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ABSTRACT

Introduction: The relationship between depression and inflammation
and the resulting vascular/neuronal damage have been demonstrated
in recent studies. In this study we aimed to investigate inflammation
and the possible degeneration that can be caused by depression and
accompanying vitamin D deficiency using a non-invasive imaging
method of optical coherence tomography (OCT).

Methods: Twenty-four healthy controls and 42 drug free major depressive
patients matched for age, sex and eye measurements were compared
in terms of vitamin D, C Reactive Protein (CRP) and OCT parameters.
The Hamilton Depression Rating Scale (HAM-D), The Clinical Global
Impressions Scale (CGI) and Global Assessment of Functioning Scale
(GAF) were used to assess disease severity.

Results: CRP level and choroidal thickness in the major depression group

were significantly higher than the healthy controls. Vitamin D level and
the ganglion cell layer (GCL) volume was significantly lower in the major
depression group compared to healthy controls. Positive correlation was
found between HAM-D and CRP in major depressive patients; a negative
correlation was found between current attack duration and GCL volume.
CGl was positively correlated with CRP and HAM-D. GAS was negatively
correlated with CRP and HAM-D.

Conclusion: It has been shown that major depression might be an
inflammatory disorder with possible degenerative processes observed
with OCT and CRP measurements. But longitudinal follow up studies are
needed to demonstrate a cause and effect relationship.

Keywords: C reactive protein, major depression, optical coherence
tomography, vitamin D

Cite this article as: Ozgedik Turhan N, Arnisoy O, Ulas F, Bugdayci G, Altintag M. Vitamin D: An Overlooked Parameter in Studies of Depression Using Optic Coherence

Tomography. Arch Neuropsychiatry 2024;61:66-72.

INTRODUCTION

Many biological, genetic, and psychosocial theories have been
proposed concerning the etiology of major depression. Related studies
in neurobiology started with neurotransmitter systems and focused
on the hypothalamic-pituitary system, adrenal-thyroid systems,
vitamin deficiencies, genetics, neural networks, neuroplasticity, and
neuroimaging (1).

Recent studies have found that when sympathoadrenal system activation
occurs with stress, there is an increase in the release of many mediators
and proinflammatory cytokines, such as tumor necrosis factor-alpha,
as a result of both the release of catecholamines and activation of the
immune system. This increase destroys tryptophan and triggers depressive
symptoms by decreasing serotonin synthesis from tryptophan. These
events can also cause vascular/neurological damage (2).

Although no increased rate of vascular disease was found in depressed
patients in epidemiological studies, the fact that increased deep
white matter hyperintensities were found in a repetetive manner in
patients with depression and the fact that a significantly increased
ratio of atheromatous disease was found in the postmortem period in
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depressive patients compared to controls and the fact that higher rates
of intercellular adhesion molecule-1 (ICAM-1) and vascular adhesion
molecule -1 (VCAM-1) was found in the dorsolateral prefrontal cortices
of depressed patients independent of confounding variables such as age
and treatment indicates an increased risk of vascular disease in patients
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with depression (3). A meta-analysis, examining structural magnetic
resonance imaging studies performed to show atherosclerosis and
neuronal damage that may be associated with inflammatory processes
associated with depression, found a decrease in volume in the frontal
cortex, orbitofrontal cortex, cingulate cortex, hippocampus, and striatum,
as well as an increase in white matter hyperintensity in patients with
depression (4).

Optical coherence tomography (OCT), a new imaging method called non-
invasive tissue biopsy, enables the collection of tomographic sections of
micron resolution from biological tissues. This technique allows images
similar to those viewed under a microscope to be obtained without
damaging the tissue. High-resolution cross-sectional images of the retina,
choroid, anterior segment, optic nerve head, and retinal nerve fiber layer
(RNFL) can be procured using OCT (5). The retina is made up of ten
histologically distinct layers. The pigment epithelial layer, photoreceptor
layer, outer limiting membrane, outer nuclear layer, outer plexiform layer,
inner nuclear layer, inner plexiform layer (IPL), ganglion cell layer (GCL)
composed of ganglion cell bodies and axons, the RNFL, and the inner
limiting membrane are the layers from outside to inside (6). The volume
and thickness of each layer can be measured with OCT. It is believed that
the GCL reflects the ganglion cell body, and the IPL reflects the dendritic
branching in the ganglion cells (7). Another important structure is the
choroid which receives 85% of the ocular blood flow and is responsible
for feeding the outer 2/3 of the retina (8).

While OCT has recently begun to be used in psychiatric diseases, studies
on depression using OCT are limited. Researchers found that choroidal
thickness was increased in patients with first-episode depression
compared to those with recurrent depression, which supports the
supposition that acute depression is an inflammatory process. The GCL
and IPL volumes of patients with recurrent depression were also reported
to be significantly reduced compared to patients with first-episode
depression (9). In another study, a negative correlation was found
between the duration of the last depressive episode and nasal RNFL
thickness and ganglion cell IPL thickness (10). No difference between
right and left eye OCT measurements between major depressive patients
and healthy controls was found (11). However, none of these studies
investigated the effect of vitamin D on inflammatory/degenerative
processes in depression using OCT.

Vitamin D, which is thought to be involved in the etiopathogenesis of
depression, regulates protective neurotrophins and neuromediators in
the central nervous system by binding to vitamin D receptors, especially
in neurons, glial cells, and retinal endothelial cells in the brain. It provides
anti-inflammatory/antiangiogenic/antioxidant effects and also activates
tryptophan hydroxylase 2, which is responsible for serotonin synthesis
in the brain (12,13). The relationship between vitamin D deficiency and
depression is based on these facts.

The relationship between vitamin D deficiency and vascular damage has
been discussed in several recent studies in which vitamin D deficiency,
which is involved in the etiology of major depression, was evaluated with
OCT. In one of these studies, the macular ganglion cell complex (GCC)
and RNFL were examined using OCT to demonstrate vascular damage in
patients with early-stage diabetic retinopathy with and without vitamin
D deficiency, and there was a significant decrease in GCC in patients
with vitamin D deficiency compared to those without, but no significant
difference was found in terms of RNFL (14). In another study, Uro et al.
showed a decrease in ganglion cell thickness in patients with vitamin D
deficiency (15).

However, no study in the literature uses OCT to examine RNFL thickness
in patients with major depression with or without vitamin D deficiency.
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In this study, we aimed to investigate the possible inflammation and
degeneration associated with depression and vitamin D deficiency using
the OCT method by comparing unmedicated major depressive patients
with and without vitamin D defficiency with healthy controls. We
hypothesized that patients with vitamin D deficiency would have more
inflammation, more severe depression, less RNFL thickness measured
by OCT, and increased choroidal thickness due to inflammation-related
vascular blood flow.

METHODS

Participants

Bolu Abant izzet Baysal University Ethics Committee approved this study
with its decision dated 6.3.2017, numbered 56, and it complied with
the Helsinki Declaration. In addition, it was supported by the Scientific
Research Project Commission of Bolu Abant izzet Baysal University.
Patients 18-60 years of age diagnosed with major depression according
to DSM-IV diagnostic criteria, who applied to Bolu Abant izzet Baysal
University Medical Faculty Psychiatry Polyclinics between March 2017
and March 2018, were included in this study. Controls consisted of
healthy volunteers, hospital staff, and relatives of patients hospitalized
in other departments. All participants voluntarily signed an informed
consent form. Exclusion criteria included Axis 1 disorder other than
major depression, head trauma with loss of consciousness, uncontrolled
hypertension that may affect the vascular system in the eye, diabetes, a
history of coronary heart disease, a systemic disease affecting the eye, an
ophthalmological or neurological disease affecting the visual pathways,
cataracts, and leukoma. Conditions affecting the OCT examination,
including vitreous hemorrhage, those with +5 spherical, 3 cylindrical
refractive errors, and those with a history of inflammatory disease in
the last two weeks or a history of anti-inflammatory drug use were also
excluded from the study. Of 46 patients with major depression, two were
excluded because of urinary tract infections and two due to strabismus
in OCT measurements. Two of 26 healthy controls were excluded due to
strabismus in OCT measurements. Thus, the patient group consisted of
42 people, and the healthy control group included 24 people who met
the research criteria. Both the patient and control groups were evaluated
with the Structured Clinical Interview Inventory (SCID) for the Diagnostic
and Statistical Manual of Mental Disorders (DSM), and the diagnosis of
major depression in the patient group was made according to DSM-IV
diagnostic criteria.

Scales
Participants were assessed to determine the severity of depression and
anxiety and their level of functionality.

Hamilton Depression Rating Scale (HAM-D): Developed by Hamilton in
1960 (16), translated to Turkish by Akdemir et al. (1996) (17), is a clinician-
evaluated scale scored as 0-13: no depression, 14-27: mild depression,
28-41: moderate depression, and 42-53: severe depression.

Hamilton Anxiety Rating Scale (HAM-A): Developed by Hamilton in
1959 (18) with Turkish validity and reliability confirmed by Yazici et al.
(1998) (19), is a clinician-evaluated scale with an inter-rater reliability
coefficient of 0.72: scored as 0-5: no anxiety, 6-14: minor anxiety, and
>175: major anxiety.

Global Assessment Scale (GAS): Functionality for the current or past
period using a score from Tto 100 (20).

Clinical Global Impression Scale (CGl): The severity of the disease and
the extent to which the patient responds to treatment is evaluated on
a scale of 1 to 7 points (1: normal, not ill, 2: borderline, 3: mildly ill, 4:
moderately ill, 5: significantly ill, 6: severely ill, and 7: most severe) (21).
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Eye Examination and OCT Measurements

After the scale applications, all participants were directed to the
Department of Ophthalmology for eye examinations with OCT performed
by Dr. Fatih Ulas and Dr. Melek Altintas Gilner. Optical coherence
tomography recordings were performed with the Spectralis” OCT device
(Heidelberg Engineering, Heidelberg, Germany) loaded with 5.3 software
without changing the values of the rapid macular thickness measurement
modes. Right eye measurements were taken in 20 of 24 healthy controls,
and left eye measurements were taken in two individuals due to +3
cylindrical refractive errors in the right eye and +5 spherical refractive
errors in 2 subjects.

Blood Samples

To determine participants’ vitamin D and C reactive protein (CRP) levels,
blood samples (5-10 cc) were taken on an empty stomach in morning,
and measurements were made on the same day. A vitamin D level <20
ng/mL was accepted as vitamin D Defficiency.

Statistical Analysis

Before initiating the study, the sample size was determined using G
Power 3.1 (22). The effect size was accepted as d=0.40, the statistical
significance as a=0.05, and the power (1-f) as 80%. The sample size was
calculated to be 66 for a three-group comparison with one-way analysis
of variance (ANOVA), thus we aimed to recruit 22 people for each group.
Comparisons were analyzed with the chi-square test when the data
were categorical and the continuous variables were analyzed for normal
distribution with the Kolmogrov-Smirnoff test. The normally distributed
continuous variables were compared in three groups with one-way
ANOVA, and non-normally distributed variables were compared with
the Kruskal-Wallis ANOVA. Posthoc Bonferroni correction was done to
differentiate the groups from each other. After the Kruskal-Wallis-H test,
Mann-Whitney U tests were performed for pairwise comparisons. The
P-value was divided into three for multiple statistical correction since a
post hoc three paired comparisons were done, and the significance level
was accepted as p<0.016. Comparisons between the two groups were
made with the Student’s t-test when the data were normally distributed
and the Mann-Whitney U test when they were not. The relationships
between clinical variables and OCT parameters were examined by
Spearman correlation analysis. Since the correlation of 16 parameters
was examined, multiple statistical corrections were made, the P-value was
divided by 16, and the significance level was accepted as p<0.003. Finally,
in the linear regression analysis, attack duration, vitamin D level, and
HAM-D score were evaluated as independent variables to understand
what determines the CRP level in the whole sample.

RESULTS

Sociodemographic Data

In terms of age and gender, the depressed patients and healthy control
groups were statistically comparable. Patients with serious depression
had considerably lower levels of education than healthy controls, were
more likely to be unemployed, and lived alone to a greater extent
(p<0.05) (Table 1).

CRP and Vitamin D

The CRP level was statistically significantly higher in patients with major
depression than in the healthy control group (p<0.001). Vitamin D levels
of the patients with major depression were found to be statistically
significantly lower than those of the healthy control group (p<0.001)
(Table 2). When patients with major depression with and without vitamin
D deficiency were compared to healthy controls, the CRP level of the
healthy control group was found to be statistically significantly lower than
that of major depressive patients with and without vitamin D deficiency
(p<0.001), but no statistically significant difference was found between
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the major depression groups with and without vitamin D deficiency
(p=0.26).

OCT Data

The nasal choroidal thickness (EDI. N) value of patients with major
depression was significantly higher that of the healthy control group
(p=0.03). The GCL volume value was statistically significantly lower in the
major depression group than in the healthy control group (p=0.03) (Table
2). There was no significant difference between the three groups in terms
of central choroidal thickness (EDI. C), temporal choroidal thickness (EDI.
T), EDL. N, central retinal thickness (RET. C), temporal retinal thickness
(RET. T), nasal retinal thickness (RET. N), global retinal nerve fiber layer
(GRNFL), GCL, GCL volume, and IPL parameters (Table 3).

Correlations

Current attack duration was negatively correlated with vitamin D
(p=0.002), positively correlated with CRP (p<0.001), positively correlated
with disease duration (p<0.001), and negatively correlated with GCL
volume (p=0.003). Total disease duration was negatively correlated with
vitamin D (p=0.003) and positively correlated with CRP (p<0.001). Clinical
global impression scale was positively correlated with CRP (p<0.001).
The HAM-D total score, which indicates the severity of the disease, was
negatively correlated with vitamin D (p=0.001) and positively correlated
with CRP (p=0.002). The GAS value indicating functionality was negatively
correlated with disease duration (p<0.001), negatively correlated with
HAM-D (p<0.001), and negatively correlated with CRP (p<0.001) (Table 4).

Regression Analysis

Inthelinear regression analysis performed to understand what determines
the CRP level in the whole sample, attack duration, vitamin D level, and
HAM-D score were taken as independent variables, and the model is valid
(F=6.28, p<0.001), and explains 24% of the variance (R?=0.24). From the
independent variables, attack duration significantly predicted the CRP
level positively (B=0.01, p=0.02). In contrast, the vitamin D level predicted
the CRP level negatively (B=-0.01, p=0.05) (Table 5).

DISCUSSION

Studies of major depression to demonstrate vascular damage and
degeneration by a non-invasive imaging method of OCT are scarce. Thus,
we intended to investigate depression, inflammation, and degeneration
induced by vitamin D insufficiency using OCT, and this is the first study
that attempted this. We found CRP levels to be significantly higher in
patients with major depression compared to healthy controls, while
vitamin D levels were significantly lower compared to healthy controls
(Table 2). No significant difference was found between major depressive
patients with or without vitamin D deficiency regarding CRP and disease
severity. In terms of OCT parameters, there was a significant increase in
nasal choroidal thickness determined by EDI. N in the major depressive
group compared to the healthy control group and a decrease in the GCL
volume, which is one of the retinal nerve parameters (Table 2).

Many studies have found an increase in CRP in patients with serious
depression, which is consistent with our findings (23,24). In our study, attack
duration, disease duration, and disease severity were positively correlated
with CRP. These results are in line with another study’s findings showing
that inflammation increases with disease severity and duration (25).

Our finding of low vitamin D levels in patients with depression is
consistent with both the literature and the results of our previous
outpatient screening study (26,27). Many studies show that vitamin
D deficiency increases the incidence of major depression and causes
existing depression to be more severe (26). Similarly, in our study, a
negative correlation was found between vitamin D levels and the severity
of depression.
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Table 1. Comparison of sociodemographic data of patients with major depression and healthy controls

Major Depression Healthy Controls

Variable (n=42) (n=24) X2, t/z P
Age, mean#standard deviation 30.95£9.97 30.63£5.43 -0.17= 0.86
Gender, n (%)

Female 32(76.2%) 13 (54.2%) 3.471% 0.06

Male 10 (23.8%) 11 (45.8%)
Education (years), meantstandard deviation 11.60+4.37 15.83+2.84 -3.79% <0.01*
Non-working, n (%) 25 (59.5%) 3(12.5%) 13.82% <0.01*
Living alone, n (%) 4(9.5%) 8(33.3%) 5.82% 0.02%
Smoking, n (%) 14 (33.3%) 9(37.5%) 0.11% 0.73
HAM-D total 35.46%6.53 17.63+0.82 -6.72% <0.01*
HAM-A total 19.85+7.48 0.78+0.73 -16.17¢ <0.01*
CGl, meanzstandard deviation 3.45+0.59 1.00+0.00 -7.10% <0.01*
GAS, meanzstandard deviation 58.95+6.97 96.50+1.61 33.36* <0.01*
Cur.rer_1t attack duration (months), meantstandard 9.40+15.24 L L .
deviation
(Ij);i/?:;i:uration (months), meantstandard 36.90+48.66 L L .

*P<0.05, A Mann-Whitney U Test was applied to the variables that were not normally distributed, and z statistics* given. A Student’s t-test was applied to normally distributed
variables, and t statistics' given. Categorical variables were analyzed with chi-square and the x? statistic? given.
CGl: Clinical Global Impression Scale; GAS: Global Assessment Scale; HAM-A: Hamilton Anxiety Rating Scale; HAM-D: Hamilton Depression Rating Scale.

Table 2. Comparison of patients with major depression and healthy controls in terms of CRP, Vitamin D, and OCT parameters

Variables, meantstandard deviation Major Depression (n=42) Healthy Controls (n=24) X, t/z P
CRP 0.79£0.98 0.10£0.02 -3.98 <0.001*
Vitamin D 21.26+16.89 30.46+8.76 2.907 <0.001*
EDI. C 323.69+75.79 319.50£72.58 -0.21% 0.82
EDIL. T 288.07+73.15 296.13+84.17 0.40t 0.68
EDI.N 292.95+69.54 253.17+75.82 -2.16t 0.03*
RET.C 217.61+11.86 223.58+17.27 1.65 0.10
RET.T 323.95+18.45 330.29+20.27 1.29% 0.20
RET. N 352.76+20.60 359.33+£25.86 1.13¢ 0.26
GRNFL 101.76£10.77 98.92+6.76 -1.31t 0.19
GCL 58.57£6.15 58.75+5.56 -0.432 0.66
GCL volume 2.34+0.12 2.41£0.10 2.22¢ 0.03*
IPL 45.83+£5.10 47.13+4.89 1.00t 0.31
Axial 23.36+0.82 23.86+0.81 -1.20¢ 0.22
Spherical -0.68+0.47 -0.89+0.67 -0.95% 0.34

*P<0.05, A Mann-Whitney U Test was applied to variables that were not normally distributed, and z statistics? given. A Student’s t-test was applied to normally distributed variables,
and t statistics' given.

CRP: C reactive protein; EDI. C: central choroidal thickness; EDI. N: nasal choroidal thickness; EDI. T: temporal choroidal thickness; GCL: ganglion cell layer; GRNFL: global retinal
nerve fiber layer; IPL: inner plexiform layer; OCT: optical coherence tomography; RET. C: central retinal thickness; RET. N: nasal retinal thickness; RET. T: temporal retinal thickness.
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Table 3. Comparison of major depression patients with and without vitamin D deficiency and healthy controls in terms of vitamin D, CRP,
and OCT parameters

Major Depression Major Depression

without vitamin D with vitamin D Healthy Group
Variables, meantstandard deviation Deficiency (n=22) Deficiency (n=20)  Controls (n=24) F/K P difference
Vitamin D 34.40+15.13 9.32+5.99 30.46+8.76 36.11¢ <0.001* 1=3>2
CRP 0.58+0.77 0.99+1.12 0.10+0.02 17.43% <0.001* 1=2>3
EDI. C 321.35+74.42 325.82+78.70 319.50+72.58 0.04° 0.95 1=2=3
EDI. T 292.10+88.37 284.41+57.88 296.13+84.17 0.13F 0.87 1=2=3
EDI. N 303.35+£77.95 283.50+61.21 253.17+75.82 2.73F 0.07 1=2=3
GRNFL 100.45+11.56 102.95+10.11 98.92+6.76 1.03F 0.36 1=2=3
RET.C 216.37+12.21 218.68+11.72 223.58+17.27 1.48F 0.23 1=2=3
RET.T 323.90+13.39 324.00+22.42 330.29+20.27 0.82¢ 0.44 1=2=3
RET. N 352.85+18.52 352.68+22.77 359.33+25.86 0.63% 0.53 1=2=3
GCL 58.60+4.36 58.55+7.52 58.75+5.56 0.27% 0.87 1=2=3
GCLvolume 2.35+0.11 2.34+0.12 2.41£0.10 2.54F 0.08 1=2=3
IPL 47.20+5.24 44.59+4.76 47.13+4.89 1.97F 0.14 1=2=3
Axial 23.60+0.61 22.92+1.03 23.86%0.81 2.59° 0.09 1=2=3
Spheric -0.84£0.26 -0.76£0.54 -0.89+0.67 1.74F 0.19 1=2=3

*P <0.05, A one-way ANOVA was applied to the normally distributed variables, and post hoc Bonferroni correction was made, F statistic given®. A Kruskal-Wallis test was applied
to the non-normally distributed variables, and Kruskal-Wallis test statistic given®. P accepted as <0.016. Group 1: Major depression without vitamin D deficiency, Group 2: Major
depression with vitamin D deficiency, Group 3: Healthy controls.

CRP: C reactive protein; EDI. C: central choroidal thickness; EDI. N: nasal choroidal thickness; EDI. T: temporal choroidal thickness; GCL: ganglion cell layer; GRNFL: global retinal
nerve fiber layer; IPL: inner plexiform layer; OCT: optical coherence tomography; RET. C: central retinal thickness; RET. N: nasal retinal thickness; RET. T: temporal retinal thickness.

Table 4. Correlation of OCT and inflammation parameters with sociodemographic and clinical variables in the whole sample

Disease Vitamin
duration CGI HAM-D D CRP EDI.C | EDI.T EDIL.N  GRNFL RET.C RET.T RET.N GCLv IPL
Attack r=0.80 r=0.73 r=0.35 r=-0.37 | r=0.51 | r=-0.01 | r=-0.04 | r=0.23 | r=0.08 | r=-0.16 | r=-0.20 | r=-0.28 | r=-0.36 | r=-0.16
duration p<0.001 | p<0.001 p<0.001 | p=0.002 | p<0.001 | p=0.91 | p=0.70 | p=0.05 | p=0.49 | p=0.20 p=0.09 | p=0.01 | p=0.003 p=0.19
Disease r=0.77 r=0.73 r=-0.36 r=0.57 | r=-0.11 | r=-0.11 | r=0.27 | r=0.17 | r=-0.09 | r=-0.13 | r=-0.14 | r=-0.23 | r=-0.09
duration p<0.001 | p<0.001 | p=0.003 p<0.001 p=034 | p=0.35 | p=0.02 = p=0.15 | p=0.43 | p=0.29 | p=0.26 | p=0.05 | p=0.43
Gl r=0.86 r=-0.35 r=0.52 | r=-0.07 | r=-0.15 | r=0.12 | r=0.08 | r=-0.12 | r=-0.12 | r=-0.07 | r=-0.26 | r=-0.10
p<0.001 | p=0.004 | p<0.001 | p=0.54 | p=0.21 | p=0.33 | p=0.49 | p=0.30 | p=0.33 | p=0.57 | p=0.03 | p=0.42
GAS r=-0.71 r=-094 | r=-0.84 | r=032 | r=-048 | r=0.10 | r=0.51  r=-0.13 | r=-0.03 | r=0.10 | r=0.05 & r=0.04 | r=0.20 | r=0.03
p<0.001 | p<0.001 | p<0.001 p=0.007 | p<0.001  p=0.42 | p=0.22  p=0.28 p=0.78 | p=0.41 | p=0.68 K p=0.78 | p=0.94 | p=0.78
HAM-D r=-0.39 | r=0.38 | r=-0.11 | r=-0.10 | r=0.07 | r=0.13 | r=-0.03 | r=-0.01 | r=-0.00 | r=-0.17 | r=-0.00

p=0.001 p=0.002 p=038 p=040 p=0.56 p=030 p=078 p=091 p=098 p=0.17 | p=0.98

*p<0.003, Pearson’s correlation was used for the related variables, and the correlation coefficient r given.

CGl: Clinical Global Impression Scale; CRP: C reactive protein; EDI. C: central choroidal thickness; EDI: N: nasal choroidal thickness; EDI: T: temporal choroidal thickness; GAS:
Global Assessment Scale; GCL v: ganglion cell layer volume; GRNFL: global retinal nerve fiber layer; HAM-D: Hamilton Depression Rating Scale; IPL: inner plexiform layer; RET. C:
central retinal thickness; RET. N: nasal retinal thickness; RET. T: temporal retinal thickness.

Table 5. Linear regression determining C reactive protein in the whole sample

B Standard error beta t P
Attack duration 0.01 00.00 0.27 233 0.02*
Vitamin D -0.01 0.00 -0.23 -1.99 0.05*
HAM-D total 0.01 0.01 0.16 1.39 0.16

*P<0.05
HAM-D: Hamilton Depression Rating Scale.
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The negative correlation between vitamin D level and CRP (Table 4) may
indirectly indicate that vitamin D deficiency contributes to inflammation.
In addition, the fact that the attack duration, and the low vitamin D level
predicted the CRP level in the regression analyses in the whole sample
also supports the inflammation-increasing effect of vitamin D deficiency.
Although inflammatory markers other than CRP could not be examined
in our study, a negative correlation has been shown between vitamin
D levels and inflammatory markers in various studies in the literature
(28,29). The role of vitamin D on the immune system is to shift T helper
1 cells towards less pro-inflammatory T helper 2 cells (30), so the pro-
inflammatory state that occurs in vitamin D deficiency which improves
with vitamin D replacement may possibly have a negative effect on
inflammation in the brain.

Many studies show that inflammation caused by chronic stress and high
cortisol levels leads to severe depression and degenerative processes
(31,32). Although many methods are used to show degenerative changes,
very few studies examine the retina, which is accepted as an extension of
the brain, or use the OCT method to try to show signs of deterioration.
Although no significant difference was found between RNFL and IPL
values between major depressive individuals and healthy control groups
in our study using OCT, GCL volume, another retinal nerve parameter,
was significantly lower in major depressive patients compared to the
healthy control group (Table 2). In a similar study, no difference was found
in terms of RNFL in major depression, but GCL volume and IPL values
were found to be lower than that of healthy controls (9). In two other
studies, no difference was found in RNFL values (10,11), which may be
explained by the higher sensitivity of GCL and IPL measurements to
degeneration. GCL and IPL measurements were more sensitive than RNFL
to show deterioration during the attack period in patients with multiple
sclerosis (33). In our study, although a decrease in GCL volume was found
with major depression, which is thought to be an inflammatory disease
like multiple sclerosis, a decrease was also expected in RNFL thickness,
however, no difference was found, which may be due to including
patients with major depression in acute attack. The indifference between
the groups regarding RNFL might be explained by the possible edema
occurring between the retinal layers due to increased inflammation
detected in patients with acute major depressive episodes. In addition, it
has been stated that retinal changes can be demonstrated with OCT when
only 50% of retinal nerve fiber cells are lost with advancing age (34). Since
our study group was composed of relatively young patients, and RNFL
measures are affected by factors such as age, inflammation, and edema
caused by neovascularization, there may not have been a difference in
RNFL across the groups.

Our study found a negative correlation between current depressive
episode duration and GCL volume. In the literature, similar to our
research, Yildiz et al. also found a negative correlation between current
attack duration and RNFL, GCL, and IPL (10). In our study, no significant
correlation was found between HAM-D, which is the parameter
measuring the severity of depression, and OCT parameters. However, a
negative correlation was found between the functional GAS score and
the duration of the disease, the severity of depression, and CRP (Table
4). In a study investigating the relation between depressive attack
severity and OCT parameters, a negative correlation was found between
Montgomery-Asberg Depression Scale (MADRS) scores and RNFL, GCL
volume, and IPL in major depressive patients (11). In another study, a
negative correlation was found between disease severity determined
by CGI score and HAM-D, and GCL volume and IPL (9). All these data
may indicate that the increase in the duration and severity of depression
and the corresponding decrease in functionality contribute to the
degenerative process, characterized by OCT parameters.

In our study, besides the retina, the choroid, a vascular network structure
that provides nutrition to the retina, was also examined. A significant
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increase in nasal choroidal thickness determined by EDI. N was found
in the major depressive group compared to the healthy control group
(Table 2). Similar to our findings, Kalenderoglu et al. discovered that the
mean choroidal thickness was higher in patients with major depression
than in healthy controls (9). It has been reported that cytokines such
as interleukin (IL)-6, TNF-a, and IL-1f increase in patients with major
depression and these cytokines increase the choroidal blood supply as an
effect of inflammatory processes (35). The increase in choroidal thickness
may also be due to the increased retinal blood flow due to inflammation
to compensate for the axonal degeneration caused by depression.

Whilst several correlations were discovered, no difference between
subgroups was found. One reason for this may be the small sample
size. This issue can be investigated further in studies with larger sample
populations. Altough matching major depression and healthy control
groups in terms of age, gender, and OCT parameters of spherical and
axial equivalence is a strength of the study, the asymmetric female-male
ratio of 32:10 in the patient group and 13:11 in the control group, is a
limitation. In addition, the fact that the depressed patients were less
educated and working less than the healthy controls may have put
these groups under different stresses, leading to the development of a
depressive state affected by exogenous rather than endogenous factors,
which is another limitation of the study. Furthermore, although the
findings may indicate a degenerative process they may have occurred
due to a neurodevelopmental process as well. The cross-sectional design
of the study makes it difficult to differentiate the degenerative process
from a neurodevelopmental one and the cross-sectional design is also
insufficient to demonstrate a cause-effect link in terms of OCT outcomes.

We aimed to show the relationship between depression and inflammation,
the vascular and degenerative damage that may occur as a result,
and the relationship between this damage and vitamin D using a non-
invasive imaging method OCT. The decreased vitamin D levels which
was correlated with increased CRP levels in major depressive patients
compared to healthy controls and the increased CRP and choroidal
thickness in the depressed group might show an increased inflammatory
processes and blood supply accompanying inflammation in depression
which are consistent with the findings of previous studies. The decreased
GCL volume in major depressive individuals compared to healthy adults
is also consistent with other studies showing possible degeneration;
however, longitudinal follow-up studies are needed to reveal a causal
relationship.
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