doses of antipsychotic used
on the retinal layer changes (Jerotic et al., 2020). Understanding
this is important because long-term use of antipsychotics can lead
to inhibition of retinal dopamine receptors which cause the death
of all types of retinal cells due to reduced activity as they all have
dopamine receptors which can contribute to thinning of retinal
layers (Silverstein and Rosen, 2015). In this background, the
present study aimed to evaluate the retinal layer changes among
different group of patients with schizophrenia, that is, drug-
naive patients with schizophrenia, patients currently on treatment,
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and patients with treatment-resistant schizophrenia (TRS) by
using Swept-Source OCT (SS-OCT) and compare it with healthy
controls. It was hypothesised that patients with schizophrenia will
differ from healthy controls, in retinal layer thickness, whereas
there would be no difference in the retinal layer changes among
different group of patients with schizophrenia.

Methodology

This cross-sectional study was executed in a tertiary care multispe-
cialty teaching hospital in North India. The study was approved
by the ethics committee of the institute in which it was carried
out and all the participants were enrolled during Jan 2019 to
Dec 2019, after obtaining written informed consent. The authors
assert that all the study procedures comply with the national
and institutional ethical standards for human experimentation
and the Helsinki Declaration of 1975, as revised in 2008.

The study sample was recruited by convenience sampling from
the patient population attending the outpatient/inpatient services
of the Department of Psychiatry (patients with schizophrenia) and
Department of Ophthalmology (healthy controls). The study sam-
ple comprised of four groups, that is, Group I: 35 patients with
schizophrenia, in clinical remission (without treatment resistance)
(SZCR); Group II: 35 patients with TRS; Group III: 21 drug-naive
patients with schizophrenia (FES) and Group IV: 36 Healthy con-
trols. Patients were considered to be antipsychotic-naive if the
duration of exposure to antipsychotics was less than 2 weeks at
the time of assessment for retinal layer changes. TRS was defined
as per the definition of Howes et al. (2016). According to this def-
inition, a person is considered to have TRS, if the person fulfils the
diagnosis of schizophrenia as per the current nosology, has
received two adequate trials (i.e. each trial of at least 6 weeks),
at dosage equivalent of >600 mg Chlorpromazine, with >80%
adherence to medication and have shown <20% improvement
in the psychopathology. Further, at the time of the assessment,
the patient has at least moderate severity of symptom and moder-
ate level of dysfunction (Howes et al., 2016).

To be included in the study, the patients were required to
fulfil the diagnosis of schizophrenia as per DSM-5 (American
Psychiatric Association, 2013) (as determined by using MINI-
PLUS 7.0.2 version (Sheehan et al., 1998) and aged between 15
and 45 years). For inclusion into the study, the healthy controls
were also required to be aged 15-45 years and with no history
of any psychiatric illness. Additionally, they were required to
screen negative on MINI-screen. Those with obscured clarity of
media due to the presence of cataract, vitreous haze, or any other
such co-existent pathology that did not allow the acquisition of
good images were excluded. Similarly, those with refractive errors
more than 3 D (high hypermetropia and myopia), those with any
ocular pathology that could affect the retinal /choroidal thickness
or vascularity such as diabetic retinopathy, macular degeneration,
central serous chorioretinopathy, optic atrophy, glaucoma, and
uveitis, congenital retinal pathologies (this was done by detailed
history taking and ophthalmological examination by a trained
ophthalmologist), diagnosed with Parkinson’s disease, organic
brain syndrome, intellectual disability, diabetes mellitus, hyperten-
sion, dementia, multiple sclerosis, HIV, head injury, epilepsy,
encephalopathy due to any cause were excluded. Patients with
co-morbid psychiatric disorders other than a lifetime diagnosis
of depression and obsessive-compulsive disorder and tobacco
dependence syndrome were not included in the study. However,
if the patient fulfilled the current diagnosis of major depression


https://doi.org/10.1017/neu.2022.35

Acta Neuropsychiatrica

or obsessive-compulsive disorder, then they were excluded.
Healthy participants with a history of any psychiatric illness in
the first-degree relative were excluded.

Patients with schizophrenia were evaluated on the Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987) to rate the
severity of illness. Fagerstrom Test for Nicotine Dependence
(FTND) was used to rate the severity of nicotine dependence
(Heatherton et al., 1991).

All the participants underwent detailed ophthalmological
examination (general examination of the eye including fundo-
scopy, tonometry and slit lamp examination), before enrolment
to rule out any ophthalmological pathologies. This involved ruling
out the various ophthalmological abnormalities as listed in the
exclusion criteria, and any infective pathology at the time of the
assessment.

SS-OCT is the next-generation OCT that provided an accurate
assessment of choroidal thickness in healthy and disease states. SS-
OCT is a newer OCT technology that provides faster image acquis-
ition and processing compared to the earlier generation OCT
machines, such as time domain OCT, or spectral domain. SS-
OCT is known for a better view of the vitreo-retinal interface as
well as choroid in a single frame. SS-OCT utilises a narrow light
wavelength of 1050 nm and achieves 100,000-400,000 A scan/sec-
ond. Thus, very high-resolution images are possible with SS-OCT
in a short acquisition time (Brynskov et al., 2016; Manjunath et al.,
2010; Spaide et al., 2008). For image acquisition, the pupils of the
patients were dilated by instilling Tropicamide 0.8%. Thirty-degree
colour fundus photographs were acquired on the digital fundus
camera (DRI Triton, Topcon ®) with images focussed on disc
and macula. SS-OCT 3D and 5-Line raster scan of the macula
and optic disc were done. The acquisition of the scans was repeated
multiple times, and the images with the least amount of motion
artefacts were selected for further analysis. Retinal thickness was
manually measured by two independent ophthalmologists sepa-
rately. The thickness was measured from the inner border of the
internal limiting membrane to the outer border of the retinal pig-
ment epithelium. The average of the two measurements was used
for analysis. The individual retinal layer thickness was also measured
by automated layer segmentation provided by the software.
Choroidal thickness was measured by two independent ophthalmol-
ogists manually vertically from the outer border of the retinal pig-
ment epithelium to the inner border of the sclera. The upper border
was marked at the retinal pigment epithelium and the lower border
area was below the line of light pixels at the choroid sclera junction.
The average of the two measurements was used for analysis.

The patients were also evaluated for the metabolic parameters.
A fasting blood sample of 5 ml was collected using all the aseptic
measures. All the patients also underwent anthropometric evalu-
ations for height, weight and waist circumference. The waist cir-
cumference was measured at the mid-point between the lower
costal margin and the anterior superior iliac crest, in full expiration
by a stretchable measuring tape. A diagnosis of metabolic syndrome
was made as per the consensus criteria (Alberti et al., 2009). The pre-
scription data were collected from the available treatment records,
and chlorpromazine equivalent was calculated as per the recom-
mendations (Patel et al., 2013). The clinical remission was defined
as per the Andreasen criteria (Andreasen et al., 2005).

Data were analysed with the use of a statistical package for social
sciences, sixteenth edition (SPSS-16) (SPSS Inc. Released 2007.
SPSS for Windows, Version 16.0. Chicago, SPSS Inc.). Mean
and standard deviation with range were calculated for the continu-
ous variables.
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Wherever needed, confidence intervals were calculated.
Frequency and percentages were determined for categorical vari-
ables. Comparisons were done by using an unpaired ¢-test and
one-way ANOVA test. Kruskal-Wallis value and Mann-
Whitney value were used for the non-parametric data. The cat-
egorical variables were compared by using the chi-square test,
and wherever applicable, Yate’s correction and Fisher’s exact test
were used. ANCOVA test was used where covariate analysis was
done. Cohen’s D and Partial Eta values were used to analyse effect
size, and in the case of non-parametric data, Glass’s delta value was
computed. The association of retinal layer measurements with
socio-demographic variables and clinical variables was studied
by using the Pearson correlation coefficient or Spearman’s rank
correlation. For evaluation of the association of retinal layer mea-
surement with other variables, a p-value of less than 0.05 was con-
sidered to be significant.

Results

The mean age of participants of all the four study groups was close
to 30 years, and the mean duration of education varied from 11.76
years to 13.02 years. In all the schizophrenia groups, the majority of
the participants were currently single and unemployed (Table 1).
No significant difference was seen on the demographic variables
between the different schizophrenia groups. Compared to healthy
controls, participants with schizophrenia were more often single
and unemployed.

The participants with FES differed significantly from the other
two groups, for the variables of the age of onset, and duration of
illness (Table 2). When the study participants of TRS (Group II)
and those with SZCR (Group I) were compared, compared to those
in clinical remission, participants with TRS had lower age of onset,
and longer duration of treatment (Table 2). None of the patients
had co-morbid lifetime diagnosis of obsessive-compulsive disor-
der or major depression. Few patients in all the study groups
had co-morbid tobacco dependence (Table 2). When participants’
TRS and those with FES were compared, participants with TRS had
significantly higher negative symptoms, lower prosocial subscale
score, and PANSS total score (Table 2). Compared to the partici-
pants with SZCR, participants with TRS had higher body mass
index (BMI), higher high-density level lipoproteins (HDL) levels,
and Hbalc levels. However, both these groups did not differ in
terms of the prevalence of abnormal metabolic parameters, which
are components of metabolic syndrome and prevalence of meta-
bolic syndrome. However, compared to participants with the
FES, participants with TRS had significantly higher body weight,
higher BMI, higher HDL levels, higher fasting blood glucose levels,
higher Hbalc levels, higher prevalence of abnormal diastolic blood
pressure, and higher prevalence of abnormal triglyceride levels.
When participants with FES were compared with participants with
SZCR, it was seen that compared to the participants with FES, par-
ticipants with SZCR had significantly higher BMI (Table 2).

Four participants (11.1%) in the control group had tobacco
dependence with low to moderate dependence as per FTND scale.

Comparison of OCT findings of participants with
schizophrenia with healthy controls

All schizophrenia subjects vs healthy controls

Before covariate analysis: Compared to healthy controls, patients
with psychotic illness (FES, SZCR & TRS groups) had lower sub-
foveal choroidal thickness. Additionally, patients with first-episode
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Table 1. Comparison of the socio-demographic profile of all the four study groups

SZCR patients in Treatment-resistant First-episode antipsychotic- ANOVA test/
remission; Group |; schizophrenia (TRS); naive schizophrenia (FES); Healthy controls; Group IV;  chi-square
N =35; mean (SD)/ Group Il; N = 35; mean group Ill; N=21; mean (SD)/ N =36; mean (SD)/ test
Variables frequency (%) (SD)/frequency (%) frequency (%) frequency (%) (p-value)
Age in years 31.17 (7.73) 29.85 (7.01) 30.33 (6.47) 31.00 (3.68) F=0.31
(0.81)
Gender ¥’ =0.64
(0.89)
Male 19 (54.3%) 22 (62.9%) 13 (61.9%) 22 (61.1%)
Female 16 (45.7%) 13 (37.1%) 8 (38.1%) 14 (38.9%)
Marital status ¥*=33.64
- (<0.001)***
Married 13 (37.1%) 6 (17.1%) 8 (38.1%) 30 (83.3%)
Unmarried/ 22 (62.9%) 29 (82.9%) 13 (61.9%) 6 (16.7%)
Divorced/
Widowed
Education in 12.48 (3.88) 13.02 (3.41) 11.76 (3.97) 12.3 (2.77) F=0.61
years (0.60)
Occupation ¥>=371.27
(<0.001)***
Employed 4 (11.4%) 2 (5.7%) 3 (14.3%) 22 (61.1%)
Unemployed 31 (88.6%) 33 (94.3%) 18 (85.7%) 14 (38.9%)

x2: Chi-square value; F: ANOVA value; SD: standard deviation; *p < 0.05; ***p < 0.001.

antipsychotic-naive schizophrenia and TRS had significantly lower
macular volume.

After covariate analysis : After controlling for various potential
confounders [gender, duration of psychiatric illness, Fagerstrom
Test for Nicotine Dependence (FTND) scores, current medications
(CPZ equivalents), BMI, waist circumference, systolic blood pres-
sure and diastolic blood pressure values, FBS, HbAlc, presence /
absence of metabolic syndrome] by covariate analysis, the signifi-
cant finding of lower sub-foveal choroidal thickness among
patients with psychotic illness (FES, SZCR & TRS groups) persisted
with a large effect size (0.84-0.86) (Table 3).

Individual schizophrenia groups vs healthy controls
SZCR vs healthy controls. Before covariate analysis : Participants
with SZCR had significantly lower thickness for the sub-foveal reti-
nal thickness and left macular volume. SZCR group had higher
central 1 mm thickness of retina, ganglion cell thickness, but lower
thickness for RNFL and outer retinal thickness (left).

After covariate analysis: Only significant findings were lower
left sub-foveal choroidal thickness and left macular volume
(Table 4).

TRS vs healthy controls. Before covariate analysis: Participants
with TRS had significantly lower macular volume as compared
to healthy controls. Further, participants with TRS had lower
sub-foveal choroidal thickness, RNFL thickness but had higher
thickness for central 1 mm thickness of retina ganglion cell
thickness.

After covariate analysis: No significant differences were noted
(Table 4).

FES vs healthy controls. Before covariate analysis: When partic-
ipants with FES were compared with healthy controls, participants
with FES had significantly lower thickness for macular volume.
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After covariate analysis: No significant differences were noted
(Table 4).

Within schizophrenia group comparisons
SZCR vs TRS. Before covariate analysis: On comparing SZCR and
TRS groups, patients in SZCR group had significantly lower sub-
foveal choroidal thickness.

After covariate analysis: Only significant finding was found in
the OCT of lower left ganglion cell thickness in SZCR group
(Table 5).

SZCR vs FES. Before covariate analysis: Compared to participants
with FES, participants in SZCR group had significantly lower sub-
foveal retinal thickness, and left macular volume.

After covariate analysis : Only significant finding was lower left
RNFL thickness in the SZCR group (Table 5).

TRS vs FES. Before covariate analysis: On comparing TRS group
with FES groups, patients in the FES group had significantly lower
right ganglion cell thickness.

After covariate analysis : TRS group had significantly lower
right sub-foveal choroidal thickness and left central 1 mm thick-
ness of retina (Table 5).

Discussion

Increasing evidence from literature sources of the last decades sug-
gests noticeable changes in the thickness and/or volume of various
retinal structures in patients with schizophrenia. Available studies
in patients with schizophrenia have focused on evaluating the
RNFL thinning, which is represented in the form of reduction
in the ganglion cell axons and macular volume, which indicates
the thinning of the fovea and surrounding tissue. Currently, avail-
able evidence suggests that compared to healthy controls, there is a
reduction in the RNFL thickness in patients with schizophrenia
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Table 2. Comparison of clinical profile of participants with schizophrenia

First-episode anti-

>

Q

q

. ) =

Treatment-resistant psychotic- 2

SZCR patients; schizophrenia (TRS); naive schizophrenia Group Il vs IlI; 3

group |; N=35; group Il; N=35; (FES); ANOVA test/ Group | vs II; t-test (p- Group | vs III; S

mean (SD)/fre- mean group Ill; N=21; mean chi-square test Post hoc t-test (p-value)/ value)/ t-test (p-value)/ 3

Variables quency (%) (SD)/frequency (%) (SD)/frequency (%) (p-value) (p-value) chi-square chi-square chi-square g

=

Age at onset (years) 24.77 (6.88); 20.8 (3.90); Range: 29.04 (6.66); Range: F=13.26 M>>I 10> 1%, t=2.97 (0.004) t=-5.85 t=-2.27 (0.02) =

Range: 16-42 13-30 22-44 (<0.001)*** 0> 1%, 10> 11** o (<0.001)*** S Q
Total duration of illness 74.62 (56.2); 104 (75.7); Median: 16.85 (21.40); Median: H=34.91 11> 1> 10> 17, t=-1.8 (0.07) U=45.50 U=87.50
(months) Median: 58 69 8 (<0.001)*** 11> [*** (<0.001)*** (<0.001)***
Duration of treatment 59.8 (49.48); 90.85 (65.41); 0.38 (0.39); Median: H=50.78 1> >0 110> 1%, t=-2.23 (0.02) U=00 U =0.500
(months) Median: 55 Median: 66 0.25 (<0.001)*** 1> 1*** * (<0.001)*** (<0.001)***
Duration of current treatment 36.45 (34.98); 27.28 (32.02); 0.38 (0.39); Median: H=149.29 I>1> U 1> 1, U=494 (0.16) U =189 (0.02)* U=0.500
(in months) Median: 33 Median: 12 0.25 (<0.001)*** 1> 1+ (<0.001)***

Mean Chlorpromazine 271.88 (108) 321.14 (126.33) 218.24 (79.05) F=5.83 (0.004)** 11> 11105 1> 11+ t=-1.75(0.85)  t=3.35 (0.001) t=1.97 (0.05)

equivalent dose

*k

Smoking
Yes 5 (14.3%) 8 (22.9%) 07 (33.3%) x> =2.80 (0.24) x>=0.85(035) x?>=0.73(0.39)  x*>=2.82(0.09)
No 30 (85.7%) 27 (77.1%) 14 (66.7%)

Smoking dependence

Low to moderate 2 (5.7%) 3 (8.6%) 03 (14.3%) ¥ =0.033 (0.98) FE = 1.00 FE = 1.00 FE = 1.000

High 3 (8.6%) 5 (14.3%) 04 (19.0%)

Positive and Negative Syndrome Scale

Positive subscale score 10.8 (2.52) 21.66 (5.1) 21.23 (4.07) F=75.88 > 11> 15 10> 17, t=-11.29 t=0.32 (0.75) t=-11.87
(<0.001)*** > [*** (<0.001)*** (<0.001)***

Negative subscale score 12.09 (5.79) 19.91 (7.89) 13.61 (6.85) F=1221 > 11> 15 1> 17, t=-4.73 t=3.03 (0.004) t=-0.89 (0.37)
(<0.001)*** 1> H*** (<0.001)*** o

General psychopathology 23.83 (7.11) 34.66 (8.69) 30.47 (8.29) F=16.14 > 11> 15 11> 17 t=-5.70 t=1.77 (0.08) t=-3.18

subscale score (<0.001)*** > 1* (<0.001)*** (0.002)**

PANSS Depression subscale 5.74 (1.38) 7.49 (2.85) 6.71 (2.08) F=5.49 (0.01)** > 1> 15 10> 1% t=-3.25 t=1.08 (0.28) t=-2.10 (0.04)

(0.002)** &

PANSS prosocial subscale 7.46 (4.38) 13.43 (4.9) 9.14 (4.95) F=14.62 0> 10> 15 11> 1%, t=-537 t=3.15(0.003)  t=-1.33 (0.19)
(<0.001)*** 11> H** (<0.001)*** oa

Total PANSS Score 46.71 (14.01) 76.23 (17.7) 65.33 (16.94) F=29.53 0> 10> 15 11> 1%, t=-77 t=2.26 (0.028) t=—4.45
(<0.001)*** > 1> (<0.001)*** * (<0.001)***

Metabolic Parameters

Bodyweight (kg) 67.67 (10.18) 72.79 (15.66) 63.57 (11.53) F=3.56 (0.03)* 1> 1> 1> 1 t=-1.62 (0.11) t=2.34 (0.02)* t=1.39 (0.17)

Height (cms) 166.53 (7.69) 164.8 (8.71) 167.9 (8.61) F=0.97 (0.38) 0> 1> t=10.88 (0.38) t=-1.3(0.2) t=—0.62 (0.54)

Body mass index (kg/mz) 24.42 (3.47) 26.77 (5.16) 22.45 (3.03) F=17.52 (0.01)** 1> 1> 11> 1+ t=-2.23 (0.03) t=3.48 t=2.15 (0.04)*

3 (<0.001)***

691

(Continued)
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Table 2. (Continued)

Waist circumference (cms) 93.11 (8.72) 95.69 (13.24) 91.09 (7.49) F=1.33(0.27) 11> 1> t=-096 (0.34)  t=145 (0.15) t=0.88 (0.38)
Systolic blood pressure 120 (9.69) 116.6 (23.08) 115.4 (10.47) F=0.63 (0.54) 1> 1> 11 t=0.8 (0.42) t=0.22 (0.83) t=1.66 (0.1)
(mmHg)

Diastolic blood 77.83 (7.68) 77.14 (10.03) 71.52 (6.50) F=2.39 (0.1) 1> 11> 1 t=-0.83 (0.41) t=223(0.03)*  t=1.58(0.12)
pressure(mmHg)

Triglycerides (mg/dl) 142.31 (34.96) 151.4 (52.42) 129.71 (21.17) F=1.89 (0.16) 11> 1> t=—0.85 (0.4) t=1.8 (0.08) t=1.49 (0.14)
HDL levels (mg/dl) 416 (5.15) 44.86 (6.03) 41.19 (4.43) F=4.4 (0.02)* 1> 1> 00> 1* t=-243(0.02) t=2.42(0.02)* t=0.3 (0.76)
Fasting blood sugar(mg/dl) 95.23 (11.36) 101.2 (16.57) 92.71 (11.57) F=2.98 (0.06) 11> 1> t=-176 (0.08)  t=2.06 (0.04)* t=0.8 (0.43)
HbAlc 5.13 (0.49) 5.38 (0.55) 5.01 (0.45) F=3.95 (0.02)* 1> 110 11> 101* t=-2.02 (0.04)  t=2.55 (0.01) t=0.87 (0.39)
Abnormal waist 27 (77.1%) 28 (80%) 13 (61.9%) ¥2=2.45 (0.29) ¥2=0.08 (0.77)  x2=2.19(0.14) ¥2=1.49 (0.22)
circumference (>90 cm for

males and >80 cm for

females)

Systolic blood pressure 2 (5.7%) 8 (22.9%) 04 (19%) 4.72 (0.09)@ 2.91 (0.08)@ 00 (1.00)@ FE=0.18
>130 mmHg

Diastolic blood pressure 7 (20%) 10 (28.6%) 01 (4.8%) x> =4.69 (0.09) ¥2=0.70 (0.40) 3.32 (0.06)@ 1.40 (0.24)@
>85 mmHg

Abnormal blood pressure (> 8 (22.9%) 10 (28.6%) 04 (19%) ¥2=0.70 (0.70) ¥2=0.29 (0.58) 0.23 (0.63)@ 00 (1.00)@
130/>85) or diagnosed as

hypertensive

Abnormal Triglyceride levels 12 (34.3%) 17 (48.6%) 03 (14.3%) x*>=6.78 (0.03)* x%=1.47 (0.23) 5.31 (0.02*)@ 1.75 (0.18)@

>150 mg/dl

Abnormal HDL levels
(<40 mg/dl in males and
<50 mg/dl in females)

17 (48.6%)

12 (34.3%)

09 (42.9%)

¥%=1.48 (0.48)

x%=1.47 (0.22)

x%>=0.41 (0.52)

%% =0.17 (0.67)

Abnormal fasting blood
sugar(>100 mg/dl)

7 (20%)

12 (34.3%)

05 (23.8%)

¥ =1.93 (0.38)

x2=18 (0.18)

x?=0.68 (0.41)

¥ =0.11 (0.74)

Metabolic syndrome

Present

12 (34.3%)

14 (40%)

05 (23.8%)

Absent

23 (65.7%)

21 (60%)

16 (76.2%)

%% =1.53 (0.46)

¥?=0.24 (0.62)

x?>=1.53 (0.21)

%2 =0.68 (0.40)

x2: Chi-square value; t: T-test; SD: standard deviation; U: Mann-Whitney value; FE: Fisher Exact value; H: Kruskal-Wallis value; @: Chi-square value with Yate’s correction; F: ANOVA value; *p < 0.05; **p < 0.01; ***p < 0.001.
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(Ascaso et al., 2015, 2010; Cabezon et al., 2012; Celik et al., 2016;
Chu et al.,, 2012; Lee et al., 2013; Schonfeldt-Lecuona et al., 2019;
Topcu-Yilmaz et al., 2019; Yilmaz et al., 2016). Additionally, some
of the studies suggest that there is also a reduction in the macular
volume (Ascaso et al., 2015; Lee et al., 2013; Miller et al., 2020;
Schonfeldt-Lecuona et al, 2019; Topcu-Yilmaz et al, 2019;
Yilmaz et al., 2016). The studies that have compared the retinal
changes in male and female patients with schizophrenia suggest
some differences in the findings of male and female patients
(Jerotic et al., 2020). However, one of the major problems with
the existing literature is the confounding factors such as systematic
diseases (such as hypertension and diabetes mellitus), chronic
smoking, use of other substances, use of antipsychotic medications,
obesity, and demographic variables such as gender and age
have not been controlled consistently in various studies.
Possibly due to this, the results are inconsistent with the thickness
of RNFL and correlates of RNFL. Keeping these issues in mind, the
present study aimed to evaluate the retinal layer changes in patients
with schizophrenia with SS-OCT and compared it with healthy
controls.

The present study included four groups of participants, that is,
FES, SZCR, TRS, and a healthy control group. These four groups
were selected considering the effect of antipsychotics and the acute
symptoms on the RNFL. The patients with FES and those with TRS
had acute symptoms, whereas the third group of patients, that is,
SZCR group patients, were in clinical remission. TRS was also
defined by using criteria proposed by Howes et al (2016), which
ensured proper categorisation of patients to the TRS group and
also the SZCR group.

Age, gender, and level of education-matched healthy control
group were selected to overcome the impact of these variables
on the RNFL. Further, the study was limited to patients with
schizophrenia, aged 18-45 years. This was done to minimise the
effect of older age on the retina. Similarly, other conditions which
can influence the retinal findings were excluded. In addition to this,
all the metabolic parameters, such as fasting blood glucose level,
Hbalc levels, triglyceride levels, high-density lipoprotein levels,
very low-density lipoprotein levels, waist circumference, BMI,
and metabolic syndrome, were taken as covariates while evaluating
the differences in the RNFL thickness. Additionally, total duration
of treatment and chlorpromazine dose equivalent of antipsychotic
medications were also used as a covariate. The severity of tobacco
dependence was also used as a covariate in the analysis.
Accordingly, the present study can be considered as a methodo-
logical advancement, and the findings obtained can be considered
as a true reflection of differences and similarities between patients
with schizophrenia and healthy controls. Further, the similarities
and differences in different group of patients with schizophrenia
could be a reflection of clinical differences in the participants in
the different groups.

In the present study, when patients with psychotic illness (first-
episode drug-naive schizophrenia, SZCR & TRS groups), currently
in clinical remission were compared with healthy controls, patients
had significantly lower sub-foveal choroidal thickness (both left
and right eye). Additionally, patients with FES and TRS groups
had significantly lower macular volume (left eye). However, these
significant differences persisted for sub-foveal choroidal thickness
(left eye) only when the various confounders were taken into
account. The effect size of the difference between the patients with
SZCR, when compared to healthy controls, was 0.72 for the sub-
foveal choroidal thickness (left eye) and for the macular volume
(left eye) was 0.58. When the patients with TRS were compared
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with healthy controls, initially significant differences were
observed for the macular volume (left and right), and the ganglion
cell thickness (right eye) but these differences disappeared after
controlling for the various covariates. Similarly, when the patients
with FES, currently in the acute episode, were compared with
healthy controls, a significant difference was noted in the macular
volume (left and right), but these differences disappeared after con-
trolling for the various covariates.

Our findings are in concordance with the majority of the pre-
vious studies and suggest thinning of the retina in patients with
schizophrenia when compared to the healthy controls (Ascaso
et al., 2015, 2010; Cabezon et al., 2012; Celik et al., 2016; Joe
et al, 2018; Lee et al, 2013; Miller et al., 2020; Samani et al,
2018; Schonfeldt-Lecuona et al, 2019; Topcu-Yilmaz et al,
2019; Yilmaz et al., 2016). However, our study findings do not sup-
port the studies which have reported lack of difference between
patients with schizophrenia and healthy controls (Chu et al.,
2012; Silverstein et al., 2018). The lack of difference between
patients with TRS and those with FES from healthy controls after
controlling for confounders could be due to the effect of the symp-
toms per se on the retinal findings. Some of the authors have sug-
gested that acute psychosis itself is associated with acute
inflammatory response, which increases the retinal thickness
(Ascaso et al., 2015). Findings of the present study also possibly
support the same.

The significant difference in the thickness of macular volume
between the healthy controls and patients with SZCR, currently
in remission, even after controlling for various covariates reflects
that retinal changes are seen in patients with schizophrenia and
support the exiting studies (Ascaso et al., 2015; Joe et al., 2018;
Lee et al., 2013; Miller et al, 2020; Schénfeldt-Lecuona et al,
2019; Topcu-Yilmaz et al., 2019; Yilmaz et al., 2016). However,
presence of these changes in the remission phase and absence of
the same in the acute phase possibly suggests that retinal changes
in patients with schizophrenia are ‘state’ markers. Accordingly, it
can be said that future studies must attempt to compare the
patients with acute symptoms and those in remission and longitu-
dinally follow up the patients to evaluate the retinal changes during
the different phases of illness to improve the understanding.
Further, the present study suggests that among the various param-
eters, the macular volume appears to be the most important mea-
surement. Hence, besides focusing on other measurements, future
studies must focus on the macular volume by carrying out single-
layer analysis to improve clarity on the topic.

However, one of the important findings of the present study is
that although we did not find significant differences for various
retinal parameters in the comparison statistics, effect sizes for vari-
ous comparisons between the schizophrenia groups and healthy
controls were medium to large, with the largest sizes (0.54-0.82)
for the comparisons of patients with SZCR group and the healthy
controls. For the comparisons of TRS and the healthy control
group, the effect sizes varied from 0.43 to 0.73, and that for patients
with FES and healthy controls varied from 0.34 to 0.66. Few of the
previous studies have evaluated the effect sizes and have also
reported medium to large effect sizes (Cabezon et al, 2012;
Silverstein et al., 2018). These medium to large effect size
differences between patients with schizophrenia in different phases
of illness and healthy controls suggest that retinal changes do occur
in patients with schizophrenia.

When patients with TRS were compared with patients with
SZCR, the initial comparison revealed thinning of the sub-foveal
choroidal thickness (both right and left eye), but this disappeared
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Table 3. Comparison of OCT measurements among all groups

Effect
SZCR patients group Treatment-resistant schizophre- First-episode antipsychotic-naive Healthy controls; group ANOVA test/ ANCOVA test size
I; N=35; mean (SD) nia (TRS); group Il; N=35; mean  schizophrenia (FES); group Ill; N =21; IV; N =36; mean (SD) chi-square Post hoc (p- after controlling (Partial
Variables [CI]/frequency (%) (SD) [Cl]/frequency (%) mean (SD) [Cl]/frequency (%) [CI]/frequency (%) test (p-value) values) for covariates# Eta)
Sub-foveal choroidal thickness
Right 258.05(29.22) [208.5- 273.42(44.32) [258.68-287.52] 283.19(23.73) [272.44-293.47] 280.30(30.95) [270.55- F=26.41 M>>Il F=8.15 (0.001) 0.86
228.43] 290.11] (<0.001)*** 1> 1, o
1> 1***,
IV > ***
Left 260.24(20.63) [214.12- 282.6(38.13) [269.48-294.52] 284(27.90) [272.43-296.15] 279.38(29.28) [269.76- F=34.90 H>10>1V>1; F=28.08 (0.001) 0.84
227.77] 288.52] (<0.001)*** 1> 1> o
1> 1***,
IV > ***
Macular volume
Right 7.42(0.37) [7.33-7.51] 7.37(0.21) [7.29-7.44] 7.32(0.36) [7.18-7.5] 7.51(0.29) [7.41-7.61] F=2.32 V> I>11> 1l F=0.68 (0.78) 0.70
(0.08)
Left 7.50(0.28) [7.42-7.61] 7.44(0.30) [7.34-7.55] 7.30(0.32) [7.17-7.46] 7.65(0.27) [7.56-7.74] F=6.75 IV > 11%, F=1.07 (0.40) 0.67
(<0.001)*** IV > [11**
Central 1 mm thickness of retina
Right 221.82(25.82) [214.48- 224.62(27.28) [215.81-234.72] 209.86(28.87) [195.88-221.22] 217.22(21.41) [210.21- F=1.78 1> I1>IV> 11 F=1.40 (0.18) 0.55
230.17] 223.86] (0.15)
Left 220.25(26.64) [212.68- 219.6(21.26) [213.42-227.07] 226.09(20.18) [217.11-235.13] 219.56(23.82) [211.56- F=0.48 > 1>11> 1V F=0.64 (0.81) 0.70
227.71] 227.59] (0.69)
Retinal nerve fibre layer thickness
Right 1.88(1.20) [1.48-2.33] 1.85(0.88) [1.59-2.15] 1.90 (2.07) [1.07-2.95] 1.94(1.75) [1.41-2.6] H=1.40 V> 1> 1> F=0.85 (0.0.60) 0.71
(0.70)
Left 1.94(1.21) [1.56-2.36] 1.83(0.87) [1.55-2.18] 3.24(3.97), 2 [1.67-3.53] 2.03(1.78) [1.45-2.67] H=1.12 N>V I>l F=0.86 (0.59) 0.59
0.77)
Ganglion cell thickness
Right 41.08(12.94) [36.96- 43.48(14.19) [38.95-48.73] 35.57(12.58) [29.63-40.82] 36.91(9.06) [33.94- F=265 11> 1>V > 1l F=2.26 (0.01)* 0.54
45.93] 39.76] (0.05)
Left 38.65(10.20) [35.39- 40.22(9.03) [37.46-43.67] 38.71(12.45) [33.3-44.35] 39.39(13.72) [35.03- F=0.13 N> 1V>1>1 F=0.97 (0.49) 0.66
42.21] 44.16] (0.94)
Outer retinal thickness
Right 180.45(13.13) [175.96- 181.4(14.82) [176.61-186.71] 174.14(17.16) [166.1-180.75] 180.58(15.03) [175.74- F=1.20 11> 1V > 1> F=0.83 (0.63) 0.57
184.81] 185.41] (0.31)
Left 181.31(13.84) [176.74- 174.60(30.76) [162.58-182.94] 187.52(16.63) [180.64-195.12] 180.16(18.22) [173.85- F=1.66 > 1>IV> 1l F=1.02 (0.44) 0.81
185.99] 186] (0.18)

SD: standard deviation; Cl: confidence interval; H: Kruskal-Wallis value; F: ANOVA & ANCOVA value; *p < 0.05.
# Covariates - age, gender, duration of treatment, FTND scores, current medications (CPZ equivalents), body mass index, waist circumference, blood pressure (systolic and diastolic values), FBS, HbAlc, metabolic syndrome(present or absent).
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Table 4. Comparison of OCT measurements among schizophrenia participants with healthy controls

Sub-foveal choroidal thickness

Right t=—8.57 (<0.001)*** F=2.25 (0.1) 0.65 t=—0.76 (0.45) F=0.77 (0.64) 0.65 t=0.37 (0.714) F=0.85 (0.59) 0.56

Left t=-9.69 (<0.001)*** F=3.03 (0.04)* 0.72 t=0.35 (0.73) F=0.68 (0.71) 0.73 t=0.58 (0.562) F=1.55 (0.22) 0.34

Macular volume

Right t=-1.26 (0.21) F=1.62 (0.22) 0.73 t=-2.23 (0.03)* F=0.52 (0.82) 0.45 t=-2.10 (0.040)* F=2.29 (0.08) 0.44

Left t=—2.16 (0.03)* F=3.33 (0.03)* 0.58 t=—3 (<0.001)*** F=1.02 (0.47) 0.58 t=—4.33 (<0.001)*** F=2.15 (0.1) 0.46

Central 1 mm thickness of retina

Right t=0.89 (0.38) F=0.39 (0.91) 0.62 t=1.28 (0.2) F=0.17 (0.99) 0.43 t=—-1.10 (0.276) F=1.43 (0.27) 0.43

Left t=0.13 (0.9) F=0.41 (0.9) 0.75 t=10.01 (0.99) F=0.33 (0.94) 0.47 t=1.05 (0.296) F=1.43 (0.27) 0.47

Retinal nerve fibre layer thickness

Right t=-0.16 (0.87) F=0.87 (0.57) 0.82 t=-0.26 (0.79) F=0.88 (0.57) 0.56 U=361 (0.778) F=1.89 (0.14) 0.66, Glass - 0.21
Left t=-0.23 (0.82) F=0.82 (0.60) 0.64 t=—0.51 (0.61) F=0.85 (0.58) 0.62 U=311 (0.245) F=1.58 (0.22) 0.57, Glass - 0.30
Ganglion cell thickness

Right t=1.58 (0.12) F=1.04 (0.46) 0.67 t=2.33 (0.02)* F=0.52 (0.83) 0.54 t=—0.47 (0.642) F=1.66 (0.19) 0.54

Left t=-0.25 (0.8) F=0.31 (0.95) 0.84 t=0.3 (0.76) F=0.36 (0.93) 0.55 t=—0.18 (0.854) F=0.5 (0.85) 0.65

Outer retinal thickness

Right t=—0.04 (0.97) F=0.27 (0.95) 0.54 t=0.23 (0.82) F=0.27 (0.97) 0.43 t=—1.48 (0.144) F=1.52 (0.23) 0.54

Left t=0.3 (0.77) F=0.67 (0.72) 0.62 t=-0.93 (0.36) F=0.73 (0.68) 0.47 t=1.51 (0.135) F=1.16 (0.39) 0.60

t: T-test; SD: standard deviation; Cl: confidence interval; F: ANCOVA value; Glass: Glass’s delta value; *<0.05; **<0.01; ***<0.001.

# Covariates - age, gender, duration of psychiatric illness, duration of treatment, FTND scores, current medications (CPZ equivalents), body mass index, waist circumference, blood pressure (systolic and diastolic values), FBS, HbAlc, metabolic syndrome

(present or absent).
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Table 5. Comparison of OCT measurements between different schizophrenia groups

Sub-foveal choroidal thickness

Right t=—6.06 (<0.001)*** F=1.76 (0.53) 0.92 t=—8.5 (<0.001)*** F=174(0.54)  0.64 t=-0.93 (0.36) F=27.15 (0.04)* 0.85

Left t=-8.35 (<0.001)*** F=4.98 (0.34) 0.88 t=-9.68 (<0.001)*** F=2.27(0.34) 0.72 t=-0.19 (0.85) F=1.18 (0.55) 0.75

Macular volume

Right t=0.86 (0.39) F=14.48 (0.35) 0.89 t=1.15 (0.25) F=3.41(0.4) 0.59 t=0.62 (0.54) F=2.11 (0.37) 0.72

Left t=0.9 (0.37) F=0.71 (0.74) 0.75 t=2.5 (0.02)* F=14 (0.21) 0.54 t=1.65 (0.1) F=1.22 (0.54) 043

Central 1 mm thickness of retina

Right t=—0.47 (0.64) F=09.14 (0.25) 0.71 t=1.74 (0.09) F=10.82(0.23)  0.72 t=1.93 (0.06) F=0.5 (0.83) 0.68

Left t=0.13 (0.9) F=3.50 (0.03)* 0.86 t=—0.96 (0.34) F=081(0.71)  0.66 t=-1.17 (0.25) F=38.6 (0.03)* 0.86

Retinal nerve fibre layer thickness

Right t=0.11 (0.91) F=0.86 (0.7) 0.83 U=330 (0.51) F=6.82 (0.13) 045, Glass - 0.23  U=323 (0.43) F=2.15 (0.24) 0.82, Glass - 0.05

Left t=0.34 (0.74) F=0.76 (0.73) 0.89 U=340 (0.63) F=2155(0.04)* 0.67, Glass - 0.19  U=347 (0.71) F=0.56 (0.79) 0.61, Glass - 1.62

Ganglion cell thickness

Right t=—0.74 (0.46) F=1.65 (0.44) 0.71 t=1.56 (0.12) F=16.84 (0.19)  0.44 t=2.11 (0.04)* F=3.77 (0.23) 0.73

Left t=—0.68 (0.5) F=34.01 (0.02)* 0.73 t=—0.02 (0.99) F=434(0.20) 0.74 t=0.53 (0.6) F=2.43 (0.33) 0.65

Outer retinal thickness

Right t=-0.28 (0.78) F=29.2 (0.02)* 0.91 t=1.55 (0.13) F=234(0.34)  0.60 t=1.67 (0.1) F=0.95 (0.62) 0.63
Left t=1.18 (0.24) F=32.8 (0.02)* 0.82 t=—1.1(0.14) F=3.42(0.25)  0.54 t=—1.77 (0.08) F=1.47 (0.48) 0.74

t: T-test; SD: standard deviation; Cl: confidence interval; F: ANCOVA value; Glass: Glass’s delta value; *<0.05; **<0.01; ***<0.001.
# Covariates - age, gender, duration of psychiatric illness, duration of treatment, FTND scores, current medications (CPZ equivalents), body mass index, waist circumference, blood pressure (systolic and diastolic values), FBS, HbAlc, metabolic syndrome
(present or absent).
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when the covariates were included in the analysis. However, on the
inclusion of covariate, the ganglion cell thickness, which was not
significant in the initial analysis, appeared to be significant (left
side). Only one previous study has compared patients with treat-
ment-refractory schizophrenia and healthy controls, and this study
suggests that global RNFL thickness ganglion cell thickness and
internal plexiform layer thickness are lower in patients with treat-
ment-refractory schizophrenia, compared to treatment-responsive
schizophrenia. Our findings of significant difference in ganglion
cell thickness after controlling for other variables support this
study (Celik et al., 2016). However, in the present study, we did
not find the difference for other parameters, after controlling for
the covariates. This difference in our study and the previous study
could be attributed to the differences in the severity of psychopa-
thology and the method of analysis.

In the present study, when the patients with SZCR were com-
pared with the patients of FES, after controlling for the covariates,
patients in clinical remission were found to have significant thin-
ning of the RNFL thickness (left side). As none of the previous
studies have compared these groups, it is difficult to make any con-
clusion about this difference between the two groups.

In the present study, patients with TRS and those with FES dif-
fered significantly for the thickness of sub-foveal choroidal thick-
ness (right side) and central 1 mm thickness of the retina (left side),
after controlling for the covariates. As none of the previous studies
have compared these groups, it is difficult to make any conclusion
about this difference between the two groups. These retinal
changes may be a marker of the TRS. However, there is a need
to validate the same in future studies.

Another important fact, which emerged from the present study,
is that when the patients with schizophrenia with different phases of
illness were compared, effect sizes between the different groups
were mostly large (ie. >0.8). This finding suggests that there are
differences in the retinal thickness between the subjects with differ-
ent phases of illness and this requires further evaluation by control-
ling for various covariates by using more stringent selection criteria.

The present study has certain limitations, which must be kept in
mind. These include limited sample size, convenient sampling,
cross-sectional assessment, lack of evaluation of the association
of retinal changes with the brain changes by using neuroimaging,
lack of assessment of functional retinal changes, and lack of evalu-
ation of the association of retinal changes with cumulative anti-
psychotic dose exposure in the lifetime. The study also did not
consider the evaluation of acute inflammatory markers. Future
studies must attempt to overcome these limitations. In the present
study, the mean age of the participants with FES was higher than
that noted in some of the studies evaluating patients with first-epi-
sode schizophrenia.

To conclude, the present study suggests that compared to
healthy controls, patients with SZCR (non-TRS), currently in clini-
cal remission, show thinning of the retina, especially in the sub-
foveal choroidal thickness (left eye), and macular volume (left
eye). However, similar changes are not in patients in the acute
phase of illness, either TRS or FES. These findings possibly suggest
that retinal changes in patients with schizophrenia correspond
with the brain changes marked by atrophy, which is more apparent
only in remission phase. However, during the acute phase of ill-
ness, these changes are not visible due to neuro-inflammation-
related oedema.
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