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Abstract  

 

Introduction: Always chronic kidney disease has been bound to diabetes mellitus, especially type2. Inflammatory 

biomarkers, such as CRP, IL6, cystatin C and TNF-alpha) are usually play role in the development and increase risk of 

type 2 diabetes T2DM, as well as chronic kidney disease, so this study aimed to evaluate renal function tests and 

inflammatory biomarkers among T2DM and compare evaluated parameters with data of healthy individuals. Methods: 

Two hundred (200) subjects were enrolled in this study, 100 of them were patients with T2DM set as case group, , age 

ranged 33 and 55 years, and the other 100 were healthy individuals were set as control group. Blood samples were 

collected from both groups in order to assess renal function tests urea, creatinine by means of spectrophotometer based 

method, while Sodium and Potassium by easylyte device instrument and inflammatory biomarkers CRP, IL6, cystatin C 

and TNF-alpha by ELISA technique. Results: Inflammatory biomarkers (IL-6, CRP, Cystatin C and TNF-alpha) levels in 

diabetic subjects were significantly higher than control group. We also found that serum creatinine and urea were higher 

in type 2 diabetes patients than normal subjects (p=0.001). Pearson’s correlation of serum creatinine and urea with 

inflammatory biomarkers brought different positive correlation with all parameters. Conclusion: Elevated levels of 

inflammatory biomarkers (IL-6, CRP, Cystatin C and TNF-alpha) are positively associated with renal function tests 

serum creatinine and urea and  increased risk of type 2 diabetes. 
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INTRODUCTION 
Diabetes mellitus, mainly type 2, is a major 

health problem with estimates exceeding >380 million 

peoples worldwide in 2015 [1].  The prevalence of type 

2 diabetes has been rapidly rising worldwide. In Korea, 

the prevalence of diabetes (95% of which were cases of 

type 2 diabetes) has increased from 1% of the general 

population in the 1970s to 13.5% of men and 10.7% of 

women aged 30 years or more in 2000 [2]. Chronic 

kidney disease (CKD) is one of the major complications 

of type 2 diabetes, and is the leading cause of end-stage 

renal disease (ESRD), accounting for approximately 

40% of new cases of ESRD every year [3]. Early 

detection and treatment of CKD in patients with type 2 

diabetes can prevent or retard the progression to ESRD 

[4, 5]. Chronic kidney disease is currently estimated to 

affect ∼10% of the global population and is becoming 

increasingly common [6]. Patients with CKD display 

greatly increased morbidity and mortality rates 

compared with the general population [7]. The presence 

of low-grade, chronic inflammation has been 

hypothesized to cause a number of comorbidities 

observed in CKD, conferring an increase in mortality 

[8]. However, not all individuals are equally likely to 

become chronically inflamed, nor are all inflamed 

patients susceptible to developing various 

comorbidities. This has given rise to several theories 

regarding possible roles of various genetic factors as 

determinants of complications and morbidity and 

mortality in CKD [9, 10].  

 

Chronic or recurring inflammation contributes 

to an aberrant continuation of acute phase response and 

may also lead to further diabetes complications, such as 

micro and macroangiopathy and impaired healing [11, 

12], it is suggested that periodontal disease with 

increased inflammatory response at local and systemic 

levels [13] may collaborate to insulin resistance present 

on T2DM pathogenesis. Although there is scientific 
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evidence on the effects of chronic periodontitis on 

diabetes mellitus remains inadequate and inconclusive 

[14]. Furthermore, whether periodontal therapy may 

help to control serum levels of inflammatory cytokines 

still remains controversy [15]. Epidemiological studies 

have demonstrated an increase in plasma levels of 

inflammatory markers such as CRP, IL-6 and TNF-α in 

patients with metabolic syndrome and also in those with 

clinically overt T2D [16, 17], while other 

epidemiological study also reported inconsistent 

findings on the associations of CRP, TNF-α, IL-6, and 

CKD [18]. Several mechanisms for the effects of CRP 

and TNF-α on the risk of CKD have been proposed, 

although the mechanisms leading to the development 

and progression of renal injury in type 2 diabetes are 

not fully understood. CRP, produced by the liver tissue, 

and TNF-α, synthesized primarily by monocytes and 

macrophages, are cytokines and sensitive indicators of 

inflammation. It is now evident that activated innate 

immunity and inflammation are related to the 

pathogenesis of diabetes. 21 Furthermore, elevated 

levels of these inflammatory markers in patients with 

type 2 diabetes, who have chronic low-grade 

inflammation, play a critical role in the development of 

microvascular diabetic complications, including CKD, 

by potentiating endothelial dysfunction [19, 20]. 

 

MATERIAL AND METHOD 
This cross-sectional case control study was 

conducted among diabetic patients mainly diagnosed 

with type 2, 100 were set as case group, enrolled in this 

study. Also, 100 healthy men selected as control group. 

under hygienic condition blood samples were collected, 

fluoride oxalate added blood containers were for 

measurement of fasting blood glucose 

(spectrophotometry based method), ethylene diamin 

tetra acetic acid (EDTA) added blood containers for 

assessment of glycated hemoglobin  (HbA1c) by means 

of immunodetection method using ichroma device and 

kits, plane containers were used to serum formation 

after complete clotting of whole blood at room 

temperature for ,measurement electrolytes (Na and K) 

by easylyte instrument and reagent, urea, creatinine 

(spectrophotometry based method) and inflammatory 

biomarkers, CRP. TNF- α, IL6 and cystatin C by 

enzyme linked immunoassay (ELISA). 

 

Ethical Consideration 

This study was approved with the ethical 

committee of Alneelain university- faculty of graduate 

and medical laboratory science. Every diabetic center 

and personnel involved did give consent to be recruited 

for this study.  

 

Statistical Analysis 

Data obtained was analyzed using statistical 

package of social science (SPSS) version 22. Fasting 

blood glucose, HbA1c and Inflammatory biomarkers 

were used for statistical analysis. All the data were 

expressed as mean ± SD (standard deviation), the 

statistical significance of differences between the values 

was assessed by ANOVA or Mann–Whitney U test (as 

appropriate). Logistic and Multiple regressions were 

performed among on the parameters. A two-tailed p 

value of <0.05 was considered as statistically 

significant. 

 

RESULTS 
In this case control study diabetic patients, 

type 2 were enrolled to assess inflammation 

biomarkers, beside renal function tests (urea, creatinine, 

Na and K) and glucose with glysated hemoglobin. 100 

T2DM patients   were sorted according to age to more 

than 50 years 18 (36%) and less 50 years were 35 

(64%) as in Figure-1.

 

 

 
Fig-1: Distribution of Patients According To Age Group 

 

Comparing measured parameters (FBG, Hb 

A1c, urea, creatinine, Na, K, cysatin C, IL6, serum CRP 

and TNF-α ) for case group (T2 DM) and control group, 

revealed that most of them were increased among case 

group except Na and they bought significant difference 

as p value for each was less than 0.05 as in Table-1. 

 

Table-1: Mean comparison of study parameters in case versus control 

Parameters  Case (Mean±SD) Control (Mean±SD) P-value 

FBG 180.30±35.91 96.36±9.49 <.001 

HBA1c 7.74±1.12 5.28±0.37 <.001 
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Urea 40.44±10.66 33.20±5.61 <.001 

Creatinine 1.21±0.47 0.96±0.16 0.001 

Na 135.16±5.00 138.16±3.47 0.001 

K 4.24±0.52 4.03±0.39 0.027 

Cystatin C 1.88±1.23 0.74±0.14 <.001 

s-CRP 6.05±2.47 3.18±1.67 <.001 

IL-6 13.96±3.72 11.72±2.56 0.001 

TNF-α 13.50±3.11 9.02±1.92 <.001 

Significant difference p value <0.05 

 

Pearson’s correlation of urea and creatinine 

with Na and K with each of the inflammatory 

biomarkers brought different positive correlation with 

all parameters except Na as in Table-2 

 

Table-2: Correlation between study parameters with urea and creatinine 

Parameters Urea Creatinine 

R value P value R value P value 

Na  mmol/L -0.793
**

 <.001 -0.840
**

 <.001 

K   mmo/L 0.596
**

 <.001 0.645
**

 <.001 

Cystin C  mg/L 0.553
**

 <.001 0.393
**

 0.005 

CRP  mg/L 0.311
*
 0.028 0.223 0.120 

IL-6   pg/ml 0.347
*
 0.014 0.155 0.284 

TNF-α  pg/ml 0.447
**

 0.001 0.243 0.088 

Significant difference p value <0.05 
 

While correlations Na and K with inflammatory biomarkers gave entirely negative and positive respectively as 

in Table-3.  

 

Table-3: Correlation between study parameters with Na and K 

parameters Na K 

R value P value R value  P value 

Urea  -0.793 0.00 0.565 <.001 

Creatinine  -0.893 0.00 0.645 <.001 

Cystatin C -.461 .001 .452 <.001 

CRP -.294 .038 .193 .001 

IL-6 -.286 .044 .313 .178 

TNF-α -.320 .024 .477 .027 

 

DISCUSSION 
Identifying inflammatory biomarkers 

predictive of estimated glomerular rate (eGFR) decline 

could point to pathways that may help identify new 

therapeutics. With the recognition that type 2 diabetes 

itself may be a chronic inflammatory state, the role of 

potentially modifiable lipid and inflammatory 

biomarkers has been of particular interest [21]. Chronic 

kidney disease (CKD) has become a public-health 

problem [22]. GFR is the most important marker of 

kidney function, but it cannot be easily measured in 

most clinical or research settings, and therefore 

estimating equations are based on filtration markers 

such as serum creatinine and cystatin C [23]. Within the 

last decade, a hypothesis was proposed to explain the 

pathogenesis of T2DM that connects the disease to a 

state of subclinical chronic inflammation 105-106. 

Inflammation is a short-term adaptive response of the 

body elicited as a principle component of tissue repair 

to deal with injuries and microbial infections (as cold, 

flu). It also can be elevated in chronic conditions such 

as peripheral neuropathy, chronic kidney disease and 

fatty liver. Current thinking suggests that abnormal 

levels of chemokines released by the expanding adipose 

tissue in obesity activate monocytes and increase the 

secretion of pro-inflammatory adipokines. These 

cytokines in turn enhance insulin resistance in adipose 

and other tissues, thereby increasing the risk for T2DM 

[24, 25]. In this study targeting T2DM to see how 

inflammatory biomarkers b (CRP. TNF- α, IL6 and 

cystatin C) and renal function  (urea and creatinine) 

tests with electrolytes (Na and K) to figure how 

persistant increased levels of glucose and HbA1c can be 

associated with increased inflammatory biomarkers and 

increased RFTs in comparison with data of healthy 

individuals with no T2DM or renal issues. 100 T2DM 

patients and 100 healthy subjects were recruited for this 

study, set as case and control groups respectively, 

increased levels of fasting blood glucose, HbA1c, urea, 

creatinine, CRP. TNF- α, IL6 and cystatin C and 
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decreased Na among case group more than control 

group brining significant difference when compared 

with control group. Correlation levels of RFTs and 

electrolytes with biomarkers of inflammation, brought 

urea and creatinine with Na and K with each of the 

inflammatory biomarkers brought different positive 

correlations, while correlations Na and K with 

inflammatory biomarkers gave entirely negative and 

positive.  Many studies conducted in order for evaluate 

T2 DM patients or binding diabetes mellitus with some 

issues in order to predict complication or something 

like that. An agreement with our study found with a 

study conducted as the same manner of this study, but 

differ in the aim, it was a review article based on 

growing evidence that inflammatory markers play a role 

in the development of type 2 diabetes. It to 

systematically review prospective studies on the 

associations of elevated levels of interleukin-6 (IL-6) 

and C-reactive protein (CRP) with increased risk of 

type 2 diabetes by conducting a meta-analysis. The 

meta-analysis, including 10 prospective studies, with a 

total of 19,709 participants and 4,480 cases, detected a 

significant dose-response association of IL-6 levels 

with type 2 diabetes risk. For CRP, the meta-analysis 

involving 22 cohorts, with a total of 40,735 participants 

and 5,753 cases, showed that elevated CRP levels were 

significantly associated with increased risk of type 2 

diabetes Sensitivity and subgroup analyses further 

supported the associations [26]. Other study assessed 

inflammatory biomarker TNF-α among type 2 diabetes 

mellitus to prove the evidence suggests that chronic 

subclinical inflammation plays a key role in the 

pathogenesis and progression of diabetic nephropathy. 

80 were enrolled and clinical and laboratory data were 

recorded. Albumin-creatinine ratio (ACR) was 

calculated in first-morning urine samples. Serum and 

urinary tumor necrosis factor-α (TNF-α) levels were 

determined for 45 patients had normoalbuminuria, 33 

microalbuminuria, and 2 macroalbuminuria. Patients 

with microalbuminuria were older, with higher 

glycosylated hemoglobin levels (HbA1c) and they more 

frequently had diabetic retinopathy, neuropathy, and 

cardiovascular disease. In patients with type 2 DM, 

urinary, but not serum, TNF-α level are associated with 

the presence and severity of microalbuminuria [27].  A 

partial agreement with study conducted among T2DM 

subjects, aimed to determine the association of 

inflammatory biomarkers with glycemic control in 

subjects with T2D and poor glycemic control, 

performed comparing 122 subjects with T2D with 54 

control subjects. Patients assess for inflammatory 

biomarkers (C-reactive protein, Interleukin-6 and 

others) and were evaluated according to the degree of 

glycemic control. 42 subjects with T2D were studied 

before and after 3 months of improving glycemic 

control by different strategies. Patients with T2DM had 

higher C-reactive protein (CRP) compared to controls 

[28].  

 

CONCLUSION 

This study involved T2DM and control group 

of healthy individuals to compare with laboratory 

results, it shown that increased of inflammatory 

biomarkers, renal function tests, potassium and 

decreased level of sodium, binding these parameters 

with developing consequences on many levels of 

body’s systems, lead to renal function deterioration . 

Significant association of elevated levels of IL-6, CRP, 

cystatin C and TNF-alpha with type 2 diabetes risk. 

Increased of inflammatory biomarkers significantly and 

associated with the progression of Diabetic 

Nephropathy in type 2 diabetic patients. 

 

ACKNOWLEDGEMENTS 
Authors greatly acknowledge the Clinical 

Diabetic Centers and Ministry of Health, for the 

financial support of this study. 

 

REFERENCES 
1. Federation, I. D. (2013). IDF diabetes 

atlas. Brussels: International Diabetes Federation. 

2. Kim, D. J., Song, K. E., Park, J. W., Cho, H. K., 

Lee, K. W., & Huh, K. B. (2007). Clinical 

characteristics of Korean type 2 diabetic patients in 

2005. Diabetes research and clinical 

practice, 77(3), S252-S257. 

3. Kramer, H., & Molitch, M. E. (2005). Screening 

for kidney disease in adults with diabetes. Diabetes 

Care, 28(7), 1813-1816. 

4. Bolton, C. H., Downs, L. G., Victory, J. G., 

Dwight, J. F., Tomson, C. R., Mackness, M. I., & 

Pinkney, J. H. (2001). Endothelial dysfunction in 

chronic renal failure: roles of lipoprotein oxidation 

and pro‐inflammatory cytokines. Nephrology 

dialysis transplantation, 16(6), 1189-1197. 

5. Papayianni, A., Alexopoulos, E., Giamalis, P., 

Gionanlis, L., Belechri, A. M., Koukoudis, P., & 

Memmos, D. (2002). Circulating levels of 

ICAM‐1, VCAM‐1, and MCP‐1 are increased in 

haemodialysis patients: association with 

inflammation, dyslipidaemia, and vascular 

events. Nephrology Dialysis 

Transplantation, 17(3), 435-441. 

6. Lozano, R., Naghavi, M., Foreman, K., Lim, S., 

Shibuya, K., Aboyans, V., ... & AlMazroa, M. A. 

(2012). Global and regional mortality from 235 

causes of death for 20 age groups in 1990 and 

2010: a systematic analysis for the Global Burden 

of Disease Study 2010. The lancet, 380(9859), 

2095-2128. 

7. Go, A. S., Chertow, G. M., Fan, D., McCulloch, C. 

E., & Hsu, C. Y. (2004). Chronic kidney disease 

and the risks of death, cardiovascular events, and 

hospitalization. New England Journal of 

Medicine, 351(13), 1296-1305. 

8. Carrero, J. J., & Stenvinkel, P. (2010, September). 

Inflammation in End‐Stage Renal Disease—What 

Have We Learned in 10 Years?. In Seminars in 

dialysis, 23(5), 498-509. Oxford, UK: Blackwell 

Publishing Ltd. 



 
Maha Ali Omer et al; Sch Int J Biochem, March 2019; 2(3): 87-91 

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  91 
 

9. Devuyst, O., Knoers, N. V., Remuzzi, G., & 

Schaefer, F. (2014). Rare inherited kidney diseases: 

challenges, opportunities, and perspectives. The 

Lancet, 383(9931), 1844-1859. 

10. Muntinghe, F. L., Verduijn, M., Zuurman, M. W., 

Grootendorst, D. C., Carrero, J. J., Qureshi, A. R., 

... & Schalling, M. (2009). CCR5 deletion protects 

against inflammation-associated mortality in 

dialysis patients. Journal of the American Society 

of Nephrology, 20(7), 1641-1649. 

11. Graves, D. T., & Kayal, R. A. (2008). Diabetic 

complications and dysregulated innate 

immunity. Frontiers in bioscience: a journal and 

virtual library, 13, 1227-1239. 

12. Saremi, A., Nelson, R. G., Tulloch-Reid, M., 

Hanson, R. L., Sievers, M. L., Taylor, G. W., ... & 

Knowler, W. C. (2005). Periodontal disease and 

mortality in type 2 diabetes. Diabetes care, 28(1), 

27-32. 

13. Southerland, J. H., Moss, K., Taylor, G. W., Beck, 

J. D., Pankow, J., Gangula, P. R., & Offenbacher, 

S. (2012). Periodontitis and diabetes associations 

with measures of atherosclerosis and 

CHD. Atherosclerosis, 222(1), 196-201. 

14. Chen, L., Luo, G., Xuan, D., Wei, B., Liu, F., Li, 

J., & Zhang, J. (2012). Effects of non‐surgical 

periodontal treatment on clinical response, serum 

inflammatory parameters, and metabolic control in 

patients with type 2 diabetes: a randomized 

study. Journal of periodontology, 83(4), 435-443. 

15. Haseeb, M., Khawaja, K. I., Ataullah, K., Munir, 

M. B., & Fatima, A. (2012). Periodontal disease in 

type 2 diabetes mellitus. J Coll Physicians Surg 

Pak, 22(8), 514-518. 

16. Pickup, J. C., Chusney, G. D., Thomas, S. M., & 

Burt, D. (2000). Plasma interleukin-6, tumour 

necrosis factor α and blood cytokine production in 

type 2 diabetes. Life sciences, 67(3), 291-300. 

17. Mirza, S., Hossain, M., Mathews, C., Martinez, P., 

Pino, P., Gay, J. L., ... & Fisher-Hoch, S. P. (2012). 

Type 2-diabetes is associated with elevated levels 

of TNF-alpha, IL-6 and adiponectin and low levels 

of leptin in a population of Mexican Americans: a 

cross-sectional study. Cytokine, 57(1), 136-142. 

18. Gupta, J., Mitra, N., Kanetsky, P. A., Devaney, J., 

Wing, M. R., Reilly, M., ... & Periera, B. G. 

(2012). Association between albuminuria, kidney 

function, and inflammatory biomarker profile in 

CKD in CRIC. Clinical journal of the American 

Society of Nephrology, 7(12), 1938-1946. 

19. Dalla Vestra, M., Mussap, M., Gallina, P., 

Bruseghin, M., Cernigoi, A. M., Saller, A., ... & 

Fioretto, P. (2005). Acute-phase markers of 

inflammation and glomerular structure in patients 

with type 2 diabetes. Journal of the American 

Society of Nephrology, 16(3 suppl 1), S78-S82. 

20. Ohkubo, Y., Kishikawa, H., Araki, E., Miyata, T., 

Isami, S., Motoyoshi, S., ... & Shichiri, M. (1995). 

Intensive insulin therapy prevents the progression 

of diabetic microvascular complications in 

Japanese patients with non-insulin-dependent 

diabetes mellitus: a randomized prospective 6-year 

study. Diabetes research and clinical 

practice, 28(2), 103-117. 

21. 22- Tonelli M, Sacks F, Pfeffer M, Jhangri GS, 

Curhan G. Biomarkers of inflammation and 

progression of chronic kidney disease. Kidney Int. 

2005;68:237–245. 

22. Lamb, E. J., Levey, A. S., & Stevens, P. E. (2013). 

The Kidney Disease Improving Global Outcomes 

(KDIGO) guideline update for chronic kidney 

disease: evolution not revolution. Clinical 

chemistry, 59(3), 462-465. 

23. Rehberg, P. B. (1926). Studies on kidney function: 

the rate of filtration and reabsorption in the human 

kidney. Biochemical Journal, 20(3), 447-460 

24. King, G. L. (2008). The role of inflammatory 

cytokines in diabetes and its 

complications. Journal of periodontology, 79, 

1527-1534. 

25. Larsen, G. L., & Henson, P. M. (1983). Mediators 

of inflammation. Annual review of 

immunology, 1(1), 335-359. 

26. Wang, X., Bao, W., Liu, J., OuYang, Y. Y., Wang, 

D., Rong, S., ... & Liu, L. G. (2013). Inflammatory 

markers and risk of type 2 diabetes: a systematic 

review and meta-analysis. Diabetes care, 36(1), 

166-175. 

27. Lampropoulou, I. T., Stangou, M., Papagianni, A., 

Didangelos, T., Iliadis, F., & Efstratiadis, G. 

(2014). TNF-α and microalbuminuria in patients 

with type 2 diabetes mellitus. Journal of diabetes 

research, 2014. 

28. Vinagre, I., Sánchez-Quesada, J. L., Sánchez-

Hernández, J., Santos, D., Ordoñez-Llanos, J., De 

Leiva, A., & Pérez, A. (2014). Inflammatory 

biomarkers in type 2 diabetic patients: effect of 

glycemic control and impact of LDL subfraction 

phenotype. Cardiovascular Diabetology, 13(1), 34. 

 


