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ABSTRACT 

Background: Type 2 diabetes mellitus (T2D) is a global heath burden that is recently viewed as a state of chronic 

low-grade inflammation involving activation of immunological and inflammatory responses. Tumor necrosis factor‐
alpha (TNF‐ α) is a well-known pro inflammatory cytokine produced mainly by adipose tissues that plays a 

predominant role in development of insulin resistance in obese population. Thus, several researchers have 

hypothesized that circulating TNF‐ α levels in diabetic patients can influence diabetic control 

Objectives: The aim of the study was to analyse the relationship between the pro- 

inflammatory cytokine TNFα, C-reactive protein (CRP), ESR and HbA1c in patients with type2 diabetes mellitus to 

evaluate the impact of these inflammatory markers on glycemic control. 

Subjects and methods: This study included eighty-four Type 2 DM patients from patients admitted to internal 

medicine department in Zagazig University Hospitals. Routine laboratory investigations, TNF -α, ESR, CRP and 

HbA1c were collected and analyzed in all studied population. 

Results: We found significant association between serum TNF-α and serum HbA1c. These results supports the impact 

of TNF-α on glycemic control in T2D patients. 

Conclusion: Serum TNF-α and CRP levels are elevated in type-2 diabetic patients and their levels correlate with level 

of HBA1c. This supports the impact of inflammation on glycemic control. 
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INTRODUCTION 

Type 2 diabetes (T2D) is a multifactorial 

disorder that represents a growing worldwide 

pandemic with underlying complex 

pathophysiological mechanisms with new aspects of 

these mechanisms still being discovered until today. 

The nature of T2D had changed from being a 

metabolic disorder characterized by altered 

metabolism of glucose, fat and proteins secondary to 

insulin resistance and pancreatic β-cell dysfunction to 

a mixed disorder involving both immune and 

inflammatory aspects (1). 

There is growing evidence that DM is an 

autoinflammatory disease resulting from a state of 

chronic low-grade inflammation involving activation 

of innate immunity and participation of several 

inflammatory cytokines as TNF-α and CRP. In 

addition, alteration of specific cytokines and 

chemokines levels, changes in the number and 

activation of various leukocyte populations and 

increased apoptosis and tissue fibrosis (2). Together, 

these changes suggest that inflammation participates 

in the pathogenesis of T2D and open the door for 

developing immunomodulatory strategies for the 

treatment of T2D aiming at simultaneous lowering of 

blood glucose levels and potentially decrease the 

severity and prevalence of diabetic complications (3). 

Tumor necrosis factor-alpha (TNF-α) is a 

pleiotropic cytokine that is produced mainly by 

monocytes, macrophages, B and T lymphocytes as 

well as glomerular mesangial cells. It can induce 

tissue-specific inflammation through increasing the 

generation of ROS and activation of numerous 

transcriptional mediated pathways. Additionally, 

experimental animal studies have demonstrated that 

TNFα gene expression is increased in diabetic rats 

compared to control rats. In addition, results from 

knockout mice deficient in TNF-α or its receptors 

have suggested that TNF-α has a role in regulating in 

vivo insulin sensitivity (4). 

Several mechanisms have been suggested to 

explain the metabolic effects of TNF-α such as the 

ability of TNF-α to down regulate expression of genes 

involved in normal insulin action, causing elevation 

of free fatty acids production through stimulation of 

lipolysis. In addition, the direct effects of TNF-α on 

insulin signaling and down regulation of PPARγ, an 

important insulin-sensitizing nuclear receptor (5). 

Interestingly, a study by Moriwaki et al. (6), found 

that inhibition of TNF-α is a potential therapeutic 

strategy in experimental diabetic rats.  

The aim of this study was to investigate the 

correlation between HbA1c and TNF-alpha in 

patients with type2 diabetes mellitus to evaluate the 

impact of TNF-alpha on glycemic control. 

 

SUBJECTS AND METHODS 

In this retrospective case control study, we 

recruited 84 subjects with T2DM from inpatients in 

Internal Medicine and Clinical Pathology 

Departments, Faculty of Medicine, Zagazig 

University Hospitals between January and December 

http://creativecommons.org/licenses/by/4.0/
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2019. Cases and controls were recruited from 

inpatient department of Internal medicine at Zagazig 

University Hospitals. 

 

Subjects included in the study:  

- Adult patients with type 2 diabetes mellitus and 

diabetic nephropathy.  

Exclusion criteria: 

- Patients with type 1 diabetes mellitus and Patients 

with renal diseases other than diabetic nephropathy, 

hepatic diseases and any other severe chronic illness 

under treatment.  

All subjects of the study were subjected to full history 

(including age, sex, occupation, diabetes duration, 

diabetic complications and drug prescriptions) taking 

and thorough clinical examination including both 

general and local examination of different systems. 

Routine investigations were done according to 

protocol of clinical pathology and laboratories of 

Zagazig University Hospital including complete 

blood count (CBC), liver function tests, renal function 

tests, hemoglobin A1c, lipid profile, serum 

electrolytes, serum uric acid, urine analysis, 24 h 

urine collection for microalbuminuria and calculation 

of e GFR and creatinine clearance, ultrasensitive 

quantitative CRP and fundus examination. 

Serum TNF-α by ELISA Kit from RayBio® with 

minimal detectable level 30 pg/ml. 

 

Ethical clearance: 

Approval for performing the study was obtained 

from Internal Medicine Department, Zagazig 

University Hospitals after taking Institutional 

Review Board (IRB) approval.  
All the procedures used in the present study were 

in keeping with the current revision of the Helsinki 

Declaration. All participants were informed of the 

various aspects of the study, and they were enrolled 

only after providing a signed consent form. 

Statistical analysis 

We analyzed raw data using MedCalc Statistical 

Software version 18.9.1 (MedCalc Software bvba, 

Ostend, Belgium; http://www.medcalc.org; 2018). 

Continuous variables were checked for normal 

Gaussian distribution by using Kolmogorov-Smirnov 

test. Continuous variables were expressed as the 

mean ± standard deviation (SD), or median and 

(minimum-maximum) according to normality of data. 

Categorical data were expressed as a number 

(percentage). For quantitative variables, independent 

sample t test was used for comparison in case of 

normally distributed data, while non-parametric 

equivalent Mann–Whitney U (MW) test was used for 

non-Gaussian distribution. For comparisons of 

quantitative variables among the three groups, one-

way ANOVA was used if data was parametric, while 

Kruskal-Wallis (KW) test was used if data was non-

parametric. For categorical variables, they were 

compared using the Chi-square (χ2). Pearson 

correlation coefficient was used to assess correlation 

between TNF-α and levels of HBA1c and study 

parameters if data was parametric while Spearman’s 

rank correlation was calculated to assess the 

correlations between the aforementioned parameters 

if data is non-parametric. Linear regression analysis 

served to assess the impact of TNF–α (numerical 

value) by both univariate and multivariate models 

(while adjusting for confounders). A p value ≤ 0.05 

was considered statistically significant (S). 

 

RESULTS 

In this study, we included 84 T2D patients who 

were divided based on glycemic control into group (1) 

with tight glycemic control (HBA1c < 7%) and group 

(2) with poor glycemic control (HBA1c > 7%). The 

clinical and demographic characteristics of the 

studied population are presented in table (1). 
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Table (1): Clinical and demographic characteristics of the studied population 

  
Tight control HBA1c < 7 g/L Poor control => 7 g/L Total P 

Median Minimum Maximum Median Minimum Maximum Median Minimum Maximum 0.124 

Age (year) 55 40 73 60 28 79 58 28 79 0.004 

Sex 
F 9 50.00% 43 65.20% 52 61.90% 

0.241 
M 9 50.00% 23 34.80% 32 38.10% 

Urine 

analysis 
0 10 55.60% 4 6.10% 14 16.70% 

<0.001 (mL) 1+ 5 27.80% 8 12.10% 13 15.50% 

  2+ 3 16.70% 32 48.50% 35 41.70% 

  3+ 0 0.00% 22 33.30% 22 26.20% 

Fundus 

exam 

N 15 83.30% 22 33.30% 37 44.00% 
<0.001 

Y 3 16.70% 44 66.70% 47 56.00% 

DM duration, 

Years 
7 2 13 10 2 15 10 2 15 0.608 

WBC (mcL) 6 4 12 7 4 11 7 4 12 0.001 

Hb (g/dL) 12 9 13 10 8 15 10 8 15 0.537 

Platelets (μl) 385 170 500 370 180 480 370 170 500 <0.001 

S Cr (mg/dL) 0.9 0.5 2.4 1.7 0.7 6 1.5 0.5 6 <0.001 

BUN (mg/dL) 15 10 45 30 12 100 26 10 100 0.003 

S Alb (mg/dL) 4 3.5 4.5 3.8 2.2 4.3 3.8 2.2 4.5 <0.001 

24 h albuminuria 

(mcg) 
17.5 10 250 355 15 32100 315 10 32100 0.001 

s Ca 8.9 7.8 9.5 8 6.5 9.6 8.1 6.5 9.6 <0.001 

ESR (mm/hr) 15.5 6 40 40 15 60 34.5 6 60 <0.001 

CRP (mg/L) 8 4 16 15 5 25 13 4 25 <0.001 

e GFR (mL/min) 84.6 28.5 111.3 34 6.7 93.7 41 6.7 111.3 <0.001 

TNF alpha 93.5 59 180 95 62.9 556 94.5 59 556 0.417 

AL 

Buria 

N 10 55.60% 5 7.60% 15 17.90% 
<0.001 

Y 8 44.40% 61 92.40% 69 82.10% 

Albumi

nuria 
Normo 10 55.60% 5 7.60% 15 17.90% 

<0.001 
Stage Micro 5 27.80% 12 18.20% 17 20.20% 

 Macro 3 16.70% 49 74.20% 52 61.90% 

r Spearman correlation coefficient *p ≤ 0.05 is statistically significant **p ≤ 0.001 is statistically highly significant 

  

Table (2): Correlation between serum TNF-α and demographic and laboratory data of the studied patients 

 TNF alpha 

Glycemic Control 

Tight control HBA1c < 7 g/L Poor control => 7 g/L 

r P r P 

Age (year) -0.184 0.466 0.286 0.02 

DM duration, Years 0.101 0.691 0.128 0.305 

WBC (mcL) -0.347 0.158 -0.033 0.795 

Hb (g/dL) -0.060 0.812 -0.482 <0.001 

Platelets (μl) 0.161 0.524 0.019 0.88 

S Cr (mg/dL) -0.175 0.488 0.447 <0.001 

BUN (mg/dL) 0.193 0.443 0.366 0.003 

S Alb (g/dL) -0.271 0.276 -0.418 <0.001 

24 h albuminuria (mcg) 0.246 0.324 0.525 <0.001 

s Ca -0.222 0.377 -0.506 <0.001 

ESR (mm/hr) 0.211 0.402 0.469 <0.001 

CRP (mg/L) 0.294 0.236 0.337 0.006 

HB A1c (mmol/mol) 0.191 0.448 0.312 0.011 

e GFR (mL/min) -0.075 0.767 -0.52 <0.001 
*p ≤ 0.05 is statistically significant   **p 0.001 is statistically highly significant 
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There was direct significant correlation between TNF and age, Cr, bun, albuminuria 24h ESR, CRP and 

HB A1c in diabetics with poor glycemic control. However, there was inverse significant correlations were found 

between TNF and PLT, Alb, Ca and eGFR in the same group (Table 2 and Figure 1). 

 
Figure (1): Correlation between serum TNF-α and both kidney function and glycemic control in the studied 

patients 

Table (3): Linear stepwise regression analysis of factors independently associated with serum TNF-α among the 

studied patients 

Factors  Unstandardized 

coefficient 

Standardized 

coefficient 

95% CI t p 

β SEM β Lower  upper 

HB A1c 

(mmol/mol) 

-

17.679 

3.68 -0.308 -24.99 -10.367 -4.804 <0.001** 

24 hour urine 

albumin (mg) 

0.01 0.003 0.216 0.004 0.017 3.053 0.003* 

*p ≤ 0.05 is statistically significant **p ≤ 0.001 is statistically highly significant 

On doing linear stepwise regression analysis for factors significantly correlated with serum TNF-α among the 

studied patients, two factors HbA1c (unstandardized β -17.967, p < 0.001) and 24 hour urine albumin 

(unstandardized β 0.01, p = 0.003) were found to be significantly associated with serum TNF-α. 

 

 

DISCUSSION  

T2D and its micro and macrovascular 

complications are among the most common chronic 

disabling diseases worldwide, that is associated 

with high morbidity and mortality. Yet, its 

pathogenesis is still not fully elucidated. This 

necessitates further research for better 

understanding the underling pathophysiology and 

reveal the role of inflammation in development and 

progression of both DM and its complication (7). 

TNF-α is a well-known pro-inflammatory 

cytokine involved in systemic inflammation and is 

suggested to participate in pathogenesis in several 

metabolic and chronic disorders such as insulin 

resistance, T2D, diabetic kidney diseases and 

obesity. It is secreted mainly from myeloid cells 

through activation of MAPK and NFκB signaling 

pathways leading to the release of other 

inflammatory cytokines as IL-1β and IL-6 (8). 

In the present study, we analysed the serum 

levels TNF-α, ESR and CRP excretion in type 2 

diabetic patients with variable degrees of glycemic 

control. We aimed to evaluate the correlation 

between the levels of these inflammatory 

biomarkers and the degree of diabetic control. Our 

results revealed a significant positive correlation 

between serum TNF-α and patient age and diabetes 

duration. These findings are in accordance with 

Zinman et al. (9) and Bertin et al. (10) who stated 

that serum TNF-α was increased in diabetic patients 

and even in patients with only impaired glucose 

tolerance compared to healthy controls.  

Regarding degree of glycemic control, our 

current study revealed a significant statistical 

correlation between serum levels of TNF-α and 

HbA1c. These results support the role of TNF-α in 

inducing insulin resistance through several 

mechanisms with a key mechanism involving 

phosphorylation of IRS-1. Beside its direct 

negative interference with the insulin signaling 

pathway. TNF-α also indirectly induces insulin 

resistance by altering adipocyte differentiation and 
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adipocyte lipid metabolism. As well as, the ability 

of TNF-α to down regulate expression of several 

genes involved in normal insulin actions, 

increasing free fatty acids production through 

stimulation of lipolysis, this contributes in 

increasing hepatic glucose production (11). In 

addition to its direct effects on insulin signaling 

pathway as well as down regulation of PPARγ, an 

important insulin-sensitizing nuclear receptor (5). 

This result is in agreement with Refaat et al. (12) 

who found a significant association between serum 

and not urinary TNF–α and HbA1c level. Our 

finding come in contrast with results of Tony et al. 
(13) who found no significant correlation between 

serum levels of TNF-α with HbA1c in their studied 

population. They explained their results that serum 

TNF-α levels are mainly determined by its systemic 

production by adipose tissue, unrelated to 

metabolic factors such as HbA1c. This difference 

in results could be attributed to different ethnicity 

and small sample size. Thus studying larger 

population is essential to validate these results.  

CRP is a surrogate of chronic subclinical 

inflammation. In the current study, we found a 

significant positive correlation between serum 

levels of TNF-α and both ESR and CRP. These 

results are in parallel with the results of Refaat et 

al. (12) and Navarro et al. (14) who examined levels 

of serum TNF-α and s-CRP in 65 T2D patients and 

21 healthy controls and found that their levels were 

significantly higher in diabetic than in control 

subjects. 

Our study have several limitations mainly 

small sample size. Thus, obtained results could not 

be validated and larger population studies are 

mandatory. In addition, it is a cross section study, 

which cannot reveal causal relationship between 

TNF, CRP and glycemic control properly. 

 

CONCLUSION 

Serum TNF-α and CRP levels are elevated in 

type-2 diabetic patients and their levels correlate 

with level of HBA1c. This supports the impact of 

inflammation on glycemic control. 
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