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Abstract

Background: The diabetic retina undergoes significant degenerative changes, particularly in the retinal nerve fibre layer (RNFL), alongside notable vascular
alterations. These changes include the loss of RNFL and modifications within the inner retina. Researchers have extensively studied the association between
these retinal alterations and metabolic control in diabetic patients, yielding varied results.

Aim: To evaluate the thickness of the peripapillary retinal nerve fibre layer (RNFL) in individuals with Type Il diabetes mellitus, both with and without
diabetic retinopathy, and to compare these findings with those of healthy individuals.

Materials and Methods: 120 patients were enrolled in the study, divided into three groups: 40 healthy controls, 40 patients with diabetes without retinopathy,
and 40 patients with diabetic retinopathy. Optical coherence tomography (OCT) scans were performed on both eyes of all participants to assess the RNFL and
ganglion cell complex (GCC). The parameters obtained were then analysed in relation to the patient's metabolic control.

Results: Significant RNFL thinning was observed in the superior temporal (ST) (p = 0.036), superior nasal (SN) (p = 0.028), nasal upper (NU) (p = 0.04), and
nasal lower (NL) (p = 0.029) quadrants around the optic disc in the diabetic retinopathy group. Additionally, HbAlc levels demonstrated a weak negative
correlation with RNFL thickness.

Conclusion: This study shows that neurodegeneration is an early component of diabetic retinopathy.
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will lead to a decrease in retinal thickness.® Optical
Coherence Tomography (OCT) is the most precise measure
Diabetic Macular Edema (DME) is the leading cause of legal o retinal thickness in vivo.S It is an advantageous tool that
blindness worldwide.’® It has been attributed to the helps acquire data quickly, reconstruct it in a three-
microvascular theory.** This theory suggests increased  gimensional form, and shows the different retinal layers.5
capillary permeability and a breakdown of the blood-retinal Fourier-domain OCT offers high-resolution imaging (5)
barrier in diabetic patients as the cause of macular oedema.> 4.4 a faster scan rate. The RTVue-100 OCT (Optovue, Inc.,
4 The current treatment option for varying grades of Diabetic Fremont, CA) is one of the latest commercially available
Retinopathy (DR) and DME consists mainly of  royrier-domain OCT instruments. The study was undertaken
photocoagulation, which destroys the diseased tissue so that o map the retinal nerve fibre layer thickness variation in

unaffected_retinal areas can be saveq.lv4 Much before the patients with Type 11 Diabetes Mellitus (DM) and compare
onset of microvascular changes, functional changes occur in - them with age-matched healthy controls.

a diabetic retina.>® Various studies using electroretinography,
colour vision, contrast sensitivity, and dark adaptation have 5 naterials and Methods
concluded that neuronal loss occurs much earlier than
microvascular abnormalities.”® Any loss of neuronal tissue

1. Introduction

120 patients attending the Ophthalmology outpatient
department of a tertiary hospital over 18 months (February
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2023 — June 2024) were included in the study after obtaining
written and informed consent. The participants were divided
into three groups: 40 diabetic patients without diabetic
retinopathy (Non-DR Group), 40 patients with mild to
moderate nonproliferative diabetic retinopathy (DR Group),
and 40 healthy control subjects. Inclusion criteria
encompassed healthy individuals and Type Il diabetic
patients without and with mild to moderate no proliferative
diabetic retinopathy.!?

Patients were excluded if they had a history of Type |
diabetes mellitus (DM), diabetic macular oedema (DME),
proliferative diabetic retinopathy (DR), pre-existing
glaucoma, intraocular inflammation, optic nerve pathology,
vitreous haemorrhage, previous retinal laser treatment,
previous intraocular surgery or procedures, media opacities
such as dense cataracts or corneal opacities, or if they were
uncooperative. (Figure 1)

Prior approval from the Ethical Committee was also
obtained. (SMC/UECM/2023/509/257)

All patients underwent a comprehensive
ophthalmological examination following a standardized
protocol. Intraocular pressure was recorded using noncontact
tonometry. Optical coherence tomography (OCT) was
performed using the Optovue RTVue 100 three-dimensional
Fourier-domain OCT, with all scans conducted by a single
operator. After pupil dilation, both eyes of each subject
underwent the following scans:

1. Optic Nerve Head (ONH) Scan: Utilized the ONH
protocol with a 3.45 mm diameter circle centred
around the optic nerve head. This scan included 13
circular scans with diameters ranging from 1.3 to 4.9
mm and 12 radial lines, each 3.7 mm long. The retinal
nerve fibre layer (RNFL) thickness was analyzed in
eight sectors: Superotemporal (ST), Superonasal (SN),
Inferotemporal (IT), Inferonasal (IN), Nasal Upper
(NU), Nasal Lower (NL), Temporal Upper (TU), and
Temporal Lower (TL). (Figure 2)

2. Ganglion Cell Complex (GCC) Scan: Centered 1 mm
temporal to the foveal centre, this scan comprised 15
vertical line scans covering a 7 mm square
region.(Figure 3)

Metabolic control of diabetes was evaluated using
glycosylated haemoglobin (HbAlc) and serum creatinine
reports available at the time of examination. HbAlc was
measured by high-performance liquid chromatography with
the Biorad D-10 machine, while serum creatinine was
measured by the alkaline picrate method using the Unicel
DXC 800 instrument.

2.1. Statistical analysis

Data collected were organized and tabulated in an Excel
spreadsheet under the guidance of a statistician. Statistical
analysis was performed using SPSS version 22.0 for
Windows (SPSS Inc., Chicago, USA). The means and
standard deviations of measurements for each group were
calculated. Differences between groups were assessed using
one-way ANOVA, with post-hoc analysis applied where
significant differences were observed. Pearson’s correlation
coefficients were calculated to evaluate the relationship
between RNFL thickness, HbAlc levels, and the duration of
diabetes. The level of significance was set at p < 0.05.

3. Results

The study included 48 males (40%) and 72 females (60%),
with a predominance of females in all groups. Out of the 120
patients enrolled, 80 (66.67%) were diabetic, distributed
between the diabetic retinopathy (DR) and non-diabetic
retinopathy (non-DR) groups. The mean age of the healthy
control subjects was 51.62 + 9.02 years.

Table 1 displays the baseline characteristics of diabetic
patients in both groups. Table 2 illustrates the RNFL
measurements across eight sectors in the study groups. Table
3 represents the comparison of GCC among the study
subjects.

RNFL was thinner in diabetic patients compared to
healthy controls, with significant differences observed in the
Superior Temporal (ST) (p = 0.036), Superior Nasal (SN) (p
= 0.028), Nasal Upper (NU) (p = 0.04), and Nasal Lower
(NL) (p = 0.029) sectors. However, the Ganglion Cell
Complex (GCC) did not show significant differences among
the three groups (p = 0.66).

Pearson’s correlation coefficients indicated a weak
negative correlation between the duration of diabetes and
RNFL thickness. In the diabetic retinopathy group, the
correlation was -0.038 (p = 0.815), indicating no significant
correlation. For the diabetic group without retinopathy, the
correlation was 0.067 (p = 0.709), and in the healthy control
group, it was -0.078 (p = 0.631), all indicating no significant
correlation.

Metabolic control was worse in patients with diabetic
retinopathy. Pearson’s coefficient of correlation was
calculated to assess the relationship between RNFL thickness
and metabolic control parameters. No correlation was seen
between RNFL thickness and HbA1c.
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Patient enrolment (120
participants)

Dividend into three groups:
- Healthy Controls (40)
- Diabetic Without Retinopathy (40)
Diabetic with Retinopathy (40)

Inclusion Criteria:
- Healthy individuals
- Type Il diabetes patients with/without
mild-to-moderate non-proliferative diabetic
retinopathy

Exclusion Criteria:
- Type | diabetes
- Proliferative diabetic retinopathy
- Glaucoma
- Media opacities
- Uncooperative patients

Ophthalmological Examination:
- Intraocular pressure
- Optical Coherence Tomography (OCT)

OCT Scans:
- Optic Nerve Head (ONH) scan
- Ganglion Cell Comp

Figure 1: Process flow

Table 1: Baseline characteristics of diabetic patients
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Baseline Characteristics Non-DR Group DR Group
Mean age 51.59+10.72 55.75+10.24
Insulin 1 2
OHA 39 38
HbAlc (%) 8.2+1.22 9.6+2.04
Creatinine (mg/dl) 0.95+0.20 1.28+0.65

DR: Diabetic Retinopathy; OHA; Oral Hypoglycemic Drug
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Figure 2: Optical coherence tomography (OCT) image showing the retinal nerve fiber layer (RNFL) thickness
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Figure 3: Ganglion cell complex scan
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Table 2: Comparison of retinal nerve fibre layer in the study subjects

Variables DR Non-DR Control p-value*

Mean SD Mean SD Mean SD DR vs. DR vs. Non-DR

non-DR Control vs. Control

Mean RNFL | 97.74 17.44 102.96 10.35 | 104.365 | 11.535 0.59 0.25 0.37
Thickness
ST 123.84 34.485 129.03 | 15.655 | 124.3 24.415 | 0.047** 0.043** 0.036*
SN 115.63 30.385 116.15 20.59 | 126.69 24.785 0.77 0.031* 0.028**
IT 118.37 31.32 122.72 23.17 | 122.28 27.47 0.19 0.16 0.78
IN 115.12 31.88 114.89 19.42 | 116.51 26.68 0.67 0.62 0.43
NU 83.92 26.15 89.135 15.44 96.71 20.125 | 0.049** 0.006** 0.04**
NL 72.2 20.845 80.82 15.79 | 88.665 23.175 | 0.025** <0.01** 0.029**
TU 71.39 21.805 84.44 13.47 79.39 17.61 | 0.015** 0.06 0.053
TL 66.65 20.055 70.625 | 14.985 71.6 18.79 0.11 0.048** 0.32

ST: Supero-temporal; SN: Supero-nasal; IT: Inferio-temporal; IN: Infero-nasal; NU: Nasal upper NL: Nasal lower; TU:
Temporal upper; TL: Temporal lower; DR: Diabetic Retinopathy

*One-way ANOVA** P <0.05 Significant

Table 3: Comparison of GCC among the study subjects

Groups GCC
Mean SD

With Diabetic Retinopathy 102.11 20.585
Without Diabetic Retinopathy 102.965 10.72
Control 101.35 14.665
p-value*

With vs. Without Diabetic Retinopathy 0.73

Diabetic Retinopathy vs Control 0.64

Without Diabetic Retinopathy vs Control 0.66

GCC: Ganglion Cell Complex; SD: Standard Deviation
* One-way ANOVA (P <0.05 Significant)

4, Discussion

One of the leading causes of eyesight loss in the globe is
diabetic retinopathy (DR).

Psychophysical and functional visual tests have
demonstrated retinal dysfunction before the appearance of
clinically — detectable retinal  vascular  changes.'®*
Specifically, the implicit time of first- and second-order
multifocal electroretinograms (MfERGs) is delayed in
diabetic patients without diabetic retinopathy (DR).
Additionally, the amplitudes of the second-order component
are reduced.®®

It is commonly recognized that neurodegeneration plays
a significant role in retinal illnesses like retinitis pigmentosa
and glaucoma. On the other hand, little attention has been
paid to how neurodegeneration affects diabetes. In the
absence of glaucoma and other disorders of the optic nerve,
RNFL may also thin in diabetes mellitus. Neurodegenerative
changes in DR include increased apoptosis, glial reactivity,
microglia, and altered glutamatergic pathways.*6

Because glaucoma damage directly affects the GCC,
which comprises the RNFL, ganglion cell layer, and inner
plexiform layer, it can help diagnose glaucoma.l’ An
objective assessment of GCC in DR is crucial since its
quantification aids in the early diagnosis of the condition and
the provision of neuroprotective therapies.’® To enable a
preventive rather than an interventional therapy approach in
the future, it is imperative to investigate the
neurodegenerative element of diabetic retinopathy (DR).

The present study explored the demographic
characteristics, treatment modalities, and various clinical and
ocular parameters among three groups: individuals with
diabetic retinopathy, those without diabetic retinopathy, and
a control group without diabetes. This comprehensive
investigation sheds light on the complex interplay between
diabetes and its ocular complications, providing valuable
insights into the mechanisms and risk factors associated with
diabetic retinopathy.

In our study, we saw RNFL was thinner in diabetic
patients compared to healthy controls, with significant
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differences observed in the Superior Temporal (ST) (p =
0.036), Superior Nasal (SN) (p = 0.028), Nasal Upper (NU)
(p = 0.04), and Nasal Lower (NL) (p = 0.029) sectors.
However, the Ganglion Cell Complex (GCC) did not show
significant differences among the three groups (p = 0.66).

A similar study was conducted by Jay Chhablani et al.*°
in 2015 to assess changes in the neural retina in eyes with
different stages of diabetic retinopathy (DR) in comparison
to age-matched healthy subjects, which showed the RNFL
thickness was lower in diabetics compared with controls
(P<0.05).

Another study was conducted by Anand et al.?° in 2019.
They also observed that diabetes was strongly associated with
a decreased level of retinal nerve fibre layer thickness. This
decrease was statistically significant in several areas: overall
retinal nerve fibre layer thickness (p < 0.001), superior retinal
nerve fibre layer thickness (p < 0.001), nasal retinal fibre
layer thickness (p < 0.001), inferior retinal layer thickness (p
< 0.001), and temporal nerve fibre layer thickness (p <
0.001).

Mohammad A.M. El-Hifnaway et al.? also observed in
2016 that the superior and temporal RNFL thickness in
diabetic patients with and without DR was significantly less
than that of the control group.

The current study also highlights the impact of diabetes
duration and glycemic control on retinal nerve fibre layer
(RNFL) thickness. Our findings indicate that while there is a
weak negative correlation between the duration of diabetes
and RNFL thickness across different groups, the correlation
is not statistically significant (p-values > 0.05). This suggests
that longer durations of diabetes do not linearly correlate with
more severe RNFL thinning within the study's timeframe.

Moreover, the correlation between HbAlc levels and
RNFL thickness was similarly weak and non-significant.
This weak correlation might be indicative of the
multifactorial nature of retinal neurodegeneration in diabetic
patients, where factors beyond glycaemic control and disease
duration, such as blood pressure and lipid levels, could play
crucial roles. This finding aligns with the studies by other
researchers, which reported that the relationship between
metabolic control and retinal health might not be
straightforward and could involve other systemic and local
retinal factors.

5. Limitations

The current study has several limitations. First, it employed a
non-randomized cross-sectional observational design. The
participants were of North Indian origin, which restricts the
applicability of the findings to the global population.
Additionally, many participants could only provide an
approximate duration of their diabetes, which may affect the
accuracy of the data. The study utilized only one type of OCT
device, which could limit the generalizability of our results,

as different devices may produce slightly different outcomes.
Although we controlled for several confounding variables,
we could not account for other unknown factors that may
influence retinal nerve fibre layer (RNFL) thickness, such as
undiagnosed ocular conditions.

6. Conclusion

This study highlights the impact of Type Il Diabetes Mellitus
on the thickness of the peripapillary retinal nerve fibre layer
(RNFL). It shows significant thinning in individuals with
diabetic retinopathy compared to those without the condition
and in healthy controls. These findings suggest that
neurodegeneration may serve as an early indicator of diabetic
retinopathy, as changes in RNFL thickness can occur before
any vascular symptoms become noticeable. The weak
correlation between HbAlc levels and RNFL thickness
indicates that various factors, including the duration of
diabetes and overall systemic health, influence ocular
changes in diabetic patients. This complexity calls for a
comprehensive management approach that combines strict
glycemic control with regular eye assessments to effectively
monitor and reduce the progression of diabetic retinopathy.
Our research advocates for further investigation into the
multiple factors affecting RNFL thickness to better
understand the neurodegenerative aspects of diabetic eye
disease. The goal is to enhance early diagnosis and preventive
strategies for diabetic retinopathy.

7. Source of Funding

None.

8. Conlflict of Interest
None.

9. Ethical
Ethical No. SMC/UECM/2023/509/257.

References

1. Anderson HL. Mechanisms for monitoring changes in retinal status
following therapeutic intervention in diabetic retinopathy. Surv
Ophthalmol. 2002;47(Suppl 2):270-7.

2. Somfai GM, Tatrai E, Ferencz M, Puliafito CA, DeBuc DC. Retinal
layer thickness changes in eyes with preserved visual acuity and
diffuse diabetic macular oedema on OCT. Ophthalmic Surg Lasers
Imaging. 2010;41(6):593-7.

3. Browning DJ. Interpreting thickness changes in the diabetic macula:
the problem of short-term variation in optical coherence
tomography—measured macular thickening. Trans Am Ophthalmol
Soc. 2010;108:62-76.

4. Barber AJ. A new view of diabetic retinopathy: a neurodegenerative
disease of the eye. Prog Neuropsychopharmacol Biol Psychiatry.
2003;27(2):283-90.

5. 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 tomography
(SD-OCT) study in individuals with diabetes, but no diabetic
retinopathy. Eye. 2009;23(9):1824-30.



10.

11.

12.

13.

14.

Kinha et al. / Indian Journal of Clinical and Experimental Ophthalmology 2025;11(2):295-301 301

Antonetti DA, Barber AJ, Bronson SK, Freeman WM, Gardner TW,
Jefferson LS, et al. Diabetic retinopathy. Seeing beyond glucose-
induced microvascular disease. Diabetes. 2006;55(9):2401-11.
Greenstein V, Sarter B, Hood D, Noble K, Carr R. Hue
discrimination and S cone pathway sensitivity in early diabetic
retinopathy. Invest Ophthalmol Vis Sci. 1990;31(6):1008—14.
Falsini B, Porciatti V, Scalia G, Caputo S, Minnella A, Di Leo MA,
et al. Steady-state pattern electroretinogram in insulin-dependent
diabetics with no or minimal retinopathy. Doc Ophthalmol.
1989;73(2):193-200.

Sokol S, Moskowitz A, Skarf B, Evans R, Molitch M, Senior B.
Contrast sensitivity in diabetics with and without background
retinopathy. Arch Ophthalmol. 1985;103(1):51-4.

Biallosterski C, Velthoven MEJ, Michels RPJ, Schlingemann RO,
DeVries JH, Verbraak FD. Decreased optical coherence tomography
measured pericentral retinal thickness in patients with diabetes
mellitus type I with minimal diabetic retinopathy. Br J Ophthalmol.
2007;91(9):1135-38.

Talu S-D. Optical coherence tomography in the diagnosis and
monitoring of retinal diseases. Int Sch Res Notices.
2013;2013:910641.

Wilkinson CP, Ferris 3rd FL, Klein RE, Lee PP, Agardh CD, Davis
M, et al. Proposed international clinical diabetic retinopathy and
diabetic macular oedema disease severity scales. Ophthalmology.
2003;110(9):1677-82.

Nathan DM, Genuth S, Lachin J, Cleary P, Crofford O, Davis
M, et al. Diabetes Control and Complications Trial Research Group:
The effect of intensive treatment of diabetes on the development and
progression of long-term complications in insulin-dependent
diabetes mellitus. N Engl J Med. 1993;329(14):977-86.

Greenstein V, Sarter B, Hood D, Noble K. Hue discrimination and S
cone pathway sensitivity in early diabetic retinopathy. Invest
Ophthalmology Vis Sci. 1990;31(6):1008—-14.

15.

16.

17.

18.

19.

20.

21

Falsini B, Porciatti V, Scalia G. SteadyState pattern
electroretinogram in insulin-dependent diabetics with no or minimal
retinopathy. Doc Ophthalmol. 1989;73(2):193-200.

Abdelkader M. Multifocal electroretinogram in diabetic subjects.
Saudi J Ophthalmol. 2013;27(2):87-96.

Garas A, Vargha P, Hollo G. Reproducibility of retinal nerve fibre
layer and macular thickness measurement with the RT Vue 100
OCT. Ophthalmology. 2010;117(4):738-46.

Van Djik HW, Verbraak FD, Abramoff MD. Decreased retinal
ganglion cell layer thickness in patients with type 1 diabetes. Invest
Ophthalmol Vis Sci. 2010;51(7):3660-5.

Chhablani J, Sharma A, Goud A, Peguda HK, Rao HL, Begum VU.
Neurodegeneration in type 2 diabetes: evidence from spectral-
domain optical coherence tomography. Invest Ophthalmol Vis Sci.
2015;56(11):6333-8.

Anand A, Poka A, Naryan M. Retinal nerve fibre layer thickness in
diabetic patients with and without diabetic retinopathy. Int J Med
Pharm Sci. 2019;86:57-66.

Mohammad A.M. El-Hifnawy K, Sabry KM, Gomaa AR. Effect of
diabetic retinopathy on retinal nerve fibre layer thickness. Delta J
Ophthalmol. 2016;17(3):162—6.

Cite this article: Kinha S, Abrar F, Jamal N, Aditya K. To
compare peripapillary retinal nerve fibre layer thickness in
diabetes mellitus type ii with and without diabetic retinopathy
with normal healthy individual. Indian J Clin Exp Ophthalmol.
2025;11(2):295-301.



https://pubmed.ncbi.nlm.nih.gov/?term=Nathan+DM&cauthor_id=8366922
https://pubmed.ncbi.nlm.nih.gov/?term=Genuth+S&cauthor_id=8366922
https://pubmed.ncbi.nlm.nih.gov/?term=Lachin+J&cauthor_id=8366922
https://pubmed.ncbi.nlm.nih.gov/?term=Cleary+P&cauthor_id=8366922
https://pubmed.ncbi.nlm.nih.gov/?term=Crofford+O&cauthor_id=8366922
https://pubmed.ncbi.nlm.nih.gov/?term=Davis+M&cauthor_id=8366922
https://pubmed.ncbi.nlm.nih.gov/?term=Rand+L&cauthor_id=8366922

