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ABSTRACT 

Background and Aim: Cardiovascular mortality in chronic kidney disease patients has been associated with increased markers of 

inflammation. CD4+CD28 null cells are implicated in inflammation and destabilization of atherosclerotic plaques. It has been shown 

that statins can inhibit inflammatory markers. We aimed to determine the effect of statin therapy as anti-inflammatory agents on the 

level of CD4+CD28 null cells over a period of three months. Materials and Methods: This study was conducted on 90 patients, 60 
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hemodialysis patients (group 1) and 30 patients with chronic kidney disease on conservative treatment (group 2), in addition to 30 

control subjects (group 3). All patients and controls were subjected to full history, clinical examination and routine laboratory tests. 

The micro-inflammatory state was detected by estimation of CRP and TNFα. Carotid intima media thickness (CIMT) was studied by 

carotid duplex and CD4+CD28 null cell expansion was determined by flow cytometric analysis of T cell subsets. All patients received 

atorvastatin 20 mg per day for a period of three months, after which special laboratory tests were repeated again. Results: The 

laboratory data showed significant increase in cholesterol, triglycerides, CRP, CD4+CD28 null cells, TNF and CIMT in groups 1 and 2 

compared to the control group. Statin use was associated with a significant decrease in CD4+CD28 null cells in both patient groups 

compared to the control group (P<0.0001), while CIMT was not affected in either group. Conclusion: Statins can be used as anti-

inflammatory agents in chronic kidney disease patients leading to a significant decrease in CD4+CD28 null T cell percentage.  

 

Keywords: Chronic Kidney Disease (CKD), Hemodialysis, Atherosclerosis, Inflammatory Markers, CD4+CD28 null cell 

 

 

1. INTRODUCTION 

Patients with chronic kidney disease (CKD) experience serious adverse cardiovascular (CV) events, related to atherosclerosis. They are 

a leading cause of morbidity and mortality in this population (Ardhanari et al., 2014). Traditional risk factors for atherosclerosis, like 

smoking, hypertension and hypercholesterolemia, can be identified, however they do not explain the magnitude of risk (Betjes  et al., 

2010 ). Systemic inflammation is considered one of the non-traditional risk factors of atherosclerosis and has long been recognized 

as a central factor in endothelial dysfunction leading to atherosclerosis (De Palma et al., 2006). Monocytes and T lymphocytes are 

both essential for progression of the inflammatory process (Betjes et al., 2012). In particular, a specific population of cluster of 

differentiation of CD4+ T lymphocytes lacking the CD 28 molecule on their cell surface (an unusual T helper (Th) 1 subset), coined 

CD4+CD28 null cells (Arbagy et al., 2015), are particularly significant in this regard. 

Santosh kumar and his colleagues stated that statins exhibited significant anti-inflammatory activity in acute as well as in chronic 

inflammation. Furthermore, statin-mediated anti-inflammatory effects were found to modulate innate and acquired immune 

responses (Jeevangi et al., 2012). Moreover, statins modulate acquired immune responses by suppression of antigen (Ag) 

presentation and reduction of T cell functions, such as Th1 to Th2 shift, T cell proliferation and leukocyte function associated antigen 

(LFA)-1 mediated adhesion and co-stimulation ( Blank  et al., 2007). They also modify the balance of Th1 and Th2 cells by inhibition 

of Th1 development and augmentation of Th2 development of CD4+ T cells (Brugaletta et al., 2006). 

The aim of the current study is to determine the effect of statin therapy as anti-inflammatory agents on the CD4+CD28 null T 

lymphocyte population and subsequently on atherosclerosis in patients with CKD over a period of three months. 

 

2. MATERIALS AND METHODS 

This study was conducted from January 2018 to March 2018 on 90 patients from the Nephrology Department of Theodor Bilharz 

Research Institute; 60 patients on regular hemodialysis (HD) (three sessions per week, 4 hours each) (group 1) and 30 patients from 

the out patient clinic with CKDon conservative treatment (group 2), in addition to 30 age and sex-matched healthy volunteers as 

control group (group 3). 

Exclusion criteria: Patients over the age of 70, those with malignancy, active infection, known cardiovascular disease (CVD), heart 

failure, diabetes mellitus (DM), hypertension (HTN) or on immunosuppressive drugs were excluded. 

All patients received atorvastatin 20 mg per day and were subjected to follow up for three months. 

All patients and controls were subjected to full history and clinical examination including measurement of blood pressure. 

Electrocardiogram (ECG) was done. Routine laboratory tests including fasting blood glucose level, liver function, kidney function and 

baseline lipid profile were assessed using automated analyzer Beckman coulter Synchron CX9 Pro. 

 

Special laboratory Tests 

Determination of microinflamatory state by: 

Detecting CRP using immunoturbiometric assay (Randox laboratories, Ltd) 

Estimation of serum level of TNFα by Enzyme Linked- Immuno-Sorbent Assay. 

Flow cytometric analysis of T cell subsets to determine CD4+CD28 null cell expansion on T lymphocytes.  Four-color flow 

cytometric analyses were undertaken using an EPICS ALTRA Flow Cytometer (Beckman-Coulter, USA). Data were acquired with 
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Expo32™ software (Beckman-Coulter, Fullerton, CA, USA) and analyzed with FCS Express 4 software (De Nove Software, Los Angeles, 

CA, USA). Lymphocytes (2_104) were acquired for each sample.  

 

B-mode Carotid ultrasonography: High resolution B mode ultrasonography of both common carotid arteries was performed using an 

ultrasound machine (Toshiba Nemo 30 scanner) equipped with a 7.5 mHz high resolution transducer. The intima-media thickness 

(IMT) was defined as a low-level echo gray band that does not project into the arterial lumen and was measured during end-diastole 

as the distance from the leading edge of the second echogenic line of the far wall of the distal segment of the common carotid 

artery, the carotid bifurcation and the initial tract of the internal carotid artery on both sides. 

 

Ethical approval and consent to participate 

The study was approved by the Ethical Committee of Theodor Bilharz Research Institute (TBRI) as an internal project and it was 

conducted in accordance with the Helsinki Declaration (1975). A written consent was signed by all participants. 

 

Statistical Analysis 

Statistical analysis was performed using SPSS version 17. Data were expressed as the mean ± standard deviation (SD) for numerical 

variables. P ≤ 0.05 was considered to be statistically significant and P < 0.01 was considered to be highly statistically significant. 

 

3. RESULTS 

This study was conducted on60HD patients (group1), 30 CKD patients (group 2) and 30 (age and sex matched) healthy control 

subjects (group 3). The demographic data of patients and controls are presented in (Table 1).   

 

Table 1 The demographic data of patients and controls 

 Group 1(HD) Group 2(CKD) Group 3 

Age 49.88±6.51 48.30±6.34 48.53±6.80 

Gender 

 Male 

Female 

35(58%) 

 

25(42%) 

15 (50%) 

 

15(50%) 

17(57%) 

 

13(43%) 

 

 

 

Chart 1 Comparison between TNF, CRP and CD4+CD28 null cells in the three groups 

 

Table 2 Laboratory data of the three groups 

 Group 1(HD) Group 2 (CKD) Group 3 (Control)  P value 

  Mean SD Mean SD Mean SD 1&2 1&3 2&3 

Urea (mg/dl) 158.92 50.74 132.77 29.80 16.80 3.32 .003 .000 .000 

Creat (mg/dl) 8.18 1.28 2.96 .85 .78 .17 .000 .000 .000 

GFR (mL/min/1.73 m2) 6.57 1.66 36.30 11.82 99.93 18.31 .000 .000 .000 
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Cholesterol (mg/dl) 140.42 18.99 138.13 22.41 116.83 20.48 .634 .000 .000 

Triglycerides (mg/dl) 125.34 22.07 139.30 18.39 88.03 13.15 .002 .000 .000 

CRP (mg/L) 13.47 5.31 10.27 4.08 6.00 4.23 .002 .000 .000 

TNF (pg/ml) 52.35 34.47 43.69 11.76 22.39 4.71 .206 .000 .000 

CD4+CD28null cells (%) 7.34 2.67 4.67 1.06 3.04 .79 .000 .000 .000 

P ≤ 0.05 =statistically significant, P < 0.01 =highly statistically significant. 

 

The laboratory data showed highly significant increase in cholesterol, triglycerides, CRP, CD4+CD28null cells and TNF in both 

group 1& 2 compared to the control group (table 2 & chart 1)   

 

Table 3 Intima Media Thickness (IMT) of the three groups 

 Group 1(HD) Group 2 (CKD) Group 3 (Control)  P value 

  Mean SD Mean SD Mean SD 1&2 1&3 2&3 

IMT 1.22 0.34 1.0 .09 .58 .11 .002 .000 .000 

 

 

 

Chart 2 Comparisons between IMT in the three groups 

 

The IMT was significantly higher in both patient groups compared to the control group and it was also significantly higher in 

group 1 compared to group 2 (table 3 & chart 2).    

 

Table 4 Comparison between CD4+CD28 null cells before and after statin therapy  

  Before Statin After Statin P value 

  Mean SD Mean SD Before Vs After 

Group 1(HD) 7.45 2.69 5.28 1.73 .000 

Group 2 (CKD) 4.67 1.06 3.68 .81 .000 

 

There was highly significant decrease in CD4+CD28 nullcells in HD and CKD groups after statin therapy (table 4) 

 

Table 5 Comparison between TNF before and after statin therapy 

  Before Statin After Statin P value 

  Mean SD  Mean SD Before Vs After 

Group 1(HD) 43.14 3.76 35.50 3.40 .000 

Group 2 (CKD) 44.30 3.83 43.80 3.49 0.052 
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Chart 3 Comparison between TNF in group 1&2 pre and post statin therapy 

 

There was a significant decrease in TNF in HD group after statin therapy. There was no difference in IMT in either HD or CKD 

groups before and after statin therapy (table 5 & chart 3). 

 

Table 6 Correlation between CD4+CD28 null cells and other parameters 

 CD4+CD28null 

 R P 

Age .311** .001 

IMT .686** .000 

Urea .486** .000 

Creatinine .704** .000 

GFR -.654** .000 

Cholesterol .417** .000 

CRP .544** .000 

TNFα .383** .000 

IMT .502** .000 

 

 

Chart 4 Comparison between CD4+CD28 null cells in group 1&2 pre and post statin therapy 
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There was a positive correlation between CD4+CD28 null cells and between age, Urea, Creatinine, Cholesterol, CRP, TNFα and 

IMT. There was a negative correlation between CD4+CD 28 null cells and GFR (table 6 & chart 4). 

 

4. DISCUSSION 

Chronic kidney disease can be considered an independent risk factor for the development of cardiovascular disease (CVD), which is 

one of the leading causes of morbidity and mortality in these patients. In addition to the traditional CV risk factors nontraditional 

risk factors, unique to patients with CKD, exist (Cai et al., 2013). Increased risk of atherosclerosis in these patients is associated with 

achronic inflammatory state, calcium-phosphate metabolism disturbances, oxidative stress, accumulation of metabolic products and 

numerous undefined toxic agents (Ardhanari et al., 2014). It is generally accepted that atherosclerosis is essentially an inflammatory 

process, and monocytes and T-lymphocytes are both essential for progression of the disease. The CD4+CD28 null cells have been 

implicated as a major contributor in the inflammation and destabilization of atherosclerotic plaques (Teo et al., 2013). 

Our study, aimed to determine the effect of statin therapy as anti-inflammatory agents on the level of CD4+CD28 null T 

lymphocyte population and subsequently on atherosclerosis in patients with chronic kidney disease over a period of three months. 

The three-month period was chosen as an intermediate acceptable duration to assess the effect of statin therapy on IMT at the end 

of study, guided by Bedi et al. (2010) they conducted a meta-analysis including 11 trials at which the least duration for statin use was 

three months. The inflammatory state in our study was documented by the highly significant elevation of the CRP and TNFα levels in 

both patient groups (HD and CKD) compared to the control group (P<0.0001). This is in accordance with multiple studies, which 

reported an inflammatory state in CKD patients (Sun et al., 2013; Kaysen, 2009; Gupta et al., 2012). Moreover, this inflammatory state 

was even more pronounced in HD patients compared to CKD patients, as evidenced by the highly significant elevation of CRP in the 

HD group compared to the CKD group (P<0.0001). This was also concluded by Sharain et al. (2013), who demonstrated a linear 

progressive upregulation in CRP when comparing control to CKD to HD patients. 

Our study revealed that the baseline CD4+CD28null T lymphocyte percentage was much higher in both HD and CKD groups 

compared to the control group (P<0.0001), and that it was higher in the HD group compared to the CKD group (P<0.0001). The 

current study also shows that the IMT was significantly higher in both patient groups compared to the control (P<0.0001), and that it 

was significantly higher in the HD group compared to the CKD group (P<0.002). There was a positive correlation between 

CD4+CD28 null cells and each of CRP, TNF and IMT (P<0.0001). Bullenkamp et al. (2016) found that CD4+CD28 null T cells have 

been identified and implicated in several chronic inflammatory diseases, including atherosclerosis. This is in line with Yadav et al. 

(2012a), They found that the frequency of CD4+CD28 null T cells was significantly increased in CKD patients when compared to 

healthy controls (P<0.0001) along with an increase in common carotid artery IMT (CCA-IMT) (P<0.0001). They also detected a 

positive correlation between CD4+CD28 null T cells and IMT (P<0.0001).  

In consistence with our results, Yadav et al. (2012b) found that CKD subjects who exhibited increased CCA-IMT (P<0.0001), had 

higher CRP (P<0.0001) and higher CD4+CD28 null T cells frequency (P<0.0001). The role of CD4+CD28 null T cells in inflammation 

and atherosclerosis was also highlighted by astudy performed by Okba et al. (2019), which found CD4+CD28 null T cell percentage 

significantly higher in HD patients compared to healthy individuals (p < 0.001). Moreover, the expansion of these cells was 

significantly higher in HD patients with atherosclerotic changes compared to those without atherosclerosis (p < 0.001). After using 

statins for three months, we found that there was a highly significant decrease in CD4+CD28 null T cells in both HD and CKD groups 

(P<0.0001) compared to the values at the beginning of the study. Likewise, Brugaletta et al. (2006) found that the frequency of 

CD4+CD28 null T cells was reduced (P=0.022) in patients who were admitted to the coronary care unit with unstable angina and 

were taking statins before admission, which was explained by the immunomodulatory effect of statins.  

This is also in concordance with Link and his colleagues who found that rosuvastatin treatment significantly reduced mean 

CD4+CD28 null T cell numbers in patients with acute coronary syndrome, by down-regulation of anti-apoptotic BCL-2 expression, 

thereby inducing apoptosis in this cell population ( Link  et al., 2011). As regard TNFα, there was a significant decrease in its level 

after 3 months of statin therapy in HD group (P<0.0001). Raza et al. (2012) found that, in patients undergoing cardiac surgery, serum 

TNFα levels were lower in the high-dose statin (40-80 mg) group (p=0.002) compared to the no statin group. Another experimental 

study investigating the effect of statin therapy on inflammatory markers like TNFα and on endothelial dysfunction proved a 

beneficial effect on these parameters in diabetic rats.  This was explained by the anti-inflammatory activity of statins and enhanced 

NO synthesis (Abdel-Wahab  and Abdel-Ghani, 2011). 

 

5. CONCLUSION 

Our study showed that the use of statins led to a significant decrease in CD4+CD28 null T cell percentage in HD and CKD groups 

and a significant decrease in TNFα in HD group, both being markers of inflammation contributing to atherosclerosis. This implies 
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that statins can be used as anti-inflammatory agents in HD and CKD patients, especially in HD patients as they affect more than one 

inflammatory marker. The IMT, however, was not affected by the three-month duration of statin therapy in our study in either HD or 

CKD groups. We suggest further studies of a longer duration to be performed to accurately assess, whether this can be changed 

with long term therapy or with higher doses of statins in this population. 
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