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Introduction
Diabetes Mellitus is an endocrine disorder characterized by raised 

blood glucose level that is caused by disturbed insulin production, 
insulin function or both process. Diabetes for long periods is 
distinguished with permanent damage, and malfunctions of most 
human body organs as eyes, kidney, and blood vessels.1 In other 
word, it can be defined as a metabolic disorder associated with chronic 
hyperglycemia that is accompanied by deteriorated macronutrients 
metabolism.2 Many pathogenic process are responsible for diabetes 
development, ranging pancreatic ß-cells autoimmune destruction 
causing insulin deficiency or resistance.3

Different diabetes clinical presentations are associated with high risk 
of long-term sequelae. These usually appear after ten years but can be 

the first presentation in asymptomatic people. The major complications 
are related to injured major vasculature (macroangiopathy). Diabetes 
mellitus raises cardiovascular disorders risk and around 75 % of 
deaths in diabetics are due to coronaries diseases. Cerebrovascular 
stroke and peripheral vascular diseases are possible macro vascular 
complications. The primary diabetic complications are caused by 
microvascular occlusion (microangiopathy) including the eyes, 
nerves and kidneys.4

 Diabetic retinopathy is a major cause of blindness all over the 
world. It may result in visual loss as a result of maculopathy and 
proliferative retinopathy consequences as vitreous hemorrhage, 
tractional retinal detachment and secondary neovascular glaucoma. 
Diabetic retinopathy proliferation increases with prolonged duration 
of diabetes mellitus. Diabetic retinopathy complications affect 50 % 
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Abstract

Background: The retina is a light-sensitive nerve layer located at the back of the eye that 
creates images of objects. These cells kept alive by getting oxygen and nutrients from 
tiny blood vessels in the eye. Retinopathy is a disease of the retina that is more prevalent 
in type 2 diabetes mellitus patients. Diabetic retinopathy is a leading cause of blindness 
because hyperglycemia weakens retinal capillaries, resulting in leakage of blood into 
the surrounding space. This bleeding can result in formation of scar tissue, which can 
cause traction retinal detachment and maculopathy. The development of a panel of blood 
biomarkers to monitor diabetic retinopathies is essential for both diagnosis and prognosis. 
Proteomics as a powerful tool for the analysis of complex mixtures of proteins and the 
identification of biomarkers can be of great importance.

Purpose: To detect early nerve fiber layer changes around macula and optic disc in diabetic 
patients, and to correlate diabetic retinopathy with blood antioxidants and gut microbiota 
in T2DM in Saudi patients.

Materials and Methods: In this cross-sectional case-control study, a total of 77 eyes of 
39 subjects aged 40-60 years who did not have any history of eye injuries or eye diseases 
affecting fundus viewing, were recruited from King Saud University Campus and the 
department of ophthalmology in King Abdul Aziz university hospital in Riyadh. All 
subjects underwent full ophthalmic examination including Peripapillary retinal nerve fiber 
layer thickness and macular profile, Proteomic approach of collected overnight fasting 
plasma and Microbial stool examination.

Results: The nerve fiber layer thickness around the optic disc was measured for all groups, 
and there was no statistically significant difference in all quadrants between groups. The 
total retinal thickness at the macular area was different among all groups and tends to 
increase in group 3 due to diabetic retinopathy. The macular thickness in the 4 quadrants 
revealed no statistical difference except in the inferior quadrant. Glutathione S transferase 
and lipid peroxides showed no significant difference between the three studied groups; 
vitamin C and Glutathione were surprisingly higher in controlled diabetic patients relative 
to controls. Moreover, over growth of bacteroids participated to the evolution of retinopathy 
in diabetic patients.

Conclusion: As hyperglycemia and oxidative stress are implicated in the pathogenesis of 
diabetic retinopathy, the present study certified that the progressive damage can be delayed 
in controlled type 2 diabetic patients using different treatment modalities that subside 
oxidative stress.

Keywords: diabetic retinopathy, retinal nerve fiber layer thickness, blood antioxidant, 
gut microbiota
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of type 1 DM patients and 30 % of type 2 DM patients.5 Diabetic 
retinopathy development can be decreased by frequent follow up, 
blood glucose, pressure, and cholesterol regulation.6

Diabetic retinopathy is largely asymptomatic and, worsening of 
vision is developed over time when pathology may be significantly 
progressed. Hence, checkup is essential to determine the evolvement 
of the disease.7 Various classifications are used to describe the 
severity of diabetic retinopathy, although classically it is categorized 
into two main clinical forms: non-proliferative, and proliferative 
diabetic retinopathy.8 Optical coherent tomography is the new 
imaging technique that provide information about retinal volume and 
configuration of the macular region for clinical diagnosis of diabetic 
retinopathy.9 Treatment modalities should be addressed toward both 
ocular and systemic sides of the disease. Systemic aspects involve 
blood glucose, pressure and cholesterol. Moreover, ocular treatment 
can be accomplished by argon laser, vitreous surgery or intravitreal 
injections.5

Development of chronic diseases including diabetes mellitus is 
provoked by oxidative stress. The main characteristic of this disease 
is an elevated levels of glucose, and its chronicity will increase the 
output of reactive oxygen species and lead to generation of pancreatic 
islet cells oxidative stress. The ß- cells demonstrate reduced levels of 
antioxidant enzymes and subsequently are more liable to oxidative 
stress.10

 Reactive oxygen species dampen pancreatic ß-cell insulin 
production and its control through destructive effects on mitochondrial 
performance. There is an evidence that reactive oxygen species injury 
is correlated with diabetic microvascular and macro vascular sequelae. 
Raised blood glucose level and oxidative stress are the main causes 
of diabetic complications. These complications manifest through 
raised reactive oxygen species by the mitochondrial system. Certain 
research reported that antioxidants have a crucial function in oxidative 
stress induced glucotoxicity, where hyperglycemia save insulin gene 
expression.11

Diabetic oxidative stress and apoptosis are significantly linked 
with impaired energy maintenance and functions of mitochondria 
in the cells. Increased diabetic oxidative stress is assumed to boost 
myocardial damage, retinopathy, nephropathy and neuropathy. 
Oxidative stress develop such complications include autoxidation 
of glucose, decreased concentration glutathione and vitamin E in 
the tissues, and deteriorated activation of superoxide dismutase 
and catalase. The retina is characterized by increased polysaturated 
fatty acids concentration with maximum oxygen uptake and glucose 
oxidation. Hence, the retina is more liable to oxidative stress. High 
blood glucose, oxidative stress and altered homeostasis are essential for 
the pathogenesis of diabetic retinopathy. Oxidative stress participates 
to the development of diabetic retinopathy and its resistance even 
with ideal glycemic control. Diabetic retinopathy resistance is due 
damaged reactive oxygen species accumulation.12

The gut microbiota presents a key function in protecting physical 
and biochemical safety of intestinal wall.13 The human gut steward 
more than 100 trillion bacteria belonging to more than 1,000 
species. The gut microbiome carries out several trophic, metabolic, 
and protective functions on the host with a size exceeding a human 
genome by 100-fold. Intestinal microbiome functions like virtual 
organ system, and is composed of around 200 common species and 
1,000 less prevalent ones.14

Disparity of composition of gut microbiota may be based on 

affection to diet, host genetics and the immune status.13 Bacteroidetes, 
firmicutes and actinobacteria compose more than 95% of total 
microbiota. Gut microbiota core functions are almost the same in all 
human beings but they differ in specialized ones. As a result, some 
communities correlate to human diseases and obesity more than 
others.15

Intestinal microbiota is incorporated in the development of obesity 
through process of energy harvest. Some studies reported, that intestinal 
microbiota is essential for the development of host immunity.16 Type 
2 diabetes mellitus assumed to be the most concerned obesity-related 
disorder and thus its association with body fat anomalous energy 
metabolism and low grade chronic inflammation. Some assumptions 
have suggested the correlation of Type 2 diabetes mellitus with 
intestinal microbiota existence.17

Fundamentally, intestinal microbiota has an essential role in the 
progression of prediabetes cases, like insulin resistance. Overweight 
and obese people suffering from insulin resistance were reported 
with altered configuration of gut microbiota, especially raised ratio 
of Firmicutes/Bacteroidetes relative to healthy people.18 Thus, it is 
proposed that changed microbiota in fatness adjusts permeability of 
intestinal wall and elevates metabolic endotoxin production causing 
chronic low-grade inflammation, insulin resistance and type 2 diabetes 
mellitus.19

Diabetic retinopathy affects 60% of non-insulin dependent 
diabetes mellitus patients.20 Intestinal Gram-positive bacteria and 
coagulase concentration are higher in diabetic patients particularly 
those with diabetic retinopathy.21 This fact was approved by Bilen 
et al., who proved that Staphylococcus epidermidis and aureus were 
the predominant conjunctival pathogens in type 2 diabetes mellitus 
patients, and Staphylococcus aureus isolated from the patients’ eyes 
were different in frequency compared to type 1 diabetes mellitus.22 
The study aimed to detect early macular and peripapillary nerve 
fiber layer changes in diabetic patients, to screen for selected serum 
biomarkers which might predict the future development of retinopathy 
in type 2 diabetes mellitus patients and to detect and identify the 
pattern of impaired gut microbiota in patients with and without 
diabetic retinopathy in comparison with normal healthy people using 
microbiological tools.

Materials and methods
A total of 39 subjects matched for age and sex were hired from King 

Saud university campus and tertiary hospital in the period between 
August 2022 till June 2023. Healthy and diabetic subjects free or 
suffering from retinopathy, age ranged 40-60 years were examined 
in this cross-sectional, case-control study. Subjects with any systemic 
disease, ocular pathology, and past ocular surgery were excluded.

They were classified into 3 groups: 

Group 1: consisted of 30 normal eyes of 15 subjects, 

Group 2: consisted of 24 eyes of 12 diabetic patients free of 
retinopathy, 

Group 3: consisted of 23 eyes of 12 diabetic patients showing 
retinopathy in different stages. 

All subjects underwent: 

(1) complete ophthalmological examination in the form of: 

• Measurement of refraction using Auto Refractometer, 
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• Vision using Snellen chart, 

• Anterior segment examination by Slit lamp, 

• Posterior segment examination by indirect ophthalmoscopy for 
retinopathy diagnosis, 

• Nerve fiber layer thickness centered on optic disc and macular 
using 3D- 2000 spectral domain OCT. 

(2) Biochemical analysis of collected overnight fasting plasma of 
the following markers were performed (Vitamin C, glutathione, lipid 
peroxidase and Glutathione S transferase). And 

(3) Microbial examination: identification of large number of gut 
microbiota directly from feces using bacterial screening on culture 
media and PCR (polymerase chain reaction).

Statistical analysis
Graph Pad Prism software version 7.0b (2016) were used for data 

analysis. Data were represented as mean ± standard deviation and 
different variables were matched using one-way analysis of variance 
(ANOVA). Bacteriod levels in different groups were matched using 
Krsukal-Wallis as non-parametric test then by Dunn’s post-test. 
A P-value of ≤ 0.05 was estimated to be statistically significant.

Results 
OCT results

Table 1 shows the subjects characteristics of 15 controls (group 
1) and 24 diabetics 12 free & 12 suffering from retinopathy (group 2 
and 3 respectively). Intraocular pressures and visual acuity that might 
influence NFL thickness were different statistically between group 1 
and 3 (P = 0.0247 and 0.0210 respectively).

Table 1 Demographic characteristics of participants

Variables Group 1 Group 2 Group 3

Age (years) mean±SD 
(Range) 47.2±4.69 46.83±6.14 52.41±6.34

Duration of DM (years) - 7.5±8.14 12.58±8.08

IOP (mmHg) 17.86±3.62 18.5±2.85 20.20±2.65*

Visual acuity (log Mar) 0.08±0.21 0.06±0.12 0.24±0.34*

Refractive error(diopters) -1.08±2.84 - 0.61±1.31 -4.97±15.48

*Significant compared to control (P≤0.05)

The peripapillary nerve fiber layer thickness measured in all 
quadrants superiorly, temporally, inferiorly and nasally for the 
three groups using 3D- OCT 2000 showed no significant difference 
statistically among groups. The nerve fiber layer analysis data for all 
groups are shown in table 2.

The macular total retinal thickness measured using 3D- OCT 
2000 are demonstrated in table 3&4. It was different between groups 
with tendency to be increased in group 3 due to diabetic retinopathy. 
However, by comparing the macular thickness in the four quadrants 
we found no statistical difference except in the inferior quadrant. 
Mean of central, superior, temporal and nasal macular thickness was 
not different significantly between groups (P= 0.532, 0.124, 0.051 and 
0.309 respectively). Only the inferior quadrant macular thickness in 

non DR group was significantly difference as compared control (P= 
0.004) (Figure 1).

Table 2 Retinal nerve fiber layer thickness around the optic disc (µm) in the 
3 studied groups

Group 1  (n=30 Eyes)   

Variables Mean ±SD 5th Percentile Median 95th Percentile 

Superior 129.6±29.18 135 135 165.95

Temporal 83.6±21.08 81 81 125.55

Inferior 132.43±18.83 135 135 156.1

Nasal 77.1±17.69 80.5 80.5 105.25

Group 2  (n=24 Eyes)   

Superior 124.66±24.94 128.5 128.5 149.7

Temporal 82.83±19.26 77 77 123.4

Inferior 133.70±36.63 137 137 177.6

Nasal 72.58±20.88 73.5 73.5 97.55

Group 3 (n=23 Eyes)    

Superior 124.43±51.89 130 130 198.9

Temporal 84.13±39.96 74 74 156.7

Inferior 138.17±37.22 134 134 190.8

Nasal 84.34±46 82 82 132.6

Table 3 Retinal macular thickness (µm) in the 3 studied groups

Group 1  (n=30 Eyes)   

Variables Mean ±SD 5th Percentile Median 95th Percentile 

Central 233.3±34.76 228 228 294.45

Superior 302.83±15.48 304 304 320.55

Temporal 298.9±21.06 294.5 294.5 321.65

Inferior 301.76±17.62 299.5 299.5 331.9

Nasal 295.53±16.79 297 297 317.1

Group 2  (n=24 Eyes)   

Central 235.12±34.26 234.5 234.5 297.9

Superior 288±27.03 289.5 289.5 336.8

Temporal 280.16±27.29 284.5 284.5 318.7

Inferior 274.79±27.29* 276.5 276.5 306.7

Nasal 284.37±24.96 286 286 317.1

Group 3 (n=23 Eyes)    

Central 245.47±53 236 236 332.3

Superior 294±35.74 291 291 359

Temporal 302.69±49.66 286 286 403.5

Inferior 308±54.53 293 293 446

Nasal 291.86±36.77 289 289 343.6
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Table 4 Discussion with previous studies

Study Number of subjects Mean age (years) Region Results

Current study
Normal:15
Diabetic:12
Diabetic retinopathy:12

47.2±4.69
46.8±6.14
52.4±6.34

KSU female campus,
KAUH, KSA.

The NFL thickness around the optic disc show 
no significant difference in all quadrants, while the 
macular thickness revealed significant difference in 
inferior quadrant between groups.

El-Hifnawy et 
al.,23

Normal:20
Diabetic:20
Diabetic retinopathy:30

47.80±10.47
52.90±5.11
52.33±8.82

Alexandria Main University 
Hospital 

The global, superior, and temporal retinal nerve 
fiber layer thickness in diabetic patients without 
diabetic retinopathy was significantly lower than 
that of control group and that of patients with 
non-proliferative retinopathy.23

Park et al.,24
Normal:40
Diabetic:37
Diabetic retinopathy:89

64.3±6.7
66.2±7.2
65.8±4.9

Catholic university, Korea

As the severity of diabetic retinopathy progressed, 
the mean, superior, temporal, inferior and nasal 
nerve fiber layer thickness tend to become thinner. 
However, only the macular nasal nerve fiber 
layer thickness of the superior quadrant differed 
significantly among the groups and especially 
between the control and non-diabetic retinopathy  
groups.24

Hirokazu K  et 
al.,25

Normal:50
Diabetic:128

66.2±9.4
65.1±6.9

Senshokai Eye Institute, 
Kyoto, Japan

The retinal nerve fiber layer thickness in patients 
with diabetes mellitus was reduced significantly 
compared with age-matched normal control eyes 
(P < .01).25

Faria et al.,26 Normal:12
Diabetic (type 1):12

29±6 
30±7.5 

Hospital of the state 
university of Campinas, 
Brazil

The peripapillary retinal fiber layer thinning in 
superior quadrant compared to controls 
(p=0.007).26

Figure 1 Inferior macular thickness among 3 groups.

Biochemical analysis results

Glutathione S transferase (GST) activity

The glutathione levels comparison between groups show no 
significant difference either between diabetic and control or diabetic 
with and without retinopathy (Figure 2). 

Figure 2 Glutathione S transferase among 3 groups.

Vitamin C

Revealed a significant difference between diabetic and control 
subjects with p-value≤ 0.05. The unexpected rise of vitamin c is 
attributed to intake of vitamin c supplement together with metformin 
(oral hypoglycemic drug) (Figure 3).

Figure 3 Vitamin C among 3 groups.

Lipid peroxides

Analysis of lipid peroxide between the groups show no significant 
difference (Figure 4). 

Glutathione

Displayed a significant difference among groups where p-value ≤ 
0.05, Figure 5.

Glutathione S transferase and lipid peroxide levels showed 
insignificant differences between studied groups, however vitamin C 
and glutathione levels were raised in diabetics compared to controls. 
Lipid peroxides and oxidative stress are changed as there are evidence 
that multivitamins and statins can reverse these consequences.
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Figure 4 Lipid peroxides among 3 groups.

Figure 5 Glutathione level among groups.

Microbiological results 
The most significant media that were analyzed is for the bacteroids, 

and it shows significant difference between controls and diabetic 
retinopathy (Figure 6). It is clear that over growth of bacteroids is 
contributed to the development of DR in diabetic patients.

Figure 6 Level of bacteriods growth among 3 groups.

Discussion
Retinal nerve fiber loss develops before clinically detectable 

retinopathy in diabetic patients, and deteriorates with advanced 
disease severity. Hence optical coherence tomography is helpful for 
early diagnosis of diabetic retinopathy.  

Our results revealed, the peripapillary nerve fiber layer thickness 
measured in all quadrants superiorly, temporally, inferiorly and nasally 
for the three groups using 3D- OCT 2000 showed no significant 
difference statistically among groups. The macular total retinal 

thickness was different between groups with tendency to be increased 
in group 3 due to diabetic retinopathy. However, by comparing 
the macular thickness in the four quadrants we found no statistical 
difference except in the inferior quadrant. Table 4 demonstrates 
discussion with previous studies.

Conclusion
Our results succeeded to reveal that, the peripapillary nerve 

fiber layer thickness was different among groups but statistically 
insignificant. And the macular total retinal thickness was different 
between groups with tendency to be increased in group 3 due to 
diabetic retinopathy. As hyperglycemia and oxidative stress are 
implicated in the etiological pathology of diabetic retinopathy, the 
current study certified that different treatment options that reduce 
oxidative stress can delay progressive damage in controlled type 2 
diabetics.

Clinical modulation

Oxidative stress is integrated in pathogenesis and advancement of 
diabetic retinopathy in both types of diabetes. Recognizing efficacious 
modalities for retinopathy prevention and early intervention, 
is essential to maintain vision. Therefore, clinical treatment of 
oxidative stress can be implemented in preventing visual loss caused 
by diabetic retinopathy. Hyperglycemia is combined with many 
pathophysiological mechanisms that aggravate diabetic retinopathy. 
Different methods should be fixed on to manage diabetic retinopathy 
including oxidative stress-related medication that can stabilize the 
retinopathy stage in uncontrolled non-insulin diabetics.

Recommendation
Executing properly designed small studies impose precise analysis. 

Because small studies may grant rapid results, it was mandatory to 
give strong evidence that oxidative stress may endanger diabetic 
retinopathy, whether the results are positive or not. Moreover, data 
collected from our studies might be used to perform larger affirming 
studies taking into consideration limitations of small studies.
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