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ABSTRACT

Background: Diabetes mellitus is a chronic metabolic disorder associated with progressive retinal neurovascular damage. Retinal
neurodegeneration is now recognized as an early component of diabetic ocular disease alongside microvascular changes.

Aim: To evaluate retinal nerve fiber layer (RNFL) thickness using optical coherence tomography (OCT) in diabetic patients and assess
its association with severity of diabetic retinopathy (DR).

Materials and Methods: This hospital-based cross-sectional study was conducted at Darbhanga Medical College and Hospital, Bihar,
from July 2024 to June 2025. A total of 100 diabetic patients underwent comprehensive ophthalmic evaluation and OCT-based RNFL
measurement. DR severity was graded using ETDRS classification.

Results: Mean RNFL thickness showed a progressive decline with increasing DR severity (p < 0.001). Significant negative correlation
was observed between RNFL thickness, duration of diabetes, and HbA 1c levels.

Conclusion: RNFL thinning correlates strongly with severity of diabetic retinopathy and may serve as an early neurodegenerative

biomarker.
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INTRODUCTION

Diabetes mellitus is a rapidly growing global health
burden affecting multiple organ systems, including the eye.
Diabetic retinopathy (DR) is a leading cause of preventable
blindness and is traditionally considered a microvascular
complication of diabetes.[ 1] However, emerging evidence
suggests that retinal neurodegeneration occurs early in
diabetes and may precede clinically detectable vascular
abnormalities.[2]

Retinal ganglion cell dysfunction and axonal loss
contribute to thinning of the retinal nerve fiber layer
(RNFL), which can be quantified using optical coherence
tomography (OCT).[3] OCT provides high-resolution cross-
sectional imaging of retinal layers and has become a key tool
for detecting early structural changes in diabetic eyes.[4]

Experimental and clinical studies indicate that chronic
hyperglycemia triggers oxidative stress, mitochondrial
dysfunction, and inflammatory pathways leading to retinal
neuronal apoptosis.[5] These neurodegenerative changes
are now considered integral to the pathophysiology of
diabetic retinal disease.[6]

RNFL thickness reduction has been observed even in
diabetic patients without clinical retinopathy, suggesting
that neurodegeneration may precede vascular damage.[7]
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Early identification of these changes is important for
understanding disease progression and potential therapeutic
intervention.[8]

Several OCT-based studies have demonstrated
significant thinning of RNFL in diabetic patients, correlating
with disease duration and glycemic control.[9] However,
the relationship between RNFL changes and severity of
diabetic retinopathy remains variably reported.[10]

Understanding structural retinal changes in diabetes
may help redefine diabetic retinopathy as a neurovascular
disease rather than purely vascular pathology.[11] This
paradigm shift emphasizes the importance of early detection
of neuronal damage.[12]

Therefore, the present study was undertaken to
evaluate RNFL thickness using OCT and to analyze its
association with severity of diabetic retinopathy in a tertiary
care population.[13,14]

MATERIALS AND METHODS

Study Design
Hospital-based cross-sectional observational study.

Study Location

Department of Ophthalmology, Darbhanga Medical College
and Hospital, Laheriasarai, Darbhanga, Bihar.

Study Period
July 2024 to June 2025 (12 months).

Sample Size
100 patients with diabetes mellitus.

Sampling Technique
Consecutive sampling.

Inclusion Criteria

+  Patients diagnosed with type 2 diabetes mellitus.

*  Age more than 40 years.

»  Patients willing to participate in the study.

» Patients with clear ocular media permitting OCT
examination.

Exclusion Criteria

»  Patients with glaucoma.

*  History of ocular trauma.

*  Previous retinal laser treatment.

*  History of intraocular surgery within the last 6 months.

»  Patients with optic neuropathy.

*  High refractive errors (> £6 diopters).

» Patients with media opacity affecting OCT image
quality.

»  Patients with other retinal disorders.

Ethical Consideration

Institutional Ethics Committee approval was obtained
before commencement of the study. Written informed
consent was obtained from all participants.

MEeTHODOLOGY

Detailed history regarding duration of diabetes, treatment

history, and systemic comorbidities was recorded. All

patients underwent comprehensive ophthalmic examination

including:

*  Best corrected visual acuity assessment

+  Slit lamp examination

* Intraocular pressure measurement

* Dilated fundus examination using indirect
ophthalmoscopy

*  Fundus photography

»  Optical coherence tomography

Severity of diabetic retinopathy was graded according to

the Early Treatment Diabetic Retinopathy Study (ETDRS)

classification into:

*  No diabetic retinopathy

+  Mild NPDR

*  Moderate NPDR

*  Severe NPDR

»  Proliferative diabetic retinopathy (PDR)

RNFL thickness was measured using spectral-domain OCT.

Average global RNFL thickness along with quadrant-wise

thickness values (superior, inferior, nasal, and temporal)

were recorded.

Statistical Analysis

Data were entered into Microsoft Excel and analyzed using
SPSS version 26.0. Quantitative variables were expressed
as mean + standard deviation. Qualitative variables were
expressed as frequencies and percentages. One-way ANOVA
test was used for comparison among groups. Pearson
correlation coefficient was used to determine correlation
between RNFL thickness and clinical parameters. A p-value
less than 0.05 was considered statistically significant.

REesuLTs

Actotal of 100 patients with diabetes mellitus were included
in the present study. All patients underwent detailed
ophthalmological examination and OCT-based retinal
nerve fiber layer (RNFL) assessment. The demographic
profile, diabetic retinopathy severity, and RNFL thickness
measurements were analyzed statistically.
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Demographic Characteristics

The majority of study participants belonged to the age
group of 51-60 years (38%), followed by 61-70 years
(28%). The mean age of participants was 56.82 + 9.47
years. Detailed age distribution is shown in Table 1 and
illustrated in Figure 1.

As shown in Table 1 and Figure 1, middle-aged
and elderly patients constituted the majority of the study
population.

Among the study participants, 58% were males and
42% were females, with a male-to-female ratio of 1.38:1.
Gender distribution is shown in Table 2 and Figure 2.

As depicted in Table 2 and Figure 2, males were more
commonly affected than females.

Distribution According to Severity of Diabetic
Retinopathy

Out of 100 patients, 24 patients had no diabetic retinopathy,
while 76 patients showed varying grades of diabetic
retinopathy. Moderate NPDR was the most common

category observed. The distribution is summarized in Table
3 and represented in Figure 3.

Table 1: Age Distribution of Study Participants

Age group Number of patients Percentage
(vears) (n=100) (%)

41-50 24 24

51-60 38 38

61-70 28 28

>70 10 10

Total 100 100

Figure 1: Age Distribution of Study Participants

Percentage (%)

41-50 51-60 61-70 >70
Age Group (Years)

Figure 1: Age Distribution of Study Participants

Table 2: Gender Distribution of Study Participants

Gender Number of patients Percentage (%)
Male 58 58
Female 42 42
Total 100 100
Male

Female

Figure 2: Gender Distribution of Study Participants

Table 3: Distribution According to Severity of Diabetic

Retinopathy

Severity of diabetic Number of Percentage
retinopathy patients (%)

No DR 24 24

Mild NPDR 22 22
Moderate NPDR 28 28

Severe NPDR 16 16

PDR 10 10

Total 100 100

Percentage (%)
= - N N
o v o w

[C]
L

No DR Mild NPDR Moderate NPDRSevere NPDR PDR
Severity of DR

Figure 3: Severity Distribution of Diabetic Retinopathy
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As shown in Table 3 and Figure 3, moderate NPDR was
the predominant stage of diabetic retinopathy in the present
study.

Duration of Diabetes Mellitus

The mean duration of diabetes mellitus among participants
was 10.42 +5.63 years. Most patients had diabetes duration
between 5-10 years. Detailed distribution is shown in Table
4 and Figure 4.

As illustrated in Table 4 and Figure 4, the majority of
patients had diabetes duration exceeding 5 years.

Glycemic Status of Study Participants

The mean HbA 1c level was 8.34 + 1.46%. Poor glycemic
control (HbAlc >9%) was observed in 36% of patients.
Glycemic distribution is summarized in Table 5 and
represented in Figure 5.

As shown in Table 5 and Figure 5, a considerable
proportion of patients demonstrated suboptimal glycemic
control.

RNFL Thickness Analysis

The mean global RNFL thickness progressively decreased
with increasing severity of diabetic retinopathy. Patients
without diabetic retinopathy showed the highest RNFL
thickness, while patients with proliferative diabetic
retinopathy demonstrated the lowest values. Comparative
analysis is shown in Table 6 and Figure 6.

Table 4: Duration of Diabetes Mellitus Among Study Participants

gzgjiz)on of diabetes IZ:ZZLZZ of Percentage (%)
<5 18 18
5-10 36 36
11-15 28 28
>15 18 18
Total 100 100

351

Percentage (%)
= - N N w
o w o w =
H i A .

[E]
L

o
f

<5 5-10 11-15 =15
Duration (Years)

Figure 4: Duration of Diabetes Mellitus
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Figure 5: Distribution According to HbAlc Levels

Table 5: Distribution According to HbAlc Levels

HbAlc level . Percentage
%) Number of patients %)
<7 20 20
7-8.9 44 44
>9 36 36
Total 100 100

100 -
g_ 80
}«f 60 1
5
E 40
g 204

ol

No DR Mild NPDR Moderate NPDRSevere NPDR PDR
Severity of DR

Figure 6: Mean RNFL Thickness According to Severity of
Diabetic Retinopathy

Table 6: Comparison of Mean Global RNFL Thickness According
to Severity of Diabetic Retinopathy

Severir of DR 00 () deviaon
No DR 102.4 8.6
Mild NPDR 98.7 7.9
Moderate NPDR  93.5 7.2
Severe NPDR 88.6 6.5
PDR 82.3 5.8
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Table 7: Quadrant-wise RNFL Thickness in Different Severity Grades of Diabetic Retinopathy

Severity of DR Superior (um) Inferior (um) Nasal (um) Temporal (um)
No DR 128.5+10.2 1328+ 114 784+72 69.7+5.9
Mild NPDR 122.3+9.6 1272 +£10.8 74.6 £6.8 66.8+5.6
Moderate NPDR 116.4 + 8.7 120.5+94 70.2 £6.1 62.9+52
Severe NPDR 109.6 + 8.1 113.7+ 8.8 66.4+5.38 58.5+4.9
PDR 102.1+7.5 106.2 + 8.1 61.5+52 548+44
115 . Table 8: Correlation of Clinical Variables with RNFL Thickness
He o e . Variable Correlation p-value
1051 % o N % coefficient (r)
3 [ ] . .
7 100 o 0 _ o° oo Duration of diabetes
§ . . 'o.'g:'.. S e vs RNFL thickness 0.612 <0.001
E A HbAlc vs RNFL 0538 “0.001
L 909 ® e e, thickness o :
= o o° ®
85 'Y
o %%,
80 * ’of. .
. . . : : : . . 105 * oo
25 50 7.5 100 125 150 175 200 LI T
Duration of Diabetes (Years) = ° ®
%100‘ ....o .O .0'..% ’ LX)
g 95 ¢ olee ‘.‘..o
Figure 7: Correlation Between Duration of Diabetes and RNFL S ° %o ® et oo
Thickness E %04 o 0e® e® ©
= ° oy ® 0’
o ° ® o..oo‘o
4 [ ]
One-way ANOVA revealed statistically significant ® . B
difference in RNFL thickness among different DR groups 80 1 °
é é ; 8 9 1'0 l‘l 12

(F=18.72, p <0.001).

As demonstrated in Table 6 and Figure 6, RNFL
thickness progressively reduced with worsening severity
of diabetic retinopathy.

Quadrant-wise RNFL Thickness Analysis

Quadrant-wise RNFL analysis revealed significant
reduction in superior and inferior quadrants with increasing
severity of diabetic retinopathy. Detailed values are shown
in Table 7.

As shown in Table 7, superior and inferior quadrants
demonstrated more pronounced RNFL thinning compared
to nasal and temporal quadrants.

Correlation Between Duration of Diabetes and
RNFL Thickness

Pearson correlation analysis demonstrated significant
negative correlation between duration of diabetes and
RNFL thickness (r=-0.612, p <0.001). The correlation is
depicted in Figure 7.

As illustrated in Figure 7, longer duration of diabetes
was associated with lower RNFL thickness values.

HbAlc Level (%)

Figure 8: Correlation Between HbA 1c and RNFL Thickness

Correlation Between HbA1c and RNFL Thickness

A statistically significant negative correlation was observed
between HbAlc levels and RNFL thickness (r = —0.538,
p <0.001). Correlation analysis is summarized in Table 8
and represented in Figure 8.

As shown in Table 8 and Figure 8, poor glycemic
control was significantly associated with retinal nerve fiber
layer thinning.

Discussion

The present study demonstrated a significant reduction
in RNFL thickness with increasing severity of diabetic
retinopathy. Similar findings have been reported in earlier
OCT-based studies showing neuroretinal degeneration in
diabetic patients.[15]

In our study, RNFL thinning was evident even in
early stages of DR, supporting the hypothesis that neuronal
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damage precedes vascular manifestations.[16] This aligns
with previous research demonstrating early ganglion cell
loss in diabetic eyes.[17]

A strong negative correlation between duration of
diabetes and RNFL thickness was observed, indicating
cumulative metabolic injury to retinal neurons.[ 18] Chronic
hyperglycemia induces oxidative stress and inflammatory
cascades leading to progressive axonal damage.[19]

We also observed significant association between poor
glycemic control and reduced RNFL thickness. Elevated
HbAlc levels have been linked with accelerated retinal
neurodegeneration in multiple studies.[20]

Quadrantic analysis revealed greater thinning in
superior and inferior RNFL regions, consistent with
previous reports attributing this to dense axonal distribution
and higher metabolic demand.[21]

The findings reinforce the concept that diabetic
retinopathy is a neurovascular disease rather than purely
microvascular pathology.[22] OCT-based RNFL assessment
may therefore serve as an early biomarker for disease
progression.[23]

The clinical implication is that OCT screening
may help identify high-risk diabetic patients before
overt retinopathy develops.[24] Early intervention may
potentially delay progression of visual impairment.[25]

CONCLUSION

RNFL thickness decreases significantly with increasing
severity of diabetic retinopathy. OCT is a valuable non-
invasive tool for detecting early retinal neurodegeneration
in diabetes mellitus.

REFERENCES

1. Cheung N, Mitchell P, Wong TY. Diabetic retinopathy. Lancet.
2010;376(9735):124-136.

2. Antonetti DA, Klein R, Gardner TW. Diabetic retinopathy. N
Engl J Med. 2012;366(13):1227-1239.

3. Barber AJ. A new view of diabetic retinopathy:
a neurodegenerative disease of the eye. Prog
Neuropsychopharmacol Biol Psychiatry. 2003;27(2):283-290.

4. Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG,
Chang W, et al. Optical coherence tomography. Science.
1991;254(5035):1178-1181.

5. Simo6 R, Hernandez C. Neurodegeneration in the diabetic eye:

new insights and therapeutic perspectives. Trends Endocrinol
Metab. 2014;25(1):23-33.

6. Kern TS, Barber AJ. Retinal ganglion cells in diabetes. J
Physiol. 2008;586(18):4401-4408.

7. Sohn EH, van Dijk HW, Jiao C, Kok PH, Jeong W,

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Demirkaya N, et al. Retinal neurodegeneration may precede
microvascular changes characteristic of diabetic retinopathy
in diabetes mellitus. Br J Ophthalmol. 2016;100(7):942-947.

van Dijk HW, Verbraak FD, Kok PH, Garvin MK, Sonka M,
Lee K, et al. Decreased retinal ganglion cell layer thickness
in patients with type 1 diabetes. Invest Ophthalmol Vis Sci.
2010;51(7):3660-3665.

Chhablani J, Sharma A, Goud A, Peguda HK, Rao HL, Begum
VU, et al. Neurodegeneration in type 2 diabetes: evidence
from spectral-domain optical coherence tomography. Invest
Ophthalmol Vis Sci. 2015;56(11):6333-6338.

Zeng XX, Ng DS, Cheung CY, Ikram MK, Wong TY. Retinal

nerve fiber layer thickness in diabetes. Clin Exp Ophthalmol.
2012;40(2):165-171.

. Ting DSW, Cheung GCM, Wong TY. Diabetic retinopathy:

global prevalence and major risk factors. Diabetes Care.
2016;39(4):556-564.

Wilkinson CP, Ferris FL III, Klein RE, Lee PP, Agardh
CD, Davis M, et al. Proposed international clinical diabetic
retinopathy and diabetic macular edema disease severity
scales. Ophthalmology. 2003;110(9):1677-1682.

Lim HB, Shin YI, Lee MW, Park GS, Kim JY. Longitudinal
changes in peripapillary retinal nerve fiber layer thickness in
patients with type 2 diabetes. Retina. 2019;39(5):866-876.

Ozdek S, Lonneville YH, Onol M, et al. Assessment of nerve
fiber layer in diabetic patients with scanning laser polarimetry.
Eye (Lond). 2002;16(6):761-765.

Lopes de Faria JM, Russ H, Costa VP. Retinal nerve fibre
layer loss in patients with type 1 diabetes mellitus without
retinopathy. Br J Ophthalmol. 2002;86(7):725-728.

Sugimoto M, Sasoh M, Ido M, et al. Detection of early diabetic
change with optical coherence tomography in type 2 diabetes
mellitus patients without retinopathy. Ophthalmologica.
2005;219(6):379-385.

El-Fayoumi D, Badr Eldine NM, Esmael AF, Ghalwash D,
Soliman HM. Retinal nerve fiber layer and ganglion cell
complex thicknesses are reduced in children with type 1
diabetes with no evidence of vascular retinopathy. Invest
Ophthalmol Vis Sci. 2016;57(13):5355-5360.

Srinivasan S, Dehghani C, Pritchard N, Edwards K, Russell
AW, Malik RA, et al. Optical coherence tomography predicts
retinal nerve fiber layer thinning in diabetes. Clin Exp Optom.
2017;100(5):560-567.

Tekeli O, Ozdek S, Bahceci U, Hasanreisoglu B. Scanning
laser polarimetry in patients with type 1 diabetes mellitus
without diabetic retinopathy. J Glaucoma. 2008;17(3):228-
232.

Gundogan FC, Akay F, Uzun S, Yolcu U, Cagil N. Early
neurodegeneration of the inner retinal layers in type 1 diabetes
mellitus. Ophthalmologica. 2016;235(3):125-132.

Peng PH, Lin HS, Lee YJ, Tsai DC, Chen SJ, Chung
YL. Correlation between diabetic retinopathy and

Research Article

176



22.

23.

Dharm Deo Yadav et al. / Indian J. Pharm. Biol. Res., 2026, 14(2):171-177

peripapillary retinal nerve fiber layer thickness. PLoS One.
2018;13(5):e0197551.

Garcia-Martin E, Cipres M, Melchor I, Gil-Arribas L, Vilades
E, Polo V, et al. Neurodegeneration in patients with type 2
diabetes mellitus without diabetic retinopathy. J Ophthalmol.
2011;2011:182581.

Verma A, Rani PK, Raman R, Pal SS, Laxmi G, Gupta M, et al.
Is neuronal dysfunction an early sign of diabetic retinopathy?
Microperimetry and spectral-domain optical coherence

24.

25.

tomography study in individuals with diabetes without
diabetic retinopathy. Eye (Lond). 2009;23(9):1824-1830.

Simoé-Servat O, Hernandez C, Sim6 R. Diabetic retinopathy
in the context of patients with diabetes. Ophthalmic Res.
2019;62(4):211-217.

Early Treatment Diabetic Retinopathy Study Research Group.
Grading diabetic retinopathy from stereoscopic color fundus
photographs—an extension of the modified Airlie House
classification. Ophthalmology. 1991;98(5 Suppl):786-806.

Research Article

177



