
Ali Mahmoud Ali Ramadan et al., EJGG.2024⁏ 11(2) :22-39 

 

22 

 

Original Article 

Association of C-Reactive Protein, Tumor Necrosis Factor-Alpha, and 

Interleukin-With Chronic Kidney Disease in Elderly. 

Ali Mahmoud Ali Ramadan a*, Azza Hassan Mohamed a, Marwa Ahmed Saada, 

Mona Moustafa Tahoun b, Mohamed Emad Eldeen Mohy Eldeen Hamoda a, 

Mohamed Hussein Arafa a. 
a Department of Internal Medicine, Faculty of Medicine, University of Alexandria, 

Alexandria, Egypt.   
b Department of Clinical and Chemical Pathology, Faculty of Medicine, Alexandria 

University, Egypt 

Abstract 

Background: Chronic kidney disease (CKD) is a significant decrease in kidney function 

that is long-lasting, irreversible, and typically progressive. It has been demonstrated that 

there is a correlation between the rates of morbidity and mortality of CKD and systemic 

inflammation. 

Objective: This study's objective was to assess the correlation between C-reactive 

protein, interleukin-6, and tumor necrosis factor-alpha and chronic kidney disease in 

elderly patients. 

Material and methods:  Eighty participants 65 years old or older were included in the 

study, and they were split into 40 CKD patients(cases) and 40 subjects(controls). Every 

patient had a detailed medical history gathered, a clinical assessment, and abdominal and 

pelvic ultrasound to evaluate their kidney function. Laboratory investigations included 

serum of interleukin-6(IL-6), tumor necrosis factor-alpha(TNFα), highly sensitivity C-

reactive protein (hs-CRP), electrolytes (Na, K, Ca, P), virology (HCV ab, HBVs Ag, 

HIV), CBC, postprandial blood glucose (PPS), fasting blood glucose (FBS), creatinine, 

urea, albumin /creatinine ratio in urine and lipid profile. 

Results:  In the CKD group, the mean value of IL-6 levels was 181.58 ± 130.63.among 

the control group the mean was 88.07 ± 86.90. The mean value of CRP among the cases 

group was 42.02 ± 24.85 and among the control group was 14.95 ± 11.70. The mean 

value of TNF alpha among the cases group was 358.34 ± 255.48 and among the control 

group was 188.99 ± 196.76. 

Conclusion:  The blood levels of tumor necrosis factor-alpha, interleukin 6, and C 

reactive protein varied statistically significantly in CKD patients and controls. 
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INTRODUCTION 

 

 Chronic kidney disease (CKD) is a 

significant decrease in renal function that 

is long-lasting, irreversible, and typically 

progressive. The prevalence of CKD is 

ten times greater in those over 75 than in 

people under 40. Patients over 65 years 

old currently get half of all renal 

replacement treatment [1]. 
 

 One of the primary organs targeted by 

the gradual, inflammatory biological 

process of aging is the kidney. As people 

age, their kidney function declines, with 

a gradual loss of nephrons and 

tubulointerstitial and glomerular scarring. 

Changes in glomerular and tubular 

function, systemic hemodynamics, and 

body homeostasis are the consequences 

of these changes, which begin in decade 

four of life and pick up speed during the 

fifth and sixth decades [2].  
 

 The occurrence of CKD worldwide is 

growing and is linked to a higher risk of 

cardiovascular disease (CVD), early 

death, and end-stage renal disease 

(ESRD) [3]. It's been established that 

there is a correlation between the 

mortality and morbidity rates of CKD and 

systemic inflammation [4]. For example, 

C-reactive protein (CRP), an acute phase 

reactant, is connected to CVD mortality 

in people with end-stage renal disease 

(ESRD) [5]. 

 Interleukin-6 (IL-6) and Tumor necrosis 

factor-alpha (TNF-α) are significant 

Cytokines that regulate inflammation, 

both acute and chronic. They are 

associated with CVD morbidity and 

mortality in the general population, 

dialysis patients, and predialysis patients. 

However, some epidemiology studies 

have revealed conflicting conclusions 

regarding the connection between CRP, 

IL-6, TNF-α, and CKD [6-8]. 

  IL-6 is a multifaceted cytokine that 

controls immunity, inflammation, 

metabolism, and organ development in 

addition to hematopoiesis [9]. 
 

  Patients with CKD frequently have 

raised serum IL-6 levels [10]; the main 

causes of this include elevated production 

brought on by fluid overload, chronic 

inflammation, and oxidative stress. 

Concurrently,  the increase in IL-6 is 

additionally promoted by the decreased 

renal function-related clearance of IL-6. 

Hemodialysis for therapeutic purposes 

and peritoneal dialysis in general further 

elicit inflammatory responses and raise 

the IL-6 in those with advanced renal 

disease [11]. 
 

 As earlier mentioned, interleukin-6 

exacerbates renal damage and triggers the 

onset of chronic vascular disease, one of 

the principal consequences of CKD. 

Research shows that IL-6 primarily 

causes damage to the endothelial by 

downregulating adiponectin(an anti-

atherogenic adipokine) expression and 

endothelial nitric oxide synthase [12].      

Additionally, injecting exogenous IL-6 

increases atherosclerosis; these results 

imply that IL-6 contributes to the 

elevated risk of CVD in individuals with 

chronic renal disease. Together, these 

findings indicate that increased IL-6 is 

not just a result of CKD but, more 

crucially, a trigger for the disease's 

progression and associated consequences 

[13]. 

 After being cloned more than 20 years 

ago, TNFα was identified, which in turn 

prompted the TNF superfamily finding 

and their corresponding receptors. Via 

the transmembrane receptors TNFR1 and 

TNFR2, TNFα modulates several vital 

cellular functions, like division of cells, 

survival, proliferation, and death. TNFα 
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main source is macrophages, which 

remarkably have a strong sensitivity to 

TNFα. The development of several 

illnesses, such as obesity, diabetes, 

psoriasis, sepsis, atherosclerosis, 

rheumatoid arthritis, and Crohn's disease 

have been linked to abnormal TNFα 

production and TNF receptor activation 

[14]. 

 Additionally, TNFα has been linked to 

illnesses affecting other systems, such as 

kidney failure, and there is proof that 

drugs that suppress TNFα might be useful 

in treating some of these diseases [15]. 

The work objective was to assess the 

correlation between c-reactive protein, 

interleukin-6, and tumor necrosis factor-

alpha, and chronic kidney disease in 

elderly patients.  

Subject and methods 

      This case-control study was carried 

out in the geriatric department and 

outpatient clinic at the Main Alexandria 

University Hospital. The Alexandria 

Faculty of Medicine's Medical Ethics 

Committee gave the required approval 

before the study started. The objectives of 

the study were explained to each 

participant, and all individuals signed 

informed written consent forms. 

The study had 80 participants, 40 of 

whom were CKD patients (group 1) and 

40 of whom were controls (group 2) 

with normal kidney function, aged 65 

years or older. The participants were of 

both sexes. Either eGFR (estimated 

glomerular filtration rate) <60 

ml/min/1.73 m2 or albuminuria > 30 

mg/24 h for a minimum of three months 

have been used to diagnose CKD. CKD 

patients are stage 3,4 and 5 but not on 

dialysis. 

 

Table 1: Classification of chronic kidney disease according to eGFR 

 
 

Exclusion criteria: 

 

• Subjects who have undergone 

chemotherapy within the last two 

years or are currently enrolled in 

clinical trials that may affect 

chronic renal disease. 

 

• Received a kidney transplant 

within the last six months or 

taking immunosuppressant 

medications. 

• AIDS(acquired immune 

deficiency syndrome) and 
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HIV(human immune deficiency 

virus) history. 

 

Methods: 

1. Taking a proper history, which 

entails: 

• Age, gender, job, marital status, 

and particular habits. 

• The self-reported cardiovascular 

disease (CVD) history, diabetes, 

hypertension, high cholesterol, 

and usage of antidiabetic, lipid-

lowering, and antihypertensive 

drugs. 

2. Complete clinical evaluation. 

3. Lab Analysis, consisting of: 

• Complete blood count (CBC). 

• Tests for renal function include 

full urine analysis, blood urea, 

and serum creatinine levels. 

• Albumin /creatinine ratio in 

urine. 

• Electrolytes: Phosphorous, 

Sodium, Potassium, Calcium. 

• Lipid Profile. 

• Blood glucose levels after a meal 

and fasting. 

• Virology: HIV, HBsAg, and 

HCV antibodies. 

• Serum hs-CRP values. 

• Serum TNF-α values. 

• Serum IL-6 values. 

 

4. Abdomen and pelvic ultrasound 

for evaluation of the kidneys. 

 

Results: 

    The data Statistical analysis  

After data was entered into the 

computer, IBM SPSS software version 

20.0 was used to analyze the results 

(IBM Corp, Armonk, NY). Numerical 

and percentage descriptions were used 

for qualitative data. To confirm the 

distribution's normality, the Shapiro-

Wilk test was performed. The terms 

range (minimum and maximum), mean, 

standard deviation, median, and 

interquartile range (IQR) were used to 

explain quantitative data. The findings 

were considered significant at a P-value 

less than 0.05.  
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Table 2: Comparison of the two groups under study based on demographic data. 
 

 

p: p-value for comparing between Cases and Controls 

2:  Chi-square test,  

IQR: Inter quartile range    

MC: Monte Carlo test,  

t: Student t-test 

SD: Standard deviation 
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Table 3: Comparison of the medical histories of the two groups under study. 
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U: Mann Whitney test  

Table 5: Urine analysis was used to compare the two groups under study. 
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Table 6: Comparing the two groups under study by hs-CRP, TNF ALPHA, and  

IL-6 

 

According to Table 6, the CKD patient’s group CRP was substantially greater than the 

control group's (p<0.001). the CKD patient’s group TNF alpha was substantially greater 
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than that of the control (p<0.001). the CKD patients’ group had considerably higher levels 

of IL6 than the control group (p<0.001). 
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Table 7 showed that; among CKD patients TNF-Alpha levels demonstrated no statistically 

significant association with each Hypertension. (p=0.673), CVD. (p=0.294), and diabetes 

mellitus (p=0.697). 
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Table 8 showed that; among CKD cases hs-CRP demonstrated no statistically significant 

association with each of hypertension. (p=0.590), CVD. (p=0.419), and diabetes mellitus 

(p=0.677). 

 



Ali Mahmoud Ali Ramadan et al., EJGG.2024⁏ 11(2) :22-39 

 

33 

 

U: The test of Mann Whitney  

p: Comparing a no to a yes using the p-value  

SD: The standard deviation 

Table (9) showed that IL-6 showed no statistically significant association with each of 

hypertension. (p=0.716), CVD. (p=0.254), and diabetes mellitus (p=0.657). 

 

 

rs: coefficient of Spearman 

                            *: significant analytically when p < 0.05 
 

 Table 10 showed a significant negative correlation between eGFR and each of hs-CRP, IL-

6, and TNF-alpha among the total sample (n=80) 

 

                                     rs: coefficient of Spearman  

Table 11 showed no statistically important correlation between albumin/ creatinine ratio in 

urine and each of CRP, IL-6, and TNF-alpha serum levels, with p=0.158, p=0.601, and 

p=0.642 correspondingly. 
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#: The multivariate analysis includes all factors with p<0.05.  

OR: Odd`s ratio,       C.I: Confidence interval,      

LL: Lower limit   UL: Upper Limit 

*: Statistically important when p ≤ 0.05 

Table 12 showed that Hypertension, hs-CRP, IL-6, and TNF-alpha are strongly correlated 

with the odds of CKD with (p=0.025), (p< 0.001), (p=0.002), and (p=0.004) 

correspondingly. The most independent variable connected with the chances of CKD was 

hs-CRP. In multivariate analysis, variables with p<0.05 in univariate analysis were 

included. (p = 0.001) 

#: the three markers were adjusted with CVD, Diabetes, Hypertension, and Anti-

diabetic (p<0.2 was included in the multivariate) 

Table 12 showed that after adjusted multivariate evaluation, there is a significant link 

between CKD and each of hs-CRP, TNG-alpha, and IL-6. with p<0.001, p=0.010 and 

p=0.006 respectively. This association is independent of other comorbidities like CVD, 

Diabetes, Hypertension, and anti-diabetic usage. 

 

Discussion 

      Our research revealed a substantial 

increase in hs-CRP between elderly 

CKD patients and CKD-free controls. In 

univariate regression analysis, hs-CRP 

was shown to be strongly correlated with 

chronic kidney disease (CKD). When 

doing multivariate regression evaluation, 

hs-CRP was discovered to be the most 
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important independent variable linked to 

CKD. Additionally, a strong negative 

relation was seen in our study between 

the level of hs-CRP and eGFR in all 

participants (n = 80).  

      In line with our research, Shlipak et 

al.[16] found that renal impairment was 

linked to an increase in CRP in a cohort 

study based on the population involving 

5888 individuals over 65 years of age. In 

additional cross-sectional research, a 

substantial linear relationship between 

elderly CRP and cystatin-C was found. 

It's important to note that they employed 

cystatin C, which provides a more 

precise assessment of renal impairment 

in the elderly [17]. Also, Fried et al. 

claim that CRP and other inflammatory 

indicators are predictive of renal 

impairment in the elderly [18].  

      According to one study, which 

included 7317 non-diabetic participants, 

raised serum CRP levels were connected 

to worse creatinine clearance. This 

suggests that elevated CRP could put 

one at risk for kidney impairment [19]. 

In addition, Eun-Sil Yeo and colleagues 

suggested that among Korean type 2 

diabetic patients, a high CRP level may 

be a separate hazard for CKD [20]. 

       Babaei et al. discovered a 

substantial increase in hs-CRP in ESRD 

patients when contrasted to the controls, 

which is consistent with our study [21]. 

Furthermore, regardless of age or 

gender, it was stated that CKD patients 

had higher CRP levels [22]. Similarly to 

this, 103 chronic predialysis people in 

the Panichi et al. trial had increased CRP 

levels that were negatively linked with 

eGFR [23].  
 

     Shankar et al.[24]contradict our 

findings, stating that a long-term study 

examining the possibility of getting 

CKD in people who did not have CKD 

at the beginning of a cohort study with 

4926 people and 15 years of follow-up 

discovered no link between CRP and 

CKD incidence. Additionally, Sarnak et 

al. discovered that the advancement of 

non-diabetic renal disease was not 

independently correlated with higher 

CRP levels [25].  
 

     However, after controlling for 

coexisting risk variables, Lee et al. 

reported that the relationship between 

CRP and CKD was no longer 

statistically significant. their study 

ranged from 21 to 74 years old for both 

cases and control with a mean of 55.9 ± 

9.9 for cases and 52.5 ± 10.0 for control. 

However, in our research, the connection 

between CRP and CKD was still 

statistically considerable following 

modification of coexistent risk factors 

like DM, HTN, and CVD [26]. 

    Our study found that TNF-alpha was 

markedly increased in elderly CKD 

patients compared to CKD-free controls, 

with p=0.001. Using univariate 

regression evaluation, increased serum 

levels of TNF-alpha were markedly 

linked to CKD, with (p=0.004). Our 

research showed a marked negative 

connection between the level of TNF-

alpha and eGFR in the total sample 

(n=80), with p<0.001. 

    This aligns with studies conducted by 

Lee et al., which showed a negative link 

between creatinine clearance and TNF-

alpha and its association with CKD [26]. 

In this regard, higher TNF-α levels in 

diabetic Korean patients could function 

as a separate risk factor for CKD, based 

on a study made by Eun-Sil Yeo et al. 

[20]. 

    Also, Pruijm et al. found a significant 

relation between TNF-alpha with 

creatinine level, proposing a possible 

relation between inflammatory markers 

and the incidence of CKD [27]. 

According to Amdur et al, raised TNF-
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alpha serum levels are linked to rapid 

deterioration of renal functions in a 

longitudinal study of CKD individuals 

[28].  

In the same line with our study, TNF-

alpha receptor 2 was positively 

connected to CKD incidence, according 

to Shankar et al in-follow-up research 

investigating the risk of incidence of 

CKD between individuals who were 

non-CKD-free at the start [24].  

          However, Conversely, Babaei, et 

al. concluded that TNF-alpha levels were 

elevated in ESRD individuals in contrast 

to the group of control, yet no 

statistically significant variation was 

observed [21].  

     Our study found that IL-6 was 

markedly raised in elderly CKD patients 

compared to CKD-free controls. Using 

univariate regression evaluation, 

increased IL-6 levels were significantly 

connected to CKD. Our study also 

discovered a marked negative link 

between IL-6 levels and eGFR in the 

total sample (n=80), with p<0.001.  

        This is in line with Lee et al who 

suggested that IL-6 is linked to the 

frequency and intensity of CKD [26]. 

Compatible with our study, Shlipak et al. 

concluded that renal insufficiency was 

independently associated with elevation 

in IL-6 in a survey of 5888 individuals 

aged ≥65 years [17].  

       Similarly, Shankar et al revealed 

that interleukin-6 was significantly 

connected to CKD in a long-term study 

investigating the possibility of getting 

CKD [24]. Consistent with this study, 

Panichi et al found that IL-6 level was 

elevated and inversely correlated with 

creatinine clearance in chronic 

predialysis patients [23]. Also, Babaei et 

al. concluded that the serum IL-6  level 

was notably raised in ESRD individuals 

versus the control group [21].  

     On the other side, Pruijm et al. stated 

that IL-6 did not significantly correlate 

with renal impairment in the general 

population [27]. 

According to Eun-Sil Yeo et al, the link 

of IL-6 to CKD is not statistically 

significant in diabetic Korean patients 

[20].  

  According to our research, there was no 

statistically significant relationship seen 

between albumin/ creatinine ratio in 

urine (ACR) and inflammatory 

indicators including CRP, interleukin-6, 

and TNF-alpha. Also, there was a lack of 

important discrepancy between the 

studied two groups regarding the 

albumin/ creatinine ratio in urine. 

   Incompatible to our study, Pruijm 

found that there was a significant 

association between microalbuminuria 

and inflammation in the population with 

CKD [27]. Also, Gupta et al revealed 

that plasma, TNF-α, hs-CRP, and IL-6 

were positively connected with 

albuminuria and negatively with 

creatinine clearance [29].  

    In our investigation, there was a 

substantial positive link between CRP, 

TNF-alpha, and IL-6 among the CKD 

patients’ group. (P<0.001). This 

correlation agrees with the 

pathophysiology of CRP production as it 

is secreted from hepatocytes stimulated 

with inflammatory cytokines including 

interleukin-6 and TNF-alpha which is a 

master controller of the inflammatory 

cascade [30,31].  

     The relation of inflammatory markers 

to CKD may be claimed to be indirectly 

caused by associated co-morbidities like 

diabetes and hypertension [32,33]. So, 

we adjusted our results with co-existent 

comorbidities such as CVD, Diabetes, 

Hypertension, and Anti-diabetic usage in 

a multivariate regression analysis, and 

we found that inflammatory markers 
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including CRP, interleukin 6, and TNF 

alpha were still significantly increased in 

elderly CKD patients, independent of 

established risk factors as CVD, DM, 

and HTN.  

   Compatible with our study, Keller C et 

al. found that partially adjusted 

correlations between cystatin C and 

indicators of inflammation including 

CRP, IL-6, and TNF-alpha were 

statistically significant, suggesting that 

elevated levels of CRP, IL-6, and TNF-α 

could be a separate risk factor for CKD 

[34]. Also, Pecoits-Filho et al measured 

plasma hs-CRP, IL-6, and TNF-alpha 

levels and revealed that low eGFR is 

linked to an inflammatory state [10].  

The explanation of significant elevation 

of inflammatory markers in elderly 

patients with CKD could be explained 

by decreased renal clearance of these 

markers, the effect of uremia that leads 

to increased cytokines production, 

frequent infection in CKD and dialytic 

patients, intestinal dysbiosis due to fluid 

overload and intestinal congestion, 

adverse effect of inflammation on renal 

function or the consequences of vitamin 

D deficiency on immunity [35].  

      As a conclusion, our study found a 

statistically significant association 

between each of the inflammatory 

markers: CRP, IL-6, and TNF-alpha, and 

CKD in the elderly. A significant 

negative correlation was found between 

each CRP, IL-6, and TNF-alpha with 

eGFR in the total sample. No 

statistically important link was found 

between the albumin/ creatinine ratio in 

urine (ACR) and indicators of 

inflammation including CRP, TNF-

alpha, and  IL-6 in the elderly.  

    Univariate regression analysis showed 

that Hypertension, hs-CRP, IL-6, and 

TNF-alpha are strongly connected to 

CKD, while multivariate regression 

analysis showed that indicators of 

inflammation including CRP, TNF alpha, 

and IL-6 were still markedly increased in 

elderly CKD patients separate from 

established risk factors as CVD, DM, 

and HTN.  

We recommend that more long-term 

follow-up studies are needed to verify 

the causality of inflammatory markers in 

the incidence and advancement of CKD 

in the elderly. Also, interventional 

studies are required to assess if reduction 

of the inflammatory markers would 

decrease the risk of developing CKD in 

the elderly.  
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