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Abstract
Objective To assess the course of neurodegeneration based on retinal layer thickness and integrity analysis in diabetic
patients without retinopathy and to evaluate its association with inner retinal reflectivity.
Methods This retrospective case–control study included 80 eyes of 80 patients with DM without retinopathy and 40 eyes of
40 healthy subjects with a follow-up of ≥1 year. SD-OCT was used for assessment of retinal reflectivity and macular layer
thicknesses. Optical intensity ratios (OIRs) were defined as the mean OCT reflectivity of ganglion cell and inner nuclear
layer to the mean reflectivity of RPE.
Results After Bonferroni correction, thinning in pericentral, superior and nasal sectors in total retina, superior ganglion
cell, pericentral and nasal inner plexiform, and superior inner retinal layers, as well as thickening in inferior and
pericentral outer plexiform layer remained significant in the study group (p < 0.0125). Ganglion cell layer OIR sig-
nificantly correlated with the changes in superior retina (r= 0.278, p= 0.013), central inner retina (r= 0.247, p=
0.027), and pericentral retinal thickness (r= 0.240, p= 0.032), and no eyes had disruption of retinal layers in the study
group initially or finally.
Conclusion Ganglion cell layer reflectivity significantly correlated with the amount of pericentral retinal thinning during the
time course in the diabetic group, which was more prominent in the inner retinal layers.

Introduction

Diabetic retinopathy (DR) is one of the major complications
of diabetes mellitus (DM) and a leading cause of visual
impairment in working-age population [1]. DR is primarily
a vascular disease caused by the direct and indirect effects
of hyperglycemia. It is characterized by the breakdown of
the blood–retina barrier and increased vascular permeability
secondary to the structural changes in the retinal vessel
endothelium [2]. Since the underlying pathogenesis is
considered vascular, current therapeutic approaches have
mostly targeted vascular remodeling. However, recent

studies suggest that a neurodegenerative process also takes
place in DM [3–5].

Experimental and histopathological studies revealed
structural changes in retina, including thinning, apoptosis of
ganglion cells, and glial activation suggesting neurodegen-
eration in the course of DM [6–8]. Retinal functional eva-
luation by electroretinogram and micro-perimetry showed
that functional impairment occurred before the onset of
vascular lesions in diabetic patients [9–11].

By the introduction of SD-OCT (Spectral domain-optical
coherence tomography), detailed visualization of the retinal
structure has become possible. Previously, OCT was suc-
cessfully used to monitor the retinal changes related to
neurodegenerative diseases including Alzheimer’s Disease
and Parkinson’s Disease [12, 13]. Several studies reported
retinal thinning in diabetic patients without DR or non-
proliferative DR compared to healthy controls [4, 5]. By
using segmentation application, which allows the mea-
surement of all individual retinal layers, this thinning was
shown to affect mainly the inner retinal layers in many
studies [14, 15].
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The quantification of reflectivity of retinal layers on OCT
has been a subject of interest with the attempt of refining
new tools for better determination of prognostic factors.
Alterations in retinal reflectivity on OCT were documented
as a sign of ischemia or degeneration in various conditions
[16–19]. Recently, it was reported that inner retinal layer
reflectivity was significantly associated with visual prog-
nosis at 1-year-control in eyes with central retinal vein
occlusion [18].

There is very limited information about the longitudinal
retinal changes in terms of neurodegeneration before vas-
cular findings appear in diabetic patients. Recent few
longitudinal studies showed that peripapillary retinal nerve
fiber layer (RNFL) loss occurred in diabetic eyes even in the
absence of DR progression, progressive loss of RNFL, as
well as the ganglion cell /inner plexiform layer, appeared in
eyes with no or minimal DR and it was reported that inner
retinal layers were more profoundly affected during the time
course [14, 15, 20, 21]. However, little is known about the
associated factors related to retinal thinning and there is a
lack of information on whether the retinal reflectivity might
be a prognostic factor associated with the course of retinal
thinning which is accepted as a finding of diabetic
neurodegeneration.

In this study, we aimed to examine the course of diabetic
neurodegeneration, based on retinal layer thickness and
retinal layer integrity analysis in diabetic patients without
DR and to evaluate the association of inner retinal reflec-
tivity with the change in retinal layer thicknesses. To our
knowledge, this is the first study evaluating the association
of retinal reflectivity and neurodegeneration in diabetic
patients without DR.

Subjects and methods

This retrospective case–control study was conducted at a
tertiary setting upon the approval of the institutional ethical
committee and adhered to the tenets of Helsinki. The study
group consisted of patients with DM without retinopathy.
The control group included healthy subjects, who attended
the clinics for ocular examination (spectacle prescription,
etc.) and health screening check-up including blood glucose
level measurements. All participants should have had a
comprehensive ophthalmic examination including anterior
and posterior segment examination, intraocular pressure
measurement, SD-OCT scans, and at least 1 year follow-up
to be eligible for the study.

Exclusion criteria were having current or previous
macular oedema/DR of any stage in the study group, having
ocular diseases that affect retina/optic disc (glaucoma,
macular degeneration, macular oedema, epiretinal mem-
brane, vitreomacular traction, refractive disorder greater

than ±4D, etc.), the history of ocular trauma, intraocular
surgery within 6 months to the beginning of the study or
any time during the follow-up period, vitrectomy regardless
of time, systemic disease that could affect RNFL thickness
(Alzheimer’s or Parkinson’s diseases etc.), intraocular
inflammation, and having poor quality SD-OCT images.

SD-OCT was used for macular segmentation and retinal
reflectivity measurements (Heidelberg Spectral Domain
Optical Coherence Tomography; Heidelberg Engineering,
Dossenheim, Germany). SD-OCT provides 40,000 A scans
per second, with an optical resolution of 7 μm axially
and 14 μm laterally by using 870-nm wavelength
superlunescent diode.

Retinal reflectivity was defined as optical intensity ratios
(OIRs) and it was calculated as the mean OCT reflectivity of
the certain retinal layer to the mean reflectivity of the retinal
pigment epithelium (RPE). The measurement of OIRs was
previously described and it is briefly as follows: [18] The
SD-OCT images were extracted and imported to ImageJ
(http://imagej.nih.gov/ij/) for measuring the reflectivity of
retinal layers. To eliminate the effect of the output of the
OCT device and pre-retinal optical transmission and varia-
tion in signal intensity, normalization of the inner retinal
reflectivity to that of the RPE was carried out to create an
OIR. This ratio was used for the analysis. A researcher
masked to the clinical outcome (OP) manually selected
rectangular areas within the ganglion cell layer, inner
nuclear layer, and RPE to calculate an OIR by dividing the
optical intensity of the particular layer (ganglion cell or
inner nuclear layer) by the related RPE intensity. The rec-
tangular areas selected were located at 1 mm from the foveal
center, on the papillomacular bundle (Fig. 1). OIR was
calculated on the initial OCT scans only to make a corre-
lation analysis with the amount of change in the retinal layer
thicknesses throughout time.

Segmentation of the macular layers was performed
automatically by segmentation application in the OCT
device (Segmentation Technology; Heidelberg Engineer-
ing). By this application, the thicknesses of RNFL,
ganglion, inner plexiform, inner nuclear, outer plexiform,
outer nuclear and photoreceptor layers, inner retina, and
RPE, in temporal, superior and nasal and inferior sectors
within 3 mm were calculated separately and automatically.
The average thickness of all sectors within pericentral 3 mm
was also manually calculated for each layer.

Only one eye of each participant was included in the
study. If both eyes were eligible, the right eye was selected.
If the right eye met any of the exclusion criteria, then the
left eye was selected for enrolment.

Statistical analysis was performed by SPSS statistical
software (SPSS 11.0.0 for MS Windows; SPSS Inc., Chi-
cago, IL). Kolmogorov–Smirnov test was used for deter-
mination of the distribution of the data. Independent
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samples test was used for comparison of data between the
study and the control group whereas Mann–Whitney U test
for used for the same purpose for non-homogenously dis-
tributed data. Paired samples test was used for assessment
of initial and final data within the same group whereas
Wilcoxon related samples test was used for comparison of
non-homogenously distributed data. Categorical variables
were compared with the χ2-test. A p value < 0.05 was
considered significant. The Bonferroni correction was
applied to eliminate type 1 error due to multiple compar-
isons in assessing sectoral retinal segmentation data.

Results

A total of 80 eyes of 80 patients with DM without retino-
pathy and 40 eyes of 40 healthy subjects were included in
the study. The demographics and ocular characteristics of
the groups on the initial visit are shown in Table 1. The
groups were compatible in terms of age and gender (p >
0.05). In the study group, three (3.8%) patients had type 1
DM, whereas 77 (96.3%) patients had type 2 DM. The
mean duration of DM was 10.5 ± 6.1 (1–25) years, whereas
the mean HbA1c level was 8.1 ± 2.2 (5.3–14.9). The mean
follow-up was 34.0 ± 20.7 (12–74) months in the study
group whereas it was 18.1 ± 7.4 (12–36) months in the
control group.

In a qualitative analysis of SD-OCT scans, none of the
eyes had disorganization of the retinal inner layers (DRIL),
ellipsoid zone (EZ) or the external limiting membrane

(ELM) disruption in the study group at the initial and the
final visit. Ganglion cell layer OIR was 0.63 ± 0.12 and
0.65 ± 0.12 in the study and control groups respectively
(p= 0.526), whereas the inner nuclear layer OIR was
0.49 ± 0.1 and 0.49 ± 0.1 in the study and control groups
respectively (p= 0.920).

Table 2 shows the comparison of the thicknesses of the
retinal layers at the initial visit and the final visit in the study
and the control groups. In the study group, superior, infer-
ior, and nasal sectors in total retinal layers; superior gang-
lion cell layer, superior and nasal inner plexiform layer;
inferior inner nuclear layer and superior and nasal inner
retinal layers showed significant thinning, whereas central
inner nuclear layer, inferior, and nasal outer plexiform layer
showed significant thickening when the initial and final visit

Fig. 1 Selection of areas for retinal reflectivity measurement on
SD-OCT scans. Rectangular areas were manually selected within the
ganglion cell layer (a), inner nuclear layer (b), and retinal pigment
epithelium (RPE) (c) on the SD-OCT images which were imported to
ImageJ (http://imagej.nih.gov/ij/) for measuring the reflectivity of

retinal layers. Optical intensity ratios were calculated by dividing the
optical intensity of the particular layer (ganglion cell or inner nuclear
layer) by the related RPE intensity. The rectangular areas selected were
located at 1 mm from the foveal center, on the papillomacular bundle.

Table 1 Demographics and ocular characteristics of the study and
control groups on the initial visit.

Study group
(n= 80)

Control group
(n= 40)

P value

Mean age ± SD (years) 58.5 ± 11.1 62.6 ± 10.7 0.052

Female/male 48/32 22/18 0.600

Mean BCVA ± SD
(decimals)a

0.95 ± 0.15 0.97 ± 0.08 0.551

Mean intraocular pressure
±SD (mmHg)

15.8 ± 2.1 15.9 ± 2.6 0.899

Phakic/pseudophakic 63/17 34/6 0.412

p value < 0.05 was considered significant.
aBCVA Best corrected visual acuity.
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Table 2 The comparison of the thicknesses of the retinal layers at the
initial visit and the final visit within and between the study and the
control groups.

Study group (n= 80) Control group (n= 40) P initial P final

Initial Final Initial Final

Total retinal thickness (µm)

Central 262.7 ± 24.2 263.1 ± 27.9 268.0 ± 23.6 272.0 ± 29.0 0.249 0.028b

P value 0.363a 0.143

Pericentral 337.1 ± 17.4 335.1 ± 17.0 340.2 ± 17.1 339.8 ± 18.4 0.346 0.168

P value 0.004 0.657

Superior 342.1 ± 18.2 338.7 ± 20.1 343.8 ± 17.3 344.5 ± 18.2 0.474b 0.125

P value 0.006a 0.426

Temporal 327.1 ± 17.8 326.4 ± 17.9 331.8 ± 19.5 330.9 ± 18.9 0.118b 0.207

P value 0.059 0.483

Inferior 338.4 ± 18.3 336.5 ± 17.9 343.8 ± 20.2 341.3 ± 20.0 0.143 0.192

P value 0.035 0.353

Nasal 340.7 ± 18.3 338.9 ± 19.5 341.5 ± 18.9 342.6 ± 19.2 0.832 0.325

P value 0.010 0.346

Retinal nerve fibers (µm)

Central 11.4 ± 2.5 11.7 ± 3.1 12.0 ± 2.3 12.1 ± 2.3 0.184b 0.214b

P value 0.957a 0.810a

Pericentral 21.9 ± 2.3 21.8 ± 2.4 22.4 ± 2.5 22.7 ± 2.8 0.171b 0.069b

P value 0.599a 0.327

Superior 24.9 ± 4.0 24.6 ± 4.7 25.3 ± 3.9 25.6 ± 4.2 0.329b 0.109b

P value 0.405a 0.546

Temporal 17.7 ± 2.0 17.9 ± 2.1 18.3 ± 2.2 18.8 ± 3.2 0.051b 0.182b

P value 0.487a 0.369a

Inferior 24.6 ± 3.8 24.4 ± 3.8 25.5 ± 3.8 25.0 ± 4.0 0.240 0.619b

P value 0.440a 0.177

Nasal 20.6 ± 2.6 20.4 ± 3.3 20.7 ± 2.7 21.4 ± 3.1 0.809b 0.087b

P value 0.938a 0.145a

Ganglion cell (µm)

Central 13.8 ± 6.2 14.1 ± 7.6 14.0 ± 4.1 14.1 ± 3.9 0.207b 0.199b

P value 0.406a 0.717a

Pericentral 50.1 ± 5.1 49.7 ± 4.9 51.1 ± 5.4 51.0 ± 6.1 0.333 0.211

P value 0.028 0.729

Superior 52.6 ± 5.7 51.9 ± 5.3 53.3 ± 5.6 53.5 ± 7.1 0.281b 0.151b

P value 0.002a 0.310a

Temporal 46.8 ± 6.0 46.5 ± 5.6 48.0 ± 5.7 47.3 ± 6.7 0.206b 0.419b

P value 0.050a 0.160

Inferior 51.2 ± 5.9 50.7 ± 6.2 52.6 ± 5.7 52.4 ± 7.5 0.156b 0.167b

P value 0.375a 0.177a

Nasal 50.0 ± 6.0 49.8 ± 6.4 50.6 ± 6.1 50.8 ± 5.6 0.503b 0.392

P value 0.461 0.934a

Inner plexiform (µm)

Central 19.4 ± 4.2 19.7 ± 5.0 20.0 ± 3.1 19.9 ± 3.3 0.064b 0.185b

P value 0.896a 0.877

Pericentral 40.8 ± 3.2 40.4 ± 3.0 41.2 ± 3.8 41.3 ± 4.0 0.607 0.222

P value 0.009 0.668

Superior 40.8 ± 3.7 40.3 ± 3.3 41.2 ± 3.9 41.0 ± 4.2 0.353b 0.173b

P value 0.042a 0.546a

Temporal 40.3 ± 3.7 40.2 ± 3.5 41.0 ± 4.3 41.2 ± 4.5 0.349 0.281b

P value 0.854a 0.575

Inferior 40.6 ± 3.7 40.0 ± 3.5 41.1 ± 4.1 41.1 ± 4.3 0.400b 0.193b

P value 0.080a 0.984a

Nasal 41.6 ± 3.6 40.9 ± 3.7 41.4 ± 4.2 41.8 ± 4.4 0.825 0.233

P value 0.002 0.266

Inner nuclear (µm)

Central 18.8 ± 6.1 19.9 ± 7.7 20.8 ± 6.0 20.7 ± 5.1 0.059b 0.115b

P value 0.044a 0.945

Pericentral 41.4 ± 3.9 41.0 ± 4.0 41.9 ± 3.0 41.8 ± 3.3 0.438 0.230

P value 0.101 0.732

Superior 42.2 ± 4.4 41.8 ± 4.5 42.5 ± 3.5 42.6 ± 4.0 0.647b 0.365

Table 2 (continued)

Study group (n= 80) Control group (n= 40) P initial P final

Initial Final Initial Final

P value 0.342 0.921a

Temporal 39.2 ± 4.3 39.2 ± 4.4 40.1 ± 3.8 39.5 ± 4.2 0.280 0.817b

P value 0.953a 0.592a

Inferior 41.4 ± 4.7 40.3 ± 5.3 41.9 ± 4.1 42.2 ± 3.7 0.595 0.045

P value 0.045 0.495

Nasal 42.7 ± 5.0 42.5 ± 5.3 43.3 ± 3.9 43.0 ± 3.6 0.537 0.506

P value 0.593 0.675

Outer plexiform (µm)

Central 24.0 ± 6.3 23.9 ± 6.0 24.9 ± 7.5 24.6 ± 6.4 0.787b 0.512b

P value 0.481a 0.914a

Pericentral 31.6 ± 3.7 32.4 ± 4.1 31.2 ± 3.1 31.5 ± 3.8 0.562b 0.219b

P value 0.004a 0.566a

Superior 32.8 ± 6.9 33.2 ± 8.6 31.9 ± 5.1 32.1 ± 5.9 0.929b 0.929b

P value 0.988a 0.711a

Temporal 29.5 ± 4.6 28.9 ± 3.0 29.0 ± 2.7 29.0 ± 3.6 0.869b 0.818b

P value 0.525a 0.966a

Inferior 31.0 ± 6.3 33.3 ± 8.7 30.5 ± 3.6 31.1 ± 5.3 0.435b 0.347b

P value <0.001a 0.635a

Nasal 33.3 ± 7.7 34.3 ± 8.1 33.3 ± 7.1 33.7 ± 7.2 0.808b 0.550b

P value 0.042a 0.778a

Outer nuclear (µm)

Central 90.9 ± 11.7 90.2 ± 11.4 91.6 ± 13.8 92.4 ± 12.1 0.776 0.334

P value 0.414 0.557

Pericentral 70.3 ± 9.2 69.7 ± 8.7 71.7 ± 8.7 72.1 ± 7.8 0.432 0.152

P value 0.132 0.628

Superior 68.2 ± 11.1 67.6 ± 11.4 70.3 ± 9.8 71.1 ± 10.6 0.313 0.111b

P value 0.913a 0.618

Temporal 73.1 ± 9.9 73.5 ± 9.5 75.0 ± 8.6 75.1 ± 8.3 0.307 0.388

P value 0.477 0.930

Inferior 69.2 ± 10.5 68.1 ± 11.9 71.6 ± 10.0 71.3 ± 9.1 0.234 0.238b

P value 0.232a 0.834

Nasal 70.9 ± 11.7 69.7 ± 11.6 70.0 ± 11.8 70.8 ± 10.7 0.710 0.601

P value 0.114 0.532

Retina pigment epithelium (µm)

Central 16.1 ± 2.0 15.8 ± 1.9 16.1 ± 1.3 16.1 ± 1.5 0.704b 0.282b

P value 0.264a 0.863a

Pericentral 14.6 ± 1.6 14.5 ± 1.4 14.8 ± 1.3 14.9 ± 1.2 0.667 0.180

P value 0.480 0.463

Superior 14.9 ± 1.8 14.8 ± 1.7 15.3 ± 1.8 15.3 ± 1.8 0.218b 0.205b

P value 0.645a 0.828a

Temporal 14.4 ± 1.8 14.2 ± 1.5 14.4 ± 1.3 14.6 ± 1.4 0.552b 0.271b

P value 0.140a 0.536a

Inferior 14.4 ± 1.7 14.3 ± 1.8 14.5 ± 1.5 14.6 ± 1.4 0.798b 0.351b

P value 0.739a 0.469a

Nasal 14.8 ± 1.9 14.9 ± 1.7 14.9 ± 1.4 15.1 ± 1.4 0.696b 0.516b

P Value 0.595a 0.390a

Inner retina (µm)

Central 176.4 ± 25.3 177.4 ± 28.6 182.4 ± 22.4 183.4 ± 22.5 0.212 0.248

P value 0.384 0.304

Pericentral 256.3 ± 17.3 255.1 ± 16.5 259.2 ± 17.2 259.2 ± 17.5 0.390 0.217

P value 0.020 0.941

Superior 261.6 ± 18.0 259.5 ± 17.4 265.0 ± 17.4 263.4 ± 17.1 0.221b 0.250

P value 0.015 0.211a

Temporal 246.3 ± 18.0 246.2 ± 17.5 249.9 ± 17.5 250.5 ± 18.8 0.302 0.213

P value 0.861 0.619

Inferior 258.2 ± 18.5 257.1 ± 17.5 261.2 ± 18.6 261.5 ± 19.8 0.413 0.219

P value 0.195 0.793

Nasal 259.2 ± 18.6 257.7 ± 19.3 260.8 ± 18.1 261.3 ± 18.4 0.648b 0.357b

P value 0.029a 0.547
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values were compared (p < 0.05). After performing Bon-
ferroni correction to avoid type 1 errors in sectoral thickness
analysis, the thinning in superior and nasal sectors in total
retina, superior ganglion cell layer, nasal inner plexiform
layer, and superior inner retinal layers, as well as thickening
in inferior outer plexiform layer remained significant (p <
0.0125).

When the average thickness of pericentral retina within 3
mm was assessed; total retina, ganglion cell layer, inner
plexiform layer and inner retinal layers showed significant
thinning, whereas outer plexiform layer showed significant
thickening during the follow-up in the study group (p <
0.05). In the control group, none of the layers showed
significant alterations in any sectors between the initial and
the final visits (p > 0.05) (Table 2).

When the study and the control groups were compared at
the initial visit, the layers were thinner in the study group in
general, however the difference did not reach statistical
significance in any sectors (p > 0.05). At the final visit,
central retina and inferior inner nuclear layer were thinner in
the study group than that in the control group (p= 0.028
and p= 0.045 respectively, Table 2). In order to control for
the difference in the follow-up period between the groups,
the patients with a follow-up range of 12–36 months were

re-analyzed (47 eyes in the study group, 40 eyes in the
control group). In this analysis, the differences in the central
retina and inferior inner nuclear layer thicknesses lost their
significance at the final visit (p= 0.134 and p= 0.079
respectively); whereas RPE in superior, temporal and
inferior sectors, inferior photoreceptor layer, and pericentral
RPE were significantly thinner in the study group (p=
0.020, p= 0.018, p= 0.011, p= 0.005, and p= 0.014,
respectively).

The change in thicknesses of layers between the initial
and the final visits was described as delta values. The cor-
relations of ganglion cell layer OIR with delta superior
retina (r= 0.278, p= 0.013), delta nasal inner retina (r=
0.227, p= 0.043), delta central inner retina (r= 0.247, p=
0.027), delta superior photoreceptor (r= 0.312, p= 0.005),
and delta pericentral retina (r= 0.240, p= 0.032) were
significant in the study group. The correlations of inner
nuclear layer OIR with delta superior retina (r= 0.226, p=
0.044) and delta superior photoreceptor (r= 0.244, p=
0.029) were also significant. In the control group, only delta
inferior ganglion cell layer significantly correlated with
ganglion cell layer OIR (r= 0.330, p= 0.038) and the inner
nuclear layer OIR (r= 0.359, p= 0.023) (Spearman’s
correlation).

The mean age significantly correlated with delta values
of superior retina (r= 0.342, p= 0.002), temporal retina
(r= 0.399, p < 0.001), inferior retina (r= 0.364, p=
0.001), superior ganglion cell layer (r= 0.392, p= p <
0.001), inferior inner plexiform (r= 0.234, p= 0.036),
nasal inner plexiform (r= 0.252, p= 0.024), temporal outer
nuclear (r= 0.229, p= 0.041), temporal RPE (r= 0.236,
p= 0.035), superior inner retina (r= 0.230, p= 0.040),
temporal inner retina (r= 0.341, p= 0.002), inferior inner
retina (r= 0.391, p < 0.001), nasal inner retina (r= 0.239,
p= 0.033), pericentral retina (r= 0.381, p < 0.001), peri-
central ganglion cell layer (r= 0.258, p= 0.021), pericen-
tral inner retina (r= 0.355, p= 0.001) in the study group.
The duration of DM and the mean HbA1c values did not
show significant correlation with any of delta values when
adjusted for age (p > 0.05).

In the control group, the mean age correlated with delta
values of temporal RNFL (r= 0.396, p= 0.011), nasal
ganglion cell layer (r=−0.500, p= 0.001), central outer
plexiform (r= 0.334, p= 0.035), central outer nuclear (r=
−0.353, p= 0.026) and pericentral outer plexiform (r=
0.335, p= 0.034) layers.

Discussion

The novel finding of our study is that the ganglion cell layer
reflectivity significantly correlated with the amount of
pericentral retinal thinning during the time course in the

Table 2 (continued)

Study group (n= 80) Control group (n= 40) P initial P final

Initial Final Initial Final

Photoreceptors (µm)

Central 86.1 ± 4.2 85.7 ± 3.9 86.5 ± 3.9 86.0 ± 4.0 0.645b 0.659b

P value 0.424a 0.238

Pericentral 80.8 ± 3.1 80.3 ± 2.9 80.9 ± 2.8 80.6 ± 2.3 0.810 0.614

P value 0.124 0.315

Superior 80.6 ± 3.2 80.4 ± 3.1 81.1 ± 3.0 80.6 ± 2.5 0.388b 0.701b

P value 0.764a 0.105

Temporal 80.9 ± 3.2 80.3 ± 3.1 81.1 ± 3.1 80.8 ± 3.1 0.993b 0.390b

P value 0.067a 0.503a

Inferior 80.1 ± 3.7 79.5 ± 3.5 80.1 ± 3.1 79.8 ± 2.1 0.975b 0.468

P value 0.090a 0.493

Nasal 81.5 ± 3.2 81.1 ± 3.0 81.4 ± 2.8 81.2 ± 2.4 0.819 0.946

P value 0.253 0.607

p value < 0.05 was considered significant and shown as bold.

P initial refers for comparison of data between the study and the
control group at presentation.

P final refers for comparison of data between the study and the control
group at the final visit.

Student’s t test was used (paired samples for comparison of data within
groups and independent samples test for comparison of data between
the groups).
aWilcoxon related samples test was used for non-homogenously
distributed data comparison within the groups.
bMann–Whitney U test was used for non-homogenously distributed
data comparison between the groups.

Pericentral retinal thickness is the average of retinal thicknesses of
nasal, temporal, superior and inferior sectors within 3 mm.
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study group, which was more prominent in the inner retinal
layers. The retinal layer thicknesses were not significantly
different between the study and control groups initially;
however, the central retina was thinner in the study group at
the final visit. The study group showed significant thinning
in various layers, particularly in the inner retinal layers;
however, none of the eyes developed DRIL, the disruption
of EZ or ELM throughout the follow-up period.

Several biomarkers have been proposed to predict visual
outcomes and do better management decisions in various
diseases. Recently, retinal reflectivity, DRIL and the
integrity of outer retinal layers have become subject of
interest for their potential to serve as prognostic/predictive
markers [16–18, 22–25]. Alterations in retinal reflectivity
might be seen in ischemic conditions such as retinal artery/
vein occlusion and DR [16–19, 26, 27]. Hyperreflectivity of
the ganglion cell layer was shown in retinal artery occlu-
sion, an increased reflectivity at the level of the inner
nuclear layer was demonstrated at the level of the inner
nuclear layer in the paracentral acute middle maculopathy
[16, 17]. Wanek et al. showed that DR patients demon-
strated higher inner nuclear layer reflectivity compared to
controls, whereas Gao et al. reported that total reflectivity
was lower in DR and it showed a better discriminating
power between DR and healthy eyes compared to thickness
[26, 27]. Similarly, Toprak et al. documented lower pho-
toreceptor inner segment ellipsoid layer reflectivity in eyes
with DR compared to controls [19]. However, retinal
reflectivity has not been evaluated as a prognostic factor
until the study of Mehta et al [18]. The authors showed that
increased reflectivity at 1-month was associated with a
poorer visual acuity at 1-year in eyes with acute central
retinal vein occlusion. Despite the retinal reflectivity was
previously compared in diabetic and healthy eyes with
conflicting results, there is a lack of information about its
role as a marker in the progression of retinal neurodegen-
eration in DM [19, 26, 27] In our study, we found that the
ganglion cell layer and inner nuclear layer OIR correlated
with the change in retinal thickness over time, indicating
that the inner retinal reflectivity shows a correlation with
neurodegenerative process as documented by the amount of
retinal thinning in diabetic patients without DR.

DRIL and the integrity of outer retinal layers were also
used as retinal biomarkers in diabetes [24, 25]. It has been
suggested that DRIL could indicate disorganization/damage
of cells within inner retina and might indicate the change of
transmission pathways in the retina [24]. Another hypoth-
esis was the axonal snap secondary to excess amount of
swelling [28]. Sun et al. showed that DRIL was associated
with worse visual acuity and the change in DRIL predicted
future change in visual acuity [24]. In another study, Das
et al. showed that that central DRIL correlated with visual
acuity in eyes with central DME and they also documented

that DRIL was strongly associated with the disruption of EZ
and ELM [25]. DRIL might also be seen in eyes without DR
[29]. Joltikov et al. assessed DRIL in DM patients without
and with DR and identified DRIL in one diabetic patient
without DR, in eight patients with NPDR [29]. The authors
reported that having DRIL was associated with decreased
visual acuity, contrast sensitivity, and perimetry scores as
well as inner retinal thinning. In our study, we assessed the
integrity of retinal layers to make a qualitative analysis of
neurodegeneration throughout the follow-up, however,
none of the patients with DM had DRIL, the disruption of
EZ or ELM at the initial or final visit. Our findings suggest
that the impairment of retinal layer integrity might be
occurring at a later stage, after DR appears.

There is very limited information related to the course of
retinal thinning in DM.

Lim et al. longitudinally observed neuroretinal altera-
tions in healthy subjects and diabetic patients with and
without retinopathy and found progressive peripapillary
RNFL thinning in both groups, which was greater in the
DM group, after 3 years of observation [20]. The authors
also suggested that ischemic and metabolic damage might
be more accumulated in DM patients with DR. In another
longitudinal study, Sohn et al. reported significant, pro-
gressive loss of RNFL and the ganglion cell /inner plexi-
form layer in DM patients over 4 years [21]. Van de Kreeke
et al. documented significant thinning in RNFL and gang-
lion cell layer, whereas significant thickening in the inner
plexiform layer during 6 years in patients with type 1 DM
without DR or minimal DR, with more pronounced altera-
tions in eyes with DR [14]. Kim et al. reported that ganglion
cell-inner plexiform layer was thinner in eyes which show a
progression in DR during a follow-up of ≥4 years and
concluded that progressive loss of ganglion cell-inner
plexiform layer was an independent risk factor for pro-
gression of DR [30]. Pinilla et al. revealed that, during 8
years, diabetic patients showed a significant thinning in total
retinal thickness, secondary to the thinning of the inner
retinal layers, except the outer temporal zone; whereas the
control group showed a thinning only in the inferior zone
[15]. Similarly, in our study, DM patients without DR
showed significant thinning in multiple layers, which was
more prominent in the inner layers, supporting the sug-
gestion that neuroretinal alterations could occur early in DM
and precede diabetic vascular changes. In our control group,
there wasn’t significant thinning in any layer at the final
visit compared to the initial values, however, the results
might differ with longer follow-up.

The limitations of our study are the retrospective nature
of the study, the small sample size, and the limited follow-
up period.

In conclusion, we found that the diabetic patients without
DR showed significant retinal thinning in various layers,
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particularly in the inner retinal layers, however, none of the
eyes developed DRIL, the disruption of EZ or ELM
throughout the follow-up period. The ganglion cell layer
reflectivity significantly correlated with the amount of
pericentral retinal thinning during the time course in the
study group, which was more remarkable in the inner retinal
layers. Future studies with larger cohort and a longitudinal
analysis are needed to determine the potential utility of
retinal reflectivity for the prediction of neuroretinal
degeneration in DM.

Summary table

What was known before

● Retinal thinning appeared in eyes with no or minimal
diabetic retinopathy during the time course.

What this study adds

● Ganglion cell layer reflectivity significantly correlated
with the amount of pericentral retinal thinning in time
course in diabetic patients without retinopathy.
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