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Abstract 

Introduction: Diabetic retinopathy (DR) is a sight-threatening complication of 

diabetes mellitus (DM) which endangers sight by damaging the neurovascular system 

of the eye, including the optic nerve. Early detection of optic nerve involvement in DR 

may be beneficial to provide timely recognition and management for patients at greater 

risk of DR progression. 

Objective: To describe the characteristics of retinal nerve fiber layer thickness in 

diabetic retinopathy patients without clinically significant macular edema. 

Methods: A descriptive study of newly diagnosed diabetic retinopathy patients was 

conducted at Vitreoretina unit, Cicendo Eye Hospital National Eye Center between 

July and September 2019, which included 10 eyes from 7 patients. The retinal nerve 

fiber layer thickness were evaluated with Carl Zeiss Meditec OCT Optic Disc Cube 

200x200. 

Results: Total 10 eyes of 7 patients were included in this study, with the mean age 

(SD) was 52 (5,74) years. Among these patients, 71,4% patients were female. All of 

the patient has type 2 diabetes and 70% patients were diagnosed as moderate NPDR. 

The median of average RNFL thickness in moderate NPDR group was 104 μm and in 

severe NPDR was 99 μm. Patients with more than 9.0% HbA1c level had average 

RNFL thickness 99 μm. 

Conclusion: The average RNFL thickness of severe NPDR seems slightly thinner than 

those in moderate NPDR group. This study cannot find the effect of diabetes duration 

on RNFL thickness, but the patients with higher level of HbA1c seems to have thinner 

RNFL layer. 
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INTRODUCTION 

Diabetic retinopathy (DR) is a sight-

threatening complication of diabetes 

mellitus (DM) with an incidence of 

6.9% and is the leading cause of visual 

impairment in working age population. 

The number of people with diabetes is 

estimated to rise from 171 million in 

2000 to 366 million in 2030. There are 

approximately 93 million people with 

DR worldwide and the overall 

prevalence rate of DR for all adults with 

diabetes mellitus is 34.6%.1–3 

Diabetes mellitus endangers sight by 

damaging the neurovascular system of 

the eye, including the optic nerve. The 

clinically detectable characteristics of 

DR have focused on damage to the 
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retinal vasculature. Diabetes can also 

damage nonvascular cells of the retina, 

which has been revealed by histological 

studies that showed the diabetes-

induced biochemical mechanisms 

which potentially cause neural cell 

degeneration.1,4–6 

Growing evidences suggest that 

retinal neurodegeneration is present 

before the development of clinically 

detectable microvascular damage. A 

decrease in retinal nerve fiber layer 

(RNFL) thickness has been reported in 

patients with DM without clinical DR. 

Early detection of optic nerve 

involvement in DR may be beneficial to 

provide timely recognition and 

management for patients at greater risk 

of DR progression.1,2,5,7,8 

Optical coherence tomography 

(OCT) has been proposed as a powerful 

tool for retinal measurement and it 

provides detailed information with a 

high resolution. It also allows direct 

measurement of RNFL thickness by in-

vivo visualization of the retina and 

RNFL.4,9 

The purpose of this study is to 

describe the characteristic of RNFL 

thickness in patients with diabetic 

retinopathy without clinically 

significant macular edema. 

 

METHODS 

 This is a descriptive study of newly 

diagnosed diabetic retinopathy patients 

conducted at Vitreoretina unit, Cicendo 

Eye Hospital National Eye Center 

between July and September 2019.  

 The inclusion criteria for this study 

were patients age > 18 years diagnosed 

with any degree of diabetic retinopathy 

without clinically significant macular 

edema, intraocular pressure below 21 

mmHg, and good quality of OCT. The 

exclusion criteria were the patients with 

history of ocular trauma in the past six 

months, history of ocular surgery in the 

past six months, history of chronic 

corticosteroid consumption in the past 

three months and patients with optic 

neuropathy or other retinopathies. 

 Diabetic retinopathy was defined as 

retinal changes that occur in patients 

with diabetes mellitus, which is 

classified based upon clinical features 

and is graded based on the Early 

Treatment Diabetic Retinopathy Study 

(ETDRS) classification. Clinically 

significant macular edema was defined 

as macular edema that meets certain 

minimal severity criteria for size and 

location based on ETDRS. 

 Patients baseline characteristics 

were recorded including age, sex, type 

and duration of diabetes, glycosylated 

haemoglobin A1C level (HbA1c), and 

disease laterality. All patient underwent 

a complete ophthalmic examination 

including uncorrected visual acuity 

(UCVA) using Snellen chart, 

intraocular pressure (IOP) using 

noncontact tonometry, slit-lamp 

biomicroscopy and dilated fundus 

examination. Retinal nerve fiber layer 

thickness measurement was performed 

with Carl Zeiss Meditec OCT Optic 

Disc Cube 200x200. 

 

RESULTS 

 Total 10 eyes of 7 patients were 

included in this study. Basic 

characteristics of the subjects were 

shown in table 1. The mean age (SD) of 

the patients was 52 (5,74) years. 71,4% 

patients were female. All of the patient 
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has type 2 diabetes and 70% patients (7 

eyes) were diagnosed as moderate 

NPDR. 

 
Table 1. Subjects Basic Characteristics 

(n=7 patients, 10 eyes) 

Characteristic 

Mean ± 

SD n (%) 

Sex   

Male  2 (28.6%) 

Female  5 (71.4%) 

Age 52 ± 5.74  
Duration of 

Diabetes   

< 5 years  3 (30%) 

5-10 years  2 (20%) 

> 10 years  5 (50%) 

Type of diabetes   

Type 1  0 

Type 2  10 (100%) 

Classification of 

DR   

Mild NPDR  0 

Moderate NPDR  7 (70%) 

Severe NPDR  3 (30%) 

PDR  0 

HBA1C  8.93+1.73 

Laterality   

Unilateral  4 (57.14%) 

Bilateral  3 (42.86%) 

Visual Acuity   

≤ 3/60  2 (20%) 

4/60-6/18  5 (50%) 

> 6/18    3 (30%) 

DR: diabetic retinopathy 

NPDR: non proliferative diabetic retinopathy 

PDR: proliferative diabetic retinopathy 

HBA1C: glycosylated haemoglobin A1C 

 

 Table 2 illustrates the average and 

four quadrants RNFL thickness in two 

groups. The median of average RNFL 

thickness in moderate NPDR group was 

104 μm and in severe NPDR was 99 

μm. 
 

Table 2. Retinal Nerve Fiber Layer 

Thickness and Degree of Diabetic 

Retinopathy 

RNFL 

Thickness 

Moderate 

NPDR 

Severe NPDR 

Average  
 

Range 87-112 97-147 

Median 104 99 

Superior  
 

Range 102-135 120-195 

Median 118 132 

Inferior  
 

Range 109-148 123-164 

Median 135 131 

Temporal  
 

Range 66-91 60-89 

Median 76 83 

Nasal  
 

Range 64-90 62-145 

Median 84 66 

 

 Table 3 shows the average RNFL 

thickness based on the duration of DM. 

The median average RNFL thickness 

was 104 μm in patients with less than 5 

years DM duration, and 122 μm and 

101 μm in 5-10 years and more than 10 

years DM duration respectively. 
 

Table 3. Average Retinal Nerve Fiber 

Layer Thickness and Duration of 

Diabetes Mellitus 

Duration of Diabetes RNFL Thickness  
< 5 years 

Median  104  
5-10 years 

Median 122  
> 10 years 

Median 

 

101  
 

 All patients have HbA1c level more 

than 7.0% as shown in Table 4. The 
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RNFL thickness was 102.5 μm in 

patients with HbA1c level 7.0-9.0% 

and 99 μm in patients with more than 

9.0% HbA1c level. 
 

Table 4. Retinal Nerve Fiber Layer 

Thickness and HbA1c Level 

HbA1c level 
RNFL Thickness 

(median) 

<7,0% 0 

7,0-9,0% 102.5 

>9,0% 99 

 

DISCUSSION 

 Diabetic retinopathy has long been 

recognized as microvasculopathy, 

however more clinical and 

experimental studies indicate that 

retinal neurodegeneration may precede 

microvascular changes in DR. Thinning 

of inner retina, especially RNFL, was 

considered occurring at the earliest 

stage of DR. Cell- and animal 

experimental studies have revealed that 

retinal neurodegenerative changes 

involved neuronal apoptosis, loss of 

ganglion cell bodies and defects in glial 

reactivity. Mehboob et al also 

concluded that the thinning of RNFL is 

indirect evidence of neurodegeneration 

due to DM.6–10 

 This present study evaluates the 

RNFL thickness of diabetic retinopathy 

patients without CSME. The result of 

this study showed there was only slight 

differences of average RNFL thickness 

between the two groups. This study 

showed that the average RNFL 

thickness of severe NPDR group seems 

thinner than moderate NPDR group. 

The superior and inferior quadrant 

RNFL seems thicker than nasal and 

temporal quadrants on both groups, but 

the decreased thickness was not 

compared to the control group, as can 

be seen in previous studies. 

 The results of previous study varied. 

El-Hifnawy et al found that the global, 

the superior and the temporal quadrant 

RNFL thicknesses in diabetic patients 

without DR were significantly less than 

those of the healthy control group and 

those of the patients with NPDR. 

However, there was no statistically 

significant difference in RNFL 

thickness of the inferior and nasal 

quadrants between the three studied 

groups. Another study conducted by 

Ramappa et al showed association 

between DR with a decrease in RNFL 

thickness, though the result was not 

statistically significant. The study 

however showed the increased 

temporal RNFL, which worsens with 

the stage of DR. Shi et al found 

significant differences in the average, 

superior, and inferior RNFL thickness 

in DM patients with or without DR. A 

meta-analysis study conducted by Chen 

et al concluded that peripapillary RNFL 

thickness in diabetic patients without 

diabetic retinopathy was significantly 

less than that in age-matched healthy 

controls. The RNFL thicknesses in 

superior quadrant, inferior quadrant, 

and nasal quadrant of the retinas in 

diabetic patients were also significantly 

reduced, but thickness reduction was 

not observed in the temporal quadrant. 

Chung et al revealed that the superior 

temporal regions were more responsive 

to vasoconstriction and less responsive 

to vasodilatation, and thus more prone 

to develop oxidative damage and nerve 

cell loss.4,5,9,11 
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 Besides the RNFL thickness, other 

topographic features of optic nerve 

head were analyzed by Erol et al. The 

study concluded that topographic 

features of optic nerve head did not 

differ between the diabetic patients and 

the healthy control group and there may 

not be an interaction between DM and 

optic nerve head topography. Shi et al 

also concluded that there were no 

significant differences in C/D area 

ratio, rim area, cup volume and rim 

volume found among patients with 

NPDR and those without DR.9,12 

 Our study showed the patients with 

duration of DM more than 10 years had 

the thinnest RNFL and the patients with 

duration of DM between 5 to 10 years 

had the thickest RNFL. In contrast to 

study of Shi et al that found that the 

RNFL thickness was significantly 

decreased when moderate NPDR was 

diagnosed. They also found that 

thinning of RNFL in the superior 

quadrant of both retinas were 

significantly correlated to diabetes 

duration, which further suggested that 

the superior quadrant RNFL thinning 

might be the earliest structural changes 

in DR. Borooah et al found a 

statistically significant reduction of 

RNFL thickness in type 2 DM with no 

or mild DR compared with a 

homogenous control group, indicating 

neuroretinal changes occur before 

vascular changes of DR. The different 

result between these previous studies 

with our study because we had a 

smaller sample and inhomogeneous 

amount of patients between 

categories.3,9 

 Poor glycemic control that can be 

detected by measuring HbA1c, often 

results in severe endothelial 

dysfunction and rapid DR progression. 

This study showed the patients with 

higher HbA1c level seems to have 

thinner RNFL. Shi et al also analyze the 

correlation of HbA1c and RNFL 

thinning. They found negative 

relationship between the average RNFL 

thickness and HbA1c. Another 

previous study conducted by Fahmy et 

al concluded the impairment of 

glycemic control affects the 

peripapillary RNFL thickness mainly in 

the superior quadrant and the thickness 

tends to decrease with long-standing 

DM, use of DM medications, and 

development of DR. However, 

Borooah et al found the correlation of 

average RNFL thickness was not 

statistically significant with the 

duration of DM and HbA1c value.3,9,13 

 Limitations of this study were small 

sample size, the sample between 

categories were inhomogeneous and 

short period of the data collection. 

Further study with larger sample size is 

needed. 

 

CONCLUSION 

 This present study showed the 

average RNFL thickness of severe 

NPDR seems slightly thinner than those 

in moderate NPDR group. The superior 

and inferior quadrant RNFL thickness 

on both groups were thicker than the 

nasal and temporal quadrant. This study 

can not find the effect of diabetes 

duration on RNFL thickness, but the 

patients with higher level of HbA1c 

seems to have thinner RNFL layer. 

 Further study with larger number of 

patients and longer follow-up period 

can be conducted to compare the optic 
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nerve head profile and RNFL thickness 

in DR patients. The study which also 

include the healthy control group and 

no DR group can be conducted to 

investigate the earliest change of ONH 

and RNFL profile before the clinical 

signs of vasculopathy detected. 
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