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Abstract
Background: This study aimed to investigate the relationship between early changes in retinal layer
thickness and thiol–disul�de homeostasis in patients with type II diabetes mellitus (T2DM).

Materials-Methods: There were 69 patients with T2DM (61 patients without retinopathy, 8 patients with
retinopathy) and 21 healthy controls. In patients without retinopathy, 31 of the patients had a disease
duration under 10 years, 30 of the patients had a disease duration over 10 years. Retinal layer thickness
of the right eye was measured using Spectral Domain Optical Coherence Tomography.

Results: Patients with T2DM and healthy controls had mean ages of 48.40 ± 8.25 years and 45.94 ± 7.32
years, respectively. The ganglion cell layer and retinal pigment epithelium thicknesses were signi�cantly
lesser in patients without diabetic retinopathy than those in the control group. In patients without diabetic
retinopathy and with a disease duration of under 10 years, there was a negative correlation between the
retinal nerve �ber layer thickness (µm) and disulphide/total thiol ratio, between the inner nuclear layer
thickness (µm) and disulphide/native thiol ratio as well as disulphide/total thiol ratio (r= −0.376, p=
0.037; r= −0.356, p= 0.050; r= −0.380, p= 0.035, respectively) and positive correlation between the INL
thickness (µm) and native thiol/total thiol ratio (r= 0.359, p= 0.047).

Conclusion: Early changes in retinal layers in patients with DM were associated with thiol–disul�de
homeostasis. Administration of therapeutic supplements may aid in the management of low thiol
concentrations; this increases the importance of the study �ndings.

Introduction:
Diabetic retinopathy (DR) is the most common microvascular complication of diabetes mellitus (DM) and
the most common cause of blindness [1]. DR is divided into two main categories as non-proliferative DR
(NPDR) and proliferative DR (PDR) [2]. Spectral Domain Optical Coherence Tomography. (SD-OCT) is a
non-invasive imaging method that provides high-resolution cross-sectional imaging of biological tissues.
SD-OCT is widely used in the follow-up of patients with DR because it allows the retinal tissue to be
examined in high resolution, is non-invasive, and can be performed in a short duration [3]. DR is the most
important cause of blindness between the ages of 20 and 74 years all over the world. Early diagnosis and
appropriate treatment of DR �ndings is the most important strategy in preventing DR-associated
blindness [4]. Reactive oxygen species (ROS), hypoxia, and in�ammation are believed to play an active
role in the pathophysiology of DR [5]. Abnormalities in biochemical and molecular signaling mechanisms
trigger ROS formation and cause cytokine and chemokine dysregulation; this results in an increase in
oxidative stress, which affects cellular macromolecules, such as protein and nucleic acids [5]. ROS is
continuously produced to support normal cellular functions; increase in ROS production or dysfunction in
antioxidant defense systems contribute to oxidative stress [6,7]. Activities of enzymes, such as
superoxide dismutase, glutathione reductase, thioredoxin and catalase, decrease in the retina in patients
with DM [8]. The majority of antioxidants are thiols; they provide defense against ROS (9). Dynamic
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thiol–disul�de homeostasis plays a key role in many events, such as signal transduction, apoptosis, and
regulation of enzymatic activity [9,10]. Abnormal thiol–disul�de homeostasis is associated with systemic
diseases, such as DM and cancer [11,12], as well as eye diseases, such as central serous
chorioretinopathy and age-related cataract [13,14]. Studies examining the relationship between thiol–
disul�de homeostasis and DR have previously been conducted [15,16]; these studies reported that
dynamic thiol–disul�de homeostasis shifts toward the disul�de side in patients with DR [16] and that the
serum total thiol levels of patients with NPDR were lower than those in the control group [15]. However,
the relationship between early changes in retinal layers and thiol–disul�de homeostasis in patients with
DM has not been studied. In 2014, Erel and Neselioğlu developed a new automated spectrophotometric
method in which thiol and disul�de could be measured separately [9]. In the present study, we aimed to
investigate the relationship between changes in retinal layer thickness measured using SD-OCT and
thiol–disul�de homeostasis measured using the new spectrophotometric method in patients with type 2
DM (T2DM).

Materials And Methods:
The study protocol was approved by Ankara Yıldırım Beyazıt University and complied with the principles
of the Declaration of Helsinki. An informed consent form was signed by all the participants. Patients over
18 years of age with T2DM were included in the study. Those with systemic conditions, such as chronic
kidney failure, chronic liver failure, pregnancy, hypertension, hypothyroidism, hyperthyroidism,
cardiovascular disease, and rheumatological diseases, and a history of malignancy were excluded from
the study to eliminate any possible effect on thiol–disul�de homeostasis [17]. In addition, patients who
received laser therapy or intravitreal injection; patients who had diabetic macular edema (DME), PDR,
myopia, hyperopia or astigmatism ≥2 diopters, history of intraocular surgery, or chronic ocular diseases
(glaucoma, uveitis, dry eye syndrome, or conjunctivitis); and contact lens wearers were not included in the
study. A total of 69 patients with T2DM meeting the inclusion and exclusion criteria and 21 healthy
controls were included in this study. Retinal layer thickness in the right eye was measured in the patient
and control groups. The patients were grouped according to disease duration (<10 years and ≥10 years)
to analyze early-stage changes [18,19]. 

Oculer evaluation
All participants were examinated by two retina specialists. Evaluation included biomicroscopic
examination to assess the macula and fundus, non-mydriatic photographs, visual acuity and OCT.
Severity of DRP was classi�ed according to the scale of DRP severity [20,21].

SD-OCT
SD-OCT was performed with a dilated pupil. Whole process was conducted by the same experienced
operator and no manual correction was performed on OCT scans. The SD-OCT system automatically



Page 5/16

provided Early Treatment Diabetic Retinopathy Study (ETDRS) thickness maps for the following seven
layers: retinal pigment epithelium (RPE), outer nuclear layer (ONL), outer plexiform layer (OPL), inner
nuclear layer (INL), inner plexiform layer (IPL), ganglion cell layer (GCL), retinal nerve �ber layer (RNFL)
with the caliper measurement tool embedded in the system. [22]. In this study only the scans with
su�cient quality (Q > 25) were included in image analysis

Laboratory evaluation
Glucose, albumin, C-reactive protein (CRP), spot urinary albumin/kreatin ratio were measured using
commercially available assay kits (Roche Diagnostics, Mannheim, Germany) and an auto analyzer
(Cobas 501, Roche Diagnostics, Mannheim, Germany) as well thiol-disul�de tests. HbA1c was quanti�ed
by standardized immunoturbidimetry on a Cobas 502 analyzer (Roche Diagnostics, Mannheim, Germany)
according to the manufacturer’s instructions. 

Thiol/disul�de homeostasis
Venous blood samples from the patients and healthy controls were collected into EDTA tubes after 12
hours of fasting. The blood samples were immediately centrifuged for 10 minutes at 1500 rpm, and
plasma and serum were separated. Separated serum samples were stored at -80°C and all samples were
run at once. During the thiol/disul�de homeostasis tests, �rst, the reducible disul�de bonds were reduced
to form free functional thiol groups. Formaldehyde was used to remove unused and consumed sodium
borohydride. Total thiol (–SH+–S–S–) and native thiol (–SH) concentrations in the samples were
measured using Ellman's and modi�ed Ellman's reagent. The natural thiol content was subtracted from
the total thiol content and half of this difference gave the amount of dynamic disul�de bonds (–S–S).
Using these parameters, disulphide/native thiol, disulphide/total thiol, native thiol/ total thiol ratio were
calculated.

Statistical evaluation
All statistical analyses were performed with the SPSS 15.0 software package (SPSS, Inc., Chicago,
Illinois). Descriptive statistics for the constant variables were expressed as mean ± SD or median (range),
and categorical variables were noted as numerics and percent (%). Student T test was used for
comparison between independent groups conforming to normal distribution, and Mann Whitney U test for
those, who did not comply with normal distribution. Chi-square was used to compare categorical
variables. Analysis of variance (ANOVA) was used to compare normally distributed interval data between
patients with DM with and without DR and healthy individuals, and the Kruskal Wallis test was used to
compare non-normally distributed interval data. Pearson correlation analysis was used to analyze
correlations between normally distributed variables, and Spearman correlation analysis was used to
analyze correlations between non-normally distributed variables. To compare interval data between the

https://www.sciencedirect.com/topics/medicine-and-dentistry/disulfide
https://www.sciencedirect.com/topics/medicine-and-dentistry/formaldehyde
https://www.sciencedirect.com/topics/medicine-and-dentistry/sodium-borohydride
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groups with a DM duration of <10 years and those with a DM duration of ≥10 years, Student's t-test was
used for normally distributed data and Mann–Whitney U test was used for non-normally distributed data.
The signi�cance level was determined as p < 0.05.

Results:
A total of 69 patients with T2DM (43 females and 26 males) and 21 healthy subjects (13 females and 8
males) participated in the study. The patients with T2DM and healthy controls had mean ages of 48.40 ± 
8.25 years and 45.94 ± 7.32 years, respectively. Age and sex distribution were similar in both the groups
(p > 0.05 for each parameter). A total of 11.6% (n = 8) of the patients with T2DM had DR (NPDR) and
88.2% (n = 61) did not have DR. Of the patients without DR, 50.8% (n = 31) had a disease duration of < 10
years and 49.2% (n = 30) had a disease duration of ≥ 10 years. Among the patients with T2DM, fasting
blood glucose level was 181.36 ± 77.68 mg/dl; mean Hba1c rate (%) was 8.33 ± 1.95; mean native thiol,
disul�de, and total thiol levels were 414.03 ± 59.64 µmol/L, 17.17 ± 8.98 µmol/L, and 448.25 ± 66.15
µmol/L, respectively; and disul�de/native thiol rate (%) was 0.042 ± 0.022. Mean disul�de/total thiol ratio
was calculated as 0.038 ± 0.020, and mean native thiol/total thiol ratio was calculated as 0.924 ± 0.039.
Patients with and without DR demonstrated RNFL, GCL, IPL, INL, OPL, ONL, and RPE thicknesses of
12.79 ± 2.23 µm, 15.27 ± 4.53 µm, 21.21 ± 5.34 µm, 20.56 ± 5.52 µm, 25.27 ± 6.72 µm, 84.76 ± 12.84 µm,
and 16.73 ± 1.97 µm, respectively. The age (years); gender distribution; disease duration (years); levels of
fasting blood glucose (mg/dl), albumin (g/L), and CRP (mg/L); Hba1c (%) and urinary albumin/creatinine
ratio (%); and retinal layer thickness of the patients with and without DR as well as those of the controls
are given in Table 1. GCL and RPE thicknesses in the patients without DR were signi�cantly lesser in
patients without DR compared with those in the controls (p = 0.026, p = 0.022, respectively). There was no
difference in the GCL and RPE thicknesses between the groups with and without DR (p = 0.720, p = 0.999,
respectively). Additionally, there was no signi�cant difference between other retinal layers (Table 1). No
correlation was found between RNFL, GCL, IPL, INL, OPL, and ONL thicknesses (µm) and disease duration
in patients without DR (r = − 0.006, p = 0.965; r = − 0.032, p = 0.805; r = 0.061, p = 0.639; r = 0.100, p = 0.443;
r = 0.049, p = 0.709; and r = − 0.033, p = 0.801, respectively). There was a weak negative correlation
between disease duration and the RPE thickness (µm) (r = − 0.261, p = 0.042). The correlation analysis in
which we compared the relationship between thiol–disul�de homeostasis and the retinal layer thickness
in patients without DR is shown in Table 2. Accordingly, weak negative correlation was detected between
the IPL thickness (µm) and disulphide levels (µmol/L) (r = 0.278, p = 0.030), disulphide/native thiol ratio (r 
= − 0.303, p = 0.018), and disulphide/total thiol ratio (r = 0.297, p = 0.020). A weak negative correlation
was found between the INL thickness (µm) and disulphide/total thiol ratio (r = − 0.266, p = 0.038). A weak
positive correlation was detected between the ONL thickness (µm) and total thiol levels (µmol/L) (r = − 
0.263, p = 0.040). A very weak negative correlation was detected between the RNFL thickness (µm) and
disulphide/native thiol ratio (r = − 0.248, p = 0.054) as well as disulphide/total thiol ratio (r = − 0.230, p = 
0.075) and between the INL thickness (µm) and disulphide/native thiol ratio (r = − 0.246, p = 0.056) as
well as disulphide levels (µmol/L) (r = 0.239, p = 0.063), however was slightly signi�cant. Thiol–disul�de
homeostasis and the retinal layer thickness measurements were compared according to disease duration
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(< 10 years and ≥ 10 years) in patients without DR (n = 61). Disul�de/native thiol and disul�de/total thiol
ratio were found to be higher in patients with disease duration ≥ 10 years (0.034 ± 0.017, 0.045 ± 0.024, p 
= 0.049 and 0.031 ± 0.015, 0.040 ± 0.020, p = 0.050, respectively). The RPE thickness was found to be
17.29 ± 2.44 µm in patients with a disease duration of < 10 years and 16.23 ± 1.75 µm in patients with a
disease duration of ≥ 10 years. There was no signi�cant difference between other retinal layers and
thiol–disul�de parameters (Table 3). On evaluation of the correlation between the retinal layer thickness
and thiol–disul�de homeostasis in patients without DR having a disease duration of < 10 years (n = 31), a
very weak negative correlation was detected between the RNFL thickness (µm) and disulphide/native
thiol ratio (r = − 0.350, p = 0.054), and a weak negative correlation was detected between the RNFL
thickness (µm) and disulphide/total thiol ratio in these patients (r = -0.376, p = 0.037). A weak negative
correlation was detected between the INL thickness (µm) and disulphide/native thiol ratio (r = − 0.356, p = 
0.050) as well as disulphide/total thiol ratio (r = − 0.380, p = 0.035), and a weak positive correlation was
detected between the INL thickness (µm) and native thiol/total thiol ratio (r = 0.359, p = 0.047). No
correlation was found between the other retinal layers and thiol–disul�de parameters in patients with a
disease duration of < 10 years (Table 4). A weak positive correlation was found between the ONL
thickness (µm) and native as well as total thiol levels in patients with a disease duration of ≥ 10 years (r 
= 0.391, p = 0.033 and r = 0.422, p = 0.020, respectively), and a weak negative correlation was found
between the native thiol levels and OPL thickness (µm) in patients with a disease duration of > 10 years (r 
= − 366, p = 0.047).
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Table 1
Comparison of patient and control groups according to demographic characteristics, biochemical

measurements, and retinal layer thickness

  DR-present (n = 
8)

DR-absent

(n = 61)

Control

(n = 21)

p

Age 50.12 ± 6.74 48.18 ± 8.45 45.94 ± 7.32 0.426

Gender

Female

Male

4 (50%)

4 (50%)

39 (63.9%)

22 (36.1%)

13(61.9%)

8(38.1%)

0.744

Duration of disease (month) 115.50 ± 78.01 100.78 ± 
66.09

- 0.564*

Fasting glucose (mg/dl) 227.75 ± 98.25 175.27 ± 
73.40

83.11 ± 8.11 < 0.001

Albumin (g/L) 4.36 ± 0.60 4.61 ± 0.30 4.66 ± 0.24 0.087***

CRP (mg/L) 7.96 ± 6.79 4.82 ± 3.19 3.11 ± 1.32 0.601

Urinary albumin/kreatinin ratio
(%)

115.33 ± 241.03 12.60 ± 6.60 - 0.101**

Hba1C (%) 9.42 ± 2.44 8.18 ± 1.85 - 0.092*

RNLF (µm) 12.62 ± 1.68 12.81 ± 2.31 13.55 ± 2.09 0.428

GCL (µm) 16.50 ± 5.42 15.11 ± 4.43 18.50 ± 5.54 0.033

IPL (µm) 21.25 ± 4.43 21.21 ± 5.48 23.00 ± 4.24 0.432

INL (µm) 20.50 ± 2.82 20.57 ± 5.80 20.44 ± 5.51 0.996

OPL (µm) 26.75 ± 4.59 25.08 ± 6.96 23.88 ± 4.94 0.568

ONL (µm) 82.62 ± 4.95 85.04 ± 13.54 87.50 ± 
10.37

0.622

RPE (µm) 16.50 ± 1.19 16.77 ± 2.06 18.33 ± 2.00 0.012

CRP; c-reactive protein RNFL retinal nerve �ber layer; GCL ganglion cell layer; IPL inner plexiform layer;
INL inner nuclear layer; OPL outer plexiform layer; ONL outer nuclear layer; RPE retinal pigment
epithelium
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Table 2
Correlation between retinal layer thickness and thiol–disul�de homeostasis in patients without DR (n = 

61)

  RNLF GCL IPL INL OPL ONL RPE

Native Thiol (µmol/L)

r

p

0.103

0.428

0.043

0.744

0.068

0.600

0.033

0.799

-0.108

0.406

0.247

0.055

-0.016

0.903

Disulphide (µmol/L)

r

p

-0.207

0.110

-0.186

0.151

-0.278

0.030

-0.239

0.063

-0.151

0.246

0.177

0.173

-0.026

0.842

Total thiol (µmol/L)

r

p

0.036

0.785

0.001

0.996

-0.003

0.979

-0.035

0.791

-0.112

0.390

0.263

0.040

-0.023

0.861

Disulphide/Native thiol

r

p

-0.248

0.054

-0.218

0.092

-0.303

0.018

-0.246

0.056

-0.100

0.445

0.090

0.490

0.007

0.959

Disulphide/Total thiol

r

p

-0.230

0.075

-0.197

0.127

-0.297

0.020

-0.266

0.038

-0.148

0.255

0.117

0.369

-

0.009

0.942

Native thiol/ Total thiol

r

p

0.188

0.147

0.164

0.205

0.247

0.055

0.230

0.074

0.150

0.249

-0.118

0.363

0.026

0.843

RNFL retinal nerve �ber layer; GCL ganglion cell layer; IPL inner plexiform layer; INL inner nuclear layer;
OPL outer plexiform layer; ONL outer nuclear layer; RPE retinal pigment epithelium
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Table 3
Evaluation of retinal layer thickness and thiol–disul�de balance in patients without DR (n = 61) according

to disease duration

  Disease duration < 10 years (n 
= 31)

Disease duration ≥ (10) years ≥
(n = 30)

p

Native Thiol
(µmol/L)

425.38 ± 62.63 417.72 ± 54.63 0.613

Total thiol (µmol/L) 455.3473.28 454.45 ± 60.33 0.959

Disulphide
(µmol/L)

14.95 ± 8.22 18.55 ± 9.58 0.120

Disulphide/Native
thiol

0.034 ± 0.017 0.045 ± 0.024 0.049

Disulphide/Total
thiol

0.031 ± 0.015 0.040 ± 0.020 0.050

Native thiol/Total
thiol

0.934 ± 0.030 0.919 ± 0.042 0.127

RNLF 12.80 ± 2.44 12.83 ± 2.21 0.964

GCL 15.38 ± 4.52 14.83 ± 4.38 0.630

IPL 21.19 ± 4.70 21.23 ± 6.27 0.428

INL 20.19 ± 5.76 20.96 ± 5.91 0.865

OPL 24.48 ± 5.40 25.70 ± 8.32 0.994

ONL 86.77 ± 10.27 83.26 ± 16.24 0.316

RPE 17.29 ± 2.44 16.23 ± 1.75 0.044

RNFL retinal nerve �ber layer; GCL ganglion cell layer; IPL inner plexiform layer; INL inner nuclear layer;
OPL outer plexiform layer; ONL outer nuclear layer; RPE retinal pigment epithelium
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Table 4
The relationship between retinal layer thickness and thiol–disul�de homeostasis in the patients without

DR having a disease duration of < 10 years (n = 31)

  RNLF GCL IPL INL OPL ONL RPE

Native Thiol (µmol/L)

r

p

0.257

0.163

0.301

0.099

0.276

0.133

0.176

0.343

0.006

0.972

0.066

0.726

-0.038

0.839

Disulphide (µmol/L)

r

p

-0.240

0.193

-0.115

0.537

-0.190

0.306

-0.298

0.104

-0.176

0.343

0.190

0.306

0.202

0.276

Total thiol (µmol/L)

r

p

0.165

0.374

0.232

0.210

0.193

0.298

0.084

0.653

-0.034

0.855

0.099

0.597

0.013

0.945

Disulphide/Native thiol

r

p

-0.350

0.054

-0.185

0.319

-0.255

0.166

-0.356

0.050

-0.156

0.402

0.197

0.289

0.262

0.154

Disulphide/Total thiol

r

p

-0.376

0.037

-0.225

0.224

-0.263

0.153

-0.380

0.035

-0.232

0.209

0.160

0.391

0.248

0.178

Native thiol/ Total thiol

r

p

0.301

0.100

0.200

0.281

0.257

0.163

0.359

0.047

0.244

0.185

-0.241

0.192

-0.197

0.287

RNFL retinal nerve �ber layer; GCL ganglion cell layer; IPL inner plexiform layer; INL inner nuclear layer;
OPL outer plexiform layer; ONL outer nuclear layer; RPE retinal pigment epithelium

Discussion:
The increase in oxidative stress in DM is believed to be associated with the development of
microvascular complications [8,23]. The retina is more sensitive to ROS than other ocular tissues as it
requires a large amount of energy for its physiological functions and contains large amounts of
polyunsaturated fatty acids. There is accelerated loss of the RNFL thickness independent of DR in
patients with T2DM, loss of the RNFL thickness in patients with T1DM, and increase in nerve �ber defects
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in the retina with the progression of DR [24–27]. In the present study, the RNFL thickness was found to be
lower in patients with and without DR compared with controls, but the difference was not statistically
signi�cant. In addition, there was no difference in the RNFL thickness between the patients with and
without DR. In the present study, a very weak negative correlation was found between the RNFL thickness
and disulphide/native thiol ratio as well as disulphide/total thiol ratio. However, we found that the level of
correlation between the RNFL thickness and disulphide/total thiol ratio became stronger (from very weak
to weak) and statistically signi�cant in patients without DR having a disease duration of < 10 years. We
found no such association in these patients with a disease duration of ≥ 10 years. Accordingly, this
suggests that the relationship between the increased oxidative stress and RNFL thickness is stronger in
the early stages of DM; however, the occurrence of vascular problems in the late stages of DM leads to a
weakening in the correlation between these variables. It is believed that neurodegenerative damage in the
retina occurs in the early stage of the disease in patients with DM and vascular problems occur later as
the disease progresses [28,29]. Decreased RNFL thickness has been attributed to astrocyte and ganglion
cell loss, direct toxicity due to hyperglycemia, and Müller cell dysfunction [29,30]. The RNFL thickness
loss is higher in patients with a T2DM duration of ≥ 10 years [18,31]. In the present study, the retinal
layers (excluding RPE) in patients without DR did not show any difference in thickness with respect to
disease duration (< 10 years and ≥ 10 years). This may be due to the fact that the study comprised
independent patient groups. The European Consortium for the Early Treatment of Diabetic Retinopathy
reported a lower GCL-IPL thickness in patients with T2DM compared with that in the normal population
[32]. Progressive loss of the GCL/IPL is an independent risk factor for progression in early-stage DR [32].
In a study conducted in Turkey, the GCL and IPL were found to be thinner in patients with DM compared
with those in the control group, but no difference was found between the GCL and IPL thicknesses in
patients with and without DR [33]. In the present study, we did not �nd any difference between the
patients with and without DR in terms of the GCL thickness. However, the GCL thickness was lesser in
patients without DR compared with that in the controls. Mohammed et al. reported that the GCL
demonstrated the difference in its thickness in patients with DR versus that in controls [34]. In the present
study, we found that the IPL thickness was similar in patients with and without DR but lower than that in
the control group; however, the difference was not statistically signi�cant. We found no correlation
between the GCL thickness and thiol–disul�de parameter measurements. Correlation analysis revealed a
weak negative correlation between the IPL thickness and disulphide levels, disulphide/native thiol, and
disulphide/total thiol ratio. However, no similar correlation was observed in patients with a disease
duration of < 10 years.

Mohammed et al., in their study, suggested that the change in the INL thickness is the best indicator that
distinguishes patients with DR from controls; it has an even higher discriminative power than the early
loss of RNFL thickness [34]. Changes in the INL were found to be more pronounced in animal studies [35].
In the present study, the INL thickness was not different between the patients with and without DR and
controls, and we found a weak negative correlation between the INL thickness and disulphide/total thiol
ratio. This was a remarkable �nding between the INL thickness and thiol–disul�de homeostasis. In our
correlation analysis, we also found a weak correlation between the INL thickness and ratio of
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disulphide/total thiol, disulphide/native thiol, and native thiol/total thiol in patients with a disease
duration of < 10 years, and we found that the level of correlation became stronger. The absence of this
correlation in patients with a disease duration of ≥ 10 years suggests that oxidative stress-related
neurodegenerative damage in the RNFL is also present in the INL. The hypersensitivity of Müller glial cells
in the INL to hyperglycemia causes an increase in the number of cell nuclei and hypertrophy, leading to
the apoptotic process [29,36,37]. Mohammed S et al., in their study, argued that the difference between
patients with and without DR was best observed in terms of the OPL thickness [34]. In another study, a
decrease in the RNFL and OPL thicknesses and an increase in the ONL thickness were observed in the
patients without DR compared with those in controls [38]. Vujosevic S et al. did not detect a signi�cant
difference in the ONL/ELM thicknesses between patients without DR and controls. In the present study,
we found that the OPL and ONL thicknesses were not different in patients without DR compared with
those in controls; however, the RPE thickness was different between these two patient groups. To the best
of our knowledge, such a �nding has not been previously reported in literature. As seen in many of the
studies cited here, differences in results were observed in terms of retinal layer thicknesses in patients
with DM based on the selected patient group. Variations in genes related to oxidative stress among
patients with DM make some patients more predisposed to develop DR than others [39]. Thiol–disul�de
homeostasis is considered as a biomarker that may be effective in the early diagnosis and treatment of
DR [39]. Inhibition of proin�ammatory molecules has also been shown to reduce DM-related vascular and
neurodegenerative changes in animal models [29,37]. Elucidating this situation becomes even more
important as therapeutic supplementation may aid in the management of low circulating thiol
concentrations [40].

In conclusion, early changes in retinal layer thickness in patients with DM were found to be associated
with thiol–disul�de homeostasis. The results obtained in the present study should be con�rmed by
performing similar studies on a larger sample and the possible underlying mechanisms should be
elucidated.

Limitations
There are certain limitations of this study. First, we did not use another oxidative stress marker to
compare with thiol–disul�de parameters. As thiol–disul�de homeostasis is impaired in patients with DM,
we did not separately compare the control group and the patients with DM in terms of thiol–disul�de
parameters. Second, the study was designed as a pilot study in a small group of patients.
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