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Purpose: To compare which imaging and biochemical biomarkers are associated with different stages of diabetic retinopathy (DR) in 
type 2 diabetes mellitus patients with diabetic macular edema (DME).
Patients and Methods: It was a cross-sectional, observational study that included 100 patients of DME with different stages of DR. 
Patients were divided into two groups: Group A – DME with non-proliferative diabetic retinopathy (NPDR) and Group B - DME with 
proliferative diabetic retinopathy (PDR). Group A was further subdivided into three subgroups: A (1) – DME with mild NPDR, A (2) – 
DME with moderate NPDR, and A (3) – DME with severe NPDR. The primary outcome measure was the association of imaging and 
biochemical biomarkers with different stages of DR in patients with DME.
Results: Out of 100 patients, Group A (1) had 1, Group A (2) 44, Group A (3) 29, and group: B had 29 patients. As Group A (1) had 
only one patient, we did not include it in the calculation. The overall mean age of the study population was 54.84+9.87 years, with a 
male preponderance (76%). The HbA1c levels, serum triglyceride level, serum cholesterol level, and microalbuminuria level showed 
no significant association with different stages of DR (P>0.05). Still, we found high serum urea levels (p=0.027) in Group B patients. 
The optical coherence tomography (OCT)-based imaging biomarkers – central subfield thickness (CST), cystoid macular edema 
(CME), subretinal fluid (SRF), and hyperreflective foci (HRF) – showed no significant association with various stages of DR. The 
presence of diffuse retinal thickness (DRT) (p=0.04) and the epiretinal membrane (ERM) (p=0.04) showed significant association with 
Group B patients.
Conclusion: The essential biochemical biomarkers such as serum urea levels and DRT and ERM may be considered an important 
imaging biomarker for the advanced stage of DR.
Keywords: imaging biomarkers, biochemical biomarkers, central subfield thickness, diffuse retinal thickness, serum urea level

Introduction
Diabetes is a metabolic disorder affecting 463 million people globally and 77 million people in India. When ophthalmic 
manifestations are considered, DR is taking center stage today. DR is one of the leading causes of blindness worldwide in 
working adult age groups.1

DR naturally progresses from non-proliferative abnormalities to proliferative diabetic retinopathy (PDR), character-
ized by neovascularization involving disc (NVD) or neovascularization elsewhere (NVE). The leading cause of vision 
loss in DR patients is Diabetic Macular Edema (DME). DME is characterized by retinal thickening and edema, which 
can develop in all stages of retinopathy.2

Many studies and clinical trials have confirmed significant risk factors for DME, such as hyperglycemia, dyslipide-
mia, hypertension, smoking, and nephropathy.2 There are many biomarkers to assess these risk factors for DR and DME. 
It can be clinical (general and ocular), imaging, biochemical, and molecular.3
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One of the imaging modalities used to assess DR and DME is OCT. It is a non-invasive, non-contact method for 
assessment of macular edema and each feature observed in OCT acts as an imaging biomarker. The biochemical 
biomarkers considered are glycosylated hemoglobin (HbA1c), total cholesterol, serum low-density lipoprotein (LDL), 
serum high-density lipoprotein (HDL), total triglycerides, serum creatinine, serum urea and microalbuminuria.4

The relationship between different biomarkers and stages of DR and DME will be necessary for optimal clinical 
management and new clinical strategies to prevent vision loss. However, no studies have established a strong association 
between these biomarkers in different stages of DR. In our study, we compared these biomarkers for DME in various 
stages of DR and their association with each stage of DR.

Materials and Methods
It is a cross-sectional observational study conducted at the Department of Ophthalmology of AIIMS, Raipur, between 1 
May 2020 and 31 October 2021. The study was approved by the Institutional Ethics Committee of All-India Institute of 
Medical Sciences (AIIMS) Raipur, India, and the study was carried out as per the tenets of the Declaration of Helsinki 
(IEC Approval Number: 1026). Written informed consent was taken from all the patients to use the data for research 
purposes. All patients of type 2 DM with DME with ages ranging from 30 to 70 years with Central Subfield Thickness 
(CST) on CIRRUS 500 SD-OCT [Carl Zeiss Meditec, Jena, Germany] >250µm were included in the study. We included 
one eye for each patient. In cases of bilateral DME, we included the eye with higher CST on OCT. Patients with a history 
of having undergone scattered retinal photocoagulation (PRP)/focal laser, history of intravitreal injections of anti- 
vascular endothelial growth factor (anti-VEGF) or steroids, YAG capsulotomy within 3 months in the same eye, present 
or past evidence of uveitis, cataract surgery within 6 months, eye trauma and patients with media opacity like cataract 
causing hindrance for fundus/OCT examination were excluded from the study. Complete ophthalmic examination was 
done under slit-lamp biomicroscopy and indirect ophthalmoscope, and patients were graded according to the 
International Clinical Disease Severity Scale for DR and DME.5 We divided the patients into two major study groups: 
Group A – DME with NPDR and Group B – DME with PDR. Group A was further subdivided into three categories 
based on different stages of NPDR: Group A (1) – DME with mild NPDR, Group A (2) – DME with moderate NPDR, 
and Group A (3) – DME with severe NPDR. OCT was done to quantify DME, and a horizontal raster scan of 12×12mm 
length was taken through the foveal centre. OCT morphological patterns were assessed by a single vitreoretinal 
specialist, including central subfield thickness (CST), cystoid macular edema (CME), diffuse retinal thickening (DRT), 
hyperreflective retinal foci, subretinal fluid (SRF), and epiretinal membrane (ERM). Blood and urine investigations were 
done on the same day. Those being HbA1c, serum LDL, serum HDL, serum triglycerides, total cholesterol, serum 
creatinine, serum urea, and microalbuminuria. The primary outcome measure was to compare imaging and biochemical 
biomarkers in type 2 diabetic patients with DME in different stages of diabetic retinopathy.

Statistical Analysis
Statistical analysis was carried out using statistical packages for IBM SPSS vs 22 for Windows. Continuous and 
categorical variables were expressed as mean ± SD and percentages, respectively. Two-sided p values were considered 
statistically significant at p<0.05. Chi-square test was applied for comparison of categorical variables and one-way 
ANOVA test for continuous variables.

Results
We included 100 eyes of 100 patients with type 2 DM with DR and DME in the study. The overall mean age of the study 
population was 54.84±9.87 years. The mean age of patients in Group A was 55.45 ± 9.88 years, while the mean age of those in 
Group B was 53.34 ± 9.88 years. The two groups did not show a significant difference in age distribution (P=0.336). Male 
preponderance was observed amongst the study population (76%). The mean duration of diabetes in Group A was 10.59 ± 5.21 
years, and that in Group B was 9.82 ± 5.72 years, found to be very similar among the two study groups (p=0.52).

Out of 100 patients, 1 (1%) was diagnosed with DME with mild NPDR, 44 (44%) with DME with moderate NPDR, 
29 (29%) with DME with severe NPDR, and 29 (29%) with DME with PDR. As Group A (1) had only one patient, we 
did not include it in the calculation. Mean CST was high in all groups, and the analysis of CST in the study groups was 
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done by one-way ANOVA test, but we did not find any significant difference between the study groups (p= 0.494; 
p>0.05). The commonest OCT biomarker was CME amongst all patients of both groups, which was 69%, followed by 
SRF (64%), HRF (60%), DRT (50%), and less common was ERM (18%). We used the Chi-square test to compare these 
biomarkers between various groups. There was no significant difference found (p>0.05) for CME, HRF, and SRF, but the 
presence of DRT and ERM was more in Group B and found to be significant (p=0.04) (Table 1).

One-way ANOVA test was applied for analysis of all continuous variables. The mean fasting and post-prandial blood 
sugar levels were high in both groups, but the difference was not statistically significant (FBS, p=0.727; PPBS, p=0.444).

The mean HbA1c was more than 7% for all groups and slightly high for Group B, but the difference was insignificant 
(p=0.090). The mean serum LDL level, mean serum triglyceride level, mean microalbuminuria level, and mean serum 
creatinine level were compared between groups, but we did not find any significant association between these factors and 
DR. We found that only mean serum urea level was high in Group B and a significant difference was found amongst the 
groups (p=0.027; p<0.05) (Table 2).

Table 1 Comparison of Various OCT Biomarkers

Variables Group A (2)  
n(%)

Group A (3)  
n(%)

Group B  
n(%)

p value

CME Present 30(68.2) 15(57.7) 24(82.8) 0.125

Absent 14(31.8) 11(42.3) 5(17.2)

DRT Present 17(38.6) 13(50.0) 20(69.0) 0.04

Absent 27(61.4) 13(50.0) 9(31.0)

HRF Present 24(54.5) 16(61.5) 20(69.0) 0.464

Absent 20(45.5) 10(38.5) 9(31.0)

SRF Present 25(56.8) 19(73.1) 20(69.0) 0.329

Absent 19(43.2) 7(26.9) 9(31.0)

ERM Present 4(9.1) 5(19.2) 9(31.0) 0.05

Absent 40(90.9) 21(80.8) 20(69.0)

CST in µm (mean± SD) 414.65± 122.34 436.23±140.58 397.48± 95.41 0.494

Abbreviations: CME, cystoid macular edema; DRT, diffuse retinal thickening; HRF, hyperreflective foci; SRF, subretinal fluid; ERM, epiretinal 
membrane; CST, central subfield thickness.

Table 2 Comparison of Biochemical Biomarkers

Variables Group A (2) Group A (3) Group B P-value

Mean SD Mean SD Mean SD

FBS (mg/dL) 140.50 49.24 152.00 74.99 147.93 62.84 0.727

PPBS (mg/dL) 203.79 76.65 222.19 104.07 313.93 671.23 0.444

HbA1c% 7.90 1.53 8.52 2.08 8.87 2.19 0.090
Serum LDL (mg/dL) 122.86 46.90 139.11 37.94 350.93 1128.15 0.261

Serum HDL (mg/dL) 43.31 8.89 45.34 10.78 44.75 8.45 0.643

Serum Triglycerides (mg/dL) 152.56 64.00 168.34 62.96 178.44 102.76 0.360
Serum Cholesterol (mg/dL) 179.15 47.93 192.00 46.53 196.89 45.59 0.252

Serum Urea (mg/dL) 41.90 28.11 36.34 19.39 64.27 65.52 0.027

Serum Creatinine (mg/dL) 1.63 1.71 1.61 1.45 1.78 1.72 0.908
Microalbuminuria 158.89 215.70 260.00 343.07 337.83 412.87 0.063

Abbreviations: FBS, fasting blood sugar; PPBS, postprandial blood sugar.
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Discussion
DR can be defined as prolonged hyperglycemia leading to retinal microvascular damage. This internally leads to DME, a 
common cause of vision loss and visual disability worldwide.6

DME is a preventable cause of vision loss; elucidating and preventing the risk factors of DME can go a long way in 
reducing morbidity in diabetics. Many studies have been done to elicit the risk factors and biomarkers for DME. Still, no 
studies have compared these imaging and biochemical biomarkers with various stages of DR with DME and associated 
their relation with the severity of the disease. This study might add to the literature and bridge the gap, which will help in 
better management.

The mean age in both the groups of the present study signifies middle age group is usually affected by DR and DME, 
similar to other studies.7,8 Male preponderance was observed in our study (76%). The prolonged duration of diabetes is a 
known risk factor for DR and DME. We observed that both groups had an almost similar mean duration of diabetes (10 
years or more), indicating that longer duration was a factor responsible for the development of DR and DME.9 Duration 
of disease is a significant risk factor for the development of DR but not a marker for severity of the disease.

The advent of OCT has been an essential tool in assessing the CST and also monitoring the patients with DME for 
progression of the disease.10

In the present study, the mean CST was high in Group A (3) (436.23±140.58 µm) and low in the Group B (397.48±95.41 
µm), but there was no remarkable difference among the study groups (p=0.494). In contrast, a study done by Yassin et al 
concluded that CST had a positive correlation with the severity of the disease when different stages of DR were taken into 
consideration, with high-risk PDR (P=0.050) and severe NPDR (P=0.021) being statistically significant.11 In the present 
study, cystoid pattern was the most common morphological pattern, and CME was almost equally present in all the study 
groups, similar to Acan et al.12 DRT is the most common pattern according to many studies.11

Yassin et al also concluded that DRT is associated with significantly good visual acuity.11 However, in contrast, DRT 
was increasingly present (69%) in the severe stage of DR (DME with PDR) in the present study. Ghosh et al concluded 
that there is a correlation between serum creatinine and albuminuria with that of DME, primarily serous type strongly 
associated with albuminuria.13 In our study, SRF was present in more than 50% of the patients in each study group but 
not significantly different in each study group (p=0.329).

An infrequent OCT finding in the present study was ERM. Still, we observed it in a more significant number of 
patients belonging to Group B (31.0%). Knyazer et al found a significant association between ERM to age, cataract 
surgery, and diabetic retinopathy.14 Knyazer et al also reported a prevalence of ERM at 6.5% in type 2 diabetes mellitus, 
and Mitchell et al reported a prevalence of 11% in patients with DR.

While Ng et al reported a high prevalence of ERM that is 33.3% in both types of DM, there is a paucity of 
information in the literature regarding the correlation between the presence of ERM and stages of DR.15,16

In our study, the blood glucose levels were, in general, raised more than the normal range amongst all the study 
groups indicating that deranged blood glucose levels as one of the risk factors for the development of DME in DR 
patients.17 HbA1c levels best reflect the glycaemic control in DR patients. It is well-established now that tight blood 
glucose control early in the course of diabetes is beneficial in the protection against DR. This knowledge was provided by 
the randomized controlled intervention trial in type 1 diabetes patients by the Diabetes Control and complications Trial 
(DCCT) and in type 2 diabetes patients by the United Kingdom Prospective Diabetes Study (UKPDS).18,19 Asensio- 
Sanchez et al, in their study, reported that increased levels of HbA1c were significantly associated with CSME, with an 
increase of 2.4 with every 1% elevation in HbA1c.2 In the present study, HbA1c was deranged in all patients with various 
stages of DR with DME, although it was slightly high in Group B (mean HbA1c-8.87±2.19%); in comparison, we did not 
find it significant (p=0.090).20

Raman et al, in their study SN DREAM, and Benarous et al reported a significant correlation between high 
cholesterol levels and severity of DR and CSME.7,21 In the present study, the mean serum LDL level difference was 
not substantial, but serum LDL levels were observed to be more deranged in Group B patients (mean=350.93±1128.15 
mg/dL). In our study, we found serum triglyceride levels and serum cholesterol levels were deranged amongst all the 
study groups suggesting higher levels of serum triglyceride and serum cholesterol may be involved in the development of 
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DME, and levels were slightly elevated in Group B patients. Still, no significant association was found between these 
factors and DR (p<0.05). Not many studies have been done to elicit the correlation between serum urea and different 
stages of diabetic retinopathy in DME patients. The comparison of mean serum urea levels was made, and a significant 
difference was found amongst the groups (p=0.027); on further evaluation, we found high serum urea levels present 
amongst the patients in Group B (mean=64.27±65.52 mg/dL), indicating its relation to the severity of disease but needs 
more studies to establish more decisive conclusion with larger sample size. Similarly, the mean microalbuminuria level in 
Group B patients was found it be high (mean=337.83±412.87 µg/min), but when a comparison was made by one-way 
ANOVA test, it was not significant (p>0.05).

Zander et al reported microalbuminuria as one of the risk factors associated with DME and DR.22 In this study, the 
mean microalbuminuria was found to be at an increasing level in Group B patients stipulating that microalbuminuria can 
be one of the risk factors in the development of DME and severity of disease but cannot be concluded in our study due to 
poor sample size.

Koo et al reported that SRF in OCT was significantly associated with an increase in levels of microalbuminuria as 
compared to other OCT patterns.23 Acan et al reported that microalbuminuria was considerably higher in patients with 
DRT patterns in OCT (61.9%) compared to SRF (50.0%) and CME patterns (25.0%).12 In our study, we could not elicit 
any association between microalbuminuria and specific pattern of OCT, especially SRF.

Conclusion
Imaging biomarkers such as patterns of OCT findings, those being DRT and ERM have the potential to be the indicators 
for assessing the severity of the disease, but significant conclusions could not be drawn due to the lack of sufficient 
sample. Likewise, biochemical biomarkers such as serum urea and microalbuminuria were found to be deranged in 
severe stages of the disease, which needs further evaluation to be concluded as indicators of disease severity.

Disclosure
The authors report no financial interest or conflicts of interest in this work.
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