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Abstract 
Background: Diabetic retinopathy (DR) is a common complication of diabe-
tes mellitus and a major cause of vision loss in the working age population. Its 
pathogenesis is poorly understood but may involve low grade chronic in-
flammation and angiogenesis. The aim of this study was to evaluate the rela-
tionship between serum levels of one inflammatory (IL-6) and angiogenic 
cytokine (VEGF-A) with the presence and severity of DR in type 2 diabetic 
mellitus patients. Methods: From January to June 2019, we conducted a 
cross-sectional analytical study on 84 patients out of which 31 developed DR 
and 53 did not. All patients underwent complete ophthalmological examina-
tion and laboratory analysis for IL-6 and VEGF-A with ELISA Technique. We 
studied the relation of IL-6 and VEGF-A with the presence and severity of DR, 
HBA1c, the duration of diabetes. Results: The group with DR had statistically 
significant higher levels of VEGF-A compared to the control group (390.5 
pg/ml vs. 173.1 pg/ml; p = 0.007). There was no significant difference in IL-6 
levels between both groups (42.8 pg/ml vs. 31.7 pg/ml; p = 0.10). Equally there 
was no association between these 2 cytokines and macular oedema or with the 
severity of DR. The level of IL-6 was associated to the balance of diabetes (p = 
0.006) although VEGF-A was not (p = 0.15). Moreover, Il-6 (p = 0.31) and 
VEGF-A (p = 0.24) were not linked to the duration of diabetes. Conclusion: 
Serum concentrations of VEGF-A have an effect on the development of DR. 
They correlate with the presence of the disease but IL-6 does not. However, 
IL-6 was associated to the balance of diabetes. These 2 biomarkers may play a 
role in the pathophysiology of diabetes and the diabetic retinopathy. Findings 
on Il-6 and VEGF-A may therefore contribute to the development of the 
diagnosis tools and caretaking of diabetes and diabetic retinopathy. 
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1. Introduction 

Diabetic retinopathy (DR) is one of the most common microvascular complica-
tions in patients with type 2 diabetes mellitus. About 8.8% of the population suf-
fers from diabetes mellitus out of which at least one-third develop DR at differ-
ent stages [1] [2]. DR is the leading cause of vision loss in working-age adults 
and the fifth leading cause of reversible blindness across the world [3] [4]. Like 
in other African countries, the prevalence of DR seems to be high in Cameroon 
[5] [6] [7]. The available treatments for DR (laser photocoagulation, intravitreal 
injections of corticosteroids) are only indicated in the advanced stages of the 
disease [8]. These treatments are also associated with significant adverse effects 
[9]. The control of risk factors (blood glucose, high blood pressure) is the only 
therapeutic tool that practitioners can use in the early stages of the disease. 
However, these risk factors did not account for all the risk for development and 
progression to sight-threatening diabetic retinopathy [10]. It becomes therefore 
evident that other elements of the diabetic milieu are involved in the pathology. 
This is why research focuses on the pathophysiological mechanisms of DR for 
the development of new strategies. Although this pathophysiology is not yet elu-
cidated, several phenomena likely play an important role in the pathology, in-
cluding inflammation and angiogenesis. Studies based on intraocular fluids con-
firmed the hypothesis that pro-inflammatory and pro-angiogenic cytokines are 
associated with the progression of DR [11] [12]. Serum investigation represents 
here one of the least expensive and invasive alternatives. Moreover, with the ex-
pected increase in the number of people living with diabetes in 2045 [1], there is 
an urgent need to find new diagnostic and therapeutic tools for DR. In this re-
gards, serum evaluation of angiogenic and inflammatory biomarkers may be 
useful in the early detection of the disease, in identifying patients at risk of de-
veloping proliferative diabetic retinopathy (PDR) and in monitoring the efficacy 
of new drugs. Circulating VEGF has been reported to be an important factor in-
volved in the development of the diabetic retinopathy [13] [14] [15]. Moreover, 
there is an association between inflammatory proteins as TNF and interleukins 
[14] [15] and the development of microvascular complications of diabetes. 
However, there is a lack of studies on the relation between circulating cyto-
kines and the progression of diabetic retinopathy in Sub-Saharan Africa. The 
aim of this present study was to analyze the relationship between the serum 
level of an angiogenic (VEGF-A) and a inflammatory (IL-6) biomarkers and 
the presence and severity of diabetic retinopathy (DR) in patients with type 2 
diabetes mellitus. 
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2. Methods 

Design and subjects 
This prospective analytical study was carried out from January to June 2019, 

at the National Obesity Centre of the Central Hospital of Yaoundé and at INNEL 
Medical Centre. It was approved by the Centre Regional Ethics Committee for 
Human Health Research (N˚ 0058/19/AR/MINSANTE/SG/DHCY/CM/SM) and 
from the institutional review board of Université des Montagnes (N˚ 
2019/104/UdM/PR/CIE). Written informed consent was obtained from each pa-
tient prior to enrolment. 

The study population was composed of type 2 diabetes mellitus patients fol-
lowed up at the Central Hospital of Yaoundé. We excluded pregnant women and 
all individuals having acute and chronic ophthalmological disorders such as 
glaucoma, cataract, age-related macular degeneration, occlusion of retinal artery 
or vein. The Whitley formula was used for the sample size calculation. Our pri-
mary outcome was the median difference in VEGF-A in the two groups. 

A detailed history on diabetes, its chronic complications and other comorbid-
ities were recorded for all participants. The body height and weight were re-
corded and the body mass index calculated. Blood pressure was measured in all 
participants in the sitting position after 10 minutes. All patients underwent a 
complete ophthalmological examination including visual acuity measurement 
and fundus examination. The best corrected visual acuity was measured using 
the Monoyer scale. 

Fundus findings 
After pupil dilation using tropicamide 5% and phenylephrine 5% eye drops, 

diagnosis of DR was performed by fundus examination with a slit lamp and a 78 
D lens. Moreover, a colour fundus photography was carried out using a Topcon 
non mydriatic camera. Staging of DR was performed according to the Interna-
tional Clinical Diabetic Retinopathy Disease Severity Scale of the American 
Academy of Ophthalmology (AAO) [16]. The presence of a macular oedema was 
also noted. 

Patients with diabetic retinopathy were thereafter classified in two groups 
(non-proliferative DR and proliferative DR). They were staged according to the 
presence and the severity of DR of the more affected eye. 

Blood Collection 
Blood samples were collected before midday in dry tubes. Sera were separated 

by centrifugation within 45 minutes after collection. For each participant, the 
serum (0.5 ml) was collected in two Eppendorf tubes and kept frozen at −20˚C 
before analysis. 

Determination of VEGF-A and IL-6 
Analysis of VEGF-A and IL-6 was carried out by immunoenzymatic ELISA 

method according to the manufacturer protocol (Elabscience, USA). We used 
the following kits: 
• Human VEGF-A ELISA kit (lot No SU5YE6RU5L, Elabscience, USA) and 
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• Human IL-6 ELISA Kit (lot No 8SJ2I6UYFE, Elabscience, USA). 
Statistics 
Data was analysed using EPI Info statistical program version 7.2.2.1. Results 

are expressed as median [range] for continuous variables, and as frequencies 
for categorical variables. Values with abnormal distribution were analysed 
using the Mann-Whitney and Kruskal Wallis test. T test and ANOVA were used 
to analyze values with normal distribution. Multiple logistic regression analysis 
was conducted to assess independent risk factors for diabetic retinopathy; 
associations were calculated as ORs (odds ratios) with the corresponding 95% 
confidence intervals (CIs). A “p value” of less than 0.05 was considered as 
statistically significant. 

3. Results 

General characteristics 
Eighty-four patients (31 in the DR group and 53 in the control group) were 

enrolled in this study (39 male and 45 female). Table 1 summarizes the clinical 
and biological characteristics of the type 2 diabetes patients according to the 
presence or the absence of diabetic retinopathy. 

The median age in the DR group was 60 (range 52 - 66) while in the control 
group it was 54 (range 47 - 60). There were no significant differences with re-
spect to demographic features including gender between the two groups. The 
median diabetes duration was 10 years (range 2 - 13) in the DR group and 4 
(range 1 - 7) in the control group. 

 
Table 1. Clinical and biological characteristics of participants. 

 DR (n = 31) Absence of DR (n = 53) P value 

Age (years) 60 [52 - 66] 54 [47 - 60] 0.006 

Diabetes duration (years) 10 [2 - 13] 4 [1 - 7] 0.01 

BMI (kg/m2) 28.8 [25 - 31.5] 28.6 [25.2 - 32.7] 0.85 

SBP (mmHg) 142 [125 - 163] 134 [119 - 142] 0.07 

DBP (mmHg) 87 [82 - 100] 83 [75 - 92] 0.07 

HbA1C (%) 8.5 [7.8 - 10.3] 6.9 [5.6 - 10.1] 0.009 

BUN (g/l) 0.3 [0.3 - 0.4] 0.3 [0.2 - 0.3] 0.04 

Creatinine (mg/l) 11 [8.6 - 16.5] 9.4 [8 - 11] 0.01 

GFR (ml/mn) 78.3 [51 - 106.4] 102.4 [88.1 - 128] 0.01 

Total cholesterol (g/l) 1.8 [1.7 - 2.1] 1.6 [1.5 - 1.9] 0.04 

LDL cholesterol (g/l) 1.1 [0.9 - 1.4] 1 [0.8 - 1.1] 0.09 

HDL Cholesterol (g/l) 0.5 [0.4 - 0.6] 0.4 [0.4 - 0.5] 0.36 

Triacylglycerols (g/l) 1.3 [1 - 1.7] 1.3 [0.8 - 1.6] 0.58 

Values are presented as median [range] DR: Diabetic retinopathy, BMI: Body mass index, SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure, HbA1c: glycated haemoglobin, BUN: Blood urea nitrogen, 
GFR: glomerular filtration rate, LDL: low density lipoproteins, HDL: High density lipoproteins. 
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The difference was significant for the following variables: 1) the duration of 
diabetes (DR Group: 10 years vs Control group: 4 years; p = 0.01); 2) glycated 
haemoglobin (DR Group: 8.5% vs. Control group: 6.9%; p = 0.009); 3) the 
glomerular filtration rate (DR Group: 78.3 ml/mn vs. Control group: 102.4 
ml/mn; p = 0.01). 

Associated factors 
The research for associated factors was carried out (Table 2). The parameters 

related to diabetes (duration, imbalance), comorbidities (high blood pressure) 
and its complications (nephropathy, low visual acuity) were associated with dia-
betic retinopathy. 

After a multiple logistic regression, only high blood pressure (p = 0.01) and 
imbalance of diabetes (p = 0.005) were eventually associated to diabetic reti-
nopathy as a risk factor (Table 3). 

 
Table 2. Clinical and biological factors associated to diabetic retinopathy. 

 
DR 

n = 31 
Overall n (%) 

Control group 
n = 53 

Overall n (%) 

Odds ratio 
(CI à 95%) 

P value 

Age > 50 years 27 (87.1) 33 (62.3) 4.1 (1.2 - 13.4) 0.01 

Diabetes duration > 5 ans 22 (71) 19 (35.6) 4.4 (1.7 - 11.4) 0.001 

High blood pressure 26 (83.9) 26 (49.1) 5.4 (1.8 - 16.1) 0.001 

Diabetic nephropathy 8 (25.8) 2 (3.8) 8.8 (1.7 - 45.1) 0.004 

Low visual acuity (<7/10) 14 (45.2) 11 (20.7) 3.1 (1.2 - 8.3) 0.01 

HbA1C ≥ 7% 25 (80.6) 24 (45.3) 5 (1.7 - 14.3) 0.001 

GFR < 90 ml/mn 15 (48.4) 16 (30.2) 2.2 (0.8 - 5.4) 0.09 

Dyslipidemia 19 (61.2) 30 (56.6) 1.3 (0.5 - 3.4) 0.55 

Total Cholesterol > 2 g/l 8 (25.8) 9 (16.9) 1.7 (0.5 - 5) 0.33 

LDL > 1 g/l 13 (41.9) 22 (41.5) 1 (0.4 - 2.5) 0.96 

Triacylglycerol > 1.5 g/l 9 (29) 16 (30.2) 1.3 (0.4 - 3.6) 0.66 

HDL < 0.4 g/l 9 (29) 20 (37.7) 1 (0.3 - 2.5) 0.84 

DR: Diabetic retinopathy, CI: Confidence interval, HbA1c: glycated haemoglobin, GFR: glomerular filtra-
tion rate, LDL: low density lipoproteins, HDL: High density lipoproteins. 

 
Table 3. Multiple logistic regression analysis of factors associated with diabetes retinopathy. 

Variables Odds ratio (CI à 95%) P value 

Age > 50 years 1.3 (0.3 - 5.9) 0.75 

Low visual acuity 3.1 (0.8 - 5.6) 0.10 

Diabetes duration > 5years 3.1 (0.9 - 10.2) 0.06 

High blood pressure 5.9 (1.4 - 25,1) 0.01 

Diabetic nephropathy 2.2 (0.3 - 13.3) 0.40 

HbA1C ≥ 7% 5.9 (1.6 - 20.6) 0.005 

CI: Confidence interval, HbA1c: glycated haemoglobin. 

https://doi.org/10.4236/ojoph.2020.101006


C. D. Noche et al. 
 

 

DOI: 10.4236/ojoph.2020.101006 49 Open Journal of Ophthalmology 
 

Profile of cytokines 
The median serum level of IL-6 was 33.5 (range 7.9 - 50.6) while that of 

VEGF-A was 189.3 (range 112.2 - 411.1) as presented in Table 4. 
There was a highly significant increase in serum VEGF-A in the diabetic reti-

nopathy group compared to the control group (p = 0.007) while increase of IL-6 
in the DR group was not significant when it was compared to the control group 
(p = 0.09). 

Concerning the severity, there was no association between these cytokines and 
the severity of diabetic retinopathy (Il-6: p = 0.47; VEGF-A: p = 0.20) and with 
the presence of macular oedema (Il-6: p = 0.20; VEGF-A: p = 0.84). Circulating 
IL-6 was associated to the balance of diabetes (p = 0.006) although VEGF-A was 
not (p = 0.15). 

Circulating Il-6 (p = 0.31) and VEGF-A (p = 0.24) were not linked to the du-
ration of diabetes. 

4. Discussion 

Diabetic retinopathy is the leading cause of blindness in active people in devel-
oping countries [2] [3] [4]. Although inflammatory and angiogenic markers are  

 
Table 4. Relation between cytokines and diabetes’ parameters. 

 Il - 6 (pg/ml) VEGF - A (pg/ml) 

Median (range) 33.5 (7.9 - 50.6) 189.3 (112.2 - 411.4) 

Mean ± Standard deviation 51 ± 72 (7.8 - 399.2) 267.1 ± 198.8 (31.2 - 748.8) 

Forms of diabetes   

Diabetic retinopathy (n = 31) 42.8 (7.8 - 53.8) 390.5 (134 - 572.7) 

Controls (n = 53) 31.7 (7.9 - 43.2) 173.1 (107.3 - 269.2) 

P value 0.09 0.007 

Non proliferative diabetic retinopathy (n = 28) 44 (7.8 - 54.7) 421.3 (125 - 572.7) 

Proliferative diabetic retinopathy (n = 3) 24.1 (7.9 - 40.3) 134.1 (133.9 - 188.2) 

P value 0.47 0.20 

Maculopathy (n = 10) 43.2 (30.2 - 50.5) 186.2 (86.2 - 360.5) 

No maculopathy (n = 74) 32.4 (7.8 - 51.6) 195.2 (118.2 - 419) 

P value 0.20 0.84 

Imbalance of Diabetes   

HbA1c > 7% 42.4 (27.8 - 58.5) 249.3 (134.1 - 458.8) 

HbA1C < 7% 8.9 (7.9 - 40) 173.1 (107.3 - 304.9) 

P value 0.006 0.15 

Duration of diabetes   

Diabetes duration ≥ 10 years 35.7 (7.8 - 53.8) 249.3 (134.1 - 458.8) 

Diabetes duration < 10 years 20.1 (7.9 - 45.5) 176.6 (112.2 - 342.7) 

P value 0.31 0.24 

https://doi.org/10.4236/ojoph.2020.101006


C. D. Noche et al. 
 

 

DOI: 10.4236/ojoph.2020.101006 50 Open Journal of Ophthalmology 
 

implicated in diabetic retinopathy and maculopathy [13] [15], circulating bio-
markers in their use in diagnosis and prognosis remain weak. Our objective was 
to find out the relationship between serum levels of two biomarkers (VEGF-A 
and IL-6), the presence and severity of diabetic retinopathy. 

Hyperglycemia causes metabolic changes that lead to oxidative stress, in-
flammation and vascular dysfunction, resulting in hyperpermeability, vascular 
occlusion and ischemia [17]. The median level of IL-6 and VEGF-A in our study 
was respectively of 33.5 (range 7.9 - 50.6) and 189.3 [range: 112.2 - 411.1]. The 
VEGF value is greater compared to the 34.5 pg/ml obtained in an Austrian study 
[18]. We found that the level of HbA1c was 8.5 [range: 7.8 - 10.3] in patients 
with diabetic retinopathy in our series. That can explain the high level of 
VEGF-A in patients with diabetic retinopathy in our series compared to the 
findings of the Austrian study where the median HBA1c was 7.5 (range: 5.3 - 
10.6) [18]. 

The present study reveals that serum levels of VEGF-A are correlated to the 
presence of DR. Meanwhile there was no association between IL-6 with the 
presence of DR. Il-6 is a cytokine produced by monocytes, macrophages, lym-
phocytes, fibroblasts and endothelial cells. VEGF is a potent vasoactive cytokine 
that increases vascular permeability and is involved in the development of dia-
betic retinopathy and diabetic maculopathy [19]. It affects the endothelial pro-
teins of the tight junction, resulting in fluid extravasation and retinal oedema 
[20]. Many studies supported the hypothesis of association between vitreous in-
flammatory and angiogenic cytokines and their connection with the progression 
of diabetic retinopathy [11] [12]. But it is not clear whether the development of 
diabetic retinopathy can be linked to the circulating levels of these cytokines and 
whether they can be used as diagnostic tools. Moreover studies on this issue have 
reported contradictory results and only few or none of these investigations are 
conducted in Sub-Saharan Africa [14] [21] [22] [23]. 

In the present study, we found higher serum levels of VEGF-A in the DR 
group compared to the control group. This finding suggests that during the on-
set of diabetic retinopathy, a cascade of metabolic disorders like angiogenesis are 
activated and may lead to the progression of DR, in line with conclusions from a 
meta-analysis [24] that correlate VEGF to the presence of diabetic retinopathy. 
The expression of VEGF is stimulated by chronic hyperglycaemia increasing 
thus the vascular permeability in the retina. 

We also found that there was a non-significant increase of IL-6 in the DR 
compared to the control group. This was also the case in a Belgium study [23]. 
Although inflammation plays a relevant role in the development of DR, serum 
concentration of IL-6 wasn’t associated to it. 

In a prospective Bulgarian study conducted on 38 healthy volunteers (group 
1) and 39 patients with type 2 DM (group 2), high but not significant levels were 
observed for diabetic patients compared to controls for VEGF (p = 0.067) and 
IL-6 (p = 0.132). Moreover, according to the severity of diabetic retinopathy, the 
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level of VEGF (p < 0.0001) and Il-6 (p < 0.007) was significant higher in patients 
with proliferative diabetic retinopathy compared to those with non-proliferative 
diabetic retinopathy [14]. 

There was no relation between the 2 cytokines and the severity of DR. More-
over, no link was found between those circulating cytokines and the presence or 
lack of maculopathy. However, the relation between circulating VEGF and the 
severity of the diabetic retinopathy is found in the literature [13] [14], even 
though some contradictory findings are also reported [18]. Circulating IL-6 is 
also linked to the severity of the retinopathy according to the literature [14]. Our 
results can be explained by the laser coagulation used for patients with prolifera-
tive diabetic retinopathy. Laser coagulation can reduce the serum expression of 
these cytokines. In a study carried out in Egypt, there was a significant decrease 
in serum concentration of VEGF when the analysis was performed before and 
after laser coagulation in patients with proliferative diabetic retinopathy [25]. 

Patients with diabetes have stronger inflammation compared to healthy 
population. In our study, serum levels of IL-6 were higher in patients with un-
controlled diabetes (HbA1C ≥ 7%). On the contrary, serum levels of VEGF were 
not associated to the level of glycosylated haemoglobin. These findings suggest 
that patients with high glycosylated haemoglobin values develop stronger in-
flammatory responses compared to the patients with controlled diabetes. This 
could be implicated in the pathogenesis of DR. Other cytokines as TNF-alpha 
was found to be linked to the level of glycosylated haemoglobin [14]. However, 
concerning the link between VEGF and uncontrolled diabetes, the results of the 
present study are contradictory to those found in the literature [14] [18]. 

Levels of cytokines (Il-6: p = 0.31; VEGF-A: p = 0.24) were not associated with 
the duration of diabetes in the present survey. These findings are in line with 
that of other authors [14]. This can be explained by the fact that the duration of 
diabetes as a well-known risk factor of the disease, was not associated to the 
presence of diabetic retinopathy in the present study (p = 0.06; multiple logistic 
regression). 

The limit of our work lies in the size of the sample, particularly, the small 
number of patients that develop proliferative diabetic retinopathy. Further, lit-
erature is contradictory regarding the association between inflammatory and 
angiogenic cytokines and diabetic retinopathy. Sub-Saharan Africa does not 
present evidence about the connection between cytokines and diabetic reti-
nopathy. Moreover, the use of fluorescein angiography could have brought more 
details for the classification of the diabetic retinopathy and the maculopathy. 
Prospective studies on a large number of patients are needed to understand 
whether these cytokines can be used either as a diagnostic tool or as a therapeu-
tic tool or as both. 

5. Conclusion 

According to our findings, serum concentration of VEGF-A reflects the presence 
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of diabetic retinopathy. Though IL-6 is associated to the imbalance of the 
diabetes, VEGF-A and IL-6 are not correlated to the severity of diabetic reti-
nopathy nor to the presence of maculopathy. These 2 biomarkers may play a role 
in the pathophysiology of diabetes and the diabetic retinopathy. Findings on Il-6 
as on VEGF-A may therefore contribute to the development of the diagnosis 
tools and treatment of diabetes and diabetic retinopathy. 
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