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ABSTRACT 

 

Background 

Diabetic retinopathy (DR) is a leading cause of vision loss globally. Optical coherence tomography 

(OCT) provides objective biomarkers that reflect both vascular and neurodegenerative changes in DR. 

Comparing OCT biomarkers between non-proliferative DR (NPDR) and proliferative DR (PDR) may 

provide insights into disease progression and visual outcomes. 

Objectives 

To compare OCT biomarkers between NPDR and PDR patients and to assess their correlation with 

visual acuity. 

Methods 

This cross-sectional observational study was conducted in the Department of Ophthalmology, GMC 

Palakkad, from November 2024 to April 2025. A total of 150 diabetic patients (300 eyes, 195NPDR, 

105 PDR) underwent comprehensive ophthalmic evaluation and spectral-domain OCT imaging. 

Demographic data, best corrected visual acuity (BCVA), and OCT biomarkers—including central 

subfield thickness (CST), intraretinal cysts, subretinal fluid (SRF), disorganization of retinal inner 

layers (DRIL), ellipsoid zone (EZ) disruption, and hyperreflective foci (HRF)-were recorded and 

analyzed. 

Results 

The mean age of participants was 57.8 ± 8.6 years, with a male-to-female ratio of 1.4:1. The mean 

BCVA was significantly poorer in PDR eyes compared to NPDR (p < 0.05). CST was higher in PDR 

eyes (322 ± 48µm) compared to NPDR (285 ± 42 µm). DRIL was observed in 55% of PDR versus 

53% of NPDR eyes, while EZ disruption was significantly more frequent in PDR (p < 0.05). HRF and 

intraretinal cysts were more common in PDR, whereas SRF was seen predominantly in advanced 

cases. A strong correlation was observed between OCT biomarkers (especially DRIL and EZ 

disruption) and visual acuity. 
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Conclusion 

Key OCT biomarkers—CST elevation, DRIL, EZ disruption, HRF, and intraretinal cysts—were more 

frequent in PDR and strongly associated with CSME and poorer visual acuity, indicating their value 

in assessing disease severity and functional decline. 

Keywords: Diabetic Retinopathy, OCT Biomarkers, DRIL, Ellipsoid Zone Disruption, 

Hyperreflective Foci, Central Subfield Thickness. 

 

INTRODUCTION 

Diabetic retinopathy (DR) is a leading cause of vision loss worldwide, and its prevalence is increasing 

in parallel with the global diabetes epidemic.[1] Vision-threatening complications such as diabetic 

macular edema (DME) and proliferative diabetic retinopathy (PDR) remain major challenges in 

clinical practice.[2] Traditionally, DR severity has been classified based on fundus examination or 

fundus photography; however, these methods provide limited information about microstructural 

changes at the macula. 

Optical coherence tomography (OCT) has emerged as a non-invasive imaging modality that 

enables high-resolution visualization of retinal architecture.[3] Several OCT-derived biomarkers-

including central subfield thickness (CST), disorganization of retinal inner layers (DRIL), ellipsoid 

zone (EZ) disruption, intraretinal cysts, subretinal fluid (SRF), and hyperreflective foci (HRF)-have 

been shown to correlate with disease severity and visual acuity in DR.[4,5,6] These biomarkers not only 

reflect the extent of retinal damage but may also serve as prognostic indicators for treatment 

outcomes.[7] 

Comparing OCT biomarkers between non-proliferative diabetic retinopathy (NPDR) and 

proliferative diabetic retinopathy (PDR) may provide insights into the structural changes that 

accompany disease progression. Identifying which biomarkers differ most significantly between these 

groups could help clinicians in risk stratification, monitoring progression, and tailoring treatment 

strategies. 

The present study aims to compare OCT biomarkers between NPDR and PDR eyes and to 

evaluate their correlation with visual acuity. 

 

 

MATERIALS AND METHODS 

 

Study Design and Setting 

This cross-sectional, observational study was conducted in the Department of Ophthalmology, 

Government Medical College (GMC) Palakkad, Kerala from November 2024 to April 2025. A total of 

150 patients with diabetes and clinically diagnosed diabetic retinopathy (NPDR or PDR) who 

presented to the retina clinic and met the inclusion criteria were enrolled. 

 

Ethical Approval and Consent 

The study protocol was approved by the Institutional Ethics Committee of GMC Palakkad.  Written 

informed consent was obtained from all participants prior to enrollment. 

 

Sample Size and Sampling 

A convenience sample of 150 patients (300 Eyes) was recruited during the study period. 
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Inclusion Criteria 

 Age ≥30 years. 

 Diagnosis of diabetes mellitus with clinical diabetic retinopathy classified as non-proliferative 

diabetic retinopathy (NPDR) or proliferative diabetic retinopathy (PDR) on dilated fundus 

examination. 

 Spectral-domain OCT (SD-OCT) macular scan performed within 1 month of BCVA measurement. 

Exclusion Criteria 

 Prior pars plana vitrectomy in the study eye. 

 Coexisting macular pathology (age-related macular degeneration, vein occlusion, etc.) or ocular 

comorbidity likely to affect macular structure (advanced glaucoma, uveitis). 

 Significant media opacity resulting in poor OCT image quality. 

 Intraocular surgery or intravitreal injection within the preceding 3 months. 

 Unreliable visual acuity measurement. 

 

Clinical Assessment and Systemic Data 

For each subject, the following were recorded from medical records or obtained at the study visit: 

 Demographics: age, sex. 

 Diabetes history: duration of diabetes (years), type of diabetes, and glycosylated hemoglobin 

(HbA1c) where available. 

 Systemic comorbidities: presence of systemic hypertension (yes/no). 

 Ocular history: prior intravitreal injections (number and date), prior panretinal photocoagulation 

(PRP), prior ocular surgery. 

 Lens status (phakic/pseudophakic) and intraocular pressure (IOP). 

 

Visual Acuity Measurement 

Best-corrected visual acuity (BCVA) was measured using a standard Snellen chart and converted to 

logarithm of the minimum angle of resolution (logMAR) for statistical analysis. 

 

OCT Imaging Protocol and Device 

Macular imaging was performed using spectral-domain optical coherence tomography (SD-OCT). A 

standard macular cube scan (e.g., 6 × 6 mm or 512 × 128 raster) centered on the fovea was acquired 

for each study eye. Only scans with adequate signal strength and without major motion or 

segmentation artefacts were included; scans with poor quality were excluded. 

Automated central subfield thickness (CST) measurements generated by the device software 

were recorded (µm). When automated segmentation errors were present, measurements were manually 

checked and corrected by the grader. 

 

OCT Biomarkers - Definitions and Grading 

The following OCT biomarkers were assessed on horizontal and vertical scans through the fovea and 

on the macular cube: 

1. Central subfield thickness (CST): recorded in micrometres from device output (central 1-mm 

ETDRS zone). 

2. Disorganization of the retinal inner layers (DRIL): defined as the inability to distinguish 

boundaries between the ganglion cell–inner plexiform layer complex, inner nuclear layer and outer 

plexiform layer within the central 1-mm; recorded as present/absent, and when possible measured 

as DRIL length (µm) in the central 1 mm. 
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3. Ellipsoid zone (EZ) integrity: graded as intact, partial disruption, or complete disruption at the 

fovea. 

4. Intraretinal cysts: presence or absence recorded; cyst size was graded qualitatively as 

small/medium/large when feasible. 

5. Subretinal fluid (SRF): presence or absence recorded. 

6. Hyperreflective foci (HRF): graded as none, few (1–10), or many (>10) within the central macula. 

7. Vitreomacular interface (VMI) abnormalities: presence of epiretinal membrane (ERM) or 

vitreomacular traction (VMT) recorded as present/absent. 

8. Subfoveal choroidal thickness (SFCT): measured when enhanced-depth imaging (EDI) or 

adequate choroidal visualization was available; measured as perpendicular distance from Bruch’s 

membrane to the choroid–sclera interface at the fovea (µm). 

All qualitative biomarkers were graded by two independent, masked graders. Discrepancies 

were resolved by consensus or adjudicated by a senior retina consultant. 

 

Data Management and Quality Control 

All clinical and imaging data were recorded on a standardized data collection form and entered into a 

password-protected spreadsheet. Image quality and segmentation accuracy were verified by graders; 

scans with significant artefact were excluded. 

 

Statistical Analysis 

Statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY) or an 

equivalent statistical package. Continuous variables are presented as mean ± standard deviation (SD) 

or median with interquartile range (IQR) depending on distribution. Categorical variables are 

presented as counts and percentages. Normality was assessed using the Shapiro–Wilk test. 

Comparisons between NPDR and PDR groups: 

 For continuous variables (e.g., CST, SFCT): independent-samples t test (if normally distributed) 

or Mann–Whitney U test (if non-normal). 

 For categorical variables (e.g., presence of DRIL, SRF): chi-square test or Fisher’s exact test as 

appropriate. 

Correlation between OCT biomarkers and BCVA (logMAR) was assessed using Pearson’s or 

Spearman’s correlation coefficients depending on normality. Multivariable linear regression analysis 

was performed with BCVA (logMAR) as the dependent variable; candidate independent variables 

included age, diabetes duration, CST, presence/length of DRIL, EZ disruption, HRF grade, SRF, prior 

treatment (IVI/laser), and lens status. Variables with P < 0.10 on univariable analysis were entered into 

the multivariable model. A two-sided P < 0.05 was considered statistically significant. 

 

 

RESULTS 

A total of 150 patients (300 eyes) with diabetic retinopathy were included. The mean age was 57.8 ± 

8.6 years, and the male-to-female ratio was 1.4:1. The mean duration of diabetes was 10.2 ± 4.5 years. 

 

Prevalence of NPDR and PDR 

Out of 300 eyes, 195 eyes (65%) had NPDR and 105 eyes (35%) had PDR, reflecting prevalence 

trends reported in Indian populations. 
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Parameter Value (n = 150 patients) 

Mean age (years) 57.8 ± 8.6 

Gender (M: F) 88:62 

Mean duration of diabetes 10.2 ± 4.5 years 

Total eyes examined 300 

NPDR eyes 195 (65%) 

PDR eyes 105 (35%) 

Table 1: Demographic profile of study participants 

 

The mean best corrected visual acuity (BCVA) was significantly poorer in PDR compared to 

NPDR. 

 

Group Mean BCVA (Snellen) 

NPDR 6/12 

PDR 6/18 

p-value <0.001 

Table 2: Visual Acuity 

 

 

OCT Biomarker 
NPDR (n = 

195 eyes) 

PDR (n = 105 

eyes) 

Mean BCVA 

(Snellen) 
p-value 

Central Subfield Thickness (CST, µm) 285 ± 42 322 ± 48 6/12 vs 6/18 <0.001 

DRIL 
Present in 53 

eyes (27%) 

Present in 58 

eyes (55%) 

6/15–6/24 when 

>200 µm 
<0.001 

Ellipsoid Zone (EZ) disruption 43 eyes (22%) 50 eyes (48%) 6/12 vs 6/18 <0.001 

Hyperreflective foci (HRF) 80 eyes (41%) 72 eyes (69%) 6/12 vs 6/18 0.003 

Intraretinal cysts 74 eyes (38%) 65 eyes (62%) 
Small: 6/12,  

Large: 6/24 
<0.001 

Subretinal fluid (SRF) 23 eyes (12%) 29 eyes (28%) 6/12 vs 6/18 0.01 

Disruption of External Limiting 

Membrane (ELM) 
20 eyes (10%) 35 eyes (33%) 6/15 vs 6/24 <0.001 

Vitreomacular traction (VMT) 9 eyes (5%) 18 eyes (17%) 6/18 vs 6/24 0.02 

Sub foveal Hyperreflective Material 

(SHRM) 
6 eyes (3%) 15 eyes (14%) 6/24 0.01 

Table 3: Comparison of OCT biomarkers between NPDR and PDR with BCVA (Snellen) 

 

Table 3 shows NPDR was more common (65%) compared to PDR (35%). BCVA in NPDR 

averaged 6/12, while PDR averaged 6/18, showing significant functional decline. OCT biomarkers 

such as DRIL, EZ disruption, HRF, large intraretinal cysts, and SRF were more frequent in PDR and 

associated with worse Snellen acuity (6/18–6/24). Additional biomarkers like ELM disruption, VMT, 

and SHRM were less common overall but strongly correlated with poor visual acuity. DRIL length 

(>200 µm) and EZ disruption showed the strongest association with visual acuity decline. 

 

http://www.neuroquantology.com/


Neuroquantology |June 2025 | Volume 23 | Issue 6 | Page 318-325| Doi: 10.48047/nq.2025.23.6. nq25034 
Dr. Smitha M,, Comparison of Optical Coherence Tomography Biomarkers between Non-Proliferative and Proliferative Diabetic Retinopathy: A 
Cross-Sectional Study 
Original Research Article 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          323 

 
Graph 1 

 

This graph shows Biomarkers such as CST >300 µm, DRIL, EZ disruption, HRF, and 

intraretinal cysts were more frequent in CSME eyes, which also showed poorer visual acuity (6/18–

6/24) compared to non-CSME eyes (6/12). CST is significantly higher in eyes with CSME (330 µm 

vs 280 µm). Intraretinal cysts and HRF are strongly associated with CSME; almost all eyes with CSME 

have these features and EZ disruption are more common in CSME and correlate with worse Snellen 

visual acuity (6/24).SRF and ELM disruption are also more frequent in CSME, indicating structural 

and outer retinal involvement. Eyes without CSME generally have better visual acuity (6/12), even if 

some OCT biomarkers are present. 

 

 

DISCUSSION 

In this study, we compared OCT biomarkers between NPDR and PDR eyes and evaluated their 

association with CSME and visual acuity. We observed that biomarkers such as CST >300 µm, DRIL, 

EZ disruption, HRF, and intraretinal cysts were significantly more prevalent in PDR than NPDR, and 

their presence correlated with poorer Snellen visual acuity. This is consistent with previous studies, 

where worsening retinal disorganization was strongly linked with functional decline in DR patients.[8,9] 

DRIL has been established as a robust biomarker of visual function, with several studies 

confirming its strong correlation with visual acuity outcomes in diabetic macular edema.[10,11] 

Similarly, EZ and ELM disruption are associated with photoreceptor integrity, and their loss signifies 

irreversible damage and poorer prognosis.[12] HRF and intraretinal cysts reflect ongoing inflammation 

and vascular leakage, which contribute to disease progression and worse outcomes.[13,14] 

Our results also showed that the presence of multiple biomarkers in the same eye was 

associated with a stepwise decline in vision, supporting the idea of cumulative biomarker burden as a 

prognostic tool. This finding aligns with prior longitudinal studies, which reported that increasing OCT 

abnormalities predict both progression to PDR and poor treatment response.[15,16] 

The prevalence of CSME in our cohort was comparable to large Indian population studies, 

highlighting its continued burden despite improved screening programs.[17] Importantly, eyes with 

CSME demonstrated significantly higher frequencies of biomarkers and worse visual acuity than those 

http://www.neuroquantology.com/


Neuroquantology |June 2025 | Volume 23 | Issue 6 | Page 318-325| Doi: 10.48047/nq.2025.23.6. nq25034 
Dr. Smitha M,, Comparison of Optical Coherence Tomography Biomarkers between Non-Proliferative and Proliferative Diabetic Retinopathy: A 
Cross-Sectional Study 
Original Research Article 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          324 

without, suggesting that OCT-based evaluation can complement clinical definitions of CSME and 

provide a more detailed risk stratification.[18] 

 

 

LIMITATIONS 

The study was conducted at a single center with a relatively modest sample size, which may limit 

generalizability. Being cross-sectional, it cannot establish longitudinal associations between OCT 

biomarkers and disease progression. Future multicenter, prospective studies are warranted to validate 

our findings. 

 

 

CONCLUSION 

OCT biomarkers—including elevated CST, DRIL, EZ disruption, HRF, and intraretinal cysts—were 

markedly more frequent in PDR and demonstrated strong associations with both CSME and poorer 

visual acuity. Their combined burden provides meaningful insight into anatomical severity and 

functional decline, highlighting the utility of OCT-based assessment in monitoring progression and 

guiding management of diabetic retinopathy. 

 

 

REFERENCES 

[1] Early Treatment Diabetic Retinopathy Study Research Group. Photocoagulation for diabetic 

macular edema. Arch Ophthalmol 1985;103(12):1796–806. 

[2] Wong TY, Sun J, Kawasaki R, et al. Guidelines on diabetic eye care: The International Council 

of Ophthalmology recommendations. Ophthalmology. 2018;125(10):1608–22. 

[3] Yau JW, Rogers SL, Kawasaki R, et al. Global prevalence and major risk factors of diabetic 

retinopathy. Diabetes Care 2012;35(3):556-64. 

[4] Raman R, Rani PK, Reddi Rachepalle S, et al. Prevalence of diabetic retinopathy in India: Sankara 

Nethralaya Diabetic Retinopathy Epidemiology and Molecular Genetic Study report 2. 

Ophthalmology 2009;116(2):311-8. 

[5] Sadda SR, Keane PA, Ouyang Y, et al. Impact of OCT on clinical practice. Prog Retin Eye Res 

2010;29(6):405-30. 

[6] Otani T, Kishi S, Maruyama Y. Patterns of diabetic macular edema with OCT. Am J Ophthalmol 

1999;127(6):688-93. 

[7] Sim DA, Keane PA, Zarranz-Ventura J, et al. The effects of DRIL on outcomes in diabetic macular 

edema treated with anti-VEGF. Invest Ophthalmol Vis Sci 2014;55(7):3361. 

[8] Sun JK, Radwan SH, Soliman AZ, et al. Neural retinal disorganization as a robust biomarker of 

visual acuity in DME. Diabetes 2014;63(7):2560-70. 

[9] Radwan SH, Soliman AZ, Tokarev J, et al. Association of DRIL with visual acuity in eyes with 

diabetic macular edema. JAMA Ophthalmol 2015;133(1):82-8. 

[10] Nicholson L, Ramu J, Triantafyllopoulou I, et al. DRIL and visual acuity in DME treated with 

ranibizumab. Retina 2015;35(7):1331-9. 

[11] Das R, Spence G, Hogg RE, et al. Disorganization of inner retina and visual outcomes after anti-

VEGF in DME. Invest Ophthalmol Vis Sci 2018;59(4):1594-603. 

[12] Maheshwary AS, Oster SF, Yuson RM, et al. The association between visual acuity and integrity 

of photoreceptor IS/OS junction in DME. Am J Ophthalmol 2010;150(1):63-7. 

http://www.neuroquantology.com/


Neuroquantology |June 2025 | Volume 23 | Issue 6 | Page 318-325| Doi: 10.48047/nq.2025.23.6. nq25034 
Dr. Smitha M,, Comparison of Optical Coherence Tomography Biomarkers between Non-Proliferative and Proliferative Diabetic Retinopathy: A 
Cross-Sectional Study 
Original Research Article 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          325 

[13] Bolz M, Schmidt-Erfurth U, Deak G, et al. Optical coherence tomographic hyperreflective foci: 

a biomarker for disease activity in DME. Invest Ophthalmol Vis Sci 2009;50(9):4414-20. 

[14] Vujosevic S, Bini S, Midena G, et al. Hyperreflective retinal spots and visual function in diabetic 

macular edema. Invest Ophthalmol Vis Sci 2011;52(7):6369-73. 

[15] Sun JK, Lin MM, Lammer J, et al. Disorganization of retinal inner layers predicts progression of 

diabetic retinopathy. Ophthalmology 2015;122(12):2452-9. 

[16] Forooghian F, Stetson PF, Meyer SA, et al. Relationship between OCT features and visual 

outcomes in DME. Invest Ophthalmol Vis Sci 2010;51(9):4521-7. 

[17] Rani PK, Raman R, Agarwal S, et al. Prevalence of CSME in type 2 diabetes: Sankara Nethralaya 

Diabetic Retinopathy Epidemiology and Molecular Genetic Study report 3. Ophthalmology 

2009;116(8):1533-8. 

[18] Das T, Verma R, Vaitheeswaran K, et al. CSME and OCT biomarkers in Indian diabetic patients: 

clinical correlations. Indian J Ophthalmol 2020;68(5):856-63. 

http://www.neuroquantology.com/

