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Background: To our knowledge, no clinical study has previously been performed to
investigate changes in the retinal ganglion cell complex (GCC) in diabetes mellitus
(DM) patients differing in severity of diabetic polyneuropathy (DPN).

Purpose: To identify changes in the GCC in patients with DPN differing in severity
of the disease.

Materials and Methods: A total of 575 patients (1150 eyes) with type 2 diabetes
mellitus were included in the prospective analysis. DPN was diagnosed in 210
(36.5%) patients with DM. In addition to routine eye examination, retinal OCT was
performed, and the macular GCC was assessed.

Results: We found that the state of GCC in patients with DPN depends on the
severity of the disease, and mean average GCC thicknesses in DM patients with
NI1A, N1B, and N3 stages DPN, were 8.4%, 8.6%, and 11.0% lower than in controls
(95.8 £ 8.2 um) (p < 0.001). In addition, in N14, NIB, N2A, N2B and N3 stages
DPN, mean focal loss volume (FLV) values were 8.4, 8.7, 14.1, 14.3, and 15.3
times, respectively, lower, whereas mean global loss volume (GLV) values were
119.1%, 124.8%, 231.3%, 239.6%, and 358.1%, respectively, higher, than in age-
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Introduction

Injury to the nervous system is a major cause of reduced
quality of life in patients in diabetes mellitus (DM) [1].
Early detection of signs of injury to the peripheral nervous
system in patients with already diagnosed DM is an issue
related to diagnosing diabetic polyneuropathy (DPN) [1,
2]. Since a number of changes in the retina, optic nerve
and visual function have been hypothesized to be potential
factors associated with DPN, assessment of these changes
may be helpful in detecting and determining the severity
of DPN [3, 4].

An animal study has demonstrated that in DM,
retrograde axonal transport impairment of retinal ganglion
cells (RGC) results in damage to their axons and cell
bodies [5], and manifests as thinning of retinal ganglion
cell layer (RGCL) and retinal nerve fiber layer (RNFL)
[6-8]. In addition, in patients with DM, optical coherence
tomography (OCT) revealed early thinning of RNFL,
RGCL and other retinal layers before the onset of clinical

matched healthy controls.
Conclusion: Retinal ganglion cell complex changes depend on the severity of
diabetic polyneuropathy.

signs of diabetic retinopathy [9-15]. The structural and
functional retinal changes found in patients with DM
before the onset of clinical signs of diabetic retinopathy
provide evidence of the role of DPN in their origin. To
our knowledge, no clinical study has previously been
performed to investigate changes in the retinal ganglion
cell complex (GCC) in DM patients differing in severity
of DPN.

The purpose of the study was to identify changes in
the GCC in patients with DPN differing in severity of the
disease.

Materials and Methods

A total of 575 patients (1150 eyes) with type 2 diabetes
mellitus (T2DM) were included in the prospective analysis
of the features of optic nerve damage. Inclusion criteria
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were no history of glaucoma; Goldmann IOP of 21 mmHg
or less; emmetropic, hypermetropic or low myopic eyes;
no cataract or mild age-related cataract; and no history
of surgery or laser. The patients’ age ranged from 44 to
69 years (mean £ SD, 55.9+7.8 years). Four hundred
and thirteen (71.8%), 93 (16.2%) and 69 (12.0%) had
duration of DM of <5, 5-10 and >10 years, respectively.
Three hundred and sixty five patients with DM (63.5%)
were classified as those with no evidence for DPN (NO
stage as per the Guidelines for the diagnosis and outpatient
management of diabetic peripheral neuropathy [9-10]).
DPN was diagnosed in 210 (36.5%) patients with DM.
Asymptomatic DPN was observed in 101 (17.5%) patients
with DM, including 47 (8.1%) patients with N1A stage
and 54 (9.4%) patients with N1B stage. Symptomatic DPN
was found in 89 (15.5%) patients with DM, including 46
(8.0%) patients with N2A stage and 43 (7.5%) patients
with N2B stage, and disabling DPN (N3 stage) was found
in 20 (3.5%) patients with DM.

The control group comprised 50 healthy individuals (50
eyes). All patients underwent a routine eye examination
including visual acuity and a dilated fundus examination.
In addition, retinal and optic nerve OCT (RTVue-100,
Optovue, Fremont, CA), was performed.

We used the GCC protocol to explore parameters
within a circle with a 6 mm diameter, and with the center
of the GCC scan shifted 1 mm temporal to the fovea. The
GCC scan makes a 6mm map, which is corresponding to
about 20 degrees on the visual field map. Specifically, it is
10 degrees for superior and inferior directions, 7 degrees
to nasal direction and 13 degrees to temporal direction.

The parameters of GCC (average thickness, S-I
[superior-inferior difference], FLV [focal loss volume, as
the integral of deviation in areas of significant focal GCC
loss], and GLV [global loss volume, as the sum of negative
fractional deviation in the entire area]) were assessed.

Means (M), standard deviations (o), standard errors
of the mean (SEM) were calculated using Microsoft
Excell 2000. In addition, coefficients of variation (Cv),
significance (p), 95% confidence intervals (CI) were
calculated. Statistical analyses were performed using
ANOVA. The level of significance p < 0.05 was assumed.

Results and Discussion

The average GCC thickness was found to depend on
the severity of DPN. Thus, in DM patients with NO stage
DPN, the mean average GCC thickness was 91.7+£8.6 um
(range, 70.9 pm to 114.8 um; 95% CI, 87.0 pm to 96.4
um) (Table 1), compared to 87.8+9.5 um (range, 66.8 pm
to 121.8 um; 95% CI, 82.7 um to 92.9 pum), 87.6+£9,9 um
(range, 66.2 pm to 126.5 pm; 95% CI, 82.2 pm to 93.0
pm), 99.9+10.8 pm (range, 80.1 um to 155.0 um; 95%
CI, 94.1 um to 105.7 um), 98.3+11.1 pum (range, 77.6 pm
to 160.3 um; 95% CI, 92.3 um to 104.3 pum), 85.3+£10.7
um (range, 61.7 pm to 136.5 um; 95% CI, 79.5 pum to
91.1 um), in those with N1A, N1B, N2A, N2B, and N3
stages DPN, respectively. Therefore, mean average GCC

thicknesses in DM patients with N1A, N1B, and N3 stages
DPN, were 8.4%, 8.6%, and 11.0%, respectively, lower
than in controls (95.8 = 8.2 um) (p < 0.001).

In DM patients with NO, N2A or N2B stages DPN, the
mean average GCC thickness not significantly different
from that in the control group (p > 0.05). The mean average
GCC thickness was lowest in patients with N3 stage DPN,
in which it was 17.1% and 15.2% lower than in patients
with N2A or N2B stages DPN, respectively (p < 0.001).
However, in DM patients with NO, N1A or N1B stages
DPN, the mean GCC thickness not significantly different
from that in patients with N3 stage DPN (p > 0.05).

The superior GCC thickness was also found to depend
on the severity of DPN. Thus, in DM patients with NO stage
DPN, the mean superior GCC thickness was 90.3+8.5 um
(range, 70.4 um to 114.2 pm; 95% CI, 85.7 pm to 94.7 um)
(Table 1). Mean superior GCC thicknesses in DM patients
N1A, N1B, and N3 stages DPN, were 10.0%, 10.5%, and
13.3%, respectively, lower, while in those with N2A and
N2B, they were 9.4% and 8.7%, respectively, higher, than
in controls (95.3 £ 7.9 um) (p < 0.001). In DM patients
with NO stage DPN, the mean superior GCC thickness not
significantly different from that in the control group (p >
0.05). The mean superior GCC thickness was lowest in
patients with N3 stage DPN, in which it was 26.3%, 25.4%
and 9.3% lower than in patients with N2A, N2B, and NO
stages DPN, respectively (p < 0.001). However, in DM
patients with N1A or N1B stages DPN, the mean superior
GCC thickness was not significantly different from that in
patients with N3 stage DPN (p > 0.05).

In DM patients without DPN, the mean inferior GCC
thickness was 93.1£8.6 um (range, 73.7 um to 120.6 pum;
95% CI, 88.4 um to 97.8 um) (Table 1). Mean inferior GCC
thicknesses in DM patients with N1A, N1B and N3 stages
DPN were 6.7%, 6.7%, and 8.6%, respectively, lower than
in controls (96.2 + 8.4 um) (p < 0.05). In DM patients
with NO, N2A or N2B stage DPN, the mean inferior GCC
thickness was not significantly different from that in the
control group (p > 0.05). The mean inferior GCC thickness
was lowest in patients with N3 stage DPN, in which it was
8.6% lower than in patients with N2A stage DPN (p <
0.05). However, in DM patients with NO, NI1A, N1B or
N2B stages DPN, the mean inferior GCC thickness was
not significantly different from that in patients with N3
stage DPN (p > 0.05).

The superior-inferior difference was also found to
depend on the severity of DPN (Table 1). In DM patients
with N1A, N1B or N3 stages DPN, mean superior—inferior
differences in GCC thickness were 4.4, 5.1, and 5.9 times
respectively, lower, while in those with N2 A or N2B stages
DPN, they were 11.8 and 14.0 times, respectively, higher
than in controls (-0.9 + 2.2, P <0.001).

The global loss volume was found to depend on the
severity of DPN. Thus, in DM patients with NO stage DPN,
the GLV was 5.01£3.89 % (range, 0.04 % to 13.56%; 95%
CI, 3.16% to 7.04%) (Fig 1), compared to 7.69+4.86%
(range, 2.96% to 18.36%; 95% CI, 5.88% to 10.64%),
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7.89£5.19% (range, 3.36% to 19.73%; 95% CI, 5.94% to
10.97%), 11.63+5.68% (range, 3.21% to 30.67%; 95% CI,
6.89% to 15.58%), 1.92+5.68% (range, 3.41% to 32.79%;
95% CI, 6.95% to 16.95%), 16.08+5.67% (range, 8.37% to
31.17%; 95% CI, 11.97% to 21.48%), in those with N1A,
N1B, N2A, N2B, and N3 stages DPN, respectively. The
mean GLV was highest in patients with N3 stage DPN,
in which it was 68.6%, 52.2%, 50.9%, 27.7%, and 25.9%
higher than in DM patients with NO, N1A, N1B, N2A or
N2B stages DPN, respectively (p < 0.05).

In DM patients with NO stage DPN, the FLV was
2.11£1.79 % (range, 0.002 % to 4.85%; 95% CI, 1.17% to
3.38%) (Fig 2), compared to 5.86+2.37 % (range, 1.71 %
to 11.07%; 95% CI, 3.65% to 7.98%), 6.09+2.49 % (range,
2.28 % to 13.39%; 95% CI, 3.74% to 8.16%), 9.87+3.78 %
(range, 2.18 % t0 29.85%; 95% CI, 6.44% to 12.89%), and
10.69+4.26% (range, 2.89 % to 21.29%; 95% CI, 5.73%
to 15.05%), in those with N1A, N1B, N2A, N2B, and
N3 stages DPN, respectively. The mean FLV was highest
in patients with N3 stage DPN, in which it was 80.3%,
45.2%, and 43.0%, higher than in DM patients with NO,
N1A and N1B stages DPN, respectively (p < 0.05).

Therefore, the data obtained suggest that there is an
interrelationship between structural neuroretinal changes
and severity of DPN.

Studies in diabetic neuropathy have found that even a
small increase in the levels of sorbitol and fructose in the
neural tissue leads to increased hypoxia and activation of
glycolysis processes resulting in demyelination of nerve
fibers and axonopathy [16].

Increased sensitivity of the GCC to neurodegenerative
changes in DM has been reported [11]. Our findings are
in line with those of Ng and colleagues [12] who note
that retinal ganglion cell neuronal damage in diabetes
and DR can be clinically detected using OCT. In addition,
these authors note that loss of GCC is present also in
diabetic patients without retinopathy. Similar structural
neurodegenerative changes (loss of ganglion cell bodies
and reduction in thickness of the inner retinal layers) have
been described by van Dijk and co-authors [7-8].

In a study by Pekel and colleagues [13], diabetic
patients without retinopathy had thinner macular ganglion
cell-inner plexiform layers (IPL) in the superior nasal
macula when compared to healthy controls. Carpineto and
co-authors [9] also demonstrated significantly reduced
ganglion cell-IPL and RNFL thickness values in diabetic
eyes without retinopathy, and the data of these authors
confirmed that neuroretinal alterations are early in DM,
preceding microvascular damages.

Conclusion

We found that the state of GCC in patients with DPN
depends on the severity of the disease, and, in N1A, N1B,
N2A, N2B and N3 stages DPN, mean FLV values were
8.4, 8.7, 14.1, 14.3, and 15.3 times, respectively, lower,
whereas mean GLV values were 119.1%, 124.8%, 231.3%,
239.6%, and 358.1%, respectively, higher, than in age-
matched healthy controls.
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Fig. 1. Mean global loss volume (GLV) values in patient groups differing in severity of diabetic polyneuropathy
(DPN).

Notes. *, significant difference in mean values between the study group and the control group; ', statistically significant
difference in mean values between the study group and the N3 DPN stage group
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Fig. 2. Mean focal loss volume (FLV) values in patient groups differing in severity of diabetic polyneuropathy (DPN).
Notes. *, significant difference in mean values between the study group and the control group; ', statistically significant
difference in mean values between the study group and the N3 DPN stage group
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Table 1. Ganglion cell complex (GCC) thickness in patient groups differing in severity of diabetic polyneuropathy

Statistic Average GCC Superior GCC Inferior GCC . Su;?enor-

Groups - . . . inferior (S-l)
indices, pm thickness thickness thickness -
difference |

M + SEM 95.8+8.2" 95.37.9' 96.218.4' -0.9+2.2
Control,
n=100 eyes Range 79.6-115.1 79.1-115.5 81.8-121.8 -5.8-3.5

95 % CD 91.2-100.4 91.5-99.1 92.0-100.4 -2.0-0.2

M + SEM 91.7¢8.6 90.38.5" 93.1:8.6 -2.8+3.1
NO DPN stage, Range 70.9-114.8 70.4-114.2 73.7-120.6 9.9-4.3
n=730 eyes

95 % CD 87.0-96.4 85.7-94.7 88.4-97.8 -4.6-(-1.1)

M + SEM 87.8£9.5* 85.8£9.4* 89.8£9.6* -4.0£4.4*
N1ADPN stage, Range 66.8-121.8 64.9-120.6 70.9-119.7 -16.1-8.4
n=94 eyes

95 % CD 82.7-92.9 80.8-90.8 84.6-95.0 -6.6-(-1.5)

M + SEM 87.6+9.9* 85.3¢10.1* 89.9£9.7* -4.6£4.9*
N1B DPN stage, Range 66.2-126.5 64.1-124.3 70.3-124.8 17.7-8.9
n=108 eyes

95 % CD 82.2-93.0 79.8-96.3 84.6-95.2 -9.2-(-2.0)

MSEM 99.9£10.8' 104.3£10.7* 95.5£10.9' 8.846.4*
N2A DPN stage, Range 80.1-155.0 84.6-153.3 84.2-145.8 -8.3-16.7
n=92 eyes

95 % CD 94.1-105.7 98.5-110.1 89.6-101.4 4.7-12.9

M + SEM 98.3£11.1" 103.6£10.9* 93.0£11.3 10.846.6
N2B DPN stage, Range 77.6-160.3 81.4-160.8 82.8-160.9 -8.3-20.7
n= 86 eyes

95 % CD 92.3-104.3 97.7-109.5 86.9-99.1 6.6-15.0

M + SEM M 85.3£10.7* 82.6+10.8* 87.9+10.6* -5.3+4.7

N3 DPN stage, Range 61.7-136.5 59.8-138.7 62.9-130.4 6.9-15.5
n=40 eyes

95 % CD 79.5-91.1 76.8-88.4 82.2-93.6 -8.1-(-2.5)

Notes. DPN, diabetic polyneuropathy; M, mean; SEM, standard error of mean; Cl, confidence interval; *, statistically significant
difference in mean values between the study group and the control group; ', statistically significant difference in mean values
between the study group and the N3 DPN stage group
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