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Abstract

Purpose: We determined whether Diabetes Mellitus (DM)
affects the retinal Ganglion Cell-Inner Plexiform Layer (GClI-
PL) thickness in patients who have no Diabetic Retinopathy
(DR) or Non-Proliferative Diabetic Retinopathy (NPDR).

Design: Retrospective, comparative study.

Methods: Of 60 DM patients, 56 eyes with no DR (group 1)
and 52 eyes with NPDR (group 2), and 104 eyes of 60 healthy
subjects underwent the Ganglion Cell Analysis (GCA) using
Optical Coherence Tomography (OCT). GCA algorithm was
used to measure the thickness of the overall avarage, mini-
mum, superotemporal, superior, superonasal, inferonasal,
inferior, inferotemporal GCIPL. Measurements of GCIPL thick-
ness and central macular thickness of DM patients were com-
pared with those of age and gender matched control group.

Results: The overall average, minimum, and the six sec-
tors of GCIPL thickness measurements were significantly
thinner in DM patients compared with healthy controls (p
< 0.05), but there was no significant difference between
groups 1 and 2 (p > 0.05). In terms of duration of diabe-
tes and DR status, there was no statistically significant dif-
ference in GCIPL parameters while correcting for age and
presence of hypertension between the groups.

Conclusion: This study demonstrates a significant GCIPL
thinning at all segments of the macula in DM patients than in
healthy controls. In contrast, there was no significant differ-
ence between group 1 and 2 in terms of GCIPL thickness.
These results confirm that DM has a neurodegenerative ef-
fect on the retina before vascular changes occur.
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Introduction

Diabetic Retinopathy (DR) is a major cause of visu-
al impairment in working age adults worldwide [1]. DR
is clinically diagnosed with the onset of microvascular
complications, such as microaneurysms, hemorrhages,
and cotton-wool spots. Several studies have established
that neurodegenerative changes occurred before the
onset of microvascular complications in the earliest
stages of diabetes by using electroretinography, perim-
etry, dark adaptation, contrast sensitivity, and color vi-
sion tests [2-7].

Optical Coherence Tomography (OCT) enables non-
invasive, real-time visualizations of retinal morphologic
features in many retinal diseases, including DR. Recent
segmentation algorithms in spectral domain OCT (SD-
OCT) allow detailed screening of retinal layers. The Cir-
rus HD OCT (Carl Zeiss Meditec, Dublin, California, USA)
can evaluate the Ganglion Cell-Inner Plexiform Layer
(GCIPL) thickness of central macula using the Ganglion
Cell Analysis (GCA).

The aim of this study is to ascertain whether Diabe-
tes Mellitus (DM) affects the macular GCIPL thickness in
patients who have Nonproliferative Diabetic Retinopa-
thy (NPDR) or no DR using Cirrus HD-OCT and to con-
sider the relationship between GCIPL measurements
and age, sex, duration of diabetes, DR status, glycated
Hemoglobin (HbA1lc) level, Hypertension (HT) duration,
and hypertensive retinopathy status.
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Material and Methods

This retrospective study was conducted to the pro-
visions of the Declaration of Helsinki. Ethical approval
was provided by the local Ethical Committee in Decem-
ber 2013. The medical registers of 108 eyes of 60 DM
patients and 104 eyes of 60 healthy subjects that were
examined between July 2010 and November 2013 were
analyzed. The patient group was divided into two sub-
groups: group 1 with no DR (56 eyes of 30 patients) and
group 2 with NPDR (52 eyes of 30 patients). All eyes un-
derwent a complete ophthalmic evaluation, including
slit-lamp biomicroscopy and fundus examination.

Cases with an ocular history of trauma, surgery, la-
ser procedure, and systemic disease except Type 2 DM
and HT; significant media opacities; coexisting glauco-
matous optic disc changes; neuro-ophthalmologic dis-
orders; uveitis; retinal diseases that could affect the ret-
inal nerve fibre layer; included macular degeneration,
retinal vascular occlusion, macular edema, and spheric
equivalent > 6 diopters (D) were excluded. Age, gender,
duration of diabetes and HT, and mean serum HbAlc
level were gathered from the patient records. DM pa-
tients were seperated into three groups according to
the duration of DM; 0-11, 11-20, and over 20 years.

The GCA algorithm was performed using macular
cube 512 x 128 scan mode of Cirrus HD-OCT (Software
version 6.0, Carl Zeiss Meditec, Inc.). Macular cube
scans with signal strength better than 5, and without
eye movement artifacts were included the study. The
macular GCIPL layer was measured automatically from
outer boundary of the RNFL to the outer boundary of
the Inner Plexiform Layer (IPL) using the GCA algorithm.
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Figure 1: The Ganglion Cell Analysis (GCA) provided by the
Cirrus OCT.
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The average, minimum, and 6 sectoral (superotemporal,
superior, superonasal, inferonasal, inferior, and infero-
temporal) GCIPL values were measured in an elliptical
ring around the fovea (Figure 1). The elliptical ring has
a vertical inner and outer radius of 0.5 and 2.0 mm, re-
spectively, and a horizontal inner and outer radius of 0.6
and 2.4 mm, respectively. The size of the inner ring was
preferred to exclude the foveal area, where the Gan-
glion Cell Layer (GCL) is undetectable. The outer ring is
horizontally extended by a factor of 20% to be matched
the real anatomy of the macula.

Statistical analyses were implemented with the
Statistical Package for the Social Sciences version 19.0
(SPSS, Inc., Chicago, IL, USA). The Kolmogorov-Smirnov
z test was performed to confirmed the normal distribu-
tion of variable groups, and the x? test was performed
for the categorical variables. An independent sample
t-test was used to compare the averages for paramet-
ric variables and the Mann-Whitney test was used for
nonparametric variables. Pearson’s and Spearman cor-
relation analyses were performed, and a coefficient test
was applied to determine the relationship between the
findings. The differences between the groups were de-
termined using Analysis of Covariance (ANCOVA) or all
statistical tests, a p < 0.05 and p < 0.01 were considered
significant. The Receiver-Operating Characteristic (ROC)
curve analysis was performed to determine the cutoff
value of GCL thickness.

Measurements of GCIPL and Central Macular Thick-
ness (CMT) of DM patients and age- and sex-matched
healthy controls were compared. Correlation analysis
was used to find out the relationship between GCIPL
thickness and age, sex, HbA1lc level, DR status, duration
of diabetes, HT duration, and hypertensive retinopathy
status.

Results

Demographic, ocular, and systemic characteristics
of 60 DM patients and 60 healthy controls are shown
in Table 1. Age of DM patients was between 40 and 84
years and that of healthy controls was between 40 and
85 years. There was no significant difference in age (p
= 0.181), sex (p = 0.100), Intraocular Pressure (IOP; p
= 0.925) and Best Corrected Visual Acuity (BCVA; p =
0.181) between patients and healthy controls.

Glycemic control of patients was in average (mean
HbAlc, 8.22% + 1.76%). Age was 40 to 80 years in group
1 and 41 to 84 years in group 2. There was no significant
difference in age (p = 0.134), sex (p = 0.118), IOP (p =
0.780), and HbA1c level (p = 0.236) between groups 1
and 2. BCVA was significantly worse in group 2 than in
group 1 (p = 0.045). Presence of HT was significantly dif-
ferent between DM patients and healthy controls (p <
0.001), but there was no significant difference between
groups 1 and 2 (p = 0.405).

The average, minimum, and sectoral thicknesses
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Table 1: Demographic and clinical characteristics of the study population.

Parameters Controls Patients with diabetes Patients without DR Patients with NPDR
Number of cases (n) 60 60 30 30

Age (mean £ SD) 58.77 £ 8.99 62.01 £ 11.26 59.40 £ 11.63 64.63 + 10.41
Gender (M:F) 25:35 34:26 14:16 20:10

IOP, mmHg 15.77 £ 2.68 15.65 + 2.61 15.77 £ 2.44 15.52 + 2.81
BCVA 0.853 +£0.223  0.896 + 0.191 0.938 £ 0.15 0.852 +0.22
HbA1c (%) - 8.22+1.76 8.19+2.10 8.24 +1.38
Duration of diabetes (years)

0-10 - 37 (61.7%) 27 (90%) 10 (33.3%)
11-20 - 15 (25%) 2 (6.7%) 13 (43.3%)

> 20 - 8 (13.3%) 1(3.3%) 7 (23.3%)
Hypertension, n (%) 19 (32%) 41 (68%) 19 (63%) 22 (73%)
Duration of hypertension (years) 11.36 +10.47  11.46 £9.02 10.21 £ 9.59 12.54 £ 8.57
Grade of hypertensive retinopathy

Grade 1 5(8.3%) 14 (23.3%) 8 (26.7%) 6 (20%)
Grade 2 1(1.7%) 8 (13.3%) 3 (10%) 5(16.7%)

SD: Standart Deviation; M: Male; F: Female; IOP: Intraocular Pressure; BCVA: Best Corrected Visual Acuity; DR: Diabetic

Retinopathy; NPDR: Nonproliferative Diabetic Retinopathy.

Table 2: Mean ganglion Cell-Inner plexiform layer thickness parameters in diabetic patients compared with healthy controls.

Parameters Patients with diabetes Controls p value
Number of cases (n) 60 60

Average GCIPL 80.56 + 7.97 83.70 +£5.93 0.002
Minimum GCIPL 74.56 + 12.25 80.51 £ 6.00 0.000
Superotemporal GCIPL 80.08 + 7.29 82.71+5.67 0.004
Superor GCIPL 81.94 + 9.92 84.71 + 6.51 0.017
Superonasal GCIPL 81.08 + 10.30 85.01+£7.06 0.013
Inferonasal GCIPL 79.99 + 9.36 83.45+7.02 0.009
Inferior GCIPL 79.44 + 10.00 82.58 +6.97 0.020
Inferotemporal GCIPL 80.75 £ 8.21 83.81 £ 5.80 0.013
Central macular thickness 253.15 £ 23.15 256.13 £ 18.05 0.053

GCIPL: Ganglion Cell-Inner Plexiform Layer.

Table 3: Mean ganglion cell-inner plexiform layer thickness in diabetic patients without diabetic retinopthy compared with nonpro-

liferative diabetic retinopathy.

Parameters Patients without DR Patients with NDR p value
Number of cases 30 30

Average GCIPL 81.04 +8.27 80.04 +7.69 0.387
Minimum GCIPL 77.21+9.84 71.69 +13.93 0.053
Superotemporal GCIPL 79.98 +7.28 80.19+7.38 0.882
Superor GCIPL 82.16 + 9.52 81.69 + 10.43 0.431
Superonasal GCIPL 82.07 £ 9.84 80.02 + 10.78 0.288
Inferonasal GCIPL 80.75+9.15 79.17 £9.62 0.422
Inferior GCIPL 80.43+9.12 78.38 + 10.86 0.311
Inferotemporal GCIPL 80.73 + 8.51 80.77 +7.95 0.754
Central macular thickness 250.50 £ 25.66 256.00 + 19.96 0.065

of GCIPL (superotemporal, superior, superonasal, in-
feronasal, inferior, and inferotemporal) and CMT in all
DM patients compared with those in healthy controls
are shown in Table 2. All mean GCIPL thickness param-
eters were significantly thinner in DM patients than in
healthy controls (p < 0.05). There was no significant dif-
ference in CMT between patients and healthy controls
(p > 0.05). There was no significant difference in GCIPL
parameters and CMT between DM groups 1 and 2 (p >
0.05; Table 3).

Weak negative correlations were detected between
age and average (r = - 0.428, p < 0.001), minimum (r
=-0.439, p < 0.001), superotemporal (r =-0.299, p =
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0.002), superior (r = - 0.338, p < 0.001), superonasal (r
=-0.396, p <0.001), inferonasal (r =- 0.416, p < 0.001),
GCIPL inferior (r =-0.424, p < 0.001), and inferotempo-
ral (r =-0.335, p < 0.001) GCIPL values in DM patients.

Weak negative correlations were detected between
age and average (r = - 0.457, p < 0.001), minimum (r
= - 0.466, p < 0.001), superotemporal (r = - 0.257, p =
0.009), superior (r = - 0.404, p < 0.001), superonasal (r
=-0.477, p <0.001), inferonasal (r =- 0.466, p < 0.001),
inferior (r =- 0.324, p = 0.001), and inferotemporal (r = -
0.385, p <0.001) GCIPL values in healthy controls. There
was no significant correlation between age and CMT in
DM patients (r = 0.132, p = 0.172) and healthy controls
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(r=-0.092, p = 0.352). Figure 2 shows a weak negative
correlation between GCIPL thickness and age in patients
with diabetes and healthy controls.

There was no significant difference between sex and
mean GCIPL parameters in DM patients (p > 0.05), but
in healthy controls, superotemporal (p = 0.013) and in-
ferotemporal (p = 0.017) GCIPL values were thicker in
males. CMT was significantly thicker in males than in fe-
males in patients (p = 0.001) and healthy controls (p =
0.02).

Weak positive correlations were observed between
HbA1lc level and superotemporal GCIPL (r = 0.222, p =
0.021) and CMT (r =0.209, p = 0.03) in DM patients.

Presence of HT in patients with DM had a weak neg-
ative linear relationship with average (r = - 0.344, p <
0.0001), superior (r =-0.264, p = 0.006), superonasal (r
=-0.274, p = 0.004), inferonasal (r =- 0.304, p = 0.001),
and inferior (r =-0.364, p <0.001) GCIPL. In healthy con-
trols, there was no linear correlation between the pres-
ence of HT with any GCIPL parameter (p > 0.05).

HT duration had a weak negative relationship with
average (r = - 0.284, p = 0.003), superotemporal (r = -
0.198, p = 0.040), inferonasal (r = - 0.244, p = 0.011),
inferior (r = - 0.346, p < 0.001), and inferotemporal (r
=-0.215, p = 0.025) GCIPL in DM patients. Duration of
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Figure 2: Correlation between GCIPL thickness and age in
patients with DM and healthy controls (p < 0.001).

HT had a weak relationship with only GCIPL inferonasal
(r=-0.278, p = 0.038) in healthy controls.

Stage of HT had a weak negative relationship with
average (r =-0.324, p =0.001), minimum (r = - 0.260, p
= 0.007), superotemporal (r =- 0.267, p = 0.005), supe-
rior (r =-0.304, p = 0.001), superonasal (r=-0.312, p =
0.019), inferonasal (r = - 0.288, p = 0.002), and inferior
(r=-0.318, p = 0.001) GCIPL in DM patients. There was
no linear relationship between the stage of HT with any
GCIPL parameter (p > 0.05) in healthy controls. There
was no linear relationship between CMT with presence,
duration, or stage of HT (p > 0.05).

To correct the effects of age and the presence of
HT, ANCOVA was performed to assess the differenc-
es between groups. Taking age and presence of HT as
covariates, average (p = 0.01), minimum (p < 0.001),
superotemporal (p = 0.044), superonasal (p = 0.003),
inferonasal (p = 0.007), and inferotemporal (p = 0.019)
GCIPL parameters still were significantly thinner in DM
patients than in healthy controls, but there were no sig-
nificant differences in superior (p = 0.115) and inferior
(p =0.065) GCIPL.

In terms of duration of diabetes, there was no statis-
tically significant difference in GCIPL parameters while
correcting for age and presence of HT between the
groups (Table 4). There was no statistically significant
difference in GCIPL parameters while correcting for age
and presence of HT between patients with no DR and
those with NPDR (Table 5).

The Area Under the ROC Curve (AUC) for average
GCIPL was calculated as 0.624 (p < 0.05). This value
shows that the average GCIPL parameter was correctly
classified as 62.4% in patients with and without diabe-
tes. In the analysis, the sensitivity and the specificity val-
ues were examined, and an optimum point was select-
ed as a cutoff value. The sensitivity and specificity for a
cutoff point of 81.5 um were 58% and 68%, respective-
ly (Figure 3). Cases with an average GCIPL value under
81.5 um are more likely to have diabetes.

Discussion

DR is a common complication of diabetes. Although
many studies have focused on vascular complications

Table 4: Mean corrected ganglion cell-inner plexiform layer thickness parameters between the groups in terms of duration of

diabetes.

Parameters 0-10 years 11-20 years > 20 years F p value
Average GCIPL 80.19 £ 0.89 80.53 £ 1.50 82.73+2.13 0.589 0.557
Minimum GCIPL 76.24 + 1.36 69.98 + 2.28 74.61+3.24 2.576 0.081
Superotemporal GCIPL 79.58 + 0.86 79.65 1 1.44 84.18 £ 2.05 2.227 0.113
Superor GCIPL 81.08 +1.16 82.31+1.95 86.09 +2.77 1.341 0.266
Superonasal GCIPL 81.02+1.15 79.03 +1.94 85.86 +2.75 2.145 0.122
Inferonasal GCIPL 79.44 +1.05 80.02+1.76 82.02 +2.50 0.472 0.625
Inferior GCIPL 79.35+1.15 80.02 +1.93 78.70 £ 2.74 0.087 0.917
Inferotemporal GCIPL 80.36 + 0.96 82.05 + 1.61 80.17 £ 2.28 0.431 0.651

GCIPL: Ganglion Cell-Inner Plexiform Layer.
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of diabetes, it is becoming obvious that neurodegener-
ative problems occur before manifest signs of vascular
lesions [7,8].

A study of streptozotocin-induced diabetic rats showed
that the retinal ganglion cell bodies were decreased by
10% after 8 months of diabetes [9]. An immunohistochem-
istry study with streptozotocin-diabetic rats showed 20%
diminution in the NeuN-positive retinal ganglion cells after
4 months of diabetes [10]. A previous study showed that
hyperglycemia increases O-GlcNAcylation in GCL and In-
ner Nuclear Layer (INL) in STZ-induced diabetic mice reti-
nas and increased O-GIcNAcylation is associated with RGC
death in diabetic retinas [11]. These studies revealed that
RGC apoptosis begins soon after the onset of diabetes. Hy-
perglycemia, oxidative stress and advanced glycation end
products are some of the causes of RGC apoptosis.

Van Dijk, et al. [12] also showed that GCIPL and INL of
DM patients with minimal DR were significantly thinner
in the pericentral and peripheral areas than in healthy
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Figure 3: ROC Curve of average ganglion cell-inner plexiform
layer thickness.

controls. There were no significant differences in any
layer thickness between DM patients without DR and
healthy controls. The quality of OCT images has consid-
erably improved with the advent of SD-OCTs, allowing
better segmentation and delineation of various macular
layers. A previous study with SD-OCT similarly demon-
strated that RGC nucleus and dendritis are affected in
DM patients’ eyes with no apparent sign of diabetic vas-
cular changes [13].

In our study, all GCIPL thickness parameters were
thinner in DM patients compared with healthy controls,
but there was no significant difference between DM pa-
tients without DR and with NPDR. The results support
early neurodegenerative effects of diabetes; the GCIPL
changes occur before the vascular clinical signs.

The threshold between healthy and affected Reti-
nal Thickness (RT) is not clear because of the high in-
terindividual variability in RT. Thus, RT measurements
using Stratus OCT were not capable for detecting early
neurodegeneration [12]. In the current study, AUC was
calculated as 0.624 for average GCIPL (p < 0.05). This
value shows that the average GCIPL parameter correctly
classifies a 62.4% rate in patients with and without dia-
betes. Cases with average GCIPL value under 81.5 um
are more likely to have diabetes.

Previous studies showed a linear relationship be-
tween decreased GCL thickness with older age [14,15].
Our results showed weak negative correlations between
age and all GCIPL parameters. The results from previous
studies about the relationship between GCIPL thickness
and sex vary. Mwanza, et al. [16] revealed that thinner
GCIPL thickness is significantly related with older age
and male gender. Koh, et al. [14] concluded that thin-
ner GCIPL was related with older age and female gender
independently. In our study, average GCIPL values were
six sectors thicker in females but it was not statistically
significant.

Diabetes and HT frequently occur together. There is
substantial overlap between diabetes and HT in etiolo-
gy and disease mechanisms [17]. Publications exploring
the relationship between DR and HT vary. In the Wis-
consin Epidemiologic Study of Diabetic Retinopathy
(WESDR), diastolic blood pressure was an important risk
factor of progression of DR in type 1 DM patients [18].

Table 5: Mean corrected ganglion cell-inner plexiform layer thickness parameters in diabetic patients without diabetic retinopathy

compared with nonproliferative diabetic retinopathy

Parameters Patients without DR Patients with NPDR F p value
Average GCIPL 80.37 £ 0.97 80.75 +1.01 0.072 0.789
Minimum GCIPL 76.34 £ 1.48 72.62 +1.54 2.947 0.089
Superotemporal GCIPL 79.56 + 0.94 80.63 £ 0.98 0.599 0.441
Superor GCIPL 81.54 +1.27 82.35+1.32 0.193 0.661
Superonasal GCIPL 81.28 +1.27 80.86 + 1.32 0.049 0.825
Inferonasal GCIPL 79.96 £ 1.14 80.01+1.18 0.001 0.976
Inferior GCIPL 79.69 +1.24 79.17 £1.29 0.083 0.774
Inferotemporal GCIPL 80.15+1.03 81.39+1.07 0.681 0.411

GCIPL: Ganglion Cell-Inner Plexiform Layer; DR: Diabetic Retinopthy; NPDR: Nonproliferative Diabetic Retinopathy.
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However, older onset type 2 DM patients, systolic and
diastolic blood pressure and HT status were not related
with the DR progression [19]. Tham, et al. [20] conclud-
ed that narrower arteriolar and venular diameter, and
decreased vascular tortuosity were related with thinner
GCIPL thickness. Vascular tortuosity is associated with
the properties of the endothelium. The endothelium
increases vascular tortuosity by secreting nitric oxide
and endothelin and, autoregulates tissue perfusion
[21-23]. However, decreased vascular tortuosity leads
to retinal ganglion cell degeneration due to poor tissue
nourishment [20]. In our study, presence of HT in the
DM patients had a weak negative linear correlation with
average, superior, superonasal, inferonasal, and inferi-
or GCIPL thicknesses. In healthy controls, there was no
linear correlation between the presence of HT with any
GCIPL parameter. Duration of HT had a weak negative
relationship with average, superotemporal, inferonasal,
inferior, and inferotemporal GCIPL thicknesses in DM
patients. Duration of HT had a weak relationship with
only inferonasal GCIPL in healthy controls. Stage of HT
had a weak negative relationship with average, mini-
mum, superotemporal, superior, superonasal, inferona-
sal, and inferior GCIPL thickness in DM patients. There
was no relationship between the stage of HT and GCIPL
parameters in healthy controls.

The most important predisposing factor for the de-
velopment and progression of DR is the duration of dia-
betes. In the WESDR, the prevalence of DR varied from
28.8% to 77.8% in DM patients for < 5 and > 15 years,
respectively [24]. Van Dijk, et al. [25] showed a signifi-
cant inverse linear correlation between GCL thickness
and duration of diabetes.

In the current study, in terms of duration of diabe-
tes and DR status, there was no statistically significant
difference in GCIPL parameters while correcting for age
and presence of HT between the groups. We acknowl-
edge that our study has a shortcoming that the absence
of a longitudinal follow-up to assess possible long-term
changes in GCL.

Finally, our results showed that ganglion cells have
been affected and GCL thickness decreases in patients
with DR, even in the very early stages. Presence and
stage of HT can act on ganglion cells, particularly in pa-
tients with diabetes and HT together. Therefore, we
corrected for the presence of the HT effect, and GCIPL
parameters were still observed to be significantly thin-
ner in DM patients than in healthy controls. It can be
concluded that ganglion cells may decrease more in pa-
tients with diabetes and HT together or in advanced DR.
Consequently, in patients with DR, analysis of the gan-
glion cells helps us to find out the etiology of patients
who have cured anatomically but still have restricted
visual improvement.
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