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Background- Inflammation and type 2 diabetes mellitus (T2DM) has been extensively investigated for over a decade. 
However, the relationship between inflammatory biomarkers, including C-reactive protein (CRP) and tumor necrosis 
factor alpha (TNF-α), pre-diabetes and T2DM is still inconsistent and limited. Thus, this study is aimed to find out the role 
of pro- inflammatory cytokines ie.Hs-CRP and TNF-� in pre-diabetes and type 2 diabetes subjects. 
Material & Methods: The hospital based analytical cross-sectional study was conducted in the Department of 
Biochemistry, People's College of Medical Science and Research Center (PCMS and RC) and Centre for Scientific 
Research and Development (CSRD), People's University, Bhopal. Total 900 subjects were distributed into three groups 
(300 pre-diabetic subjects, 300 type 2 diabetic subjects and 300 healthy subjects) as per ADA criteria. The biochemical 
parameters as FBG, 2-hr glucose (after 75 gm oral glucose intake), HbA1c and fasting insulin were analyzed. HOMA-IR 
was used to calculate insulin resistance mathematically. Anthropometric measurements were done. TNF-� was done by 
ELISA method and  was used to analyze serum hs-CRP by Immunoturbidimetric assay method c311 fully automated 
analyzer (Roche diagnostics).
Results: Hs-CRP and TNF-α  concentration was significantly increased in patients with type 2 diabetes mellitus and pre-
diabetes  in comparison to the control group at p value < 0.001. And both cytokines hs-CRP and TNF-� showed a positive 
correlation with HOMA -IR.
In conclusion, besides consideration of CRP levels alone, our findings suggested that elevated TNF-� and CRP levels 
could be a potential predictor of T2DM and at pre-diabetes stage we can reduce the risk of T2D.
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INTRODUCTION 
The fasting blood glucose level between 100 and 125mg/dL 
indicates pre-diabetes. It is asymptomatic disease and there 
are around 80 million peoples with prediabetes in India. The 
Indian Diabetes Prevention Programme-1 (IDPP-1) has 
revealed a high number of PD patients (IGT) converting into 
diabetes patients (18% per year) [1-2]. The most distressing 
fact that the onset age for diabetes has shifted down to a 
younger age [3]. 

Pre-diabetes is a dysmetabolic state of glucose level between 
diabetes mellitus (DM) and normal glucose tolerance (NGT) 
which includes IFG and IGT. Those subjects with IGT have 
impaired late-phase insulin secretion and increased insulin 
resistance (IR) in skeletal muscle. On the contrary, subjects 
with IFG have impaired early-phase insulin secretion and 
increased IR in the liver. They confirm the role of cytokines in 
the causation of IR and thereby type 2 diabetes mellitus 
(T2DM).

T2DM is a complex disease in which both genetic and 
environmental factors interact in determining impaired �-
cell insulin secretion and peripheral insulin resistance [4-6]. It 
is also a metabolic disorder between pro- and anti-
inflammatory characterized by chronic hyperglycemia and 
increased or decreased levels of circulating cytokines. The 
rise in the proinflammatory cytokines (e.g., IL-6, tumor 
necrosis factor- (TNF-) �, C-reactive protein (CRP),etc) or the 
fall in anti-inflammatory cytokines  is the essential step in 
glucotoxicity and lipotoxicity induced mitochondrial injury, 
oxidative stress, and beta cell apoptosis [5-7]. These pro- and 
anti-inflammatory cytokines can enhance insulin resistance 
directly in adipocytes, muscle, and hepatic cells, leading to 
systemic disruption of insulin sensitivity and impaired 
glucose homeostasis. It is reported that TNF-� is a possible 
mediator of insulin resistance and diabetes since it inhibits 
insulin signaling and impairs its secretion [8].

Effects of the inflammatory markers such as C-reactive 

protein (CRP), tumor necrosis factor alpha (TNF-α) and 
interleukin 6 (IL6) that are triggered by excessive adipose 
tissue have been reported on insulin signaling pathways, 
resulting in insulin resistance and eventually progressing to 
type 2 diabetes mellitus (T2DM) [9-10].

Elevation of CRP was related to an increased risk of 
developing T2DM and was suggested as an independent risk 
determinant for newly diagnosed patients. However, these 
results are controversial. Some studies stated a link between 
CRP and increased risk of prolonged T2DM development [11-
15].

TNF-α was believed to induce insulin resistance by inhibiting 
phosphorylation of IRS-1 and Akt substrate 160 on insulin 
signaling cascade [16-17]. A previous study also revealed the 
role of TNF-α in reducing insulin production from β-cell [18]. 
Therefore, this marker is suspected to be a possible mediator 
between insulin resistance and diabetes. Hence this study 
was conducted to find out the role of pro- inflammatory 
cytokines ie. Hs-CRP and TNF-α in pre-diabetes and type 2 
diabetes subjects.

MATERIAL AND METHODS 
This study was done in the Department of Biochemistry, 
People's College of Medical Science and Research Center 
(PCMS and RC), Centre for Scientific Research and 
Development (CSRD), People's University, Bhopal. This is a 
cross-sectional hospital based descriptive study includes 300 
type 2 diabetes patients, 300 pre-diabetes persons, and 300 
controls during the period June 2017 to April 2019. Written 
informed consent was taken from all participants after 
applying inclusion and exclusion criteria. Socio demographic 
data were collected by a self-designed questionnaire. 

Inclusion Criteria for Prediabetes According to 
American Diabetes Association 
 Age: between 30 years and 60 years 
 Fasting blood sugar level: 100-125 mg %
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 HbA1c: 5.7% to 6.4% 
Postprandial blood sugar level (after 2 hours of 75 g oral 
glucose): 140 to 199 mg%
 
Exclusion Criteria for Prediabetes 
 Age more than 60 years and age less than 18 
 Diagnosed diabetic patients 
 Pregnant women 
 HIV-positive patients 

Inclusion Criteria for Type II Diabetes According to 
American Diabetes Association 
 Age: between 30 years and 60 years 
 Newly diagnosed cases of type 2 diabetes and HbA1c 6.5% 

Exclusion Criteria for Type II Diabetes 
 Age not more than 60 years and age less than 30 
 Pregnant women, HIV-positive patients 
 Prolonged diabetes  
 Patients on statin therapy 

The study protocol was approved by Institutional Ethics 
Committee. All the participants were screened for age, 
gender, fasting blood glucose level, 2hr-glucose level, 
HbA1c, family history, and any medication history. Pre-
diabetic and T2D cases were included and excluded with the 
help of physician, Department of Medicine, PCMS and RC. 
Biochemical parameters investigations are as follows :

Statistical Analysis was done using statistical package SPSS 
24.0 and Microsoft Excel 2010. Independent t test was used for 
comparison. “p” value <0.05 was used for level of 
significance. 

Observations 
A total of 900 subjects enrolled during the period July- 2017 to 
July -2019. The ratio of pre-diabetes: diabetes: control is 1:1:1. 

Table 2: Distribution of Demographic characteristics and 
Biochemical parameters in Controls, Prediabetes and 
T2D Patients

This table shows distribution of the  biochemical parameters 
and anthropometric parameters (BMI, waist circumference 
and waist to hip ratio)  are statistically significantly higher in 
to pre-diabetic and T2D patients as compared healthy control. 
The mean values of Hs-CRP, TNF-α and IR were significantly 
higher in diabetic group as compare to pre-diabetic and 
healthy control.[Fig.1 & 2]

Ÿ Fig1- correlation between hs-CRP and HOMA-IR in 
pre-diabetes

Fig-2 correlation between TNF-alpha and HOMA-IR in 
pre-diabetes

DISCUSSION
It has been recommended that T2DM is responsible for an 
continuing cytokine mediated low-grade chronic 
inflammation, Epidemiological facts suggests that 
inflammatory markers such as TNF-a and hs-CRP  lead to the 
development of diabetes and glucose disorders . same found 
in present study (table-2) .

 And after seeing the correlation in PD a positive correlation of 
IR with TNF-alpha (fig-2) and weak with hs-CRP (fig-1) found 
which is a significant, these result shows that at pre-diabetes 
stage we can stop to precede diabetes. Mostly found T2DM 
patients are obese with high BMI and high IR levels. Promotion 
of thrombogenic agent production, enhancement of 
endothelial adhesion molecules expression, activation of the 
complement cascade, and reduction of endothelial nitric 
oxide synthase (eNOS) (24) these are the possible 
mechanisms through which we can understand that increased 
CRP level induce IR.

For T2DM, CRP is considered as a prime inflammatory marker, 
and production is done by the liver cell. And regulation of this 
protein's expression is done by interleukin-6 (IL-6) and 
tumour necrosis factor (TNF-α) and their production is done 
by adipocytes (25). An increased level of C-reactive protein 
(CRP) and TNF-α has been connected with obesity, 
hypertension, heavy drinking, smoking and less physical 
activity. A most accepted mechanism is that increase level of 
CRP concentrations is related to cytokines which are derived 
from adipose tissue (19). CRP and TNF-α gets triggered by the 
excessive adipose tissue to activate insulin signaling 
pathways. These results in resistance to insulin that eventually 
progresses into a hyperglycemic state called as T2D. Many 
recently published articles have demonstrated a relationship 
between elevated CRP levels and increased diabetes risk. For 
chronic inflammation an etiologic role in the development of 
IR has been hypothesized (26) our results also support this 
hypothesis.

It has been accepted that rising of CRP and TNF-� 
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Sr 
No.

Biochemical 
Parameters

Methodology

1.  Glucose Enzymatic Method (Hexokinase)(19)

2. HbA1c Turbidimetric inhibition 
immunoassay(20)

3. Insulin Electrochemiluminescence Method 
(ECL)(21)

4. Hs-CRP Immunoturbidimetric assay method (22)

5. TNF-α ELISA(23)

Parameters Healthy 
controls

Pre-
diabetes

Type 2 
Diabetes

ANOVA

WC (cm) 74.87± 7.4 79.95± 5.7 84.2 ± 5.4 0.001*

WHR 0.82± 0.09 0.87± 0.06 0.98 ± 0.23 0.001*

BMI (kg/m2) 22.22± 2.79 24.89± 2.4 29.25 ± 3.06 0.001*

FBG (mg/dl) 83.62± 7.7 114.58± 7.3 149.78±30.27 0.001*

2-hr Glucose 
(mg/dl)

120.72 ± 
10.05

163.2± 14.77 255.58±40.07 0.001*

HbA1c (%) 4.5 ± 0.63 6.10± 0.25 8.85 ± 1.39 0.001*

Fasting 
insulin

6.09± 2.13 7.19± 3.63 29.006 ± 5.06 0.001*

HOMA-IR 1.48± 0.80 2.04± 0.98 10.67 ± 2.7 0.001*

 Hs-CRP 
(mg/L)

0.29±0.11 0.37±0.05 0.53±0.17 0.001*

TNF-α (pg/ml) 255.74± 
29.07

265.21± 
34.20

296.74 ± 
33.33

0.001*



concentrations is an independent predictive parameter of 
T2D. However, the role of adipose tissue is a possible cause of 
the chronic inflammatory condition in patients with pre 
diabetic with and without early diabetic changes requires 
further investigation. (27, 28, 29, 30, 31). 

Inflammation and their cytokines can be one of the reasons for 
leading to insulin resistance and T2D and above mentioned 
results support this hypothesis because with cytokines insulin 
resistance is also increasing in pre-diabetes and diabetes 
mellitus subjects when compare with healthy subjects (32).

CONCLUSION
Results showed a strong relationship between these pro-
inflammatory cytokines and T2D and support this hypothesis 
that these inflammatory markers may initiate T2D. Thus these 
cytokines may be a good marker for T2D and can secure at 
pre-diabetic stage.
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