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Background: Retina is considered as a window to the brain due to the similarities in terms of development and pathologies.
Optical coherence tomography (OCT) can perform quantitative examinations in the retina. In this study, we aimed to investigate the
effects of drugs used in schizophrenia and bipolar disorder (BD) on retinal nerve fiber layer (RNFL) and macular thickness.

Subjects and methods: The study included schizophrenia (n=35) and euthymic BD (n=46) patients on various medications, and
age, gender matched healthy control group (n=31). For retinal evaluation, measurements of RNFL and macula were performed with

Optovue RTVue Premier OCT.

Results: In the schizophrenia group, chlorpromazine equivalent dose of antipsychotics was a statistically significant negative
predictor of left RNFL nasal superior region thickness. In the BD group, serum valproate level was a significant positive predictor of
thickness in the right macular inferior outer, left macular nasal outer region, right RNFL inferotemporal, left temporal and

inferotemporal regions.

Conclusion: Since the retina consists of neurons, morphological or functional examination of retina may be beneficial for the
evaluation of the effects of psychopharmalogical treatments in schizophrenia and BD. The outcome of this study implies that
valproate has neuroprotective effects on the optic nerve and macula, and this finding is consistent with the literature implying

neurotrophic effects of valproate.
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INTRODUCTION

Bipolar disorder (BD) and schizophrenia are mental
disorders that cause severe dysfunction (Whiteford et al.
2015). Although there are differences in the clinical
course between the two disorders, similarities can be
observed in clinical and neurobiological variables.
Some common neurobiological changes have been seen
in structural neuroimaging studies and postmortem
studies, decrease in brain volume, loss of myelin in
white matter tracts, voltage loss in electroencephalo-
graphy experiments, and neuronal loss in postmortem
histopathological examinations (Gigante et al. 2011,
Honea et al. 2005, Kempton et al. 2008, Narayanan et
al. 2013, Nudmamud et al. 2003).

According to the neurodegenerative hypothesis,
disruptions in the vital functions of cells result in
volume loss in the tissues at the end of a process that
can be defined as premature aging (Buoli et al. 2017).
The severity of symptoms may be related to the
severity of neurodegenerative changes (Moorhead et
al. 2007). Since it is a neural tissue, the retina also has
the potential to be affected by such changes and many
findings supporting this have been obtained in recent
years (Thiele et al. 2018).

Optic coherence tomography (OCT) is a non-in-
vasive device used in retinal examination in clinical
practice. It can reveal retinal layers with very good
consistency and precision. One of these measures, Retinal
Neural Fiber Layer (RNFL) has been used for evaluations
not only in ophthalmological disorders but also in various
diseases that progress with neurodegeneration such as
multiple sclerosis, Parkinson’s and Alzheimer's disease
(Lu et al. 2010, Moschos et al. 2011). There are studies
reporting different results regarding RNFL and macular
thickness in schizophrenia and BD. Some studies have
reported that the RNFL is thinned in schizophrenia and
BD (Ascaso et al. 2015, Martin et al. 2019, Pan et al.
2018), and others have found no difference (Chu et al.
2012, Topgu-Yilmaz et al. 2019). In a meta-analysis of
20 studies, the eyes of 541 schizophrenia patients, 279
BD patients and 904 healthy control subjects were
examined, and it was reported that the RNFL was ob-
served to be thinner in the schizophrenia and BD groups
compared to the healthy control groups (Liziano et al.
2020). Furthermore, retinal microvascular abnormalities
have also been observed in schizophrenia and BD
(Appaji et al. 2019, Yusifova et al. 2020).

Since it contains neural cells, neurotransmitters such
as acetyl choline, dopamine and serotonin provide signal
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transmission in the retina as in the brain. Dopamine D2
receptors (D2R) are known to play an important role in
the regulation of neural responses such as adaptation to
light in the human retina (Masson 2019, Tian et al.
2015). There is insufficient information about the effects
on the retina of psychotropic drugs used in schizo-
phrenia and BD that affect the serotonergic and
dopaminergic systems.

There are studies revealing that D2 and D3 receptors
in the retina may decrease in drug-treated schizophrenia
patients (Caravagio et al. 2018). Antipsychotics affect
brain volume (Ho et al. 2011) and likewise modulate
dopaminergic neurotransmission in the retina (Silver-
stein & Rosen 2015). Electroretinogram (ERG) is a
method in which retinal cell functions are electrophysio-
logically evaluated according to the paradigm (e.g.,
Flash ERG rod/cone functions, pattern ERG macular,
bipolar, retina ganglion cell functions) and ERG studies
showed abnormalities in schizophrenia and bipolar
disorder (Jurisi¢ et al. 2020). Findings in ERG studies
are not specific in schizophrenia or bipolar disorder
(Sili¢ et al. 2020), however ERG might be utilized in
psychopharmacology since the waves are determined by
certain neurotransmitters. In a recently published meta-
analysis, it was found that psychotropic drugs affect B
waves in the electroretinogram as expected. (Youssef et
al. 2019).

As the retina is dense in neurotransmitters, psycho-
tropic drugs cause alterations in retinal physiology. The
aim of this study was to examine the effects of psycho-
tropic drugs used in the treatment of schizophrenia and
BD on the RNFL and macular thickness.

SUBJECTS AND METHODS
Study Design and Subjects

This study was conducted in the psychiatry out-
patient clinic of Trabzon Kanuni Training and Research
Hospital between May 2017 and January 2018. Accor-
ding to DSM-5 diagnostic criteria 35 schizophrenia
patients who had been using risperidone or clozapine for
at least 6 months and 46 euthymic BD patients, aged 18-
65 years were included in the study. A control group
was formed of 31 age and gender-matched healthy vo-
lunteers. Informed consent was obtained from all of the
participants. The study protocol was convenient to Dec-
laration of Helsinki and approved by Trabzon Kanuni
Training and Research Hospital Ethics Committee
(Date: June 07"- 2017, Protocol#: 2017/19).

The patients in the schizophrenia group were classi-
fied as those using risperidone or clozapine. The chlor-
promazine equivalent risperidone doses (RD), chlor-
promazine equivalent clozapine doses (CD) and chlor-
promazine equivalent doses of all antipsychotics
(APDs) were calculated (Langan et al. 2012). Schizo-
phrenia patients using an additional antipsychotic to
risperidone and clozapine at a dose exceeding the
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equivalent of 300 mg chlorpromazine were not included
in the study. In the BD group, the serum levels of
valproate and lithium were measured and recorded.
Chlorpromazine equivalent doses of antipsychotics
taken in addition to the mood stabilizers were calculated
(APDD).

Patients were excluded from the study if they were
in a position to prevent giving consent to study
participate, had mental retardation, any additional
medical, psychiatric or neurological disease, any
ocular pathology (glaucoma, a history of myopia > £2
diopter or hypermetropia, ocular trauma, ocular
surgery in the last 3 months), any condition such as
hypertension or diabetes mellitus which could lead to
macular degeneration or optic neuropathy, intracranial
or intraocular lesions, a history of brain surgery, and in
the control group, the presence of any axis 1 pathology
according to the DSM-IV-TR diagnostic criteria, or the
presence of any psychiatric disease in a first-degree
relative.

Assessments

The Scale for the Assessment of Positive Symptoms
(SAPS) (Andreasen 1984, Erkoc et al. 1991a) and the
Scale for the Assessment of Negative Symptoms (SANS)
(Andreasen 1983, Erkoc et al. 1991b) to determine
severity of disease in the schizophrenia group, the
Young Mania Rating Scale (YMRS) (Karadag et al.
2001, Young et al. 1978) and the Beck Depression In-
ventory (BDI) (Beck et al. 1961, Hisli 1988) to deter-
mine the severity of BD were applied.

For retinal evaluation, measurements of RNFL thick-
ness and macular thickness were taken on an Optovue
RTVue Premier (Optovue Inc., Fremont, California,
USA) Optic Coherence Tomography device in the
Ophthalmology Clinic of Kanuni Training and
Research Hospital. RNFL imaging was applied using
circular scans 3.4 mm in diameter in the center of the
optic disc. RNFL thickness for the right (OD) and left
(OS) eyes was automatically calculated in 7 regions of
nasal (N), superonasal (SN), inferonasal (IN), supero-
temporal (ST), temporal (T), and inferotemporal (IT),
and global (G).

The macular thickness results were recorded from 9
regions of central foveal thickness (CF), superior inner
macula (SIM), superior outer macula (SOM), nasal
inner macula (NIM), nasal outer macula (NOM), infe-
rior inner macula (IIM), inferior outer macula (IOM),
temporal inner macula (TIM), and temporal outer ma-
cula (TOM). Only well-centered, high quality images
of 15dB signal power were included in the study.
During the course of the study, a total of 14 patients
were excluded; 5 patients with refractive error >2.00
D, 1 with amblyopia, 2 determined with cataracts
preventing OCT examination, and 6 diagnosed with
HT or DM.
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Statistical Analysis

Sociodemographic characteristics were presented
as descriptive statistics. Categorical variables were re-
ported as number (n) and percentage (%), and conti-
nuous variables as mean + standard deviation (SD) or
median and interquartile range values. Distribution
characteristics of the variables were assessed with the
Shapiro Wilk test. Variables conforming to normal
distribution were examined with parametric tests and
those not showing normal distribution, with non-
parametric tests. In the comparisons between the
groups, the t-test or the Mann Whitney U-test was
used. Categorical variables were compared using the
Chi-square test. Analysis of variance (ANOVA) or the
Kruskal Wallis test were applied to comparisons of 3
or more groups. For post-hoc comparisons, whether or
not variances were homogenous was evaluated with
the Levene’s Test for Homogeneity of Variances. The
Bonferroni Test was applied for homogenous variances
and the Tamhane’s Test for non-homogenous variances.
To examine the relationships between variables, the
Spearman Rank correlation test was applied. Linear
Regression Analysis was performed to examine
whether or not the measurements obtained on OCT
were determined by other parameters. To examine
whether or not the variables affected the differences
between the groups, Univariate Covariance Analysis
was applied. The results in all the tests were two-
tailed. A value of p<0.05 was accepted as statistically
significant.

Table 1. Sociodemographic data and psychiatric scale scores

RESULTS

The sample consisted of 35 schizophrenia patients,
46 BD patients and a control group of 31 healthy
individuals. No statistically significant difference was
determined between the groups in respect of age and
gender. Also, no statistically significant difference was
detected between the schizophrenia and BD groups in
terms of chlorpromazine equivalent doses of anti-
psychotics, the duration of the last treatment received,
or the number of hospitalizations. Age at onset is earlier
and disease duration was significantly longer in the
schizophrenia group (Table 1).

No statistically significant difference was deter-
mined between the schizophrenia, BD and healthy
control groups in respect of macular thickness or RNFL
in any area (Table 2).

In the correlation analyses of schizophrenia group,
antipsychotic doses (APDs) were moderately positive
corelated with RNLF regions of OD T (r=0.45,
p<0.01) and OS T (r=0.58, p<0.01), and moderately
negative corelated with OS N (r=-0.44, p<0.01). Ris-
peridone doses (RD) were moderately negative corre-
lated with OS T (r=-0.62, p<0.01), OS N (r=-0.52,
p<0.05), OS IN (r=-0.67, p<0.01) area (Table 3). In the
BD group, moderately positive correlation was deter-
mined between the valproate dose and the macula
regions of OD SOM (r=0.43, p<0.05), OD SIM
(r=0.38, p<0.05), OD NOM (r=0.52, p<0.01), OD
TOM (r=0.43, p<0.05), OD IOM (r=-0.52, p<0.01),

Schizophrenia (n=35) Bipolar Disorder (n=46) Healthy Control (n=31) p

Age* 44.20+£10.02 42.17£13.39 39.35+4.27 0.170
Gender n (%) 0.530

Female 9 (25%) 17 (36%) 11 (35%)

Male 26 (75%) 29 (64%) 20 (64%)
Education n (%) 0.018

Primary school 18 (51.42%) 15 (32.61%) 4 (12.90%)

High school 14 (40.00%) 24 (52.17%) 19 (61.29%)

University 3 (8.57%) 7 (15.22%) 8 (25.80%)
Smoker <0.001

Yes 23 (65.71%) 29 (63.04%) 24 (77.42%)

No 12 (34.29%) 17 (36.96%) 7 (22.58%)
Age at onset™ 22.91+8.02 27.87+10.95 - 0.027
Duration of disease* 20.3£8.91 13.26+8.69 - 0.001
Number of hospitalisations 5.35+4.35 4.02+2.93 - 0.106
SANS 44.46+16.33 - 0.23+0.71 <0.001
SAPS 21.29+13.95 - 0.19+0.60 <0.001
YMRS - 8.54+7.90 0.74+0.85 <0.001
BDI 2.63+2.24 0.77+1.60 <0.001
APD 283.43 £141.93 360.11+£248.46 - 0.100
Duration of last treatment™ 4.54+4.44 2.4742.69 - 0.120

SAPS: Scale for the Assessment of Positive Symptoms; SANS: Scale for the Assessment of Negative Symptoms
YMRS: Young Mania Rating Scale; BDI: Beck Depression Inventory; APD: Antipsychotic dose; * Years
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Table 2. Comparison of retinal nerve fibre layer and macula thickness between controls and patients

Schizophrenia (n=35) Bipolar Disorder (n=46) Healthy Control (n=31) F p
OD SOM 294.66 +18.20 303.04+35.34 302.26+12.78 1.18 0.300
OD SIM 342.71+15.17 352.37+59.82 346.61+14.71 0.59 0.554
OD NOM 317.60+24.95 321.28421.25 316.68+15.74 0.59 0.592
OD NIM 347.34432.77 339.07+34.39 345.71+18.45 0.85 0.427
OD TOM 289.03+28.11 288.02 +£20.09 289.06+10.68 0.03 0.969
OD TIM 337.91+ 65.45 32493 £31.78 331.16+15.18 0.92 0.400
OD IOM 286.49 £14.89 300.30 £51.70 289.45+13.56 1.77 0.175
OD IIM 338.91+15.41 338.50+31.00 343.39+16.61 0.45 0.634
OD CF 285.31+87.30 254.76+48.91 262.23+17.14 2.79 0.065
OS SOM 296.63 +£17.30 298.35+15.77 347.94+12.40 1.08 0.340
OS SIM 339.40+16.48 343.85+15.26 347.94+12.40 2.69 0.072
OS NOM 315.91+18.17 317.59+17.40 318.00+14.20 0.14 0.862
OS NIM 341.46 £16.18 341.30+14.68 342.35+24.34 0.03 0.967
OS TOM 281.54 +14.18 283.98+15.61 286.71+10.83 1.12 0.330
OS TIM 327.34 £15.08 325.87+17.04 331.23+14.21 1.10 0.336
OS IOM 287.46+16.06 288.71 £16.59 289.48+13.65 0.14 0.867
OS IIM 336.11+17.83 340.63+19.76 342.77+15.80 0.14 0.309
OS CF 271.89+25.44 262.89+22.01 262.10+15.80 222 0.113
OD ST (RNLF) 135.71+£37.51 127.11+ 22.63 134.90+18.15 1.22 0.298
OD SN (RNLF) 109.14 +£49.91 101.29+18.33 103.42+19.23 0.61 0.544
OD T (RNLF) 71.51+13.36 70.09+10.17 70.61+9.19 0.16 0.848
OD N (RNLF) 71.91£14.62 75.24426.44 74.39 £12.90 0.28 0.753
OD IT (RNLF) 138.66 +17.57 135.89+21.42 142.00+20.03 0.87 0.420
OD IN (RNLF) 106.34+25.58 104.67 £30.67 113.74+25.86 1.04 0.357
OD G (RNLF) 97.03+13.17 94.76 £15.30 100.84+15.54 1.57 0.212
OS ST (RNLF) 132.49+14.09 129.254+21.26 135.06+18.93 0.91 0.404
OS SN (RNLF) 108.51+22.91 105.32 +£19.90 112.39+19.43 1.05 0.352
OS T (RNLF) 69.43£11.75 71.20+£12.47 69.58+9.86 0.29 0.749
OS N (RNLF) 65.66+10.48 66.22+18.57 68.22 +11.04 0.29 0.746
OS IT (RNLF) 140.66+21.69 134.80+24.95 143.26+20.52 1.39 0.251
OS IN (RNLF) 102.91+£25.43 101.16+22.57 114.90+24.25 3.32 0.040
OS G (RNLF) 94.71£8.02 93.29+13.65 97.65+8.98 1.48 0.232

Note: 9 regions of macular thickness: CF: central foveal thickness; SOM: superior outer macula; SIM: superior inner macula;
NOM: nasal outer macula; NIM: nasal inner macula; TOM: temporal outer macula; TIM: temporal inner macula;

IOM: inferior outer macula; IIM: inferior inner macula;
7 regions of RNFL: ST: superotemporal; SN: superonasal; T: temporal; N: nasal; IT: inferotemporal; IN: inferonasal; G: global,
OD: right eye; OS: left eye

Table 3. Schizophrenia correlation analyses

APDs RD SANS SAPS
OD IIM -0.06 -0.33 -0.43%* -0.04
OD T (RNFL) 0.45%* 0.23 -0.02 0.06
OS T (RNFL) 0.58%* -0.62%* -0.16 -0.26
OS N (RNFL) -0.44+* -0.52* 0.17 0.25
OS IT (RNFL) 0.32 -0.01 -0.12 -0.41*
OS IN (RNFL) -0.83 -0.67** 0.04 -0.26

APDs: Antipsychotic dose of schizophrenia group; RD: Risperidon dose; OD: right eye; OS: left eye; 1IM: inferior inner macula;
T: Temporal; N: Nasal; IT: Inferotemporal; IN: inferonasal; * p<0.05; ** p<0.01
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OS SOM (1=0.36, p<0.05), OS NOM (r=0.52, p<0.01)
and OS IIM(r=0.36, p<0.05) and a mild negative
correlation was determined with OD TIM (r=-0.36,
p<0.05). A moderately positive correlation was deter-
mined between the valproate dose and the RNFL
regions of OD G (r=0.50, p<0.01), OS ST (r=0.39,
p<0.05), OS T (1=0.50, p<0.01), OS N (r=0.42, p<0.05),
OS IT (r=0.37, p<0.05), and OS G (r=0.50, p<0.01)
area. Serum valproate level was correlated positively at
a moderate level with the macular region of OS NOM
(r=0.43, p<0.05) and with the RNLF regions of OS ST
(r=0.41, p<0.05) and OS T (r=0.57, p<0.01). A negative
correlation was determined between the antipsychotic
doses and the OD CF (r=-0.45, p<0.01) macular region
and the RNFL regions of OS T (r=-0.31, p<0.01) OS IT
(r=-0.37, p<0.01) and OS G (r=-0.33, p<0.01) (Table 4).

Multiple linear regression analyses were applied to
identify the determinative variables on RNFL and

Table 4. Bipolar disorder correlation analyses

macular thickness in schizophrenia (Table 5) and BD
(Table 6). In the schizophrenia group, in the left eye
the APDs was determined to be a negative determinant
of the OS SN region of RNLF (B=-0.51; p<0.05), and
the chlorpromazine equivalent dose of risperidone was
detected to be a negative determinant of OS N (f=-0.53;
p<0.05) and OS IN (B=-0.81; p<0.001) thickness
(Table 5).

In the BD group, the serum valproate level was
determined to be a positive determinant of the thickness
of the macular regions of OD IOM (B=0.46; p<0.05),
OS NOM (B=0.51; p<0.05), and OS IOM (B=0.37;
p<0.05), and the RNFL regions of OD IT (p=0.52;
p<0.05), OS T (B=0.67; p<0.05), and OS IT ($=0.40;
p<0.05). The chlorpromazine equivalent dose of the
whole antipsychotics (APD) was determined to be a
negative predictor of right eye’s CF thickness (f=-0.71;
p<0.05) (Table 6).

Age Age at onset Valproate dose Serum valproate level APDb
OD SOM -0.27 -0.21 0.43* 0.21 -0.02
OD SIM -0.14 -0.08 0.38* 0.16 -0.01
OD NOM -0.44** -0.26 0.52%* 0.35 -0.15
OD TOM -0.40%* -0.37* 0.43* 0.13 -0.06
OD TIM -0.01 0.00 -0.36* 0.11 -0.09
OD IOM -0.27 -0.21 0.52%%* 0.32 -0.13
OD CF 0.23 0.17 -0.20 -0.04 -0.45%*
OS SOM -0.38%* -0.33* 0.36%* 0.15 -0.18
OS NOM -0.46** -0.34* 0.52%* 0.43* -0.25
OS TOM -0.48%* -0.42%* 0.30 0.00 -0.17
OS IOM -0.52%* -0.49** 0.34 0.28 -0.27
OS IIM -0.26 -0.14 0.36* 0.17 -0.11
OD G (RNLF) -0.47%* -0.39%** 0.50%* 0.36 -0.25
OS ST (RNLF) -0.40%* -0.35* 0.39* 0.41* -0.20
OS SN (RNLF) -0.21 -0.33%* 0.29 0.22 -0.25
OS T (RNLF) -0.27 -0.15 0.50** 0.57** -0.31*
OS N (RNLF) -0.26 -0.25 0.42% -0.05 -0.11
OS IT (RNLF) -0.39%* -0.32% 0.37* 0.34 -0.37*
OS IN (RNLF) -0.37* -0.37* 0.13 0.16 -0.22
OS G (RNLF) -0.43%* -0.40** 0.50%* 0.35 -0.33*

Note: Macular regions: SIM: superior inner macula; SOM: superior outer macula; CF: central foveal thickness,
NIM: nasal inner macula; NOM: nasal outer macula; IIM: inferior inner macula; IOM: inferior outer macula;

TIM: temporal inner macula; TOM: temporal outer macula;

RNFL regions: ST: superotemporal; SN: superonasal; T:temporal; N:nasal; IT: inferotemporal; IN: inferonasal; G: global;

OD: right eye, OS:left eye; * p<0.05; ** p<0.01

Table 5. Schizophrenia regression analysis

Predictive variable Variable predicted B t R R’ F

APDs OS SN (RNLF) -0.51 -2.57 0.87 0.76 4.49%
RD OS N (RNLF) -0.53 -2.24 0.84 0.50 3.47%
RD OS IN (RNLF) -0.81 -3.25 0.73 0.54 2.97*

APDs: antipsychotic dose of schizophrenia group; RD: Risperidon dose; N:nasal; SN: superonasal; IN: inferonasal; OS: left eye

* p<0.05; ** p<0.01

355



llkay Keles Altun, Neslihan Turedi, Neriman Aras & Murat Ilhan Atagun: PSYCHOPHARMACOLOGICAL SIGNATURES IN THE RETINA
IN SCHIZOPHRENIA AND BIPOLAR DISORDER: AN OPTIC COHERENCE TOMOGRAPHY STUDY
Psychiatria Danubina, 2020; Vol. 32, No. 3-4, pp 351-358

Table 6. Bipolar disorder regression analysis

Group  Predictive variable Variable predicted B t R R’ F

- Serum Valproate level OD IOM 0.46 2.56 0.73 0.36 2.98%*
< OS NOM 0.51 2.86 0.74 0.54 3.03*
§ OS IOM 0.37 2.31 0.79 0.63 4.32%
é OD IT (RNLF) 0.52 2.73 0.68 0.47 2.27%
% OS T (RNLF) 0.67 4.08 0.78 0.61 4.05%
'c% OS IT (RNLF) 0.40 2.15 0.70 0.29 247*

APDb OD CF (RNLF) -0.71 -0.84 0.74 0.55 3.19*%

APDb: antipsychotic dose of bipolar disorder group; OD: right eye; OS: left eye; Macular sub-regions: NOM: nasal outer macula,
IOM: inferior outer macula, RNLF sub-regions: T: Temporal, IT: Inferotemporal, CF: central foveal thickness

* p<0.05; ** p<0.01

DISCUSSION

Most important findings of this study were that the
serum valproate level was a positive predictor for the
thickness of right inferior outer macula, the left inferior
outer macula and left nasal outer macula, RNFL sub-
regions of right, left inferotemporal and left temporal
regions in BD. Another important finding was that anti-
psychotic chlorpromazine equivalent doses were a nega-
tive predictor of thickness in certain optic nerve regions
in schizophrenia and BD. In schizophrenia patients, the
chlorpromazine equivalent risperidone doses were deter-
mined to be a negative predictor of left nasal and left
inferonasal region thickness. No significant difference
was determined between the BD and schizophrenia
groups in the current study in macular thickness.

In the BD patients, the serum valproate level was a
positive predictor of the thickness of the macula and
RNFL sub-regions. However, the relationship between
these effects and the clinical effects could not be fully
understood in this study. Clinical parameters such as age,
gender, metabolic causes, number of episodes, age of
onset of disease were evaluated, but there was no rela-
tionship between response to treatment or other clinical
measures and the effects of valproate on the retina. In a
study with epilepsy patients, there was a relationship
between valproate and a reduction in retinal thickness,
especially in the superior and inferior quadrants (Xiong et
al. 2019). These findings were not consistent with current
study, but it was reported in a previous study that epilepsy
itself could have been another risk factor for the reduction
in retinal thickness. There is evidence that valproate has
neuroprotective effects on the optic nerve and macula,
and recent studies have shown some promising results in
neurodegenerative disease models such as glaucoma,
Alzheimer’s disease and Parkinson’s disease (Monti et al.
2010, Qing et al. 2008).

As a gamma aminobutyric acid (GABA) transaminase
inhibitor, sodium channel blocker and histone deacetylase
(HDAC) inhibitor, valproate have been used for almost
50 years in the treatment of epilepsy, mood disorders,
migraine and neuropathic pain (Gottlicher et al. 2001).
Valproate has been reported to stimulate the BDNF-TrkB
pathway and to be neuroprotective by reducing glutamate

356

excitotoxicity (Friedmann et al. 2004, Kimura et al.
2015). It also prevents apoptosis in the retina by reducing
ER stress by regulating gene expression through
epigenetic mechanisms (Zhang et al. 2011). With these
effects, valproate produces trophic effects in neural
tissues, and therefore the findings in our study are the
results of these effects in the retina.

Another finding of the current study was that anti-
psychotic chlorpromazine equivalent doses were a nega-
tive predictor of thickness in certain optic nerve regions
in schizophrenia and BD. In the schizophrenia group, the
chlorpromazine equivalent doses of risperidone were
determined to be negative predictors of OS N and OS IN
thickness. No such effect was determined for clozapine.
These findings suggest that these changes in the retina are
the result of dopaminergic blockage, since the major
difference between risperidone and clozapine is risperi-
done blocks dopaminergic receptors much higher than
clozapine. One result of DA receptor blockage in the
retina is less input to the retinal ganglion cells. In
addition, it has been reported to cause amplitude loss in
the B-waves of dopamine agonists on electroretinogram,
and vice versa, that dopaminergic drugs lead to amplitude
increase in the B-waves (Youssef et al. 2019). This has
been suggested as the mechanism explaining ganglion
cell atrophy in Parkinson’s disease (Tian et al. 2011). As
antipsychotic chlorpromazine equivalent doses were a
negative predictor of thickness in certain optic nerve
regions in schizophrenia and BD in the current study,
this suggests that dopaminergic blockage could cause
ganglion cell atrophy. There are studies supporting this
claim, which have shown that the use of antipsychotics
causes a decrease in the volume of grey matter in the
brain (Cahn et al. 2002, Lieberman et al. 2005, Zhuo et
al. 2020).

Small sample size of the study limits the gene-
ralizability of the results. Various factors that may have
affected the macular and RNLF thickness such as the
multiple antipsychotic use of patients and smoking in the
patient and control groups are among the most important
limitations of this study. There is a need for further
studies with larger patient groups and longer follow-up to
confirm these results. However, consistency of the
findings with the literature is the strength of the study.
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CONCLUSION

The results that valproate has neuroprotective effects

on the optic nerve and macula were consistent with
previous evidence. Examination of the retina may be
useful for the evaluation of the effects of psycho-
pharmalogical treatments. Today individualized treat-
ments are on the agenda, and monitoring of the amount
of mood-regulating drugs in the body with the of serum
drug level monitoring, but we have very little infor-
mation to be able to evaluate the response to treatments
in BD (Joshi et al. 2019). Based on the findings obtained
in these studies, biological markers may be helpful in the
evaluation of response to treatment of patients.
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