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Abstract
Purpose: To assess whether degree of glycosylated hemoglobin levels influence peripapillary retinal nerve fiber layer thickness in 
patients with non-proliferative diabetic retinopathy.

Methods: A prospective observational cross section study was performed on 110 eyes included 30 eyes of 15 healthy control subjects 
and 80 eyes of 40 patients with non-proliferative diabetic retinopathy. Diabetic group was divided into two study groups, subgroup 
1 with HbA1c that is less than 7% and subgroup 2 with HbA1c that is equal or more than 7%. Full ophthalmic examinations included 
best-corrected visual acuity, anterior segment evaluation, and intraocular pressure assessment. Peripapillary retinal nerve fiber 
layer thickness (RNFLT) was measured using a spectral-domain OCT (Topcon Corporation, Tokyo, Japan). Multivariable logistic 
regression models were used after controlling for the same sets of confounders. A value of P < 0.05 was considered significant.

Results: There was non-statistically significant difference regarding systemic hypertension, BCVA, intraocular pressure, while, 
there was statistically significant difference regarding smoking, body mass index, HBA1C, lipid profile between diabetic and 
control groups. There was statistically significant decrease in peripapillary RNFLT in superior quadrants in diabetics group with 
impairment of HBA1C (P<0.001). Peripapillary RNFLT was negatively correlated with HbA1c in the supe¬rior, inferior, and 
nasal quadrants, while it was positively correlated in the temporal quadrant

Conclusion: Impairment of glycemic control affects the peripapillary RNFLT mainly in the superior quadrant. The measurement 
of peripapillary RNFLT may become a useful method to monitor early retinal changes in diabetic patients.
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1. Introduction
Diabetes mellitus is considered one of the most epidemic diseases 
of the 21st century, showing a high prevalence of 2%–6% 
worldwide [1]. It is a multifactorial metabolic disease clinically 
presenting as sustained hyperglycemia together with disturbances 
of carbohydrate, fat, and protein metabolism resulting from defects 
in insulin secretion, insulin action, or both [2]. The World Health 

Organization defined DM as a fasting venous plasma glucose level 
that is equal to or higher than 7.0 mmol/L or venous plasma level is 
equal to or greater than 11.1 mmol/L, measured 2 hours after oral 
intake of 75 g glucose [4]. 

Diabetes mellitus (DM) is one of the most common endocrine 
disorders affecting more than 400 million people worldwide [4]. 
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Chronic hyperglycemia is well known to cause activation of several 
pathological molecular pathways involved in the pathogenesis of 
various DM complications which may involve almost every tissue 
in the human body [5,6].

Diabetic retinopathy (DR) is the most common complication 
of this chronic disorder [7]. DR clinically presents as retinal 
ischemia, intraretinal microvascular abnormalities, hemorrhages, 
neovascularization, and increased vascular permeability [8]. It 
can progress from mild, non-proliferative to moderate or severe 
non-proliferative disease, which may consequently result in 
proliferative disease [9]. 

Glycosylated hemoglobin (HbA1c) was recommended as an 
excellent predictive marker for the diagnosis of diabetes [10]. Each 
1% reduction in HbA1c minimizes the risk of developing systemic 
and ocular com¬plications by 40%. The measurement of HbA1c is 
consid¬ered as important as blood glucose measurement. HbA1c 
is a reflection of average plasma glucose over the past 2–3 months 
and does not require patients to fast and can be measured at any 
time. Recently, there has been an increased interest to use HbA1c 
as a marker for screening of those at high risk of developing 
diabetes as it shows high sensitivity and specificity [11].

The use of HbA1c is considered as one of the most dis¬criminative 
and effective tools for the diagnosis of diabetic patients who are 
vulnerable to develop complications including retinopathy [12]. 
An association between HbA1c and mortality risk factors among 
men and women with type 2 diabetes was reported [13].

Retinal neuro-degeneration has been suggested as a cause of early 
diabetic retinal damage, supported by evidence from different 
electrophysiological and experimental studies showing neuronal 
apoptosis, ganglion cell loss, glial reactivity, and selective thinning 
of retinal inner layers. Such changes may occur before the onset of 
microvascular changes and can be considered as an early marker 
of DR [14,17].

Optical coherence tomography (OCT) is a noninvasive imaging 
modality with a fast acquisition time. It provides in vivo high-
resolution three-dimensional images of the retinal layers and 
allows thickness assessment of the whole retina as well as 
individual retinal layers in comparison to normative database [18].

The current study was achieved to assess correlation between 
controlled HbA1c and uncontrolled HbA1c on peripapillary 
retinal nerve fiber layer thickness (RNFLT) in diabetic patients as 
marker of severity of retinopathy. The obtained data might support 
the suggestion of the use of the noninvasive role as a protective 
strategy against retinopathy, a complication of DM that may 
consequently lead to blindness.

2. Patients and Methods
This was prospective observational cross section study conducted 
from January 2024 till October 2024. All participants signed an 
informed consent before study contribution. The 1964 Declaration 

of Helsinki and its later amendments or equivalent ethical standards 
were followed during study. 

2.1. Patients
The study included 80 eyes of 40 patients with non-proliferative 
diabetic retinopathy (NPD) and 30 eyes of 15 healthy control 
subjects attending AL-Noor eye laser center in Mansoura. Inclusion 
criteria for diabetic cases included documented diagnosis of type 
2 DM (fasting glucose above 120mg/ml or postprandial glucose 
>150mg/ml and under treatment), age between 40-75 years, and 
no clinical or angiographic changes of diabetic retinopathy. For 
healthy non-diabetic control subjects with normal glucose levels 
in previous 6 months, age between 40-75 years were included in 
the study.

Any history of glaucoma, steroid medication topical/oral, corneal 
opacity, and central corneal thickness above 600 microns or 
below 450 microns were excluded. Errors of refraction (spherical 
equivalent >±3 diopters) or media opacity preventing acquisition 
of good quality OCT images were also considered as exclusion 
criteria. Any retinal pathology not associated with diabetes 
mellitus such as retinal arteriolar alterations, exudates, cotton 
wool spots, hemorrhage, extensive micro-vascular abnormalities 
and papilledema in hypertensive retinopathy were excluded. 
Neurodegenerative diseases known to affect RNFL as Parkinson’s 
disease, trauma or intraocular surgery were excluded.

All participants were asked about their socio-demographics, 
lifestyle factors (e.g., smoking status), medical history (e.g., 
history of diabetes or hypertension), ocular history (i.e., cataract 
surgery and refractive surgery), and medications. The health 
examination included anthropometry, blood pressure, laboratory 
measurements, and ocular examinations.

Anthropometric parameters, including weight, and height, were 
measured. The body mass index (BMI) was calculated as weight 
(kg) divided by height (m) squared. Blood pressure was taken 
twice in the sitting position, and the mean value of these two 
successive readings was recorded. Blood samples were collected 
for measurements of serum glucose (fasting or non-fasting), 
HbA1c, cholesterol, HDL, LDL and triglyceride concentrations.

All participants underwent a full ophthalmological examinations 
including best-corrected visual acuity (BCVA) assessment using 
Landolts broken ring chart then converted to Log MAR, slit-lamp 
biomicroscopy for anterior segment evaluation, intraocular pressure 
measurement using Goldmann applanation tonometer, gonioscopy 
with three-mirror lens, dilated funduscopic examination with Volk 
90 D and fundus fluorescin angiography (Heidelberg Engineering 
GmbH, Heidelberg, Germany), and CCT was measured using a 
ultrasound pachymeter (DGH, Exton, PA, USA).

Diabetic retinopathy is classified according to grades of severity as 
per International clinical diabetic retinopathy severity scale [19]. 
No apparent signs show no diabetic retinopathy. Mild to moderate 
non-proliferative diabetic retinopathy (NPDR) characterized with 
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micro-aneurysms, retinal hemorrhages, exudates, cotton wool 
spots, venous beading and intraretinal microvascular aneurysms.

Participants were divided into 30 healthy controls eyes including 
healthy participants with fasting plasma glucose less than 7 mmol/
liters and/or HBA1c less than 6%. Diabetic group subdivided into 
subgroup 1; 46 eyes (controlled diabetics) including participants 
with type 2 DM and HBA1c less than 7% and subgroup 2; 34 eyes 
(uncontrolled diabetics) including participants with type 2 DM and 
HBA1c greater than or equal to 7%. 

3. Glycosylated Hemogloblin Assessment
Assessment of glycemic control was performed using A1cNow+ 
system, which provides quantitative measurement of HbA1c level 
in a capillary or venous blood sample [19]. Glycated hemoglobin 
(HbA1c) is a blood test, which doesn't require not eating for 
a period of time (fasting), shows average blood sugar level for 
the past 2 to 3 months. It measures the percentage of blood sugar 
attached to hemoglobin, the oxygen-carrying protein in red blood 
cells. The higher blood glucose levels, the more hemoglobin with 
sugar attached. An HbA1c level of 7 % or higher on two separate 
tests means that have diabetes. An HbA1c between 5.7% and 6.9% 
means that have pre-diabetes. Below 5.7% is considered normal.

Random blood sugar test, a blood sample will be taken at a 
random time. No matter when you last ate, a blood sugar level 
of 200 milligrams per deciliter (mg/dL) 11.1 millimoles per liter 
(mmol/L) or higher suggests diabetes. Fasting blood glucose test, 
a blood sample will be taken after haven't eaten anything the night 
before (fast). A fasting blood sugar level less than 100 mg/dL (5.6 
mmol/L) is normal. A fasting blood sugar level from 100 to 125 
mg/dL (5.6 to 6.9 mmol/L) is considered pre-diabetes. If it's 120 
mg/dL (7 mmol/L) or higher on two separate tests, or postprandial 
glucose >150mg/ml suggests diabetes.

3.1. RNFL Assessment
Optical coherence tomography (OCT) is a novel, noninvasive, three-
dimensional imaging technique that allows for the visualization 
of retinal nerve fiber layers. Peripapillary RNFL parameters were 
obtained using spectral domain OCT device (Topcon Corporation, 
Tokyo, Japan). Peripapillary RNFL thickness is measured between 
the inner plexiform layers and the nerve fiber layer along a circle 
of 3.45mm diameter centered at the optic nerve head.

Prior to OCT examination, mydriatic eye drops were administered 
to dilate the pupils as much as possible in order to ensure the best 
possible OCT signal and analysis in the patients' eyes. The chin 
rest was placed over the patient's chin. The patient was instructed 
to focus on a certain place inside the device. A camera that shows 
the fundus and scan beam is housed inside the device to complete 
this step. Optic disc map for peripapillary RNFL thickness; a 6.0 
x 6.0 mm area centered on the optic disc was covered using a 3D 
raster scan protocol with 512 A-scans and 256 B-scans (6.0 x 6.0 

mm - 512 x 256). 

To center the scanning area, the patient was instructed to fixate 
on an internal fixation light (SMART Track). Prior to obtaining 
an OCT image, the OCT signal location and signal quality were 
automatically improved by machine learning. The software 
used motion control techniques to eliminate saccades and slight 
fixation loss once the volumetric OCT dataset was finished. After 
discarding low-quality scans, the process was repeated until 
high-quality scans were obtained. A mean of three measures was 
obtained for each peripheral RNFL, and the results were expressed 
as an average over 4 quadrants, 12 clock hours, and the mean 
thickness of the entire circumpapillary scan. 

 RNFL thickness in superior sector (Sup RNFL), inferior sector 
(Inf RNFL) and the total average of both sectors (Avg RNFL) are 
expressed in μm.

3.2. Statistical Analysis
Statistical Package for the Social Sciences windows version 26 
(IBM, Armonk, NY, USA) was used for statistical analysis of 
the collected data. The association between changes in glucose 
levels and OCT variation was investigated using univariable and 
multivariable regression analyses. Student’s t-test was used for 
normally distributed variables. Pearson’s correlation analysis was 
applied to analyze the relationship between variables. The HbA1c 
values of each group were averaged and expressed as mean ± SD. 
Significance of the study parameters between three or more groups 
of data were analyzed by one-way ANOVA. Multivariable logistic 
regression models were used after controlling for the same sets of 
confounders. A value of P < 0.05 was considered significant.

4. Results
There were 55 participants of male 30 (55 %) and female 25 
(45%) enrolled in the study. The mean and standard deviation of 
diabetic cases was 62.7 ± 7.50 years with sample space of 40 to75 
years. The 40 diabetic patients consisted of 20 male (age 56.27 ± 
2.01years) and 20 female (age 52.24 ± 3.21 years). The mean age 
of the 15 healthy control subjects was age 59.3 ± 9.20 years with 
range of 40 to 75 years. In the group of 15 healthy control 7 were 
male with age 51.30 ± 4.20 years and 8 females with age 52.41 ± 
1.230 years. 

Demographic, systemic, and ocular characteristics of the diabetic 
versus non-diabetic patients revealed that there was non-
statistically significant difference as regards age, systolic and 
diastolic systemic hypertension, BCVA, central corneal thickness 
(0.062, 0.019, 0.054,0.158, 0.161) between diabetic and non-
diabetic patients. There was a statistically significant differences 
as regard body mass index, smoking states, HDL cholesterol, LDL 
cholesterol, triglyceride, HBA1c, and intraocular pressure between 
diabetic and non-diabetic patients (<0.001).
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Characteristics Diabetesb (n = 80) Control (n = 30) P-valuea

Demographic features
Mean age in years (SD)c 62.7 (7.5) 59.3 (9.2) 0.062
Male participants, n (%) 40 (50.0) 15 (50.0) 0.064
Body mass index, kg/m² (SD) 25.4 (3.2) 22.0 (2.8) <0.001#
Weight, kg (SD) 61.26 (11.8) 55.0 (10.3) <0.001#
Height, cm (SD) 169.6 (9.3) 158.0 (9.1) <0.001#
Smoking status, n (%) <0.001#
 Non- smokers 29.7 21.2
 Current smokers 42.0 6.0
Systemic features
Hypertension, n (%) 55.2 45.9 0.021
Systolic BL P, mmHg (SD) 131.3 (14.2) 125.1 (15.1) 0.019
Diastolic BL P, mmHg (SD) 72.3 (12.1) 71.4 (12.1) 0.054
HDL cholesterol, mg/dL (SD) 74.1 (11.8) 52.0 (11.5) <0.001#
LDL cholesterol, mg/dL (SD) 1289.3 (32.2) 114.6 (28.6) <0.001#
Triglyceride, mg/dL (SD) 118.0 (73.6) 97.0 (68.3) <0.001#
HbA1c, % (SD) 6.9 (1.4) 5.2 (0.1) <0.001#
Fasting glucose, mg/dL (SD) 136.2 (32.1) 98.3 (4.2) <0.001#
Postprandial glucose , mg/dL (SD) 160.4 (42.2) 97.1 (13.3) <0.001#
Ocular features
BCVA Log MAR (SD) 0.25 (0.21) 0.19 (0.13) 0.158
CCT, µm (SD) 555.4 (45.1) 552.0 (56.1) 0.161
Intraocular pressure, mmHg (SD) 18.1 (1.6) 15.2 (3.7) <0.001#7

Table 1: Demographic, Systemic, and Ocular Characteristics of the Participants According to their Diabetic Status

aValues are presented as the means (SDs) for continuous variables and percentages for categorical variables.
bDiabetes was defined as self-reported anti-diabetic medication use, physician-diagnosed diabetes, or HbA1c ≥ 6.5%.
cAll values other than age were adjusted for age and sex.
#Statistically significant value at P<0.001.

HbA1c = Glycosylated hemoglobin A1c; HDL= high-density lipoprotein; LDL=, low-density lipoprotein; SD= standard deviation, 
BCVA = Best corrected visual acuity; BL P= Blood pressure, CCT= Central corneal thickness.

Table 2: revealed the comparison between the RNFLT measurement in both eyes of diabetics cases and healthy control subjects. 
Peripapillary RNFLT was affected in the superior quadrant of both right and left eyes of diabetic patients as compared to healthy subjects.

Parameters (mean) Group I, healthy controls 
(n=30)

Group II, diabetic patients 
(n=80)

p-value

OD RNFLT
Average (μm) 123.21±11.22 109.42 ±24.12 0.235
Superior (μm) 135.44±12.72 118.53±12.21 <0.001#
Inferior (μm) 130.39±10.21 124.57±13.42 0.621
Temporal (μm) 73.67±8.54 73.11±14.12 0.765
Nasal (μm) 94.111±13.32 79.61±17.301 0.276
OS RNFLT
Average (μm) 121.16 ± 17.24 112.23 ± 15.24 0.683
Superior (μm) 124.15±15.36 119.67±10.20 <0.001#
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Inferior (μm) 125.91±12.26 126.06±14.31 0.968
Temporal (μm) 74.12±10.36 72.48±10.11 0.593
Nasal (μm) 856.79±14.04 81.04±15.33 0.329
The present data demonstrate significant thinning in retinal nerve fiber layer in patients with HbA1c ,7% (controlled DM). This 
reduction was increased in patients with HbA1c 7% (uncontrolled DM), in accordance with previous studies (Table 3).18,21

Table 2: RNFLT in Four Quadrants in Diabetic Patients Compared to Healthy Controls

Table 3: demonstrated significant thinning in retinal nerve fiber layer in patients with HbA1c less than 7% (controlled DM). This 
reduction was increased in patients with HbA1c equal or more than 7% (uncontrolled DM) in relation to glycemic control.

Parameters Control + subgroup 1
(n= 76[30+46])
HbA1c < 7%

Subgroup 2
(n=34)
HbA1c ≥7 %

p-value

OD RNFLT
Average (μm) 123.21 ± 13.42 108.17±12.23 <0.001#
Superior (μm) 129.17±11.51 115.19±11.51 <0.001#
Inferior (μm) 131.66±12.79 123.20±17.67 <0.001#
Temporal (μm) 77.30±11.17 75.69±9.89 0.611
Nasal (μm) 89.74±14.47 84.75±11.29 0.216
OS RNFLT
Average (μm) 113.21 ±15.12 102.21 ±14.32 <0.001#
Superior (μm) 129.13±13.04 117.13±11.40 <0.001#
Inferior (μm) 129.96±14.10 122.19±17.50 <0.001#
Temporal (μm) 73.83±10.07 69.19±10.39 0.177
Nasal (μm) 85.43±14.94 83.69±16.49 0.697
Notes: Data presented as mean ± standard deviation. #Statistically significant value at <0.001. 
Abbreviations: HbA 1c, glycosylated hemoglobin; OD, right eye; OS, left eye; RNFLT, retinal nerve fiber layer thickness.

Table 3: Comparison between Peripapillary RNFLT and Glycemic Control in all Four Quadrants

Table 4: Comparison between Peripapillary RNFLT and Dm Duration (Years)

Table 4: revealed that the reduc¬tion in RNFLT was affected in the superior quadrant of both right and left eyes of diabetic patients by 
the duration of diabetes.

Parameters Group II
DM <10y (n=45)

Group II
DM >10 (n=35)

p-value

OD RNFLT
Average (μm) 117,26 ±15.41 110.32 ±21,35 0.345
Superior (μm) 126.38±16.65 116.67±14.05 <0.001#
Inferior (μm) 132.13±13.83 121.47±18.78 0.204
Temporal (μm) 77.50±13.87 76.60±10.11 0.839
Nasal (μm) 90.38±10.77 82.93±9.02 85.453
OS RNFLT
Average (μm) 114.43 ±12.31 108.32 ±15.22 0.213
Superior (μm) 125.75±14.71 115.67±12.32 <0.001#
Inferior (μm) 132.63±13.78 123.20±18.21 0.114
Temporal (μm) 76.19±10.32 70.67±9.48 0.133
Nasal (μm) 83.63±17.61 82.47±15.52 0.848
Notes: Data presented as mean ± standard deviation. #Statistically significant value at P<0.001#.
Abbreviations: DM, diabetes mellitus; OD, right eye; OS, left eye; RNFLT, retinal nerve fiber layer thickness.
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Table 5: demonstrated that the peripapillary RNFLT was negatively correlated with HbA1c in the supe¬rior, inferior, and nasal quadrants, 
while it was positively correlated in the temporal quadrant.

Parameters (mean) r (Pearson’s correlation) p-value
OD RNFLT
Average (μm) -0.242 0.342
Superior (μm) -0.485 <0.001#
Inferior (μm) -0.196 0.138
Temporal (μm) 0.084 0.641
Nasal (μm) -0.214 0.404
OS RNFLT
Average (μm) -0.231 0.345
Superior (μm) -0.392 <0.001#
Inferior (μm) -0.060 0.640
Temporal (μm) 0.025 0.844
Nasal (μm) -0.068 0.597
Note: #Statistically significant value at P<0.001.
Abbreviations: HbA1c, glycosylated hemoglobin; OD, right eye; OS, left eye; RNFLT, retinal nerve fiber layer thickness.

Table 5: Correlation between Glycemic Control (HbA1c) and Peripapillary RNFLT in Four Quadrants

5. Discussion
Diabetic retinopathy is the most common complication of 
DM, with significant implication on visual acuity being the 
leading cause of deterioration of visual loss. However, recent 
studies have revealed the affection of visual functions, contrast 
sensitivity, dark adaptation, and decreased amplitudes of VEP, 
even before the appearance of any impairrment of DR. Thus, early 
neurodegenerative deterioration had been proven to occur before 
the onset of DR and subsequently play an effective role in visual 
deterioration in patients with type 2 diabetes mellitus without DR 
[20-26].

The hallmark of retinal neurodegeneration is apoptosis of retinal 
ganglion cells with axonal degeneration and reactive gliosis of 
astrocytes, such changes lead to thinning of retinal inner layers 
[27,28]. RNFL thinning in diabetics patients was first demonstrated 
by Chihara et al. Skarf B. then identified RNFL thinning as an 
early marker of diabetic rertinopapthy [29,30].

The mechanisms of retinal neuro-degeneration in diabetic patients 
are complex, hyperglycemia promotes optic nerve hypoperfusion 
through multiple factors such as advanced glycation end products, 
increased oxidative stress and angiogenic factors, resulting in 
alteration of the retinal microenvironment and a cascade of events 
ending with ganglion cell apoptosis, hence fluctuation of blood 
glucose is more likely to cause structural nerve damage even 
before causing significant vision changes in early stages of DM 
[31].

Neurodegenerative changes may also be caused by ischemia 
since inner retinal layers are more liable to hypoxia and ischemia 
in comparison to outer retinal layers supplied directly from the 
choroid. Ocular ischemia followed by reperfusion and increased 

oxidative stress can induce ganglion cell apoptosis in diabetics 
[32]. 

In the current study, average RNFL thickness as well as superior 
and inferior RNFL thickness were significantly lower in the 
uncontrolled DM group, this is consistent with findings in prior 
studies using different SD-OCT devices such as Spectralis Domain 
OCT system (Heidelberg Engineering GmbH, Heidelberg, 
Germany), Stratus OCT (Carl Ziess Meditech, Dublin, CA, USA), 
Cirrus SD-OCT (Carl Zeiss Meditech, Dublin, CA, USA) [33-35]. 
An another study showed that only superior quadrant peripapillary 
RNFL thickness was slightly less in diabetic patients than normal 
subjects [36].

In a meta-analysis by Chen X et al., peripapillary RNFL thickness 
was significantly reduced in diabetic patients without DR in 
comparison to age matched healthy controls [37]. In contrast, 
Srinivasan et al., in two different studies found no significant 
difference between healthy individuals and diabetics with or 
without DR in any quadrant [38,39].

The present study revealed that peripapillary RNFLT was affected 
in the superior quadrant of diabetic patients in relation to glycemic 
control as compared to healthy subjects. This is consistent with the 
outcome of previ¬ous studies, which demonstrated that RNFLT 
was decreased in patients with preclinical DR in all four quadrants, 
but the difference was significant only at the superior quadrant 
[40,41].

RNFLT reduced more in oral hypoglycemic users, which is 
consistent with previous studies [41,42]. Hammes et al., described 
that diabetes can induce apoptosis in retinal ganglion cells and 
Müller cells in an experimental diabetes model, and this supports 
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the present findings of that RNFLT was decreased prior to the 
development of DR [41].

Also, the present study data demonstrate significant thinning in 
retinal nerve fiber layer in patients with HbA1c < 7% (controlled 
DM). This reduction was increased in patients with HbA1c >7% 
(uncontrolled DM) in relation to glycemic control, in accordance 
with previous studies [41,42].

The present study revealed that peripapillary RNFLT was negatively 
correlated with HbA1c in the average, supe¬rior, inferior, and 
nasal RNFLT quadrants, while it was positively correlated in the 
temporal quadrant. This correlation was significant in the superior 
quadrant only, which is consistent with the findings by Srivastav 
et al. [43].

The present study provided evidence that the positive relationships 
between hyper-glycaemic status and RNFL thickness were 
significant, even after controlling for CCT. Increases in CCT may 
lead to overestimated values, and diabetic patients have relatively 
greater CCTs due to the osmotic gradients induced by accumulated 
sorbitol in the cornea [43]. 

Worse glycemic control contributed to reduced retinal 
neurovascular coupling in patients with clinical signs of DR. 
Progression of neurovascular dysfunction in DR might be related 
to structural degeneration of the neurovascular complex in the 
inner retina [44].

6. Conclusion
Impairment of glycemic control affects the peripapillary RNFLT 
mainly in the superior quadrant in diabetic type 2 patients. This 
thickness also tends to be decrease with long-standing DM, and 
development of DR. Peripapillary RNFLT may be used as a 
predictive marker of retinopathy devel¬opment, which might help 
to avoid future complications.
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20.	 Várkonyi, T. T., Petõ, T., Dégi, R., & Keresztes, K. (2002). 
Impairment of visual evoked potentials: an early central 
manifestation of diabetic neuropathy?. Diabetes Care, 25(9), 
1661.

21.	 Greenstein, V. C., Shapiro, A., Zaidi, Q., & Hood, D. C. (1992). 
Psychophysical evidence for post-receptoral sensitivity loss 

https://doi.org/10.1016/j.diabres.2016.06.014
https://doi.org/10.1016/j.diabres.2016.06.014
https://doi.org/10.1016/j.diabres.2016.06.014
https://doi.org/10.1016/j.diabres.2016.06.014
https://doi.org/10.3129/i09-112
https://doi.org/10.3129/i09-112
https://doi.org/10.3129/i09-112
https://doi.org/10.1167/iovs.16-21031
https://doi.org/10.1167/iovs.16-21031
https://doi.org/10.1167/iovs.16-21031
https://doi.org/10.1016/j.fshw.2013.09.002
https://doi.org/10.1016/j.fshw.2013.09.002
https://doi.org/10.1016/j.fshw.2013.09.002
https://doi.org/10.1152/physrev.00045.2011
https://doi.org/10.1152/physrev.00045.2011
https://europepmc.org/article/med/28530383
https://europepmc.org/article/med/28530383
https://europepmc.org/article/med/28530383
https://doi.org/10.2337/dc15-S016
https://doi.org/10.2337/dc15-S016
https://doi.org/10.2337/dc15-S016
https://doi.org/10.1016/j.ijcard.2015.09.070
https://doi.org/10.1016/j.ijcard.2015.09.070
https://doi.org/10.1016/j.ijcard.2015.09.070
https://doi.org/10.1016/j.ijcard.2015.09.070
https://doi.org/10.2337/dc13-1838
https://doi.org/10.2337/dc13-1838
https://doi.org/10.2337/dc13-1838
https://doi.org/10.2337/dc13-1838
https://doi.org/10.2337/dc13-1838
https://www.aafp.org/pubs/afp/issues/2005/0601/p2123.html
https://www.aafp.org/pubs/afp/issues/2005/0601/p2123.html
https://www.aafp.org/pubs/afp/issues/2005/0601/p2123.html
https://link.springer.com/article/10.1007/s11427-015-4853-0
https://link.springer.com/article/10.1007/s11427-015-4853-0
https://link.springer.com/article/10.1007/s11427-015-4853-0
https://doi.org/10.2337/diacare.23.3.390
https://doi.org/10.2337/diacare.23.3.390
https://doi.org/10.2337/diacare.23.3.390
https://doi.org/10.1167/iovs.13-12979
https://doi.org/10.1167/iovs.13-12979
https://doi.org/10.1016/j.ajo.2018.08.053
https://doi.org/10.1016/j.ajo.2018.08.053
https://doi.org/10.1016/j.ajo.2018.08.053
https://doi.org/10.1016/j.ajo.2018.08.053
https://doi.org/10.2337/db16-1453
https://doi.org/10.2337/db16-1453
https://doi.org/10.2337/db16-1453
https://doi.org/10.2337/db16-1453
https://doi.org/10.2337/db16-1453
https://karger.com/oph/article-abstract/235/3/125/255727/Early-Neurodegeneration-of-the-Inner-Retinal?redirectedFrom=fulltext
https://karger.com/oph/article-abstract/235/3/125/255727/Early-Neurodegeneration-of-the-Inner-Retinal?redirectedFrom=fulltext
https://karger.com/oph/article-abstract/235/3/125/255727/Early-Neurodegeneration-of-the-Inner-Retinal?redirectedFrom=fulltext
https://karger.com/oph/article-abstract/235/3/125/255727/Early-Neurodegeneration-of-the-Inner-Retinal?redirectedFrom=fulltext
https://doi.org/10.1167/iovs.11-8997
https://doi.org/10.1167/iovs.11-8997
https://doi.org/10.1167/iovs.11-8997
https://doi.org/10.1167/iovs.11-8997
https://doi.org/10.1167/iovs.11-8997
https://doi.org/10.1167/iovs.16-19963
https://doi.org/10.1167/iovs.16-19963
https://doi.org/10.1167/iovs.16-19963
https://doi.org/10.1167/iovs.16-19963
https://www.proquest.com/openview/c249666d1d1f54750c4385dbb6186d03/1?pq-origsite=gscholar&cbl=47715
https://www.proquest.com/openview/c249666d1d1f54750c4385dbb6186d03/1?pq-origsite=gscholar&cbl=47715
https://www.proquest.com/openview/c249666d1d1f54750c4385dbb6186d03/1?pq-origsite=gscholar&cbl=47715
https://www.proquest.com/openview/c249666d1d1f54750c4385dbb6186d03/1?pq-origsite=gscholar&cbl=47715
https://iovs.arvojournals.org/article.aspx?articleid=2160464
https://iovs.arvojournals.org/article.aspx?articleid=2160464


J Ophthalmol Clin Res, 2025 Volume 9 | Issue 1 | 8

Copyright: ©2025 Asaad A. Ghanem, et al. This is an open-access 
article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author 
and source are credited.

https://opastpublishers.com/

in diabetics. Investigative ophthalmology & visual science, 
33(10), 2781-2790.

22.	 Sokol, S., Moskowitz, A., Skarf, B., Evans, R., Molitch, M., 
& Senior, B. (1985). Contrast sensitivity in diabetics with and 
without background retinopathy. Archives of ophthalmology, 
103(1), 51-54.

23.	 Bresnick, G. H., Condit, R. S., Palta, M., Korth, K., Groo, A., 
& Syrjala, S. (1985). Association of hue discrimination loss 
and diabetic retinopathy. Archives of Ophthalmology, 103(9), 
1317-1324.

24.	 Aylward, G. W., & Billson, F. A. (1989). The scotopic threshold 
response in diabetic retinopathy—a preliminary report. 
Australian and New Zealand Journal of Ophthalmology, 
17(4), 369-372.

25.	 Parravano, M., Oddone, F., Mineo, D., Centofanti, M., 
Borboni, P., Lauro, R., ... & Manni, G. (2008). The role of 
Humphrey Matrix testing in the early diagnosis of retinopathy 
in type 1 diabetes. British Journal of Ophthalmology, 92(12), 
1656-1660.

26.	 Harrison, W. W., Bearse, M. A., Ng, J. S., Jewell, N. P., 
Barez, S., Burger, D., ... & Adams, A. J. (2011). Multifocal 
electroretinograms predict onset of diabetic retinopathy in 
adult patients with diabetes. Investigative ophthalmology & 
visual science, 52(2), 772-777.

27.	 Barber, A. J., Gardner, T. W., & Abcouwer, S. F. (2011). The 
significance of vascular and neural apoptosis to the pathology 
of diabetic retinopathy. Investigative ophthalmology & visual 
science, 52(2), 1156-1163.

28.	 Kern, T. S., & Barber, A. J. (2008). Retinal ganglion cells in 
diabetes. The Journal of physiology, 586(18), 4401-4408.

29.	 Chihara, E., Matsuoka, T., Ogura, Y., & Matsumura, M. (1993). 
Retinal nerve fiber layer defect as an early manifestation of 
diabetic retinopathy. Ophthalmology, 100(8), 1147-1151.

30.	 Skarf, B. (2002). Retinal nerve fibre layer loss in diabetes 
mellitus without retinopathy. British journal of ophthalmology, 
86(7), 709-709.

31.	 Ciulla, T. A., Harris, A., Latkany, P., Piper, H. C., Arend, 
O., Garzozi, H., & Martin, B. (2002). Ocular perfusion 
abnormalities in diabetes. Acta Ophthalmologica 
Scandinavica, 80(5), 468-477.

32.	 Zheng, L., Gong, B., Hatala, D. A., & Kern, T. S. (2007). Retinal 
ischemia and reperfusion causes capillary degeneration: 
similarities to diabetes. Investigative ophthalmology & visual 
science, 48(1), 361-367.

33.	 Chatziralli, I., Karamaounas, A., Dimitriou, E., Kazantzis, 
D., Theodossiadis, G., Kozobolis, V., & Theodossiadis, P. 
(2020, May). Peripapillary retinal nerve fiber layer changes 
in patients with diabetes mellitus: a case-control study. In 
Seminars in Ophthalmology (Vol. 35, No. 4, pp. 257-260). 
Taylor & Francis.

34.	 Sohn, E. H., van Dijk, H. W., Jiao, C., Kok, P. H., Jeong, 
W., Demirkaya, N., ... & Abràmoff, M. D. (2016). Retinal 
neurodegeneration may precede microvascular changes 
characteristic of diabetic retinopathy in diabetes mellitus. 
Proceedings of the National Academy of Sciences, 113(19), 
E2655-E2664.

35.	 Borooah, M., Nane, Y. J., & Ekka, J. (2018). Evaluation 
of thickness of retinal nerve fiber layer and ganglion cell 
layer with inner plexiform layer in patients without diabetic 
retinopathy and mild diabetic retinopathy in type 2 diabetes 
mellitus patients using spectral-domain optical coherence 
tomography. Int J Res Med Sci, 6(7), 2434-39.

36.	 Dobbins, J. M., Elliott, S. W., Cordier, T., Haugh, G., Renda, 
A., Happe, L., & Turchin, A. (2019). Primary care provider 
encounter cadence and HbA1c control in older patients with 
diabetes. American Journal of Preventive Medicine, 57(4), 
e95-e101.

37.	 Chen, X., Nie, C., Gong, Y., Zhang, Y., Jin, X., Wei, S., & 
Zhang, M. (2015). Peripapillary retinal nerve fiber layer 
changes in preclinical diabetic retinopathy: a meta-analysis. 
PloS one, 10(5), e0125919.

38.	 Srinivasan, S., Pritchard, N., Sampson, G. P., Edwards, K., 
Vagenas, D., Russell, A. W., ... & Efron, N. (2016). Retinal 
thickness profile of individuals with diabetes. Ophthalmic and 
Physiological Optics, 36(2), 158-166.

39.	 Srinivasan, S., Dehghani, C., Pritchard, N., Edwards, K., 
Russell, A. W., Malik, R. A., & Efron, N. (2017). Corneal 
and retinal neuronal degeneration in early stages of diabetic 
retinopathy. Investigative ophthalmology & visual science, 
58(14), 6365-6373.

40.	 Zhang, X., Saaddine, J. B., Chou, C. F., Cotch, M. F., Cheng, 
Y. J., Geiss, L. S., ... & Klein, R. (2010). Prevalence of 
diabetic retinopathy in the United States, 2005-2008. Jama, 
304(6), 649-656.

41.	 Hammes, H. P., Federoff, H. J., & Brownlee, M. (1995). 
Nerve growth factor prevents both neuroretinal programmed 
cell death and capillary pathology in experimental diabetes. 
Molecular Medicine, 1, 527-534.

42.	 Sugimoto, M., Sasoh, M., Ido, M., Narushima, C., & Uji, Y. 
(2010). Retinal nerve fiber layer decrease during glycemic 
control in type 2 diabetes. Journal of Ophthalmology, 2010(1), 
569215.

43.	 Srivastav K, Saxena S, Ruia S, Mahdi AA, Khanna VK. 
Correlation of retinal nerve fibre layer thinning and central 
subfield thickness with type 2 diabetic retinopathy on spectral 
domain optical coherence tomography. Open Sci J Clin Med. 
201.

44.	 Pemp, B., Palkovits, S., Sacu, S., Schmidl, D., Garhöfer, G., 
Schmetterer, L., & Schmidt-Erfurth, U. (2024). Associations 
of retinal neurovascular dysfunction with inner retinal layer 
thickness in non-proliferative diabetic retinopathy. Graefe's 
Archive for Clinical and Experimental Ophthalmology, 1-11.

https://iovs.arvojournals.org/article.aspx?articleid=2160464
https://iovs.arvojournals.org/article.aspx?articleid=2160464
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635359
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635359
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635359
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635359
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635691
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635691
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635691
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/635691
https://doi.org/10.1111/j.1442-9071.1989.tb00556.x
https://doi.org/10.1111/j.1442-9071.1989.tb00556.x
https://doi.org/10.1111/j.1442-9071.1989.tb00556.x
https://doi.org/10.1111/j.1442-9071.1989.tb00556.x
https://bjo.bmj.com/content/92/12/1656.short
https://bjo.bmj.com/content/92/12/1656.short
https://bjo.bmj.com/content/92/12/1656.short
https://bjo.bmj.com/content/92/12/1656.short
https://bjo.bmj.com/content/92/12/1656.short
https://doi.org/10.1167/iovs.10-5931
https://doi.org/10.1167/iovs.10-5931
https://doi.org/10.1167/iovs.10-5931
https://doi.org/10.1167/iovs.10-5931
https://doi.org/10.1167/iovs.10-5931
https://doi.org/10.1167/iovs.10-6293
https://doi.org/10.1167/iovs.10-6293
https://doi.org/10.1167/iovs.10-6293
https://doi.org/10.1167/iovs.10-6293
https://doi.org/10.1113/jphysiol.2008.156695
https://doi.org/10.1113/jphysiol.2008.156695
https://doi.org/10.1016/S0161-6420(93)31513-7
https://doi.org/10.1016/S0161-6420(93)31513-7
https://doi.org/10.1016/S0161-6420(93)31513-7
https://doi.org/10.1136/bjo.86.7.709
https://doi.org/10.1136/bjo.86.7.709
https://doi.org/10.1136/bjo.86.7.709
https://doi.org/10.1034/j.1600-0420.2002.800503.x
https://doi.org/10.1034/j.1600-0420.2002.800503.x
https://doi.org/10.1034/j.1600-0420.2002.800503.x
https://doi.org/10.1034/j.1600-0420.2002.800503.x
https://doi.org/10.1167/iovs.06-0510
https://doi.org/10.1167/iovs.06-0510
https://doi.org/10.1167/iovs.06-0510
https://doi.org/10.1167/iovs.06-0510
https://doi.org/10.1080/08820538.2020.1810289
https://doi.org/10.1080/08820538.2020.1810289
https://doi.org/10.1080/08820538.2020.1810289
https://doi.org/10.1080/08820538.2020.1810289
https://doi.org/10.1080/08820538.2020.1810289
https://doi.org/10.1080/08820538.2020.1810289
https://doi.org/10.1073/pnas.1522014113
https://doi.org/10.1073/pnas.1522014113
https://doi.org/10.1073/pnas.1522014113
https://doi.org/10.1073/pnas.1522014113
https://doi.org/10.1073/pnas.1522014113
https://doi.org/10.1073/pnas.1522014113
http://dx.doi.org/10.18203/2320-6012.ijrms20182831
http://dx.doi.org/10.18203/2320-6012.ijrms20182831
http://dx.doi.org/10.18203/2320-6012.ijrms20182831
http://dx.doi.org/10.18203/2320-6012.ijrms20182831
http://dx.doi.org/10.18203/2320-6012.ijrms20182831
http://dx.doi.org/10.18203/2320-6012.ijrms20182831
https://doi.org/10.1016/j.amepre.2019.04.018
https://doi.org/10.1016/j.amepre.2019.04.018
https://doi.org/10.1016/j.amepre.2019.04.018
https://doi.org/10.1016/j.amepre.2019.04.018
https://doi.org/10.1016/j.amepre.2019.04.018
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125919
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125919
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125919
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125919
https://onlinelibrary.wiley.com/doi/abs/10.1111/opo.12263
https://onlinelibrary.wiley.com/doi/abs/10.1111/opo.12263
https://onlinelibrary.wiley.com/doi/abs/10.1111/opo.12263
https://onlinelibrary.wiley.com/doi/abs/10.1111/opo.12263
https://doi.org/10.1167/iovs.17-22736
https://doi.org/10.1167/iovs.17-22736
https://doi.org/10.1167/iovs.17-22736
https://doi.org/10.1167/iovs.17-22736
https://doi.org/10.1167/iovs.17-22736
https://jamanetwork.com/journals/jama/fullarticle/186384
https://jamanetwork.com/journals/jama/fullarticle/186384
https://jamanetwork.com/journals/jama/fullarticle/186384
https://jamanetwork.com/journals/jama/fullarticle/186384
https://link.springer.com/article/10.1007/BF03401589
https://link.springer.com/article/10.1007/BF03401589
https://link.springer.com/article/10.1007/BF03401589
https://link.springer.com/article/10.1007/BF03401589
https://onlinelibrary.wiley.com/doi/full/10.1155/2010/569215
https://onlinelibrary.wiley.com/doi/full/10.1155/2010/569215
https://onlinelibrary.wiley.com/doi/full/10.1155/2010/569215
https://onlinelibrary.wiley.com/doi/full/10.1155/2010/569215
https://link.springer.com/article/10.1007/s00417-024-06552-4
https://link.springer.com/article/10.1007/s00417-024-06552-4
https://link.springer.com/article/10.1007/s00417-024-06552-4
https://link.springer.com/article/10.1007/s00417-024-06552-4
https://link.springer.com/article/10.1007/s00417-024-06552-4

