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Abstract Aim: The study is intended to know the levels of Tumour Necrosis Factor α, an inflammatory marker, Fasting insulin 

level and insulin resistance in chronic kidney disease per se. 

CKD cases and 45 healthy co

and hemoglobin were measured. The Fasting Insulin levels and Serum TNF α levels were estimated by ELISA method. 

eGFR was calculated using MDRD formula and IR was 

significant rise in fasting insulin, HOMA

fasting blood sugar levels. The correlation of IR with TNF α in different stages of

Conclusion: There is increase in TNF

predispose to vascular wall inflammation, endothelial dysfunction and subsequently to atherogenesis. Hyp

increased resistance to insulin action associated with normoglycemia in the present study indicates pancreatic β cells are 

functioning normally. No significant correlation between IR and TNF
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INTRODUCTION 
Chronic kidney disease is emerging to be an important 

chronic disease globally and about 6% of the chronic 

kidney disease (CKD) cases are reported after stage 3 of 

CKD
1
. The major outcomes of chronic kidney disease 

include loss of renal function leading to kidney failure 

and development of cardiovascular disease.

Cardiovascular morbidity and mortality due to 

accelerated atherosclerosis is encountered more 

frequently in CKD patients. CKD is considered an 

independent risk factor for the develo

cardiovascular disease
2
. The atherosclerotic process 
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The study is intended to know the levels of Tumour Necrosis Factor α, an inflammatory marker, Fasting insulin 

level and insulin resistance in chronic kidney disease per se. Materials and Methods: The study population included 45 

CKD cases and 45 healthy controls of either gender. Fasting blood glucose, Blood urea nitrogen, S. creatinine, uric acid 

and hemoglobin were measured. The Fasting Insulin levels and Serum TNF α levels were estimated by ELISA method. 

eGFR was calculated using MDRD formula and IR was calculated by HOMA-IR index. 

significant rise in fasting insulin, HOMA-IR and TNF α levels (p<0.001) in CKD cases with no significant alteration in 

fasting blood sugar levels. The correlation of IR with TNF α in different stages of CKD was not found to be significant. 

: There is increase in TNF-α in CKD as cytokines can interfere with insulin signaling mechanism and can 

predispose to vascular wall inflammation, endothelial dysfunction and subsequently to atherogenesis. Hyp

increased resistance to insulin action associated with normoglycemia in the present study indicates pancreatic β cells are 

significant correlation between IR and TNF-α highlight their role as independent factors. 
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Chronic kidney disease is emerging to be an important 

about 6% of the chronic 

kidney disease (CKD) cases are reported after stage 3 of 

The major outcomes of chronic kidney disease 

include loss of renal function leading to kidney failure 

and development of cardiovascular disease. 

and mortality due to 

accelerated atherosclerosis is encountered more 

frequently in CKD patients. CKD is considered an 

independent risk factor for the development of 

he atherosclerotic process 

which is accelerated in renal disease

completely reasoned out by the traditional cardiovascular 

risk factors like diabetes mellitus, hypertension, 

dyslipidemia, obesity, smoking and others. The 

nontraditional cardiovascular risk factors particularly 

relevant to chronic kidney disease includes inflammation, 

malnutrition, low serum albumin, anaemia, hyper 

homocysteinemia, elevated fibrinogen, derangement of 

calcium and/ or phosphorus metabolism

complex interaction of the nontraditional risk factors in 

chronic kidney disease is not well understood. Kidney 

failure is the most discernible outcome of chronic kidney 

disease and is subsequently associated with complications 

in virtually every organ system. The mortality and 

morbidity due to cardiovascular complications are more

common in patients with chronic kidney disease tha

to renal failure per se
4
. Cardiovascular complications in 

patients with chronic kidney disease are treat

potentially avertable. Patients with CKD are found to be 

associated with increased risk for diabetes mellitus, 

cardiovascular disease, metabolic syndrome and others. 

Insulin Resistance has been an underlying cause of type 2 

diabetes mellitus and arteriosclerotic vascular disease

Diabetic individuals and individuals with metabolic 
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: The study population included 45 

ntrols of either gender. Fasting blood glucose, Blood urea nitrogen, S. creatinine, uric acid 

and hemoglobin were measured. The Fasting Insulin levels and Serum TNF α levels were estimated by ELISA method. 

IR index. Results: The study shows 

IR and TNF α levels (p<0.001) in CKD cases with no significant alteration in 

CKD was not found to be significant. 

α in CKD as cytokines can interfere with insulin signaling mechanism and can 

predispose to vascular wall inflammation, endothelial dysfunction and subsequently to atherogenesis. Hyperinsulinemia, 

increased resistance to insulin action associated with normoglycemia in the present study indicates pancreatic β cells are 

α highlight their role as independent factors.  
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which is accelerated in renal disease cannot be 

completely reasoned out by the traditional cardiovascular 

risk factors like diabetes mellitus, hypertension, 

dyslipidemia, obesity, smoking and others. The 

nontraditional cardiovascular risk factors particularly 

e includes inflammation, 

malnutrition, low serum albumin, anaemia, hyper 

homocysteinemia, elevated fibrinogen, derangement of 

metabolism
3
. However, the 

complex interaction of the nontraditional risk factors in 

ase is not well understood. Kidney 

failure is the most discernible outcome of chronic kidney 

disease and is subsequently associated with complications 

in virtually every organ system. The mortality and 

morbidity due to cardiovascular complications are more 

common in patients with chronic kidney disease than due 

Cardiovascular complications in 

patients with chronic kidney disease are treatable and 

Patients with CKD are found to be 

associated with increased risk for diabetes mellitus, 

cardiovascular disease, metabolic syndrome and others. 

Insulin Resistance has been an underlying cause of type 2 

diabetes mellitus and arteriosclerotic vascular disease. 

Diabetic individuals and individuals with metabolic 
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syndrome are at increased risk for the development of 

cardiovascular disease. But there is sparse data on the 

relationship between Insulin resistance, compensatory 

hyperinsulinemia and risk of progression of CKD in 

nondiabetics. In CKD, the combination of impaired 

immune response coupled with persistent immune 

stimulation and disturbed cytokine network plays a 

predominant role in low grade systemic inflammation 

which mediates the process of monocyte influx, 

proliferation of macrophages and matrix expansion 

resulting in glomerular sclerosis and tubulointerstitial 

injuries
5
. These macrophages can promote the production 

of pro inflammatory cytokines like C reactive protein, 

interleukin
6
, Tumour Necrosis Factor α and others The 

study is intended to know the levels of Tumour Necrosis 

Factor α, an inflammatory marker and to decipher if there 

is any relationship between inflammatory marker and 

insulin resistance with the progression of CKD. The study 

would also help us to substantiate the prevalence of 

insulin resistance in chronic kidney disease per se due to 

causes other than diabetes mellitus.  

 

MATERIALS AND METHODS 
The study was conducted at M.S. Ramaiah Medical 

College, Bangalore after ethical clearance was obtained 

from the ethical review board of the institution and 

informed consent was taken from the study population 

before the collection of the sample The study population 

included 45 clinically diagnosed cases of chronic kidney 

disease who were attending the outpatient clinic of the 

Department of Nephrology and 45 healthy individuals as 

controls who come for routine health check up to M.S. 

Ramaiah Hospitals and were willing to be a part of this 

study. Exclusion criteria for the recruitment of cases 

included CKD patients with history of diabetes mellitus, 

who were on medications like anti inflammatory drugs, 

ACE inhibitors, Angiotensin receptor blockers or on 

diuretics, known cases of cardiovascular disease, with 

acute illness or infection, chronic kidney disease patients 

on dialysis or patients on insulin therapy. The control 

subjects also had same exclusion criteria as CKD cases. A 

detailed history, including drug history was taken from 

the both the groups. Weight, height, blood pressure were 

recorded and general physical examination was done. 

Systemic examination was also done and appropriate 

laboratory investigations were included. Around 5ml of 

blood sample was collected after overnight fasting of 10-

12 hours from control subjects and CKD patients in 

vacutainers. The sample collected in lavender vacutainer 

was used for estimation of hemoglobin as early as 

possible. The sample collected in yellow vacutainer was 

allowed to clot and centrifuged at 5000 rpm. The serum 

was separated at the earliest and used for the estimation 

of fasting blood sugar, blood urea nitrogen (BUN), serum 

creatinine, uric acid, fasting Insulin and TNF –α levels. 

Blood glucose by hexokinase, Serum creatinine by 

alkaline picrate, kinetic rate blanked, traceable to IFCC-

IDMS standardized, BUN by urease-GLDH method and 

uric acid by uricase method in Roche cobas 6000. 

Hemoglobin concentration is estimated in whole blood by 

the cyanide free- sodium lauryl sulphate method. The 

quantitative determination of serum fasting Insulin levels 

was carried out by DRG Insulin ELISA kit by DRG 

Instruments GmbH (Germany). They are based on the so-

called heterogeneous sandwich method and are carried 

out in solid phase
6
. The quantitative determination of 

serum TNF-α was carried out by the Diaclone TNF-α 

ELISA kit
7
. This is based on Sandwich enzyme-linked 

immunosorbent assay (ELISA) with monoclonal antibody 

sets, Streptavidin-horseradish peroxidase (HRP) 

conjugate, and recombinant cytokines as the standard 

were used. The plate was read at 450 nm in an ELISA 

reader (CPC diagnostics, Stat Fax 4700, microstrip 

reader). Estimated GFR (eGFR) was calculated by using 

the Modification of Diet in Renal Disease (MDRD) 

Formula
8
. 

eGFR (mL/min/1.73 m2) = 175 × (S.cr)-1.154 × (Age)-

0.203 × (0.742 if female) × (1.212 if African American).  

CKD patients were grouped based on eGFR calculated by 

MDRD formula: 

Stage I CKD - eGFR : ≥90mL/min with demonstrable 

kidney damage 

Stage II CKD - eGFR : 60-89 mL/min 

Stage III CKD - eGFR : 30-59 mL/min 

Stage IV CKD - eGFR : 15-29 mL/min 

Stage V CKD - eGFR : <15mL/min 

IR is calculated by using Homeostasis Model Assessment 

(HOMA) model [9]. 

HOMA-IR = [Fasting insulin (µU/ml) × Fasting glucose 

(mmol/l) ÷ 22.5.  

Statistical Methods 
The results were expressed as mean ± SD. Significance 

was assessed at 5% level of significance. Categorical data 

was represented in the form of number (n), percentage 

(%) frequencies and proportions. Student “t” test (two 

tailed, independent) and Chi-square was used to find the 

significance of study parameters. Pearson correlation was 

used to study the relation between the various parameters. 

Statistical analysis was performed using SPSS 12.0 

software. 

 

RESULTS 
The study was undertaken to find insulin resistance and 

tumor necrosis factor-α levels in chronic kidney disease 

and compare it with controls. 
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Table 1: Demographic and anthropometric measurements of CKD 

cases and controls (mean±SD) 

Profiles Cases Controls P value 

Age (years) 36.1±9.5 35.1±8.7 0.605 

Height (cms) 163.5±7.4 164.5±6.8 0.509 

Weight (kgs) 64.3±10.6 65.2±10.3 0.692 

BMI (Kg/m
2
) 24±3.6 24±2.8 0.977 

Waist circumference (cm) 73.6±11.6 78±13.2 0.096 

Hip circumference (cm) 82.4±12.2 86.2±13.8 0.178 

Waist Hip Ratio 0.9±0.1 0.9±0.0 0.207 

 

In the present study there was no significant difference 

between CKD cases and controls with respect to Age, 

Height, Weight, BMI, waist circumference, Hip 

circumference and Waist hip ratio (Table 1). The age of 

the study population varied between 25-50 years of age.  
 

 
Figure 1: Gender distribution among CKD cases 

 

In the study, it was observed that 65% of CKD cases are 

males, indicating high prevalence of disease in males as 

compared to females (Fig 1). 
 

Table 2: Comparison of Biochemical parameters among CKD cases 

and controls (mean±SD) 

Biochemical 

Parameters 

CKD cases 

(mean±SD) 

Controls 

(mean±SD) 
P value 

Fasting Blood 

Glucose (mg/dl) 
93.9±17.9 90.5±10.5 0.276 

Serum Creatinine 

(mg/dl) 
7.9±5.7 0.8±0.2 <0.001* 

Serum Uric Acid 

(mg/dl) 
7.7±2.5 4.5±1.5 <0.001* 

Blood Urea 

Nitrogen (mg/dl) 
62.1±35.5 8.6±4 <0.001* 

Hemoglobin 

(gm%) 
9.2±2.3 13.6±1.9 <0.001* 

 

In the present study there was no significant difference in 

Fasting Blood Sugar levels between cases and controls 

because history of Diabetes mellitus were included as the 

exclusion criteria (Table 2). 

 
Figure 2: Bar Diagram showing Serum Creatinine levels (mg/dl) in 

CKD cases and controls (mean±SD) 
 

The serum creatinine level of both the groups is shown in 

fig 2. In CKD, due to compromise in renal functions there 

is increase in serum concentration of creatinine. The 

blood urea nitrogen levels of both the groups are shown 

in table 2. In CKD, due to compromise in renal functions 

there is retention of nitrogenous wastes and hence 

increase in serum concentration of blood urea nitrogen. 

As evident from the above table 2, there is significant 

increase in mean values of serum creatinine, uric acid and 

BUN (p <0.001**). There was significant decrease in 

Hemoglobin concentration (gm %) in CKD cases when 

compared to controls (p <0.001) (table 2). Erythropoietin 

is secreted by peri-tubular fibroblasts and renal failure 

decreases the production of hemoglobin resulting in 

anemia. 
 

Table 3: Serum Fasting Insulin levels (µIU/ml), HOMA-IR and TNF-α 

in CKD cases and Controls (mean±SD) 

Biochemical Parameter CKD cases Controls P value 

Fasting Insulin (µU/mL) 18.0±4.1 3.6±1.1 <0.001** 

HOMA IR 4.1±0.8 0.8±0.2 <0.001** 

TNF- α (pg/mL) 8.64±4.97 2.06±1.34 <0.001** 

  
There was significant increase in serum Fasting Insulin 

level and HOMA IR index in CKD cases when compared 

to controls (p <0.001) (Table 3). In cases of renal failure, 

there is decreased clearance of insulin from kidneys. 

There is significant rise in S. Fasting Insulin levels, with 

fasting blood sugar levels within physiological range 

limits. This suggests that CKD cases without diabetes 

mellitus are having hyperinsulinemia and subsequently 

manifestations of IR can be observed. 
 

 
Figure 3: Serum TNF-α in CKD cases and controls. (mean±SD) 
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It is observed that there is a significant increase in serum 

TNF-α in CKD patients when compared to controls (Fig 

3). Increased production from activated monocytes and 

decreased excretion from the diseased kidneys 

subsequently leads to increased levels of serum TNF-α. 
 

 
Figure 4: Bar diagram showing eGFR in CKD cases and controls. 

(mean±SD) 

 

In the study eGFR was 13.24±8.84 ml/min/1.73m
2
 in 

CKD cases and 109±27.96 ml/min/1.73m
2
 in controls (fig 

4). There is significant decrease in eGFR in CKD cases as 

compared to controls. As CKD progresses, there is fall in 

Glomerular filtration rate resulting in decrease in the 

clearance of the substances. 
 

Table 4: HOMA IR Score in different stages of CKD 

 

Insulin resistance in CKD Cases 

IR score >1 

Mean±SD 

 

No. 

of 

cases 

% of cases 

CKD 

grades 

Stage 

1 
3 6.7% 4.4 ± 1.6 

Stage 

2 
1 2.2% 3.2 

Stage 

3 
5 11.1% 4.4±0.6 

Stage 

4 
14 31.1% 3.9±0.5 

Stage 

5 
22 48.9% 4.1±0.9 

 

All the cases had HOMA IR > 1 (100%). The study 

population had more number of CKD cases who have 

reported during the later stages of the disease when the 

progression of the disease is irreversible (Table 4). 
 

Table 5: eGFR level of cases in different stages of CKD (mean±SD) 

CKD 

stages 
N 

eGFR(ml/min/1.73m
2
) 

(mean±SD) 
P value 

Stage 1 3 81.93±27.68 

<0.001** 

Stage 2 1 60.00±0.00 

Stage 3 5 42.96±3.31 

Stage 4 14 22.71±4.46 

Stage 5 22 9.55±3.56 

 

 
Figure 5: Scatter plot showing relationship between HOMA-IR and 

TNF-α in CKD cases 
 

In CKD cases there is increase in both TNF alpha and 

HOMA IR. There was no-significant correlation (r = 

0.137) between HOMA IR and TNF – α in CKD cases 

indicating both parameters are not found dependent on 

each other in the present study (Fig 5). Insulin resistance 

and inflammatory marker, TNF α are independent 

parameters which are recognized as risk factor for 

developing cardiovascular disease in cases of CKD. 
 

Table 6: Correlation between eGFR and HOMA IR of cases in 

different stages of CKD 

STAG

ES 

eGFR(ml/min/1.

73m
2) 

(mean±SD)
 

HOMA 

IR 

(mean±

SD) 

No of 

cases(

n) 

Correlat

ion 

coefficie

nt (r) 

P 

valu

e 

Stage 

1 
81.93±27.68 4.4 ± 1.6 3 --- --- 

Stage 

2 
60.00±0.00 3.2 1 --- --- 

Stage 

3 
42.96±3.31 4.4±0.6 5 -0.06 0.92 

Stage 

4 
22.71±4.46 3.9±0.5 14 -0.55 

<0.0

5* 

Stage 

5 
9.55±3.56 4.1±0.9 22 -0.21 0.31 

 

In Stage 1 and 2 only three and one CKD cases could be 

reported and hence the data was found to be insufficient 

to study correlation. Stage 3 showed negative correlation 

between eGFR and Insulin resistance. There was a 

negative correlation between eGFR and IR in Stage 4 and 

was statistically significant. There was no significant 

correlation between these parameters in stage 5(Table 6). 
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Table 7: Correlation between eGFR and TNFα of c

stages of CKD 

STAG

ES 

eGFR(ml/min/

1.73m
2) 

(mean±SD)
 

TNF –

(pg/ml)(mea

n±SD) 

No of 

cases

(n) 

Stag

e 1 
81.93±27.68 4.35±2.6 3 

Stag

e 2 
60.00±0.00 4.2 1 

Stag

e 3 
42.96±3.31 4.68±3.02 5 

Stag

e 4 
22.71±4.46 5.19±2.57 14 

Stag

e 5 
9.55±3.56 10.36±5.27 22 

As shown in table 7, there is statistically significant 

negative correlation between TNF-α and eGFR in stage 4 

and stage 5. As there is worsening of renal disease there 

is increased secretion of pro inflammatory cytokines.
 

Table 8: ROC curve to determine the cut off level of TNF

in CKD cases 

Crit

erio

n 

Sens

itivit

y 

95% 

CI 

Spec

ificit

y 

95% 

CI 

+L

R 

-

LR 

>4.5 
75.5

6 

60.5 

-

 87.1 

95.5

6 

78.8 

-

 97.5 

8.5

0 

0.2

7 

 

Figure 6: ROC curve to determine the cut off level of TNF

in CKD cases 
 

The ROC curve shows that at the cut off value of tumor 

necrosis factor greater than 4.5 pg/ml, in the present study 

the sensitivity was about 75.56 and specificity of about 

95.56 (Table 8). At values less than the above mentioned 

cut off level the sensitivity may increase but the 

specificity comes down (Fig 6). The rise in TNF

more specific of CKD as more number of cases ha

higher level of TNF α in CKD. In the present study, as is 

evident the CKD cases had high creatinine, blood urea 

nitrogen and uric acid. On the basis of eGFR, they were 

divided into different stages. There was hyperinsulinemia 

and elevated TNF-α level in CKD cases as compared to 
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TNFα of cases in different 

Correla

tion 

coeffici

ent (r) 

P 

valu

e 

--- --- 

--- --- 

-0.78 0.11 

-0.62 
<0.0

5* 

-0.52 
<0.0

5* 

As shown in table 7, there is statistically significant 

α and eGFR in stage 4 

renal disease there 

is increased secretion of pro inflammatory cytokines. 

l of TNF-α (pg/ml) 

 

+P

V 

-

PV 

AU

C 

 

48.

6 

97.

1 

0.7

7 

 
ROC curve to determine the cut off level of TNF-α (pg/ml) 

ROC curve shows that at the cut off value of tumor 

necrosis factor greater than 4.5 pg/ml, in the present study 

was about 75.56 and specificity of about 

95.56 (Table 8). At values less than the above mentioned 

cut off level the sensitivity may increase but the 

specificity comes down (Fig 6). The rise in TNF-α is 

more specific of CKD as more number of cases had 

In the present study, as is 

evident the CKD cases had high creatinine, blood urea 

nitrogen and uric acid. On the basis of eGFR, they were 

divided into different stages. There was hyperinsulinemia 

es as compared to 

controls. However no significant correlation was found 

between Insulin resistance, eGFR and TNF

other in CKD cases. This indicates there is insulin 

resistance and inflammations in CKD cases, but are found 

to be independent of each other in the present study.

 

DISCUSSION 
Low grade systemic inflammation is persistently present 

in CKD and a positive correlation has been found 

between inflammatory biomarkers levels and decline in 

GFR
10

. The present study was conducted on non 

CKD cases, not on renal replacement therapy or dialysis. 

The pathophysiology of CKD involves injury to the 

glomerular basement membrane and tubulointerstitial 

tissues which leads to decreased excretion of creatinine in 

urine and elevation in serum creatinine levels. Elevation 

in serum creatinine level is an indicator of a failing 

filtration membrane and damaged tubular excretion

the present study the serum creatinine levels in CKD case 

was found higher as compared to controls (Table 2). With 

the progression of the renal dysfunction there is decrease 

in both glomerular filtration and tubular secretion 

resulting in the elevation of serum creatinine levels. In the 

controls, the serum creatinine levels were within the 

physiological reference interval (Fig 2). In the study 

populations there was not much of difference with respect 

to age, height, and hip circumference between CKD cases 

and controls (Table 1). Though, chronic kidney disease 

was reported as inflammatory disease of elderly age 

group but in the present study the mean age of CKD cases 

was about 36.1±9.5 years and was found to be 

comparable with the age group of controls (Table 1).

clearly indicates factors like life style, diet, environmental 

factors have a prominent role to play in t

to renal dysfunction at early age with the modernization 

of the society. The age group of the study population 

varied between 25-50 years. 

reported that in the initial stage of CKD, serum creatinine 

can be within the physiological limits even when there is 

considerable loss of nephrons. This can be due to 

hyperfiltration and increase in intracapillary pressure and 

GFR in the remaining undamaged nephron

cases were divided into stages based on eGFR and it was 

very relevant in the present study the cases were more in 

stage 3 and above and cases in stage 1 and 2 were very 

insignificant. In the early stages as mentioned the 

derangement in S. Creatinine levels would not be very 

significant. Nearly 65% of the CKD cas

gender indicating there is gender predisposition. One of 

the reasons for decreased percentage of female cases may 

be due to the protective effect of estrogen with high HDL 

level as most of the females were below 45 years (Fig 1).

Although there are gold standard markers available for 
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controls. However no significant correlation was found 

between Insulin resistance, eGFR and TNF-α with each 

other in CKD cases. This indicates there is insulin 

resistance and inflammations in CKD cases, but are found 

each other in the present study. 

Low grade systemic inflammation is persistently present 

in CKD and a positive correlation has been found 

rkers levels and decline in 

The present study was conducted on non diabetic 

CKD cases, not on renal replacement therapy or dialysis. 

The pathophysiology of CKD involves injury to the 

glomerular basement membrane and tubulointerstitial 

tissues which leads to decreased excretion of creatinine in 

creatinine levels. Elevation 

in serum creatinine level is an indicator of a failing 

and damaged tubular excretion
11

. In 

the present study the serum creatinine levels in CKD case 

was found higher as compared to controls (Table 2). With 

the progression of the renal dysfunction there is decrease 

in both glomerular filtration and tubular secretion 

resulting in the elevation of serum creatinine levels. In the 

controls, the serum creatinine levels were within the 

val (Fig 2). In the study 

populations there was not much of difference with respect 

to age, height, and hip circumference between CKD cases 

Though, chronic kidney disease 

was reported as inflammatory disease of elderly age 

in the present study the mean age of CKD cases 

was about 36.1±9.5 years and was found to be 

comparable with the age group of controls (Table 1). This 

clearly indicates factors like life style, diet, environmental 

factors have a prominent role to play in the predisposition 

to renal dysfunction at early age with the modernization 

of the society. The age group of the study population 

 Brenner et al[12] has 

reported that in the initial stage of CKD, serum creatinine 

physiological limits even when there is 

considerable loss of nephrons. This can be due to 

hyperfiltration and increase in intracapillary pressure and 

GFR in the remaining undamaged nephron. The CKD 

were divided into stages based on eGFR and it was 

ery relevant in the present study the cases were more in 

stage 3 and above and cases in stage 1 and 2 were very 

insignificant. In the early stages as mentioned the 

derangement in S. Creatinine levels would not be very 

significant. Nearly 65% of the CKD cases were male 

gender indicating there is gender predisposition. One of 

the reasons for decreased percentage of female cases may 

be due to the protective effect of estrogen with high HDL 

level as most of the females were below 45 years (Fig 1). 

e are gold standard markers available for 
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estimation of eGFR, Creatinine is used as it is an 

endogenous substance carrying a low risk of anaphylaxis 

with a standardized methodology which is IFCC certified 

and IDMS traceable, thereby carrying high accuracy in 

eGFR. Estimated GFR (eGFR) is calculated using MDRD 

formula and the cases were classified into CKD stages 

based on the eGFR. In the present study it was found that 

there is gradual decline in eGFR with increased 

proportion of cases in the later stages (Fig 4). Schiffrin et 

al
4
 have reported that in early stages of renal failure there 

is hyperfiltration which precedes before there is decline in 

GFR and progresses to overt renal dysfunction without 

intervention or due to hyperfiltration injury. In the present 

study it was found that there is increase in Blood urea 

nitrogen and serum uric acid levels in CKD cases as 

compared to controls which are suggestive of decreased 

excretion from the diseased kidneys and also 

accumulation of uremic toxins (Table 2). Increased 

accumulation of uremic toxins can interfere with immune 

defense mechanisms in the CKD subsequently to pre-

activation and priming of immune cells leading to 

inflammation and consequently to CVD
13

.
 
There is no 

significant difference between mean values of fasting 

blood sugar of both cases and controls, as the study 

population were non diabetic individuals (Table 2). TNF-

α has been recognized as a pro inflammatory marker 

which plays a pathogenic role in mediating progressive 

renal injury. As CKD is associated with low grade 

inflammation, there is activation of monocytes and 

macrophages which secrete proinflammatory cytokines. 

Cachoferio et al
14 

have reported due to injury to the tissue 

there is activation of immune cells and production of 

inflammatory cytokines. Madore et al
15

 have mentioned, 

there are multiple causes of inflammation in CKD which 

includes retention of uremic toxins, sympathetic 

overactivity and fluid overload.
 
In the present study TNF-

α level were found four times elevated in CKD cases as 

compared to controls (Table 3). There was no evident 

alteration of TNF-α level between various stages of CKD 

indicating the rise in TNF-α did not statistically correlate 

with the decline in renal function (Table 7). The role of 

other inflammatory markers in CKD may be more 

predominant like hsCRP, IL-6 and others. IL6 and TNF-α 

are the pro inflammatory cytokines, but IL 6 has some 

amount of anti-inflammatory activity also. Mac Donald et 

al
16

 have mentioned that proinflammatory cytokines 

increase the production of reactive oxygen species (ROS) 

and are themselves regulated in a positive feedback loop 

via the nuclear factor kappa beta (NFκB) pathway. Nian 

et al
17

 have reported the cellular damage caused by the 

pro inflammatory response stimulates the ROS 

production cycle and in turn activating further cytokine 

production. Gupta et al
18

 have reported TNF-α receptor 2 

is found to be positively associated with the risk of 

developing CKD. It has been reported that albuminuria 

selectively activates cytokines and elevates TNF-α levels. 

There is no significant difference between mean values of 

fasting blood sugar of both cases and controls, as the 

study population were non diabetic individuals (Table 2). 

Chronic kidney disease is associated with low 

hemoglobin level of a mean of about 9.2 ±2.3 gm% as 

evident from table 2. Hemoglobin values are lower than 

the biological reference interval indicating the prevalence 

of anemia. Decreased hemoglobin in CKD is because 

there is reduced Erythropoietin production by the 

diseased kidneys. Weiss et al
19

 suggest that inflammatory 

cytokines interfere with both proliferation and 

differentiation of erythroid precursors by several 

mechanisms, including induction of apoptosis, down 

regulation of erythropoesis Stimulating agents (ESA) 

receptors and reduced activity and synthesis of ESAs. 

Chronic inflammation in CKD is substantiated by 

increased TNF-α in CKD interferes with the synthesis of 

erythropoietin. The pro inflammatory cytokines also have 

a negative impact on other important factors including 

reduced erythropoietin sensitivity and predispose to 

anemia in CKD cases. In CKD, there is injury to the renal 

tissue which synthesizes erythropoietin as a result of 

which erythropoietin levels are decreased with a 

consequent increase in hepcidin levels. The synthesis of 

hepcidin is primarily induced by inflammatory 

cytokines
20

. In the present study there is fivefold increase 

in fasting insulin levels in CKD as compared to controls 

(Table 3) The increase in serum levels of fasting insulin 

with normal fasting blood glucose levels suggesting that 

the pancreatic β cells are adequately performing their 

physiological functions and the resistance offered to the 

actions of insulin were due to a post receptor defect 

where there is decreased phosphorylation of IRS
21

. It is 

the ability of the beta cells to modify the rate of insulin 

secretion that enables individuals with varying degree of 

insulin resistance to have normoglycaemia. CKD cases 

were not included for the study if there were on 

exogenous insulin therapy, thus excluding false positive 

values of increased serum insulin levels. The HOMA-IR 

was found more than three time increase in CKD cases as 

compared to controls (Table 3). One of the reasons for 

higher fasting insulin levels in CKD may be due to 

decreased clearance of insulin by the kidney
22

.
 
The mean 

values of IR in cases were high when compared to 

controls and was highly significant. There is 

hyperinsulinemia associated with high HOMA-IR but 

with normal glycemia indicates the amplified capacity to 

withstand the derangement by the pancreas and liver 

(Table 3, 2). Hyperinsulinemia is a compensatory 

response to the insulin resistance. The study also showed 
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a statistically significant association between insulin 

resistance and decline in eGFR in stage 4 of CKD (Table 

6). The reason for not getting significant correlation 

between IR and eGFR in CKD cases may be due to 

smaller sample size and due to single estimation of IR. 

Kobayashi et al
23

 have reported IR to be common even in 

patients with mild-to-moderate CKD. Patients with higher 

insulin resistance had significant alterations in IGF-1 

pathway activity. IGF is a key peptide involved in cell 

growth and protein turn over acting as the primary 

mediator of many responses regulated by GH in tissues. 

Alteration in IGF-1 pathway increases the catabolic 

activity of an individual. The suppression of insulin 

signaling via phosphorylation of the insulin receptor 

substrate (IRS1) due to activation of c-Jun N-terminal 

kinase (JNK) plays an important role. Downstream 

function of the IRS-PI3K-Akt pathways was associated 

with chronic inflammation, metabolic acidosis, vitamin D 

and parathyroid hormone status, anemia, uremic toxins 

and adipokines. The predisposing factors responsible for 

IR in the absence of diabetes mellitus (DM) or obesity in 

CKD are unknown, but are probably related to factors 

that contribute to vascular disease, such as inflammation 

and oxidative stress as observed by Banerjee at al
24

. 

Adiponectin secreted by the adipose tissue is considered 

to be an important modulator of insulin sensitivity and its 

concentration is reduced in patients with CKD suggesting 

it also as an anti- inflammatory factor. De Fronzo et al
25

 

have reported that collagen synthesis is augmented by 

insulin and insulin like growth factors. These factors also 

cause cells to proliferate and contribute to the 

atherosclerotic process. Within the body once the 

compensatory mechanism for insulin resistance sets into 

action a series of events that play an important role in the 

development of cardiovascular manifestation. HOMA IR, 

a calculated parameter based on fasting glucose and 

Fasting insulin levels is a limited surrogate marker 

because it accounts for <40% of the variability as 

quantified by more direct measures of insulin resistance
26

. 

Emoto et al
27

 have mentioned there is an inverse linear 

correlation between IR by euglycemic hyperinsulinemic 

clamp and log-transformed IR by HOMA. Therefore, IR 

by HOMA can be used as an alternative method to assess 

IR in patients with renal failure. The HOMA –IR score 

was found to be greater than 1 in all the CKD cases 

(Table 4). There is clear indication of prevalence of 

higher HOMA-IR in CKD case indicating due to the 

onset of renal dysfunction associated with the decrease in 

glomerular filtration rate there is disturbance in the 

insulin metabolism leading to hyperinsulinemia and post 

receptor defect resulting in insulin resistance. Lumeng et 

al
28

 have reported due to the release of cytokines there is 

predilection towards insulin resistance.
 

There is no 

significant correlation between eGFR and HOMA IR in 

various stages of CKD, though there is decline in eGFR 

and is associated with increased resistance to insulin 

actions in peripheral tissues [Table 6]. Chen et al
29

 have 

reported a greater degree of insulin resistance may 

predispose to renal injury by worsening of renal 

hemodynamic. eGFR is negatively 

correlated(statistically) with TNF alpha levels in stage 4 

and 5, but not in the earlier stage [Table7]. There is rise in 

the level of inflammatory marker, TNF-α with the 

progression of the renal disease as CKD is a chronic 

inflammatory disease. The correlation of TNF-α with 

eGFR was not very significant. As shown in table 7 the 

correlation between insulin resistance and inflammatory 

marker, TNF-α in different stages of CKD, was 

statistically significant. This further implies that these two 

parameters are independently associated with increased 

cardiovascular risk in CKD patients. Persistent 

inflammatory state also contributes to insulin resistance 

and abnormal endothelial vascular reactivity. TNF-α can 

mediate both acute and chronic inflammation and is 

found to be associated with increased CVD morbidity and 

mortality in general population. TNF-α is considered as 

the pro-inflammatory mediator introducing the link 

between inflammation, obesity and IR. IR may be one of 

the mechanisms through which systemic inflammation 

may exert its deleterious effect on the cardio vasculature. 

The detrimental effect of inflammation on vascular 

disease in CKD may be mediated by vascular 

unresponsiveness to the action of insulin. In case of renal 

failure cases, endothelial mediated vasodilatation can be 

impaired due to inhibition of Nitric oxide synthase (NOS) 

in vascular endothelial cells due to insulin resistance. 

Insulin resistance and endothelial dysfunction represents 

early events in individuals at risk for CVD
30

.
 
Increased 

nitric oxide consumption results from increased levels of 

ROS and RNS which are generated in greater quantity 

due to intracellular defects in insulin - mediated glucose 

and lipid metabolism. Lack of nitric oxide leads to 

increase in vasoconstriction which contributes towards 

impaired circulation and tissue ischemia. There is 

increase in sodium retention consequent to 

hyperinsulinemia and IR in CKD cases. Sympathetic 

hyper activation and activation of renin-angiotensin-

aldosterone system can cause further endothelial 

dysfunction and vasoconstriction. Reduction in insulin 

resistance ameliorates endothelial dysfunction and 

improved tissue sensitivity to insulin improves vascular 

endothelial function
31

. Inflammation and oxidative stress 

are evident even in the early stages of CKD. They are 

known to induce IR primarily via the increased 

production of proinflammatory cytokines. The study 

shows increased prevalence of insulin resistance in CKD 
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and has a pivotal role to play in the declining renal 

function. The etiologies for IR are multifactorial and are 

found to be associated with a complex network of chronic 

inflammation, malnutrition and anemia. TNF-α induces 

IR through direct or indirect mechanisms. TNF-α can 

induce IRS-1 serine phosphorylation through activation 

of serine kinases including IKKβ, c-Jun NH2-terminal 

kinase (JNK), extracellular signal-regulated kinase 

(ERK), protein kinase C (PKC), Akt (PKB)
32

. As in the 

present study TNF-α is raised in the CKD, with a cut off 

of 4.5 pg/ml as per ROC curve and the area under curve 

was found to be 0.77 indicating as a reliable marker. The 

chronic low grade inflammation plays a predominant role 

in CKD or the development of micro vascular 

complication by potentiating endothelial dysfunction. 

Endothelial dysfunction causes increase in pro-

inflammatory cytokines
33

. As the inflammatory markers 

are raised in all stages of CKD, and persistent 

inflammatory state further contributes to the abnormal 

endothelial vascular reactivity. Endothelial dysfunction 

and elevated circulating levels of inflammatory cytokines 

have been linked to increased cardiovascular mortality. 

Inflammation, IR and endothelial dysfunction 

characterize a key triad for the development and 

progression of atherosclerosis
34

. The rising inflammation 

may lead to deteriorating renal function which in turn 

could lead to further increase in inflammation setting up a 

vicious cycle. The present study suggests that TNF-α is 

linked with the severity of CKD independent of other risk 

factors. The predominance of IR in CKD is found to be 

independent of impaired glycaemia and obesity signifying 

the need for greater surveillance, as IR is a modifiable 

risk factor. Insulin resistance, endothelial dysfunction and 

inflammation play critical role in the development of 

atherosclerosis. There are prospect that the detrimental 

effect of inflammation on vascular disease in CKD may 

be mediated by vascular unresponsiveness to the action of 

insulin. 

  

CONCLUSION 
The combination of impaired immune response coupled 

with the persistent immune stimulation may have a role in 

low grade chronic systemic inflammation and cytokine 

imbalance in patients with CKD which can predispose to 

increased cardiovascular risk. The study includes a single 

measurement of the proinflammatory cytokines which 

may not represent average levels of these biomarkers 

overtime. Whether IR is antecedent to CKD or a 

consequence of impaired kidney function is not very 

clear. Restoration of normal vascular reactivity, reduction 

in insulin resistance and attenuation of the vascular 

inflammatory response can bring about reduction in 

cardiovascular mortality and morbidity in chronic kidney 

cases. Further study needs to be carried on larger sample 

size to assess the effectiveness of therapeutic intervention 

aimed at improving insulin resistance and towards the 

inclusion of anti – inflammatory agents to study its 

efficacy towards improving vascular function which can 

impede cardiovascular complications in patients with 

chronic kidney disease. 
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