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Turkey.

Objective: This study aimed to examine the peripapillary retinal nerve fiber layer (RNFL) thickness,
macular thickness (MAC), ganglion cell layer (GCL) thickness, and inner plexiform layer (IPL)
thickness using optical coherence tomography (OCT) in patients with euthymic bipolar disorder (BD)
and recurrent major depressive disorder (MDD) in remission, and to compare these measurements
with those of a healthy control group (CG).
Methods: The study included 51 patients with BD, 50 patients with MDD, and 52 individuals in the CG.
Comprehensive ophthalmologic examinations were performed on all participants, and only the right
eye was analyzed. OCT findings were compared among the groups.
Results: There were no significant differences among the groups in terms of age, gender, smoking
status, RNFL, or IPL measurements. The CG showed significantly greater MAC central and inner
temporal (IT) thickness compared to both the MDD and BD groups (all p o 0.05). However, there was
no significant difference in MAC central thickness between the MDD and BD groups (p = 0.084). The
MAC IT thickness was significantly greater in the MDD group than in the BD group (p = 0.046). MAC
inner inferior thickness was significantly higher in the CG compared to both the MDD and BD groups
(p = 0.003 and p o 0.001, respectively), with no significant difference between the MDD and BD
groups (p = 0.141). GCL IT thickness was also significantly higher in the CG than in both patient
groups (p = 0.049 and p = 0.044, respectively).
Conclusion: The observed differences between the MDD and BD groups may reflect disorder-specific
retinal structural changes. Further studies with larger sample sizes and longitudinal follow-up are
needed to validate these findings and clarify the implications for retinal structure and function in mood
disorders.
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Introduction

Bipolar disorder (BD) and major depressive disorder (MDD)
are chronic, recurrent, and debilitating psychiatric illnesses
that significantly impair quality of life and functioning across
social, cognitive, and occupational domains.1,2 BD is often
initially misdiagnosed and is characterized by recurrent
episodes of mania or hypomania alternating with depressive
phases. The bipolar spectrum has a lifetime prevalence of
approximately 2.4% and ranks among the top 10 leading
causes of disability worldwide.1

MDD is a prevalent psychiatric disorder defined by
persistent depressed mood, anhedonia, lack of motiva-
tion, fatigue, sleep disturbances, impaired concentration,
and feelings of hopelessness lasting for at least 2 weeks.
Globally, MDD affects roughly 11% of the population.3

Recurrent depressive episodes appear to be associated
with more severe cerebral impairments than initial
episodes.4 Although the underlying pathophysiology of
both MDD and BD remains incompletely understood,
increasing attention has been given to their neurodegen-
erative components.1,5

Optical coherence tomography (OCT) is a relatively
new, non-invasive, radiation-free imaging technique that
enables detailed in vivo visualization of retinal layers.6

Although originally developed for ophthalmologic assess-
ments, OCT has also been applied in the evaluation of
neurodegenerative disorders such as Alzheimer’s dis-
ease, Parkinson’s disease, and multiple sclerosis due to
its capacity to detect retinal degeneration.7

Because the retina is an anatomical and developmental
extension of the central nervous system, and that
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neurodegenerative processes are common in psychiatric
disorders, OCT has emerged as a promising tool for
investigating the pathophysiology of conditions such as
BD and MDD.8 Thinning of the retinal nerve fiber layer
(RNFL) observed on OCT – suggestive of molecular
pathway involvement in neurotransmission – has been
interpreted as structural evidence of neuronal loss.9

In diseases such as Alzheimer’s and Parkinson’s, RNFL
thinning has been correlated with cognitive decline, and
similar retinal changes may occur in mood disorders as
markers of underlying neurodegeneration.10

The retina is connected to the brain via the optic nerve,
which comprises the axons of ganglion cells.11 Abnormal-
ities in the ganglion cell layer among patients with MDD
may be associated with dysfunction in dopaminergic or
serotonergic neurotransmission.11 Neuroimaging studies
of BD have revealed neurodegenerative findings, including
enlarged lateral ventricles, increased white matter hyper-
intensities, reduced volumes in the subgenual prefrontal
cortex, thalamus, and hippocampus, and evidence of dis-
rupted cellular integrity in the prefrontal and striatal regions.12

Likewise, meta-analyses of studies using magnetic reso-
nance imaging in MDD have demonstrated volume reduc-
tions in the frontal lobes and hippocampus, supporting the
presence of neurodegeneration.13 Some studies have also
suggested that the severity of mood disorders correlates with
retinal degeneration.14,15 Furthermore, neuronal atrophy in
the cerebral cortex may be accompanied by retinal layer
thinning detectable through OCT.16

Although previous studies have separately compared
detailed OCT findings in patients with BD and MDD with
healthy controls, to our knowledge, no study has directly
compared these two clinical populations during their
remission phases. The present study aimed to compare
peripapillary RNFL (ppRNFL) thickness, macular thickness
(MAC), ganglion cell layer (GCL) thickness, and inner
plexiform layer (IPL) thickness measured by OCT in patients
with BD, MDD, and a healthy control group (CG). We
hypothesized that, based on the neurodegenerative features
of BD and MDD, OCT findings would differ between the
patient and control groups. We also investigated whether
disease duration and the number of episodes were cor-
related with OCT parameters in the BD and MDD groups.

Methods

Study design and setting

This study was designed as a controlled, cross-sectional
study with prospectively collected data. Patients were
selected consecutively by a psychiatrist according to
predefined inclusion and exclusion criteria. Ophthalmo-
logic evaluations were performed by the study ophthal-
mologist. The CG consisted of healthy volunteers who
visited either the ophthalmology or psychiatry clinic and
met the exclusion criteria following a psychiatric interview.

Participants

The study included three groups: 50 patients with recur-
rent MDD in remission, 51 patients with BD in remission,

and 52 individuals in the CG, all aged between 18 and
65 years. Participants were recruited from a psychiatry
outpatient clinic.

Inclusion and exclusion criteria

Inclusion criteria were age between 18 and 65 years;
for the BD group, a confirmed diagnosis of BD type I
according to DSM-5 criteria and at least 6 months in
remission; for the MDD group, at least two prior
depressive episodes and remission for at least 6 months;
literacy; and absence of other psychiatric diagnoses.
Remission was defined as the absence of a current
affective episode for at least 6 months, confirmed by
clinical interview and standardized rating scales. Euthy-
mia was defined as a score of p 7 on the Hamilton
Depression Rating Scale (HAM-D) and p 4 on the Young
Mania Rating Scale (YMRS), in accordance with accepted
thresholds.

Exclusion criteria were age o 18 or 4 65 years;
illiteracy; presence of any psychiatric disorder other than
MDD or BD type I, as determined by the Structured
Clinical Interview for DSM-5 Disorders (SCID-5); refrac-
tive error 4 5 diopters (D) spherical equivalent and/or
astigmatism 4 2 D; best-corrected visual acuity o 0.3
logarithm of the minimum angle of resolution; optic nerve
disease or anomaly; history of ocular trauma, previous
ocular surgery, or laser photocoagulation; organic eye
disease including glaucoma, retinal pathology, or corneal/
vitreous opacity; neurological diseases; and unwillingness
to participate. Individuals with diabetes, hypertension,
thyroid disorders, cerebrovascular disease, or known
hereditary diseases were also excluded.

Procedure

Psychiatric evaluation

All diagnoses were made by an experienced psychiatrist
using DSM-5 criteria. The SCID-5, a structured diagnostic
interview with established validity and reliability,17 was
administered to all participants. Only patients in remission
for at least 6 months were enrolled. MDD severity was
assessed using the HAM-D, originally developed by
Hamilton for clinical research.18 The Turkish version has
been validated by Akdemir et al.19 Manic symptoms were
evaluated using the YMRS, developed by Young et al.,20

with the Turkish validation conducted by Karadağ et al.21

Patients were included only if they scored p 7 on the
HAM-D and p 4 on the YMRS.

Ophthalmological evaluation

All participants underwent a comprehensive ophthalmo-
logic examination, including anterior segment and fundus
evaluations. OCT scans were obtained for all subjects by
the same experienced technician using the Heidelberg
Spectralis OCT system (Heidelberg Engineering, Heidel-
berg, Germany), 30 minutes after pupil dilation with 1%
tropicamide. Although both eyes were scanned, only the
right eye was included in the analysis to avoid statistical
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interdependence between eyes, a common practice in
similar studies.

The assessment of OCT included measurement of
ppRNFL thickness (mm) in seven regions, MAC (mm) in
nine regions, GCL thickness (mm) in nine regions, and IPL
thickness (mm) in nine regions (Figure 1). As shown in
Figure 2, MAC, GCL, and IPL measurements were taken
from a macula-centered circle (1 mm in diameter), the
inner ring (3 mm diameter) comprising the inner superior
(IS), inner nasal (IN), inner temporal (IT), and inner
inferior (II) quadrants, and the outer ring (6 mm diameter)
comprising the outer superior, outer nasal, outer tem-
poral, and outer inferior quadrants. In addition to layer-
specific thickness, volumes of the macula, GCL, and IPL
were also recorded.

Statistical analysis

Data were analyzed using IBM SPSS Statistics for
Windows, version 22. A power analysis was conducted
using analysis of variance (ANOVA) to test the study’s
main hypothesis. Based on an effect size of Cohen’s d =
0.27 – calculated from the findings of Kalender et al.15 –
and assuming a significance level of a = 0.05 and power
of 80%, a total sample size of 138 participants was
determined to be necessary.

Descriptive statistics for categorical variables are
presented as counts (n) and percentages (%). Compar-
isons between categorical variables were conducted

using the chi-square test or Fisher’s exact test, as
appropriate based on cell counts. For continuous vari-
ables, data are expressed as mean 6 standard deviation
(SD) or median (min-max), depending on the distribution.
Normality was assessed using the Kolmogorov-Smirnov
test, histograms, and Q-Q plots.

Correlations between continuous variables were eval-
uated using Pearson’s or Spearman’s correlation coeffi-
cients, depending on data distribution. Partial correlation
analyses were performed to control for the effect of age.
Levene’s test was used to assess homogeneity of
variances across groups.

For comparisons involving three independent groups,
one-way ANOVA was applied when the data were normally
distributed; otherwise, the Kruskal-Wallis test was used.
Post hoc comparisons following ANOVA were conducted
using Tukey’s or Games-Howell tests, depending on the
assumption of equal variances. For non-normally distrib-
uted data, the Dunn-Bonferroni test was used after the
Kruskal-Wallis test to identify group differences. Multiple
regression analysis was also performed to assess relation-
ships among independent variables. A p-valueo 0.05 was
considered statistically significant.

Ethics statement

Ethical approval was obtained from the Clinical Research
Ethics Committee of the Faculty of Medicine at Hitit

Figure 1 Measurement of RNFL thickness using OCT. A) En face image of the optic disc with the peripapillary scan circle.
B) Cross-sectional OCT view of RNFL. C) Sectoral classification of RNFL thickness. D) RNFL thickness profile. G = global; INF =
inferior; N = nasal; NAS = nasal; NI = nasal inferior; NS = nasal superior; OCT = optical coherence tomography; RNFL = retinal
nerve fiber layer; SUP = superior; T = temporal; TI = temporal inferior; TMP = temporal; TS = temporal superior.
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University, Turkey (Approval No. 332, Date: 07.10.2020).
The study was conducted in accordance with the
principles of the Declaration of Helsinki. All participants
provided written informed consent after being informed
about the nature and objectives of the study.

Results

Data from 153 participants were included in the analysis:
50 (32.7%) with MDD, 51 (33.3%) with BD, and 52
(34.0%) individuals in the CG. Of the total sample, 55.6%
(n=85) were female and 44.4% (n=68) were male. Gender
distribution did not differ significantly among the groups
(p=0.230). The overall mean age was 39.52 6 11.51
years (range: 18-69), with no statistically significant
difference in mean age between the groups (p = 0.173).

Sociodemographic and clinical characteristics across
the groups are summarized in Table 1. Educational
status, smoking habits, and family history of psychiatric
illness were comparable between groups (p = 0.085, p =
0.224, and p = 0.371, respectively). However, the BD
group had significantly longer illness duration as well as
higher numbers of hospitalizations and episodes, com-
pared to the MDD group (all p o 0.001).

In the MDD group, 38 out of 50 patients were using one
or more antidepressants, with selective serotonin reup-
take inhibitors (SSRIs) being the most commonly pre-
scribed. A total of 15 patients were also taking
antipsychotic medications – primarily quetiapine – in
addition to antidepressants. A total of 12 patients had a
history of antidepressant use but were not receiving
pharmacological treatment at the time of assessment.

In the BD group, 25 patients were using lithium, 16
were taking valproate, four were on both lithium and
valproate, and 10 were not using any mood stabilizers.

Additionally, 19 individuals with BD were using SSRIs and
23 were on antipsychotics alongside mood stabilizers.

Visual acuity and refraction values did not differ signi-
ficantly among the groups (p = 0.141 and p = 0.188,
respectively).

There were no statistically significant differences among
the groups in the following ppRNFL regions: nasal-superior
(NS), nasal-inferior (NI), nasal (N), temporal-superior (TS),
temporal-inferior (TI), temporal (T), and global thickness
(p 4 0.05 for all comparisons) (Table 2).

Similarly, the following MAC parameters showed no
significant group differences: inner superior (IS), inner
nasal (IN), superior (DS), nasal (DN), temporal (DT), and
inferior (DI) (p 4 0.05 (Table 2).

However, significant differences were found in MAC
central, MAC inner temporal (IT), and MAC inner inferior
(II) thicknesses among the groups (p = 0.001, p o 0.001,
and p o 0.001, respectively). Post hoc analysis revealed
that the CG had significantly greater MAC central
thickness compared to both the MDD (p = 0.039) and
BD (p o 0.001) groups, while no significant differ-
ence was observed between the MDD and BD groups
(p = 0.084).

MAC IT thickness in the CG was significantly greater
than in both the MDD (p = 0.025) and BD (p o 0.001)
groups. Additionally, MAC IT thickness in the MDD group
was significantly higher than in the BD group (p = 0.046).
For MAC II measurements, the CG also showed
significantly higher values than the MDD (p = 0.003)
and BD (p o 0.001) groups; however, there was no
significant difference between the MDD and BD groups
(p = 0.141).

There were no statistically significant differences
among the groups in the following parameters: GCL
central, GCL IS, GCL II, GCL DS, GCL DN, GCL DT, and

Figure 2 Measurement of macular thickness using OCT. A) Macular area. B) Automated thickness measurements of macula.
C) Cross-sectional B-scan of macula. OCT = optical coherence tomography.

Braz J Psychiatry. 2026;48:e20254295

4 S Kiraz & G Gökgöz Özışık



GCL DI as well as IPL central, IPL IS, IPL IN, IPL IT, IPL
II, IPL DS, IPL DN, IPL DT, and IPL DI (p 4 0.05 for all
comparisons; Table 3).

GCL IT thickness differed significantly among the study
groups (p = 0.023). Post hoc analysis revealed that GCL
IT measurements in the CG were significantly higher than
those in both the MDD (p = 0.049) and BD (p = 0.044)
groups. No significant difference was observed between
the MDD and BD groups for GCL IT measurements
(p 4 0.05) (Table 3).

Findings from the correlation analysis between selec-
ted clinical variables and ocular measurements are pre-
sented in Table 4. A weak but statistically significant inverse
correlation was found between age and the following
parameters: ppRNFL global thickness (r = -0.256, p =
0.001), macular volume (r = -0.338, p = 0.001), GCL volume
(r = -0.332, p = 0.001), and IPL volume (r = -0.236, p =
0.017). No significant association was found between age
of onset and ppRNFL global thickness (p 4 0.05).

However, weak inverse correlations were observed
between age of onset and macular volume (r = -0.284, p =
0.004), GCL volume (r = -0.238, p = 0.016), and IPL
volume (r = -0.222, p = 0.026). Nonetheless, after
adjusting for age using partial correlation analysis,
these associations were no longer statistically significant
(p 4 0.05 for all; Table 4).

No significant correlations were found between disease
duration, number of hospitalizations, or number of
episodes and any of the following: ppRNFL global
thickness, macular volume, GCL volume, or IPL volume
(p 4 0.05) (Table 4).

The results of the correlation analysis conducted
separately for the MDD and BD groups are presented in
Table 5. In the MDD group, a weak but statistically
significant inverse correlation was observed between age
and ppRNFL global thickness (r = -0.300, p = 0.035).

A weak but statistically significant inverse correlation
was found between age of onset and both macular
volume (r = -0.323, p = 0.022) and GCL volume (r =
-0.318, p = 0.025). However, after controlling for patient
age using partial correlation analysis, these associations
were no longer statistically significant (p4 0.05; Table 5).
No significant associations were observed between
disease duration, number of hospitalizations, number of
episodes, and any ocular measurements (p 4 0.05;
Table 5).

In the BD group, age was inversely and significantly
correlated with ppRNFL global thickness, macular volume,
GCL volume, and IPL volume (r = -0.311, p = 0.027;
r = -0.406, p = 0.003; r = -0.428, p = 0.002; and r = -0.297,
p = 0.034, respectively). No significant associations
were found between age of onset and ppRNFL global

Table 1 Statistical findings for the comparison of sociodemographic and clinical characteristics between study groups

Characteristics
Control
(n=52)

Major depressive
disorder (n=50)

Bipolar disorder
(n=51) p-values

Post-hoc
p-values

Gender, n (%)
Female 29 (55.8) 32 (64.0) 24 (47.1) 0.230w -
Male 23 (44.2) 18 (36.0) 27 (52.9)

Education, n (%)
Primary education 17 (32.7) 29 (58.0) 21 (41.2) 0.085w -
High school 22 (42.3) 11 (22.0) 15 (29.4)
University 13 (25.0) 10 (20.0) 15 (29.4)

Smoking, n (%)
No 31 (59.6) 37 (74.0) 37 (72.5) 0.224w -
Yes 21 (40.4) 13 (26.0) 14 (27.5)

Family history, n (%)
No - 27 (54.0) 23 (45.1) 0.371w -
Yes - 23 (46.0) 28 (54.9)

Age, mean6SD 37.75610.03 41.92612.29 38.98611.96 0.173= -
Age of onset, mean6SD - 35.46611.96 24.8269.29 o 0.001y -
Duration of illness, mean6SD 6.4664.97 14.1668.96 o 0.001=

Number of hospitalizations,
median (min, max)/mean6SD

- 0 (0.00, 4.00)/
0.5461.07

3 (0.00, 20.00)/
3.3363.45

o 0.001|| -

Number of episodes, median
(min, max)/mean6SD

- 2 (2.00, 10.00)/
2.8261.39

5 (2.00, 20.00)/
7.5165.46

o 0.001|| -

Visual acuity, median
(min, max)/mean6SD

1 (0.90, 1.00)/
0.9960.02

1 (0.80, 1.00)/
0.9760.07

1 (0.80, 1.00)/
0.9860.05

0.141z -

Refraction, median
(min, max)/mean6SD

-0.44 (-4.75, 1.37)/
-0.5461.1

-0.25 (-4.50, 2.00)/
-0.4861.35

-0.63 (-4.75, 2.00)/
-0.7861.28

0.188z -

Bold type denotes statistical significance.
wChi-square test.
=One-way analysis of variance.
yStudent’s t test.
|| Mann Whitney U test.
zKruskal-Wallis test.

Braz J Psychiatry. 2026;48:e20254295

Optical coherence tomography findings in MDD and BD 5



thickness or macular volume (p 4 0.05). However, weak
but statistically significant inverse correlations were obser-
ved between age of onset and both GCL volume (r = -0.322,
p = 0.021) and IPL volume (r = -0.362, p = 0.009).
These correlations also lost significance after controlling for
patient age (p 4 0.05; Table 5). No significant relationships
were found between disease duration, number of hospita-
lizations, or number of episodes and any ocular measure-
ments in the BD group (p 4 0.05; Table 5).

The results of the multiple regression analysis are
presented in Table 6. The initial model, which included
group, age, and duration of illness, was statistically
significant (p = 0.027). In this model, group and duration
of illness were not significant predictors of ppRNFL global
thickness (p = 0.575 and p = 0.797, respectively), while
age was a significant predictor (p = 0.013). Consequently,
a simplified regression model including only age was
constructed and is shown in Table 6.

Discussion

As hypothesized at the outset of this study, we expected
that longer disease duration would be associated with
increased neurodegeneration and, consequently, with

thinning of the RNFL. However, based on our regression
analysis, age emerged as the only significant predictor of
RNFL thinning, independent of diagnostic group (BD or
MDD) or disease duration (Table 6). This finding aligns
with prior meta-analyses conducted in BD and schizo-
phrenia populations, which have yielded inconsistent
results – some studies reporting a significant negative
correlation between RNFL thickness and disease dura-
tion, while others have found no such association.22

The literature on OCT findings in patients with MDD
and BD is notably heterogeneous. These discrepancies
may stem from the complex pathophysiology of both
disorders, involving processes such as neurodegenera-
tion and neuroinflammation as well as variations in the
clinical phase during which OCT measurements were
taken (e.g., acute episode vs. remission), or the influence
of psychotropic medications. Some studies have reported
no significant differences in RNFL, GCL, or IPL thickness
between patients with MDD and healthy controls.11,13 In
contrast, others have demonstrated significantly thinner
RNFL, GCL, and IPL layers in patients with BD compared
to controls.23

A study comparing RNFL thickness across BD, MDD,
and CG – without stratifying by clinical phase – found

Table 2 Statistical findings comparison of RNFL and MAC between study groups

Control
(n=52)

Major depressive
disorder (n=50)

Bipolar disorder
(n=51) p-values Post-hoc p-values

ppRNFL NS, median
(min, max)/mean6SD

108.5 (57, 191)/
110.60627.00

112 (72, 188)/
113.12621.21

108 (60, 153)/
109.60624.22

0.749w -

ppRNFL NI 120.44630.49 118.82625.29 117.71628.84 0.886= -
ppRNFL LN 80.65618.74 77.16614.39 83.20621.28 0.257= -
ppRNFL TS 138.85618.46 144.66615.21 139.33619.73 0.198= -
ppRNFL TI 148.42618.46 153.02619.19 147.41621.42 0.317= -
ppRNFL T 73.8369.40 77.56610.21 75.31611.85 0.202= -
ppRNFL global 103.46611.68 104.9268.61 103.84613.81 0.806= -

MAC central 275.78622.40 266.84619.12 259.42622.81 0.001y 1-2: 0.039
1-3: o 0.001
2-3: 0.084

MAC IS 350.12613.61 343.50614.55 347.18619.38 0.117= -
MAC IN 349.04614.74 343.36614.23 346.10619.45 0.217= -
MAC IT 330.80617.68 322.46613.78 315.25616.29 o 0.001|| 1-2: 0.025

1-3: o 0.001
2-3: 0.046

MAC II 347.59616.57 336.60615.82 330.81614.75 o 0.001|| 1-2: 0.003
1-3: o 0.001
2-3: 0.141

MAC DS 310.70616.71 310.10617.04 311.20617.50 0.942= -
MAC DN 318.50615.75 314.20615.57 317.70617.68 0.370= -
MAC DT 294.02612.40 288.50617.12 291.60614.61 0.173= -
MAC DI 310.30615.18 309.20616.38 308.20617.19 0.805= -

Data presented as mean6SD, unless otherwise specified.
Bold type denotes statistical significance.
MAC DI = macular thickness inferior; MAC DN = MAC nasal; MAC DS = MAC superior; MAC DT = MAC temporal; MAC II = MAC inner inferior;
MAC IN = MAC inner nasal; MAC IS = MAC inner superior; MAC IT = MAC inner temporal; ppRNFL LN = peripapillary retinal nerve fiber layer
lower nasal; ppRNFL NI = ppRNF nasal inferior; ppRNFL NS = ppRNF nasal superior; ppRNFL T = ppRNF temporal; ppRNFL TI = ppRNF
temporal inferior; ppRNFL TS = ppRNF temporal superior.
wKruskal-Wallis test.
=One way analysis of variance (ANOVA).
yOne way ANOVA with Tukey post-hoc test.
|| One way ANOVA with Games-Howell post-hoc test.
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RNFL to be significantly thinner in the BD group com-
pared to the MDD group.24 In our study, however, no
significant differences in RNFL thickness were observed
among the three groups (Table 2). This may be due to the
relatively modest sample size or the fact that all patients
were in remission at the time of evaluation.

Participants continued using antidepressants and
mood stabilizers during the time of OCT assessment,
which may have influenced the findings. The use of mood
stabilizers or antipsychotics in patients with BD and
antidepressants in patients with MDD could have exerted
neuroprotective effects on retinal structures. Although
disease duration, number of episodes, and number of
hospitalizations were significantly higher in the BD group
than in the MDD group, no corresponding differences
were found in RNFL, GCL, or IPL thickness between the
two groups.

Most patients with BD in our sample were being treated
with lithium or valproate. Preclinical studies suggest these
agents may have protective effects on retinal ganglion
cells and optic nerves.14,25 However, results from animal
models have not always been confirmed in human
studies. For instance, a study in patients with BD found
no significant relationship between RNFL thickness and
variables such as disease duration, symptom severity,
or current mood episode (e.g., depressive, manic, or
remission). Nonetheless, differences were observed
based on the specific mood stabilizer used, with lithium
showing greater protective effects on RNFL compared to
valproic acid.26

SSRIs, the most commonly used antidepressants,
have also been implicated in retinal changes. Some
reports suggest that prolonged SSRI use may lead to

structural alterations in retinal layers such as the RNFL
and GCL.27 Kalenderoğlu et al.,15 in a study comparing
first-episode, drug-naı̈ve patients and patients with
recurrent MDD using antidepressants with healthy con-
trols, reported significant OCT differences between both
patient groups and controls. Interestingly, RNFL thickness
in patients with recurrent MDD did not differ significantly
from that in first-episode patients or in overall patients
with MDD compared to controls. Moreover, the same
study found no significant RNFL differences among
patients with recurrent MDD based on whether they used
antipsychotics, SSRIs, or serotonin-norepinephrine reup-
take inhibitors. However, antipsychotic use was asso-
ciated with a significant reduction in GCL volume.15

These findings suggest that psychotropic medications
may influence retinal morphology and potentially mask
underlying structural alterations related to the psychiatric
condition itself. The neuroprotective or neurotoxic effects
of these medications remain an area of ongoing debate,
and further research is needed to clarify their impact on
retinal structure.

A significant thinning was observed in the MAC central,
MAC IT, and MAC II regions in both the BD and MDD
groups compared to the CG. Additionally, the MAC IT
thickness was significantly lower in the BD group
compared to the MDD group (Table 2). In terms of
GCL, only the GCL IT region was significantly thinner in
both clinical groups compared to individuals in the CG,
with no significant difference between the BD and MDD
groups. No significant differences were found in IPL
measurements among any of the groups. These findings
may reflect distinct pathophysiological characteristics of
each disorder.

Table 4 Correlation analysis findings in total MDD and BD groups

ppRNFL global Macular volume GCL volume IPL volume

Age
r -0.288 -0.338 -0.332 -0.236
p-value 0.004* 0.001* 0.001* 0.017*

Duration of illness
r -0.179 -0.020 -0.093 0.004
p-value 0.074 0.841 0.353 0.969

Age of onset
r -0.161 -0.284 -0.238 -0.222
p-value 0.108 0.004* 0.016* 0.026*

Age of onset (by controlling patient ages)
r 0.070 -0.053 0.052 -0.039
p-value 0.490 0.597 0.606 0.698

Number of hospitalizations
r -0.179 0.008 -0.114 -0.077
p-value 0.074 0.937 0.256 0.444

Number of attacks
r -0.088 -0.031 -0.116 -0.016
p-value 0.383 0.756 0.249 0.877

Bold type denotes statistical significance.
BD = bipolar disorder; GCL = ganglion cell layer; IPL = inner plexiform layer; MDD = major depressive disease; ppRNFL = peripapillary retinal
nerve fiber layer.
* p o 0.05.
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Anatomically, the macula lutea contributes to the total
retinal thickness, while the GCL and IPL represent
specific retinal layers. The GCL consists of ganglion cell
bodies, the IPL contains dendritic processes, and the
RNFL is composed of ganglion cell axons.28 In a study
examining drug-naı̈ve, newly diagnosed patients with
generalized anxiety disorder, significant thinning was
observed in macular layers, but RNFL thickness did not
differ from that of healthy controls.28

One of the most noteworthy findings in our study was
the effect of age on OCT parameters in both MDD and BD
groups. Although no significant differences were found
between groups in overall macular, GCL, and IPL
volumes, a significant negative correlation was observed
between these volumes and both chronological age and
age of disease onset across the entire sample (Tables 4
and 5). However, when controlling for age through partial
correlation analysis, these associations were no longer
statistically significant. This contrasts with earlier studies
by highlighting that age may play a more dominant role

than disease duration in driving neurodegenerative retinal
changes – an aspect not addressed in prior research.

It is well established that RNFL, GCL, and IPL
thickness decline progressively with age, with an esti-
mated average loss of 1-2 mm per decade.29,30 Age-
related degeneration involves numerous cellular mechan-
isms that contribute to the pathogenesis of neurodegen-
erative disorders.31 Thus, our findings regarding the
impact of aging on retinal structures are consistent with
the broader literature.

Kalenderoğlu, in two separate studies,15,23 reported
significant negative correlations between disease dura-
tion and both GCL and IPL thickness in patients with BD
and MDD. However, the role of age of onset was not
considered. In contrast, Khalil et al.32 found no significant
associations between OCT parameters and clinical
variables such as disease duration or symptom severity
in patients with BD. Importantly, disease duration is
inherently age-related, and the failure to adjust for age in
these studies may have introduced confounders.

Table 5 Correlation analysis findings in MDD and BD groups separately

ppRNFL global Macular volume GCL volume IPL volume

MDD group (n=50)
Age

r -0.300 -0.259 -0.249 -0.139
p-value 0.035* 0.069 0.082 0.337

Duration of illness
r -0.063 0.156 0.168 0.198
p-value 0.664 0.280 0.244 0.167

Age of onset
r -0.219 -0.323 -0.318 -0.210
p-value 0.126 0.022* 0.025* 0.144

Age of onset (by controlling patient ages)
r 0.108 -0.192 -0.213 -0.164
p-value 0.460 0.186 0.142 0.261

Number of hospitalizations
r -0.222 0.056 0.011 -0.027
p-value 0.122 0.702 0.942 0.851

Number of attacks
r 0.097 -0.132 0.000 0.075
p-value 0.503 0.360 0.999 0.605

BD group (n=51)
Age

r -0.311 -0.406 -0.428 -0.297
p-value 0.027* 0.003* 0.002* 0.034*

Duration of illness
r -0.182 -0.135 -0.166 0.004
p-value 0.201 0.346 0.243 0.978

Age of onset
r -0.218 -0.267 -0.322 -0.362
p-value 0.124 0.058 0.021* 0.009*

Age of onset (by controlling patient ages)
r -0.070 -0.098 -0.065 -0.222
p-value 0.628 0.499 0.655 0.120

Number of hospitalizations
r -0.107 -0.067 -0.072 0.036
p-value 0.457 0.641 0.615 0.801

Number of attacks
r -0.138 -0.001 -0.060 0.059
p-value 0.334 0.994 0.674 0.679

Bold type denotes statistical significance.
BD = bipolar disorder; GCL = ganglion cell layer; IPL = inner plexiform layer; MDD = major depressive disorder; ppRNFL = peripapillary retinal
nerve fiber layer.
*p o 0.05.
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To the best of our knowledge, this is the first study to
compare OCT findings between patients with BD and
MDD during remission as well as with individuals in
a CG. Nevertheless, several limitations should be
acknowledged. First, the cross-sectional design pre-
cludes causal inference. Second, the modest sample
size and the heterogeneity of pharmacological treatment
may have influenced the results. Third, axial length was
not measured, which could potentially affect OCT
parameters.

Although all patients were in remission, the concurrent
use of psychotropic medications may have confounded
OCT findings. The neuroprotective or neurotoxic effects
of these drugs cannot be entirely ruled out. Moreover,
most patients in chronic stages of BD or recurrent MDD
are likely to have a history of psychotropic medication
use, regardless of whether they were on treatment at the
time of assessment. Therefore, even studies limited to
medication-free participants may be subject to bias
stemming from prior exposure.

The use of different classes of medications – lithium,
valproate, or antipsychotics in patients with BD, and
antidepressants in patients with MDD – limits direct
comparisons between groups, both in terms of disease
and pharmacological profiles. Further research with
medication-naı̈ve or stratified cohorts is warranted to
clarify these effects. Nonetheless, despite the potential
confounding effects of medication use, the inclusion of
typical treatment profiles in our sample enhances the
external validity of our findings, as it more accurately
reflects the broader clinical population.

The strengths of this study include strict exclusion
criteria, a well-powered design based on prior power
analysis, and the use of detailed statistical comparisons
across three age-, sex-, and smoking-matched groups.

In this study, no significant differences were observed
among the MDD, BD, and CG in RNFL and IPL regions,
nor in the overall volumes of the macula, GCL, and IPL.
However, MAC measurements – specifically MAC central,
MAC IT, and MAC II – were significantly reduced in both
the MDD and BD groups compared to individuals in the
CG. Notably, no significant differences were found
between the MDD and BD groups in MAC central and
MAC II measurements. Correlation and regression

analyses indicated that disease duration and number of
episodes were not significantly associated with OCT
findings. These negative results may be due to the limited
sample size, distinct etiological features of each disorder,
and/or the influence of psychotropic medications. A key
finding of this study is the prominent role of age in OCT
parameters, suggesting that age may be a more critical
factor than disease-specific variables in retinal structural
changes. Given the chronic and multifactorial nature of
both BD and MDD, and the absence of clearly defined
disorder-specific neuroimaging markers, OCT may serve
as a valuable adjunct tool in the longitudinal monitoring of
neurodegeneration in psychiatric populations. Its non-
invasive, reproducible nature allows for the detection of
subtle structural alterations that may otherwise go
unnoticed with conventional neuroimaging. To establish
more definitive conclusions, future multicenter studies
with larger, stratified cohorts and extended follow-up
periods are needed. These studies should consider age-
related effects and carefully control for medication use to
further elucidate the potential role of OCT in the clinical
assessment of BD and MDD.
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Table 6 Regression analysis on the dependent variable RNFL in MDD and BD groups

Unstandardized coefficients
Standardized coefficients

95% CI for B

Model B SE Beta t p-value Lower bound Upper bound

First model
(Constant) 116.411 4.294 27.113 0.000 107.889 124.932
Groups -1.513 2.691 -0.066 -0.562 0.575 -6.854 3.827
Age -0.267 0.105 -0.283 -2.533 0.013 -0.476 -0.058
Duration of illness -0.045 0.176 -0.032 -0.258 0.797 -0.394 0.304

Final model
(Constant) 115.325 3.840 30.036 0.000 107.706 122.943
Age -0.271 0.091 -0.287 -2.976 0.004 -0.451 -0.090

BD = bipolar disorder; MDD = major depressive disorder; RNFL = retinal nerve fiber layer; SE = standard error.
First model: multiple regression analysis, method: enter; analysis of variance (ANOVA) model p-value = 0.027; R2 = 0.12. Final model: simple
regression analysis, method: enter; ANOVA model p-value = 0.004; R2 = 0.08.
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