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Changes of the Individual Retinal Layer Thickness in Non-proliferative Diabetic
Retinopathy in Type 2 Diabetes
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Purpose: To compare retinal layer thickness in non-proliferative diabetic retinopathy in type 2 diabetic patients as measured by
optical coherence tomography.

Methods: A total of 108 eyes from 71 patients, between January 2015 and July 2016, were included in this study. Of these, 39
eyes were included in the control group, 38 eyes in the diabetic group without non-proliferative diabetic retinopathy, and 31 eyes
in the non-proliferative diabetic retinopathy group (NPDR). We measured the thickness of each retinal layer by optical coherence
tomography (OCT). A total of ten layers were evaluated including the retinal nerve fiber layer (RNFL), ganglion cell layer (GCL),
inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL), retinal pigment epi-
thelium (RPE), inner retinal layer (IRL), outer retinal layer (ORL), and the total retinal layer (TRL). We compared the superior, in-
ferior, nasal, and temporal regions at 1-3mm from the central fovea.

Results: RNFL was thinner in the superior region of the NPDR, as compared with that of the control group, showing statistical
significance (p = 0.016). The thickness of all regions in the GCL, IPL, and IRL were decreased in NPDR, as compared to the con-
trol group with statistical significance. In addition, the thickness of the superior region in the GCL, IPL, and IRL showed statisti-
cally significant differences between controls and the no diabetic retinopathy (DR) group (p = 0.026, 0.003, 0.003). The thickness
of the INL, OPL plus ONL, RPE, and ORL in all three groups showed no significant difference. The differences in the decreased
thickness in the IRL were similar to that of TRL.

Conclusions: Retinal neurodegeneration was observed in the IRL, which included changes to the RNFL, GCL, and IPL in early
type 2 diabetes before microvascular injury was apparent. Thorough control of blood glucose is required in early diabetes, and
further studies to delay retinal neurodegeneration are required. OCT might have an important role in early diagnosis and follow
up of diabetic retinopathy.
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Figure 1. Optical coherence tomography image of right eye.
The normal retinal layers are visible.
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Figure 2. The Spectralis optical coherence tomography (OCT) can segment each retinal layer and measure thickness of each seg-
mented layer by early treatment diabetic retinopathy study (ETDRS) grid through thickness map. The image below is analysis using

inner nuclear layer.
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Figure 3. Early treatment diabetic retinopathy study (ETDRS)
grid. First, draw circles by diameter of 1, 3, 6 mm with central
fovea as its center. Then the areas are divided into quad-
risected space of superior, inferior, nasal and temporal region
in each inner circle (between 1 mm and 3 mm) and outer circle
(between 3 mm and 6 mm). In this research, thickness of reti-
nal layers are compared in superior, inferior, nasal and tempo-
ral region, respectively, at area between 1 mm and 3 mm of di-
ameter (orange region).
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Table 1. Demographic characteristics of control subjects and subjects with diabetes mellitus

Diabetes mellitus

Feature Control No DR DR p-value
Age 56.74 + 8.43 57.95 £ 11.71 59.97 + 6.01 0.346
Gender (male/female) 12/13 15/9 7/15 0.115"
BCVA (logMAR) 0.031 + 0.063 0.053 + 0.006 0.058 + 0.061 0.143"
Refractive power (diopter) 0.199 + 0.199 0.336 + 0.336 0.508 + 0.508 0.607°
IOP (mmHg) 9.31 £2.35 9.53 + 1.84 8.84 + 1.79 0.369"
Duration of DM (year) - 8.55 + 6.66 17.32 + 8.15 <0.001*
HbAlc (%) - 7.36 £1.15 8.23 £ 0.93 0.001*

The values are presented as mean + SD unless otherwise indicated.

DR = diabetic retinopathy; BCVA = best corrected visual acuity; IOP = intraocular pressure; DM = diabetes mellitus.
*p—value for three-group comparison by One-way analysis of variance (ANOVA) test; TChi—square test; IIndependent T-test.
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Table 2. Retinal nerve fiber layer, ganglion cell layer and inner plexiform layer thickness of control group and groups with diabetes

- Ofstetafets|x| 20174 M 58 H M 12 & -

Diabetes Mellitus

Layer thickness (um) Control No DR NPDR p—value* Post-hoc test
RNFL
Average 22.79 + 1.59 2224 +1.89 21.98 + 1.86 0.150"
Nasal 21.85 +2.12 21.18 +2.35 21.03 +2.27 0.262"
Temporal 17.85 + 1.25 17.50 + 1.13 17.87 + 1.12 0.321°
Superior 25.82 +2.19 24.76 + 2.80 24.00 + 2.88 0.016" 0.239" 0.014* 0.694°
Inferior 25.64 + 2.89 25.53 + 3.19 25.00 + 3.34 0.672"
GCL
Average 51.63 + 3.47 49.22 + 5.56 46.10 + 4.81 <0.001" 0.076" 0.000* 0.045*
Nasal 52.92 + 4.18 50.39 + 6.09 46.55 + 6.19 <0.001" 0.140" 0.000% 0.014°
Temporal 47.77 + 3.75 45.34 + 6.23 42.71 + 5.44 0.001" 0.124" 0.000* 0.184°
Superior 53.59 +3.28 50.74 + 5.61 47.87 + 4.79 <0.001" 0.026" 0.000* 0.074°
Inferior 52.26 + 4.19 50.39 + 5.79 47.29 + 5.46 0.001" 0.350" 0.000* 0.044°
IPL
Average 41.42 +3.08 39.48 + 3.18 37.98 + 2.87 <0.001" 0.019" 0.000% 0.137°
Nasal 42.38 + 3.35 40.55 + 3.37 38.71 + 3.68 <0.001" 0.065" 0.000* 0.089*
Temporal 40.92 + 3.34 39.24 + 3.45 38.23 + 3.24 0.002" 0.067" 0.002* 0.579°
Superior 41.56 + 3.34 39.00 + 3.45 37.45 + 3.24 <0.001" 0.003" 0.000% 0.177°
Inferior 40.82 + 3.34 39.13 + 3.67 37.55 + 3.82 0.001" 0.126' 0.001* 0.216°

The values are presented as mean + SD unless otherwise indicated.

DR = diabetic retinopathy; NPDR = non-proliferative diabetic retinopathy; RNFL = retinal nerve fiber layer; GCL = ganglion cell layer;
IPL = inner plexiform layer.

*p—value for three-group comparison by One-way analysis of variance (ANOVA) test; TComparison between control and no DR group; iComparison
between control and NPDR group; §Comparison between no DR and NPDR group.

Table 3. Inner nuclear layer, outer plexiform plus outer nuclear layer and retinal pigment epithelium thickness of control group and
groups with diabetes

Diabetes Mellitus

Layer thickness (pum) Control No DR NPDR p-value
INL
Average 41.24 +2.80 40.93 +2.97 41.06 + 3.93 0.914
Nasal 42.05 + 3.22 41.89 + 4.31 41.74 + 4.34 0.948
Temporal 39.05 + 3.03 38.18 + 2.70 39.35 + 3.96 0.286
Superior 41.51 +2.99 41.34 +2.83 41.48 + 4.55 0.974
Inferior 42.36 + 3.47 42.32 + 3.78 41.65 + 4.74 0.715
OPL + ONL
Average 103.94 + 5.81 101.51 +£9.22 101.48 + 8.92 0.324
Nasal 106.23 + 6.83 104.95 + 9.64 103.35 £ 9.73 0.397
Temporal 104.95 + 5.60 102.45 + 9.73 102.45 + 9.07 0.323
Superior 103.92 + 5.96 100.79 + 8.80 100.94 + 9.94 0.184
Inferior 100.64 + 6.40 97.87 + 10.13 99.19 + 8.44 0.358
RPE
Average 15.19 + 0.99 1527 + 1.32 15.66 + 1.36 0.249
Nasal 15.51 + 1.05 15.61 + 1.29 16.06 + 1.53 0.175
Temporal 14.82 + 1.28 15.08 + 1.76 15.06 + 1.24 0.689
Superior 15.59 + 1.27 15.55 + 1.64 16.32 + 1.80 0.083
Inferior 14.85 + 1.160 14.84 + 1.46 15.19 + 1.62 0.510

The values are presented as mean + SD unless otherwise indicated.

DR = diabetic retinopathy; NPDR = non-proliferative diabetic retinopathy; INL =
= outer nuclear layer; RPE = retinal pigment epithelium.

*p—value for three-group comparison by One-way analysis of variance (ANOVA) test.
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Table 4. Inner retinal layer, outer retinal layer and total retinal layer thickness of control group and groups with diabetes

Diabetes mellitus

Layer thickness (um) Control No DR NPDR p-value* Post hoc test
IRL
Average 260.97 + 9.44 253.30 + 14.89 248.56 + 14.68 0.001" 0.027" 0.000* 0.468"
Nasal 265.67 + 10.83 258.79 + 16.59 251.52 + 17.78 0.001" 0.103" 0.001* 0.238"
Temporal 250.31 + 10.53 242.58 + 14.62 240.58 + 14.09 0.005" 0.033" 0.008* 1.000°
Superior 266.28 + 7.68 256.55 + 15.51 251.61 + 15.06 <0.001" 0.003" 0.000* 0.460°
Inferior 261.62 + 11.71 255.26 + 15.61 250.52 + 16.84 0.008" 0.136 0.009* 0.549°
ORL
Average 82.80 +2.79 82.28 + 3.15 81.88 + 3.29 0.454"
Nasal 83.77 + 2.94 83.37 + 3.13 83.06 + 3.27 0.636"
Temporal 83.38 + 2.75 82.42 + 3.41 82.00 + 3.44 0.175"
Superior 82.74 + 3.01 82.34 + 3.36 82.06 + 3.65 0.690"
Inferior 81.31 + 3.01 81.00 + 3.33 80.39 + 3.33 0.490"
TRL
Average 343.72 + 10.71 335.36 + 15.43 330.41 + 15.98 0.001" 0.022" 0.001* 0.486°
Nasal 349.44 + 11.83 342.32 + 16.92 334.42 + 18.82 0.001" 0.106" 0.001* 0.208"
Temporal 333.59 + 11.83 325.16 + 15.27 322.68 + 15.28 0.004" 0.030" 0.005* 1.000°
Superior 348.85 + 8.93 338.92 + 16.48 333.71 + 16.45 <0.001" 0.005" 0.000* 0.480°
Inferior 343.03 + 12.76 335.03 + 16.79 330.84 + 17.90 0.006" 0.064" 0.007* 0.691°

The values are presented as mean + SD unless otherwise indicated.

DR = diabetic retinopathy; NPDR = non-proliferative diabetic retinopathy; IRL = inner retinal layer; ORL = outer retinal layer; TRL = total
retinal layer.

*p—value for three-group comparison by One-way analysis of variance (ANOVA) test; +Comparison between control and no DR group; 1[Comparison
between control and NPDR group; §C0mparison between no DR and NPDR group.
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Figure 4. The graphs show thickness of all retinal layers automatically measured by early treatment diabetic retinopathy study (ETDRS)
grid. (A) Retinal nerve fiber layer (RNFL). (B) Ganglion cell layer (GCL). (C) Inner plexiform layer (IPL). (D) Inner nuclear layer (INL).
(E) Outer plexiform layer (OPL) and outer nuclear layer (ONL). (F) Retinal pigment epithelium (RPE). (G) Inner retinal layer (IRL). (H)
Outer retinal layer (ORL). (I) Total retinal layer (TRL). DR = diabetic retinopathy; NPDR = non-proliferative diabetic retinopathy.
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