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Abstract 

Background: Chronic kidney disease is a worldwide public health issue which is associated with an 
increased risk of end-stage renal failure and cardiovascular disease. Systemic infl ammation exists during 
chronic renal failure. Recent researches have highlighted the pivotal role of infl ammation between renal 
and cardiovascular disease. The aim of our study is to determine the infl ammatory profi le of the patient 
suff ering from chronic kidney disease and the infl uence of hemodialysis on this profi le.

Methods: We carried out a cross sectional study on 93 patients in the Nephrology Department at 
Hedi Chaker University Hospital, Sfax, South of Tunisia. Among those patients, 72 patients underwent 
hemodialysis and 21 patients had chronic kidney disease at stage 3. Clinical data and antecedents 
were collected. Biological samples were taken after informing the patients and taking their consent. 
Biological data consisted in lipid profi le, albumin rate, hemoglobin rate, uric acid concentration and the 
usual markers of infl ammation noting sedimentation rate, C - reactive protein and orosomucoid.

Results: Hemodialysis group of the 72 patients had mean hemodialysis vintage of 54.6 ± 43 months. 
The infl ammatory profi le was worse in hemodialysis patients compared to chronic kidney disease patients. 
Both sedimentation rate, C - reactive protein and orosomucoid were higher in hemodialysis group than in 
chronic kidney disease group with 71 ± 35.3 mm vs. 42.1 ± 15.5 mm (p < 0.05); 14.6 ± 28.7 mg/l vs. 6.7 ± 
8 mg/l (p = 0.02); 1.3 ± 0.7g/l vs. 0.9 ± 0.4 g/l (p = 0.01), respectively.

Conclusion: Infl ammation increases in dialysis patient. It deserves the nephrologist’s consideration 
in order to minimize its harmful eff ects. The monitoring of infl ammation markers must be integrated into 
the nephrologist’s medical practice.

cardiovascular and kidney disease [4]. In lammation plays an 
integral role in accelerated atherosclerosis. Systemic micro 
in lammation determines the extent of vascular endothelium 
damage, which is the key risk factor for both acute coronary 
syndrome and chronic kidney disease progression [1].

Furthermore, there is a graded and independent 
correlation between the glomerular iltration rate and 
cardiovascular disease outcomes [1]. This mutual interaction 
between the endothelial function, the heart function and 
the kidney function is owed to several factors such as 
hemodynamic conditions, medications, comorbidities and 
in lammatory mediators. 

There are multiple markers with various kinetic models: 

Introduction
Chronic kidney disease (CKD) is a worldwide public 

health issue. Its prevalence is increasing with life expectancy. 
Patients with CKD have serious risks of end-stage renal 
disease and cardiovascular disease (CVD) [1,2]. The mortality 
risk at the end-stage renal disease is higher than that at the 
early stage of chronic kidney disease. Moreover, several risk 
factors are involved ranging from classical ones, such as 
hypertension, diabetes, dyslipidemia to non-classical ones like 
in lammation and malnutrition [3]. Actually, chronic kidney 
disease is characterized by the presence of a systemic low 
grade of in lammation. Recent researches have highlighted 
the role of the in lammation in inducing the links between 
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markers whose serum level is multiplied by a factor of 100 
such as C - reactive protein (CRP), markers whose serum level 
is multiplied by a factor of 2 to 4 such as the orosomucoide, 
ibrinogen, haptoglobin and markers whose serum level is 

multiplied by a factor of 0.5 such as ceruloplasmin. Some 
markers are used in routine practice while others are rarely 
checked. 

The irst aim of our study is to determine the in lammatory 
pro ile of the patient with chronic kidney disease and the 
in luence of hemodialysis on this pro ile. The second objective 
is to determine the most appropriate marker of in lammation 
that can be reliable and easy to dose and can lead to practical 
monitoring of the in lammatory status of the dialysis patient. 

Methods
We carried out a cross sectional cohort study on 93 

patients. Among those patients, 72 were on hemodialysis 
and were treated in the Hemodialysis Unit of Hedi Chaker 
University Hospital, Sfax, Tunisia and 21 patients suffered 
from chronic kidney disease at stage 3. All enrolled in this 
study. Clinical data and antecedents such as the presence 
of hypertension, diabetes, chronic in lammatory disease, 
sedentary lifestyle, cerebral stroke, myocardial infraction, 
vascular calci ications...etc, were collected.

Biological samples were taken after informing and 
obtaining the patient’s consent. Biological data consisted in
lipid pro ile: total cholesterol, high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), triglycerides (TG), 
apolipoprotein A (Apo A), apolipoprotein B (Apo B); albumin 
rate, hemoglobin rate, uric acid concentration as well as the 
usual markers of in lammation noting sedimentation rate 
(SR; mm H1), C reactive protein (CRP; mg/l), orosomucoide 
(g/l), haptoglobin (g/l) and ibrinogen (g/l).

Blood samples were taken using venipuncture from 
patients with chronic kidney disease or using access points 
before the beginning of the hemodialysis session from 
hemodialysis patients.

For statistical study, we used ANOVA test for continuous 
variables and Chi-square for categorical parameters. A 
p value < 0.05 was considered to be statistically signi icant.

Results
A group of 93 patients were enrolled in this study. Their 

mean age was 50.6 ± 16.9 years old (20 – 78 years). The 
hemodialysis patients were younger than those with chronic 
kidney disease (48.3 ± 16.3 vs. 58.3 ± 16.3 years). The 
hemodialysis group of 72 patients have mean hemodialysis 
vintage of 54.6 ± 43 months. The group of 21 patients had 
chronic kidney disease at the third stage with a glomerular 
iltration rate between 30 and 60 ml/mn. Both groups were 

comparable for sex, lifestyle, comorbidities and target organs 
except the abolition of pedal pulses which was more marked 
in the chronic kidney disease group as shown in Table 1.

The lipid pro ile including total cholesterol, both LDL and 
HDL cholesterol, triglycerides, Apo A and Apo B, together 
with albumin rate, hemoglobin, uric acid rate and body mass 
index (BMI) are all shown in Table 2.

The levels of total cholesterol noting LDL and HDL 
cholesterol and also triglycerides were lower in hemodialysis 
patients than in chronic kidney disease patients (p < 0.05; 
p = 0.02 ; p < 0.05 ; p = 0.02, respectively). The levels of ApoB 
were low in dialysis patients compared to chronic kidney 
disease patients (0.72 ± 0.25 g/l vs. 0.88 ± 0.29 g/l; p = 0.04). 
Likewise, Hemoglobin levels were also lower in hemodialysis 
patients than in chronic kidney disease patients (6.6 ± 1.3 
g/dl vs. 12 ± 1.7 g/dl; p < 0.05). However, the levels of ApoA 
were similar in both groups. The in lammatory pro ile of the 
cohort study including SR, CRP, orosomucoid, haptoglobin 
and ibrinogen is presented in Table 3. 

Table 1: Cardiovascular risk factors and target organs of studied groups.
Study group CKD group HD group

p93 cases 21 cases 72 cases
N (%) N (%) N (%)

Hypertension 60 64.5 15 71.4 45 62.5 0.4
Diabetes 5 5.4 0 0 5 6.9 0.1

Chronic infl ammatory disease 21 22.6 1 4.8 20 27.7 0.2
Sedentary lifestyle 31 33.3 6 28.6 25 34.7 0.5
SBP > 140 mmHg 44 47.3 11 52.3 33 45.8 0.2
DBP > 90 mmHg 27 29 7 33.3 20 27.8 0.1

Myocardial infarction 5 5.4 3 14.3 2 2.8 0.08
Left ventricular hypertrophy (echo) 26 28 7 33.3 19 26.4 0.2

Stroke 2 2.2 0 0 2 2.8 0.4
Abolition of pedal pulses 14 15.1 6 28.5 8 11.1 0.049
Vascular calcifi cations 3 3.2 0 0 3 4.16 0.2

CKD: Chronic Kidney Disease; HD: Hemodialysis; SBP: Systolic Blood Pressure; 
DBP: Diastolic Blood Pressure

Table 2: Clinical and biological data of studied groups.
Study group CKD group HD group

p
93 cases 21 cases 72 cases

Total cholesterol (mmol/l) 4.6 ± 1.3 5.1 ± 1.1 4.2 ± 1.2 < 0.05
HDL (mmol/l) 1 ± 0.3 1.2 ± 0.2 0.8 ± 0,2 0.02
LDL (mmol/l) 2.8 ± 0.9 3.5 ± 0.8 2.5 ± 0,8 < 0.05

Triglycerides (mmol/l) 1.6 ± 0.7 1.9 ± 0.7 1.5 ± 0.7 0.02
Apo A (g/l) 1.2 ± 0.2 1.2 ± 0.2 1.2 ± 0.3 0.3
Apo B (g/l) 0.7 ± 0.2 0.8 ± 0.2 0.7 ± 0.2 0.04

Albumin rate( g/l) - - 35.9 ± 6.9 -
Hemoglobin rate (g/dl) 7.8 ± 2.6 12 ± 1.7 6.6 ± 1.3 < 0.05

Uric acid (μmol/l) 436.6 ± 92.2 452 ± 87.5 434.6 ± 93.3 0.6
BMI (Kg/m²) 21.4 ± 4.6 25.2 ± 6.2 20.2 ± 3.3 0.07

CKD: Chronic Kidney Disease; HD: Hemodialysis; HDL: High-Density Lipoprotein;
LDL: Low-Density Lipoprotein; ApoA: Apolipoprotein A; ApoB: Apolipoprotein B; 
BMI: Body Mass Index

Table 3: Infl ammatory markers of studied groups.
Study group CKD group HD group

P
93 cases 21 cases 72 cases

SR (mm H1) 64.5 ± 34.1 42.1 ± 15.5 71 ± 35.3 < 0.05
CRP (mg/l) 12.8 ± 25.6 6.7 ± 8 14.6 ± 28.7 0.02

Orosomucoid (g/l) 1.2 ± 0.7 0.9 ± 0.4 1.3 ± 0.7 0.01
Haptoglobin (g/l) 1.8 ± 1.3 1.3 ± 0.8 1.9 ±1.4 0.08
Fibrinogen (g/l) 4.7 ± 1.4 4.5 ± 0.7 4.7 ± 1.9 0.5

Serum ferritin (ng/ml) - - 190.9 ± 259.8 -
Serum iron (μmol/l) - - 15.8 ± 9.7 -

CKD: Chronic Kidney Disease; HD: Hemodialysis; SR: Sedimentation Rate; 
CRP: C - Reactive Protein
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The results of our study showed that a low grade of 
in lammation was present in patients with chronic kidney 
disease as CRP levels reach 12.8 ± 25.6 mg/l in the studied 
population. These levels were more important in the 
hemodialysis group compared to the group of patients with 
the third stage of chronic kidney disease (14.6 ± 28.7 mg/l vs. 
6.7 ± 8 mg/l; p = 0.02). 

The in lammatory pro ile was worse in the hemodialysis 
group than in the chronic kidney disease group. All SR, CRP 
and Orosomucoid were higher in the hemodialysis group 
than in the chronic kidney disease group with 71 ± 35.3 mm 
vs. 42.1± 15.5 mm (p < 0.05); 14.6 ± 28.7 mg/l vs. 6.7 ± 8 
mg/l (p = 0.02); 1.37 ± 0.76 g/l vs. 0.92 ± 0.44 g/l (p = 0.01), 
respectively (Table 3).

Discussion
Systemic in lammation is a common feature in the uremic 

phenotype and it is associated with bad outcomes. The 
awareness about the importance of in lammation assessment 
in CKD patients has risen in recent years, and despite the 
development of novel biomarkers, C-reactive protein is still 
the most measured in lammatory parameter [5].

Our study showed that a low grade of in lammation 
was present in patients with chronic kidney disease and 
was accentuated when hemodialysis was launched. Thus, 
monitoring this in lammation was crucial. 

The sedimentation rate is known as a weak in lammation 
marker in patients with chronic kidney disease, as its value 
correlates with the degree of anemia that greatly exists 
in these patients. In our study, the SR value was 71 ± 35.3 
mm in hemodialysis patients but it was of 42.1 ± 15.5 mm 
in patients at the third stage of chronic kidney disease 
(p < 0.05). The hemoglobin levels were 6.66 ± 1.33 g/dl and 
12 ± 1.7 g/dl (p < 0.05), respectively.

The haptoglobin levels were higher in hemodialysis 
patients than in the third stage of chronic kidney disease 
patients having the values 1.99 ± 1.40 and 1.34 ± 0.83, 
respectively. Yet, this difference couldn’t be considered 
signi icant. In fact, haptoglobin was in luenced by the degree 
of hemolysis present in hemodialysis patient. Actually, several 
hypotheses might occur due to many factors. A case example 
is tube bending during the hemodialysis session, dialysate 
impurity, and endotoxins contamination. These factors might 
contribute to a chronic hemolysis, which might decrease the 
haptoglobin levels.

The orosomucoid levels were greater in hemodialysis 
patients compared to the third stage of chronic kidney 
disease patients, with values 1.37 ± 0.76 and 0.92 ± 0.44 
(p = 0.01), respectively. The orosomucoid or alpha-1-acid 
glycoprotein is a major positive protein of the in lammatory 
reaction (with CRP and haptoglobin). Its half-life is from 2 to 

5 days. The orosomucoid rises before haptoglobin, and then, 
it joins the haptoglobin. Besides, the two molecules correlate 
in their evolution. Hence, orosomucoid is useful for dating 
in lammation. This parameter is not affected by the degree 
of anemia, so it can be a reliable in lammation marker in 
patients with chronic kidney disease.

To sum up, we can state that CRP, orosomucoid and 
haptoglobin are the major positive proteins of in lammation 
and together they de ine a speci ic in lammatory pro ile of 
the dialysis patient. During the dialysis therapy, the chronic 
in lammation is the rule. However, acute in lammation might 
occur as a result of surgery or infection. The concomitant 
elevation of CRP, orosomucoid and haptoglobin gives evidence 
of this chronic status, especially if albumin is diminished. 

The monitoring of this in lammatory pro ile might be an 
effective tool in diagnosis and follow up of in lammation. 
In regard to cost, the simplicity of measurement and the 
interpretation, CRP remains the most useful marker of 
in lammation. In accordance with data from the Dialysis 
Outcomes and Practice Patterns Study (DOPPS) registry, the 
use of CRP in dialysis units around the world has considerably 
increased in the last decade [6]. Interestingly enough, the 
dialysis facilities that reported the measuring of CRP in more 
than 50% of their patients had lower cardiovascular related 
mortality. These indings might be accounted for the rising 
awareness of potentially treatable conditions that lead to an 
early diagnosis and intervention [5,7–9]. 

In lammation is the main cause that speeds up 
atherosclerosis. Also, in lammation and lipid abnormalities 
are interrelated. Our results showed that the lipid pro ile 
is more altered in hemodialysis. The total cholesterol value 
was less in hemodialysis group of patients compared to 
the chronic kidney disease group (p < 0.05). Both LDL and 
HDL cholesterol diminished. This could be explained by 
malnutrition observed in hemodialysis patients. The BMI 
was low in dialysis patients and it was mainly generated by 
anorexia induced by uremia and anemia. 

The HDL cholesterol (protective cholesterol) signi icantly 
decreased in hemodialysis, which means that the dialysis 
patient was more vulnerable to the cardiac attack. The levels 
of ApoB were lower in dialysis patients compared to the 
chronic kidney disease group: 0.72 ± 0.25 g/l vs. 0.88 ± 0.29 
g/l (p = 0.04). Yet, the levels of ApoA were similar in both 
groups. 

Apo A1 is the principal apolipoprotein contained in HDL 
and ApoB is the single molecule in LDL [10]. The levels of 
ApoB were low in the hemodialysis patients mostly because 
of malnutrition. These results rejoin the most common MIA 
syndrome; associated to malnutrition, in lammation and 
atherosclerosis in the chronic kidney disease; and the uremic 
patient.

Many studies have shown that the increase of in lammation 
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markers already exist at stage 3 and stage 4 of CKD leading 
to an in lammatory reaction. These abnormalities can lead to 
serious complications of CKD such as cardiovascular disease, 
atherosclerosis, malnutrition and anemia. Furthermore, the 
disease progression and the dialysis treatment can aggravate 
this in lammatory status [11,12]. 

In fact, when the chronic kidney disease reaches its inal 
stage, the heart function will be inevitably weakened. Despite 
the correction of water overload and the puri ication of little 
and middle size uremic toxins with dialysis; in lammation 
pro ile worsens on dialysis. It is a veritable chronic process in 
hemodialysis, caused by the dialysate impurity, the membrane 
bio-incompatibility, the blood interaction with tubes and 
dialyzer, the sterilization agent such as Ethylen oxyde (ETO), 
catheter use and failed allografts [13,14]. Added to that, it 
may be intermittent due to a coexisting process such as tooth 
decay or acute infection.

Patients with end-stage renal disease undergoing chronic 
hemodialysis (HD) present higher mortality rates compared 
to the general population. Once patients are on HD, the 
risk of cardiovascular death is approximately 30 times 
higher than that in the general population and it remains 
between 10 and 20 times higher after strati ication for age, 
gender, and the presence of diabetes [4]. The traditional 
risk factors seem to be inadequate to completely explain 
the remarkable prevalence of cardiovascular mortality and 
morbidity observed in the uremic population. Hence, the 
role for chronic in lammation has been well established 
in the development of atherosclerotic disease. In fact, the 
accelerated atherosclerotic process of end-stage renal disease 
may involve several interrelated processes such as oxidative 
stress, endothelial dysfunction, vascular calci ication and 
in lammation.

Along with the cardiovascular impact of chronic in lam-
mation, several publications have shown that the loss of renal 
function is faster if the CRP and tumor necrosis factor- alpha 
(TNF-alpha) levels are increased [15]. Monitoring these 
in lammatory markers appears to be important in the follow-
up of patient with chronic kidney disease before and after the 
end stage renal disease.

Further studies will be necessary to explain the in lam-
matory status of the hemodialysis patients so as to reduce 
as much as possible all sources of in lammation. Last but not 
least, we could be criticized for not considering the age factor 
in our study. Indeed, the hemodialysis patients had a high 
degree of in lammation although they were younger than 
chronic renal disease patients. 

Conclusion
In lammation increases in dialysis patients. It can be 

considered as the silent killer of the patient on dialysis 
therapy. Besides, it deserves the nephrologist’s attention 

in order to minimize its harmful action. Above all, the 
monitoring of in lammation markers has to be integrated 
into the nephrologist’s medical practice.

Authors’ contributions: HC, FJ and HM collecting data for 
text and writing the irst manuscript; FA realized laboratory 
analysis; ST, KK, SY and MBH reviewing revisions and inal 
manuscript.
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