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ABSTRACT 

Diabetic retinopathy is one of the most serious complications of diabetes mellitus(DM) worldwide.  Purpose: To evaluated 
the role of tumour necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) in the diabetic retinopathy. Methods: This study 
included 85 subjects divided into 4 groups: Group A included 25 healthy controls. Group B: 20 diabetic patients without 
evidence of retinopathy. Group C: 20 non proliferative diabetic retinopathy patients. Group D included 20 proliferative 
diabetic retinopathy patients. Participants were subjected to full clinical history, clinical and ophthalmologic examination 
and laboratory investigation including measurements of fasting blood sugar(FBS), glycosylated hemoglobin(HbA1c), lipid 
profile, serum TNF-α, IL-6 and ultrasensitive C-reactive protein.  

Results: This study showed significantly higher values of FBS, HbA1c, lipid profiles, TNF-α, IL-6 and CRP in diabetic 

patients when compared to healthy controls (p<0.05). Groups C and D patients showed significant increase of FBS, 
HbA1c, lipid profile, TNF-α, IL-6 and CRP when compared to group B. Moreover, high levels of FBS, HbA1c, TNF-α and 
IL-6 were observed in group D compared to group C but no difference was observed between the 2 groups regarding lipid 
profile and CRP. Postive correlation between serum levels of TNF-α and HbA1c and between serum levels of IL-6 and 
CRP was observed in all patient groups. There was a significant positive correlation between severity of diabetic 
retinopathy and serum levels of TNF-α and HbA1c in addition to the duration of diabetes.  

Conclusion: The study provides evidence that TNF-α and IL-6 may play a role in the development and progression 

of diabetic retinopathy. 
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INTRODUCTION 

Diabetic retinopathy (DR) is one of the most serious complications of diabetes mellitus (DM) and is the leading cause of 
visual impairment and blindness in the world (1). There is growing evidence that immunologic and inflammatory 
mechanisms are involved in the pathogenesis of diabetic retinopathy and diabetic macular edema (2). There are many risk 
factors for diabetic retinopathy including hyperglycemia, hypertension and dyslipidemia (3). These factors have been 

shown to induce inflammation by a variety of mechanisms including oxidative stress, transcription factor activation, 
dysregulation of nitric oxide synthase and formation of advanced glycation end products (AGES) (4, 5). One of the glucose 

toxic mechanisms is the protein glycation which is associated with cytokines such as tumor necrosis factor-alpha (TNF-α), 
interlukin-6 (IL-6) and interleukin-12 (IL-12) that are substantial factors in the development of diabetic microangiopathy (6). 

TNF-α is a potent proinflammatory multifunctional cytokine produced by macrophages and a variety of cell types (7). It 

consists of 157 amino acid with a molecular weight of 17 KDa and mediates its biological activities through two receptors 
TNFR1 and TNFR2 and it plays an important role in inflammation, apoptosis, cell migration, proliferation and differentiation 
(8). 

Interleukin-6 (IL-6) is a pleotropic cytokine in the body and it has an important regulatory function of immune system and T 
cell (9). IL-6 consists  of 184 amino acid with a molecular weight of 26 KDa and many cells reported to produce it (10).  IL-
6 exerts its action via specific cell surface receptor composed of two subunits (11). 

These cytokines interfer with endothelial cell function, increase capillary vessel wall permeability and promote 
intravascular clot formation (12). They also initiate and sustain the inflammatory process in the vascular wall by inducing 

the synthesis of acute phase protein, induce expression of adhesion molecules on  endothelial cells which serves as 
chemoattractants for monocytes and other inflammatory cells (13, 14) stated that TNF-α and IL-6 may act as local 

intensification signals in pathological processes associated with chronic eye inflammation.  

The aim of this study is to evaluate the possible role of TNF-α and IL-6 in the development and progression of diabetic 
retinopathy in patients with type-2 diabetes mellitus in an attempt to find therapeutic measures to protect against the 
occurrence of this complication.  

SUBJECTS AND METHODS 

This study carried out on 85 subjects, 60 diabetic patients and 25 healthy individuals served as controls. All subjects 
signed a written consent to participate in this study. All patients were attendants of the Internal Medicine and 
Ophthalmology Departments of Menofia University Hospitals. The study cohort was divided into 4 groups:  

Group A: It included 25 age and gender matched apparently healthy volunteers They were (16 males and 9 females) with 

age ranges from 45 – 66 years.   

Group B: It comprised of 20 patients with type-2 diabetes mellitus without retinopathy (13 males and 7 females). The 

duration of diabetes ranged from 7 to 10 years and their ages range from 49 – 64 years. 

Group C: It included 20 patients with non proliferative diabetic retinopathy (NPDR) (12 males and 8 females). The 

duration of diabetes was between 9 -13 years. Their ages were between 52- 67 years. 

Group D: It included 20 patients with proliferative diabetic retinopathy (PDR), (12 males and 8 females). The duration of 

diabetes was between 10 -16 years and their ages range from 53- 69 years.  

Type-2 diabetes mellitus was diagnosed according to the American Diabetes Association criteria (15) for diagnosis and 

classification of diabetes mellitus.  Diabetic retinopathy was diagnosed by ophthalmologic examination and patients were 
staged according to the presence and severity of diabetic retinopathy. The staging was performed in accordance with 
International Clinical Diabetic Retinopathy Disease Severity Scale (16). 

The exclusion criteria were acute and chronic ophthalmological or general inflammatory disorders, glaucoma, age related 
macular degeneration, history of malignancy, ischemic disorder and hepatic or renal dysfunction.  

All patients and controls were submitted to: i) detailed history taking with special stress on duration of diabetes and type of 
and adherence to treatment, ii) proper clinical examination with stress on blood pressure measurement and signs of 
diabetic complications, iii) complete ophthalmological examination including: visual acuity measurement, slit lamp 
examination, dilated fundus examination, fundus photography and fluorescein angiography, and iv) laboratory 
investigations including: fasting blood sugar (FBS), glycosylated hemoglobin (HbA1c), lipid profile (cholesterol (TC), 
triglycerides (TG), high density lipoprotein (HDL-c) and low density lipoprotein (LDL-c)), serum TNF-α, IL-6 and 
ultrasensitive C-reactive protein (CRP). 

Sample collection and assay  

Eight ml venous blood were collected, under complete aseptic precaution in the morning after overnight fast of 12 hours at 
least, from all subjects and divided into three tubes: 

- 2ml blood was transferred into tubes containing sodium fluoride and then centrifuge for 10 minutes at 4000 rpm 
for determination of serum glucose by enzymatic colorimetric test  (17). 
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- 1ml blood was transferred into EDTA containing tube for assay of glycated hemoglobin by quantitative 
colorimetric measurement as percent of total hemoglobin (18). 

- The remaining 5 ml blood was transferred into another tube, left to clot, then centrifuged for 10 minutes at 4000 
rpm and the serum was stored at -20cº until analysis of the following measurement of (TC) by enzymatic 
colorimetric method (19), measurement of (TG) by enzymatic colorimetric method (20), determination of (HDL-c) by 
colorimetric method (21), calculation of (LDL-c), according to (22), determination of TNF-α. Serum TNF-α was 
determined by enzyme linked immunosorbent assay (ELISA) using human TNF-α ELISA Kit (23). TNF-α was 

determined by quantitative sandwich immunoassay. A murine monoclonal antibody specific for human TNF-α has 
been pre-coated onto a microplate. TNF-α in standards and samples is sandwiched by the immobilized antibody 
and a biotinylated polyclonal antibody specific for human TNF-α, which is recognized by a streptavidin-peroxidase 
conjugate, serum IL-6 was determined also by enzyme linked immunosorbant assay (ELISA) using human IL-6 
ELISA Kit (24) and determination of ultrasensitive (CRP) by using latex enhanced immunoturbidemetric assay (25). 

Statistical Analysis 

Statistical  package for social science for windows, version 9.0, system was used for data analysis, student (t test) and 
ANOVA tests were used to compare normally distrusted variables, data were represented as mean ±SD. Chi-square test 
was used to compare gender of studied groups. Pearson correlation coefficient test was used to measure correlation 
between two continuous variables. P values were significant if <0.05. 

RESULTS 

This study comprised 3 patients groups and one control group. There was no significant difference among studied groups 
regarding age and gender however, a significant increase of duration of diabetes mellitus with progression of diabetic 
retinopathy was identified (Table 1). There was significant increase in the level of glucose, HbA1c, TC, TG, LDL-c, and 
significant decrease of HDL-c levels in all patients group when compared with controls. On comparing patients groups with 
each other, there is significant increase of glucose , HbA1c , TC , TG , LDL-c in groups  C & D  in relation to group  B with 
significant decrease in HDL-c levels in group C &D as compared to group B.  In addition, there is a significant increase in 
levels of glucose and HbA1c in group D as compared to group C but there is no significant difference between group C 
and D regarding lipid profiles (Table 2).  

There was a significant increase in serum levels of TNF-α, IL-6 and CRP in each of the patients groups when compared to 
controls.  On comparing patients groups, there is a significant increase in levels of TNF-α –IL-6 and CRP in groups C and 
D compared to group B and a significant increase in levels of TNF-α and IL-6 in group D when compared to group C 
(Table 3).  

There was positive correlation between TNF-α and HbA1c in all patients groups (Table 4). Importantly a positive 
correlation was identified between the severity of diabetic retinopathy and serum levels of TNF-α, IL-6 and with the 
duration of DM (Table 5). In addition a positive correlation was found between IL-6 and CRP in patients groups (Table 6).  

DISCUSSION  

Diabetic retinopathy displays all microscopic signs of inflammation such as vasodilatation, altered flow, fluid exudation and 
leukocyte migration. Therefore chronic low grade inflammation seems to be an inciting and final common pathway leading 
to diabetic retinopathy (DR) (26). 

In agreement with other authors (27, 28, 29), the current study showed that diabetic patients with retinopathy 

demonstrated a longer duration of disease, higher fasting blood glucose levels and glycosylated hemoglobin in relation to 
diabetic patients without retinopathy and controls. Katulanda et al (30) reported that HbA1c has a stronger association with 

occurrence of DR as it a predictors of both micro and macrovascular complication of diabetes mellitus.   

The present study demonstrated a significant increase in serum levels of TC , TG , LDL-c and a significant decrease in 
serum levels of HDL-c in diabetic patients with or without DR in relation to controls but there was no significant difference 
with the progression of NPDR into PDR. These results are in concordance with previous studies (31, 32).  Kareem et al 
(33) reported that the reason for these lipid alterations is abnormal lipid and lipoprotein metabolism in diabetes mellitus. 
Furthermore the activity of the enzyme lipoprotein lipase is low in diabetic patients (34).  

Jayalakshmi et al (35) postulated that the effect of hyperlipidemia in the progression of DR is mainly due to elevation of 

blood viscosity and alteration in the fibrinolytic system resulting in hard exudates formation, also incorporation of TG into 
the cell membrane leading to changes in the membrane fluidity and leakage of plasma constituents into the retina which 
results in hemorrhage and edema in retina. In contrast other authors (36) did not find difference in these lipid parameters 

between DR patients and controls and they explained this by the unrestricted diet and inactive lifestyle in controls.  

The current study reported that there was a significant increase in serum levels of TNF-α in diabetic patients with and 
without retinopathy in comparison with controls and also as the disease advanced from NPDR to PDR. These finding are 
in consistency with other authors (37, 38) and also go with Koleva-Georgieva et al (39) who reported that serum 

concentrations of TNF-α have an effect on the development and progression of DR and they correlate  with presence and 
severity of the disease. These results are also matched with those of  Arita et al (40) who found that levels of TNF-α and 

its soluble receptors were increased in sera of DR patients and correlated with disease severity. 
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There is accumulating evidence that TNF-α plays an important role in endothelial dysfunction in both micro and 
macrovascular diseases by impairment of nitric oxide-mediated vasodilatation, increased production of reactive oxygen 
species, activation of transcription factors and subsequent inflammation and in the regulation of both proliferation and 
apoptosis (41). These factors are important in diabetic retinopathy as it causes pericyte and endothelial cell death as well 
as uncontrolled endothelial cell proliferation (37). In contrary with these results some authors (27) did not find significant 

difference in serum levels of TNF-α and IL-6 between DR patients when compared with controls and they stated that 
serum concentration of cytokines are influenced by many factors and several types of cells could produce cytokines.  

The present study showed that a significant positive correlation between TNF-α and HbA1c in patients groups. These 
results correlates with that reported by other authors (42, 39, 38).  

There was a significant increase in the serum levels of IL-6 in diabetic patients with and without retinopathy in relation to 
controls and also as the disease progress from NPDR to PDR. These results are consistent with the results of previous 
studies (43, 39).  Duncan et al (44) demonstrated that in individuals with impaired fasting blood glucose, circulating levels 

of inflammatory markers such as CRP, sialic acid and IL-6 are independent predictors of the future development of 
diabetes. 

In agreement with other authors (45) there was a significant elevation in CRP levels in diabetic patients with and without 

DR as compared to controls but there was no significant difference as the disease changes from NPDR to PDR. Kaut et al 
(46) stated that CRP is not only an inflammatory marker but also contributes to vascular pathogenesis and exacerbates 

tissue damage by triggering complement activation. It is one of the markers which shows significant rise when diabetes 
starts developing vascular complication. Contrasting this some authors (47) have reported that the levels of CRP were 

lower in diabetic retinopathy in comparison with control and explained this by some humoral factors related to retinopathy 
such as insulin growth factor-1 which negatively modulates the CRP production.  

The current study showed a positive correlation between IL-6 and CRP in diabetic group this result is in consistency with 
that reported by Mirza et al (38).   Lau et al (48) reported that CRP is produce by hepatocytes under transcriptional control 

by cytokine IL-6 as a part of non specific acute phase response to most forms of inflammation, infection and tissue 
damage.  

The present study also demonstrated a significant positive correlation between presence and severity of DR and serum 
levels of TNF-α, IL-6 and also with the duration of diabetes mellitus. These results are in agreement with other authors 
(39, 49).  

In conclusion, the results of this study indicate that dyslipidemia and inflammation as well as bad glycemic control are risk 
factors for DR.  Serum concentration of TNF-α and IL-6 are increased and correlated with severity of DR in patients with 
type-2 diabetes mellitus, suggesting the possible role of these inflammatory markers in pathogenesis and progression of 
diabetic retinopathy and could be an important target for developing new drugs in the treatment of DR and also these 
cytokines can be used as a diagnostic and prognostic factor in this disease.  
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experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008 (5). 

Statement of Informed Consent 

Informed consent was obtained from all patients for being included in the study. 

Conflict of interest:  

None 

REFERENCES 

1. Ciulla T, Amador A and Zinman B (2003): Diabetic retinopathy and diabetic macular edema . Pathophysiology, 

Screening and noval therapies . Diabetes Care ; 26 : 2653 .  

2. Tang J and Kern T (2011): Inflammation in diabetic retinopathy . Prog Retin Eye Res ; 30 : 343 . 

3. Chatziralli T, Sergentanis T, Keryttopoulos P and Vatkalis N (2010): Risk factors associated with diabetic 

retinopathy in patients with diabetes mellitus type-2. BMC Research Notes; 3 : 153. 

4. Zhang W, Liu H, AL Shabrawy M and Coldwell R (2011): Inflammation and diabetic retinal microvascular 

complications . J Cardiovas  Dis  Res ; 2 : 96 .  

5. Choudhuri  R, Dutta D, Sen A, Chowdhury I and Mitra B (2013): Role of N-epsilon –carboxy methyllysine , 

advanced glycation end products and reactive oxygen species for the development of non proliferative  and 
proliferative retinopathy in type -2 diabetes mellitus. Mol Vis ;19 :100 

6. McCarter R, Hempe J, Gomez R and Chalew S (2004): Biological variations in HbA1c predicts risk of retinopathy in 

type-1 diabetes . Diabetes Care ; 27 :1259 



                                                             ISSN 2347-6893 
                                          

1364 | P a g e                                                           J u n e  0 7 ,  2 0 1 5 

 

7. Horiuch T, Mitoma H, Harashima S and Tsukamoto H (2010): Transmembrane TNF-α structure, function and 

interaction with anti TNF-α agent. Rheumatology ; 49 :1215 .  

8. Haider S and Knofler M (2009): Human tumor necrosis  factor: Physiological and pathological roles in placenta and 

endometrium . Placenta ; 30 : 111.  

9. Kimura A and Kishimoto T (2010): IL -6 regulator of Treg/Th17 balance . Eur J Immunol ; 40 : 1830 .  

10. Guzman C, Calleros C,  Griego L and Mantor J (2010): Interlukin-6 : A cytokine with pleiotropic role in the 

neuroimmuno endocrine network. Neuroendocrinology Journal; 3 : 152 . 

11. Tenhumberg S, Waetzg C, C halarts A and Rabe B (2008): Structure-guided optimization of the interleukin-6 

trans-signaling antagonist sgp130. The Journal Of Biological Chemistry ;288 :27200 . 

12. Zorena K, Mysiliwiec M, Baecerska A and Lipowski P (2006): Tumor necrosis factor alpha is a risk factor of 

retinopathy in children with poorly controlled type-1 diabetes mellitus. J polish Diabetol Assoc ; 5 : 272 .  

13. Schram M, Chaturved N and Schalkwjk F (2003): Vascular risk factors and markers of endothelial function as 

determinants of inflammatory markers in type-1 diabetes . Diabetes Care ; 26 :2165 . 

14. Zorena K, Myskliska J, Mysiliwiec M and Hak T (2007):  Serum TNF-α level predict non proliferative diabetic 

retinopathy in children . Mediators Inflamm ; 2007 : 92196. 

15. American Diabetes Association (2013): Diagnosis and classification of diabetes mellitus. Diabetes Care; 36:S67  

16. Wilkinson C, Ferris F, Lee P and Davis A (2003): Global Diabetic Retinopathy Project Group. Proposed 

international clinical diabetic retinopathy and diabetic macular edema disease severity scales. Ophthalmology; 110 : 
1677 .  

17. Tietz N (1995): Clinical Guide to Laboratory tests. 3
rd

 Edition Philadelphia, Pa: WB  Saunder Co ; 1995 : 410.  

18. Gonen B and Ruberstein A (1978): Determination of glycohemoglobin. Diabetoligia ;15 : 1. 

19. Richmonds W (1973): Determination of serum cholesterol . Clin Chem ; 19 : 1350 .  

20. Fossati P and Prenciphe L (1982): Determination of serum triglycerides . Clin Chem ; 28 : 207 .  

21. Burstein M, Scholink H and Marfin R (1970): Determination of serum HDL-c . Lipid Res ; 11 : 583 .  

22. Friedwald W, Levy R and Fredrickson D (1972): Estimation of low density  lipoprotein cholesterol in plasma 

without use of preparative ultracentrifuge. Clin Chem ; 18 : 499 .  

23. Tartgilla L, Rothe M, Hu Y and Goeddel D (1993): Tumor necrosis factor's cytotoxic activity is signaled by P 55 

TNF receptor . Cell ; 73 : 213 .  

24. Eustace D, Han Y, Gooding R, Rowbottom A, Riches P and Heyderman E (1993): Interleukin-6 (IL-6) functions 

as an autocrine  growth factor in cervical carcinomas in vitro . Gynecol Oncol ; 50 :15 .  

25. Roberts, W; moulton, L; law, T; Farrow, G; Cooper, S and Rifai, N (2001): Evaluation of nine automated high 

sensitive CRP methods: Implications for clinical and epidemiological applications. Partz. Clin Chem: 47:418. 

26. Patel J, Tombran - Tink J, Hykin P, Gregor Z and Cree I (2006): Vitreous and aqueous concentration of 

proangiogenic, antiangiogenic factors and other cytokines in DR patients with macular edema: Implications for 
structural differences in macular profiles. Exp Eye Res ; 82 : 798 .  

27. Chen H, Wen F, Zhang X and Su S (2012): Expression of T-helper – associated cytokines in patients with type – 2 

diabetes mellitus with retinopathy; Mol Vis; 18 : 219.  

28. Joanne W, Rogers S, Kawasuki R and Lamoureux E (2012): Global prevalence and major risk factors of diabetic 

retinopathy . Diabetes Care ; 35 : 556 .  

29. Rajalakshmi R, Amutha A, Ranjani H, Ali M and Narayan K (2014): Prevalence and risk factors for diabetic 

retinopathy in Asian Indians with young onset type 1 and type 2 diabetes. Jan 6. Pii: S1056-8727(13) 00334-6    

30. Katulanda P, Wangianayaka Y, Ranasinghe P, Wijetunga W, Jayaweera M, Matthews D (2014): Retinopathy 

among young adults with diabetes mellitus from a tertiary care setting in Srilanka. BMC Endocr Disord: 14:20 

31. Wong T, Klew B, Islam A, Cotach M and Shea S (2006): Diabetic retinopathy, a multiethnic cohort in The United 

States. American Journal of Ophthalmology ; 141 :446 .  

32. Agroiya P, Philip R, Saran S, Gutch M and Cupta K (2013): Association of serum lipids with diabetic retinopathy in 

type 2 diabetes; 17:S335 

33. Kareem I, Jaweed S, Burdapurkar J and Patil V (2004 ): Study of magnesium , glycosylated hemoglobin and lipid 

profile in diabetic retinopathy . Indian Journal of Clinical  Biochemistry ; 19 :124 .  

34. Vinodmate R, Gyawali P and Regmi P (2011): Association between glycemic control and serum lipid profile in type-

2 diabetic patients : Glycated haemoglobin as a dual biomarker. Biomedical Research ; 22 : 375 .  



                                                             ISSN 2347-6893 
                                          

1365 | P a g e                                                           J u n e  0 7 ,  2 0 1 5 

 

35. Jayalakshmi V, Narayana S, koora S and Shaker I (2012): The evaluation of  serum fasting blood sugar and lipid 

profile including Apo A and  Apo B in diabetic retinopathy subjects. Indian Journal Of Basic And Applied Medical 
Research; 1:94.  

36. Nayak B and Roberts L (2006): Relationship between inflammatory markers, metabolic and anthropometric 

variables in the cariban type-2 diabetic patient with or without micro vascular complications . J Inflamm ; 3 :17 .  

37. Gustavsson C, Agardh C, Bengtsson B and Agardh E (2012): Profile of intraocular tumor necrosis factor alpha 

and interlukin-6 in diabetic subjects with different degrees of diabetic retinopathy . Acta ophthalmol ; 91 : 103 . 

38. Mirza S, Hossain M, Mathews C, Martinez P, Pinto P, Gay J and Renhro A (2012): Type -2 diabetes is 

associated with elevated levels of TNF-α, IL-6 and adiponectin and low levels of Leptin in a population of Mexican 
American: A cross sectional study. Cytokine ; 57 : 136 .  

39. Koleva - Georgieva D, Sivkova N and Terzieva D (2011): Serum inflammatory cytokines IL-1beta, IL-6, TNF-α and 

VEGF have influence on the development of diabetic retinopathy . Folia Med ; 53 : 44 .  

40. Arita R, Nakao S, Kita T, Kawahara S, Asato R and Yoshida S (2013): A  Key role for rock in TNF-α mediated 

diabetic microvascular damage . Invest Ophthalmol Vis Sci; 54 :2373. 

41. Bertazza L and Mocellin S (2008): Tumor necrosis factor (TNF) biology and cell death . Front Bio Sci ; 13 : 2736 .  

42. Adamiec - Mroczek J and Oficjalska-Mlynczak T (2008): Assessment of selected adhesion molecule and pro 

inflammatory cytokine levels in the vitreous body of patients with type-2 diabetes- Role of inflammatory – immune 
process in the pathogenesis of proliferative diabetic retinopathy. Arch Clin Exp Ophthalmol ; 246 : 1665 .  

43. Adamiec - Mroczek J , Oficjalska - Mlynczak T and Misiuk - Hojio M (2010): Role of endothelin-1 and selected 

proinflammatory cytokines in the pathogenesis of proliferative diabetic retinopathy: Analysis of vitreous samples. 
Cytokine; 49:269 . 

44. Duncan B, Schemidt M, Pankow J and Ballantyne C, (2003): Low grade systemic inflammation and the 

development of type-2 diabetes : The atherosclerosis risk in communities study. Diabetes ; 52 : 179 9 .  

45. Du Z, Hu L, Zhao G and May A (2011):  Epidemiological characteristics and risk factors of diabetic retinopathy in 

type-2 diabetes in Shandong Peninsula of China. Int Journal Ophthalmol ; 4 : 202 .  

46. Kaur S, Singh P, Grewal R and Kaur N (2012): Serum haptoglobin, ceruloplasmin and CRP levels ; Markers of 

diabetic retinopathy . Global Journal of Medical Research; 12 : 6 .  

47. Tsunoda K, Arita M, Yukaw M and SarkeT (2005): Retinopathy and hypertension affect serum hs-CRP levels in 

type II diabetic patients. J Diabetes Complications ; 19 : 123 .  

48. Lau D, Dhillon B, Yan H, Szmitko P and Verma S (2005): Adipokines : Molecular links between obesity and 

atherosclerosis. Am J Physiol Heart Circ Physiol; 288 : 2031.  

49. Pradeepa R, Anitha B, Mohan V and Ganeshan M (2009): Risk factors associated with diabetic retinopathy in 

South Indian type-2 diabetic population. Diabetol Med ; 25 :536 .  

Tables 

Table (1): Comparison of the demographic criteria among the studied groups: 

 group A 

(n=25 ) 

group B 

(n=20) 

group C 

(n=20) 

group D 

(n=20) 

Mean±SD Mean±SD Mean±SD Mean±SD 

Age (years)  55.5 ± 4.8 55.4 ± 5.0 58.2 ± 3.9 58.0 ± 4.6 

Duration of 
diabetes (years)  

- 8.7 ± 1.0#
.
 10.9 ± 1.6^ 13.7 ± 1.5 

Gender no % no % no % no % 

Male 

Female  

16 

9 

64 

36 

13 

7 

65 

35 

12 

8 

60 

40 

12 

8 

60 

40 

 

#  p < 0.05    ( Group B versus C) 

. p < 0.05   ( Group B versus D) 

^  p < 0.05    ( Group C versus D) 
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Table (2):  Comparison of the studied group as regarding blood glucose, glycated hemoglobin and lipid profiles 

 group A 

(n=25 ) 

group B 

(n=20) 

group C 

(n=20) 

group D 

(n=20) 

Mean±SD Mean±SD Mean±SD Mean±SD 

Glucose level 

(mg/ dl)  

89.0 ± 5.5 167.0 ± 53.5*#
.
 184.6 ± 8.3**^ 204.1 ± 13.0*** 

HbA1c % 4.9 ± 0.4 6.8 ± 0.3*#
.
 8.1 ± 0.6**^ 8.9 ± 0.6*** 

TC (mg/ dl) 178.6 ± 6.4 228.0 ± 8.4*#
.
 244.1 ± 10.4** 247.9 ± 12.3*** 

TG (mg/ dl) 128.8 ± 5.4 174.1 ± 9.7*#
.
 184.9 ± 9.3** 189.0 ± 4.7*** 

HDL-c                (mg/ 
dl) 

52.8 ± 5.1 46.0 ± 5.9*#
.
 41.8 ± 5.8** 41.0 ± 4.1*** 

LDL-c                (mg/ 
dl) 

93.1 ± 4.6 151.4 ± 8.9*#
.
 168.6 ± 7.0** 171.1± 7.7*** 

 

* p < 0.05    ( Group B versus A) 

** p < 0.05    ( Group C versus A) 

*** p < 0.05    ( Group D versus A) 

#   p < 0.05    ( Group B versus C) 

.   p < 0.05   ( Group B versus D) 

^   p < 0.05    ( Group C versus D) 

Table (3): Comparison of inflammatory markers (TNF-α –IL -6 –CRP) among the studied groups. 

 group A 

(n=25 ) 

group B 

(n=20) 

group C 

(n=20) 

group D 

(n=20) 

Mean±SD Mean±SD Mean±SD Mean±SD 

TNF-α              
(pg/ ml) 

15.3 ± 1.8 19.5 ± 3.2*#
.
 22.5 ± 3.7**^ 25.7 ± 4.9*** 

IL6 (pg/ ml) 1.0 ± 0.3 2.1 ± 0.6*#
.
 3.8 ± 0.7**^ 5.2 ± 1.0*** 

CRP              (mg/ 
dl) 

2.1 ± 0.7 3.6 ± 0.9*#
.
 5.6 ± 1.4** 6.0 ± 1.3*** 

 

* p < 0.05    ( Group B versus A) 

** p < 0.05    ( Group C versus A) 

*** p < 0.05    ( Group D versus A) 

#   p < 0.05    ( Group B versus C) 

.   p < 0.05   ( Group B versus D) 

^   p < 0.05    ( Group C versus D) 

 

Table (4): Correlation between serum TNF-α levels and HbA1c levels in patients groups.  

 

 

Groups TNF-α (pg / ml)  

r P value 

 

HbA1c% 

B +0.755 <0.05 

C +0.823 <0.05 

D +0.729 <0.05 
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Table (5): Correlation between severity of diabetic retinopathy and serum levels of TNF-α, IL-6 and with duration of 

diabetes mellitus in patients groups. 

 Severity of retinopathy 

r P value 

IL6 (pg / ml) +0.860 <0.05 

TNF-α (pg / ml) +0.455 <0.05 

Duration of diabetes (years) +0.817 <0.05 

 

Table (6): Correlation between serum levels of IL-6 and CRP in patients groups. 

 

 

groups IL6  (pg / ml) 

r P value 

 

CRP  

(mg/ dl) 

B +0.710 <0.05 

C +0.610 <0.05 

D +0.529 <0.05 

 

 


