
ABSTRACT
Background: Increased serum uric acid (SUA) level is associated with joint damage and has been positively correlated with 
various diseases such as chronic kidney diseases (CKD) due to inflammation. This study aimed to investigate the relationship 
between hyperuricemia (increased SUA) and inflammatory status in Iraqi people with different stages of CKD. 
Methods: A cross-sectional study recruited 128 participants with CKD (45 stage I, 42 stages II and, 41 stage III CKD patients) 
and 88 age-and sex-matched healthy controls. SUA, tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), interleukin-10 
(IL-10), blood urea, serum creatinine, cholesterol, triglyceride (TG), low-density lipoprotein (LDL), high-density lipoprotein 
(HDL), and very-low-density lipoprotein (VLDL) levels were determined and compared between the groups. 
Results: The stage III disease group had significantly higher values of SUA, TNF-α, IL-6, creatinine, triglyceride, and blood urea 
levels (p < 0.0001), as well as HDL (p < 0.001), and VLDL (p < 0.05) in comparison to the controls. No significant differences 
in serum cholesterol, LDL, and IL-10 were found between the stages I, II and III CKD patients and controls. 
Conclusion: This study found CKD (stage III) patients had higher SUA. Hyperuricemia is a potential risk factor for CKD 
progression. These findings propose that SUA may play a critical role in inflammatory status in stage III CKD patients.
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INTRODUCTION
Chronic kidney disease (CKD) is one of the most common 
progressive renal disorders worldwide. It is defined either as 
an indication of renal damage or by a decrease in glomerular 
filtration rate (GFR) and can further be delineated as CKD 
stage 1-5 depending on GFR.1,2 CKD may progress to renal 
failure and hence compromises dialysis and renal transplant; 
which is commonly associated with considerable increases in 
morbidity and mortality. Several risk factors are associated with 
the progress of CKD, in particular hyperuricemia: an increase 
in the serum uric acid (SUA), diabetes mellitus, hypertension, 
dyslipidemia, proteinuria, hypoalbuminemia and smoking.3,4

Researchers have observed a close relationship between 
systemic inflammation and CKD. Tumor necrosis factor-α 
(TNF-α), and interleukin-6 (IL-6) are components of the 
Th-1 pro-inflammatory cytokine response that may play 
an important function in CKD.5 Interleukin-10 (IL-10) is a 
cytokine with anti-inflammatory and immune-regulatory 
functions, part of the Th-2 response, which is part of the self-
regulating balance of the immune system.6

Dyslipidemia is commonly associated with CKD.3 
Abnormal lipoprotein metabolism has been identified as 
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having a strong association with CKD and is associated with 
declining GFR and increasing proteinuria.7 Early detection 
and treatment of lipid disorders will reduce the risk factor to 
accelerate CKD progression.8

Hyperuricemia is a strong predictor of gout, inflammatory 
arthritis resulting from urate crystal deposition within synovial 
joints. Uric acid is actively secreted by renal tubular cells and 
renal impairment is a strong risk factor for both hyperuricaemia 
and gout. Hyperuricemia is identified as an independent 
harmful cause for morbidity and premature mortality due to 
CKD. While a decrease influences reduced renal clearance of 
SUA in GFR, it has also been proposed that hyperuricaemia 
itself may inf luence inf lammation, a risk factor for the 
development and progression of CKD.4 Blood urea and serum 
creatinine, are both excreted by kidney. Blood urea, is the main 
nitrogenous end product of protein and amino acids catabolism 
while creatinine is produced in muscle by breakdown of 
creatine. They are affected by paranchymal damage and reflect 
kidney function; being remarkably considered as markers of 
progression of kidney damage.9 

In few studies, there are positive associations between SUA 
and TNF-α in CKD patients, although SUA has been proposed 
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as a CKD biomarker. Previous researches have reported that 
SUA stimulates the synthesis of TNF-α. SUA levels correlate 
with serum levels of TNF-α, and it has been proposed that SUA 
may be directly involved in endothelial damage.3,10

The current study hypothesis is that SUA is implicated 
in the systemic inflammatory response in CKD. Therefore, 
the present study aimed to investigate whether SUA is 
associated with increased circulating pro-inflammatory and 
anti-inflammatory cytokines in patients with I, II and III 
stages of CKD. 

MATERIALS AND METHODS
Study Design: A cross-sectional study of a total of 128 CKD 
patients (45 stage I, 42 stage II and 41 stage III), defined 
according to the Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines,11 were recruited from the Al-Kadhmiya 
Teaching Hospital. A 88 healthy control participants were 
recruited from the recruited patients’ family. Participants’ 
demographic data, including height and weight, was recorded. 
The study was approved by the Ethics Committee of the 
Al-Kharkh District Health Committee. All participants were 
fully informed about the study procedures and provided written 
consent for study participation. 
Inclusion Criteria
Patients were adults age 18 years or older, not using lipid-
lowering and SUA lowering medications. 

Exclusion Criteria 
Patients with malignancies or autoimmune diseases.
Sample Collection and Processing
Blood samples were obtained in the morning, after the subjects 
had fasted for 10 hours, and then isolated by centrifugation 
at 3000 rpm for 10 minutes to collect serum (Sorvall® 4K15 
centrifuge, Thermo Scientific, UK); lipid profile, urea and 
creatinine were estimated immediately after the collection 
and rest of the serum was stored at -70°C for the estimation of 
IL-10, IL-6 and TNF-α. 

To determine TNF-α, IL-10, and IL-6 enzyme-linked 
immunosorbent assay (ELISA) technique and (American 
Bioscience, USA) and (Bender Med System, Austria) kits 
were used. The concentration of serum levels of triglycerides, 
cholesterol, HDL, LDL, and VLDL were determined using 
commercial kits (Olympus AU-600, Tokyo, Japan). Serum 

creatinine (Enzymatic method, Arbor Assays, KB02-H kit 
Michigan, United States), SUA and blood urea (Berthelot-
urease method enzymatic colorimetric method, Cambridge, 
UK). 
Statistical Analysis
Descriptive statistics were used to demonstrate the mean ± 
SD of variables. t-tests were used for comparisons between 
patients and controls. Statistical analysis was carried out via 
one-way analysis of variance (ANOVA), followed by Pearson’s 
correlation analysis to find out the linear association between 
clinical parameters. Graphical/statistics were generated by 
Prism Version 7 (Graph Pad Software, San Diego, CA) for 
all assays. p < 0.05 was considered to indicate statistical 
significant.

RESULTS
Participants’ demographics are presented in Table 1. Patients 
(stage I, stage II and III CKD) and control groups were similar 
concerning age, BMI, and education. GFR was significantly 
different (p < 0.05) between the stage III CKD patients and 
the control group.

Biochemical parameters were examined in patient and 
control groups and are presented in Table 2.

As shown in Table 2, TNF-α concentration from patients 
with stages I, II and III of CKD were higher than those for the 
control group (p < 0.05, p < 0.001, and p < <0.0001, respectively). 
The SUA and IL-6 levels were statistically higher in CKD stage 
III patients (p < 0.0001) than in the control group, whereas 
the difference between stage I, II and control groups was not 
significant. Blood urea and serum creatinine values were 
different among stage I, II (p < 0.05), and stage III (p < 0.0001) 
CKD patients, compared with controls as shown in Figure1. 
The stages III CKD patient group had significantly higher 
levels of serum triglyceride (p<0.0001) and serum VLDL 
(p < 0.05) and significantly lower levels of HDL (p < 0.001), 
compared to controls. IL-10, cholesterol, and LDL levels were 
higher in the patient groups compared to controls; differences 
were not significant.

A positive correlation was shown using Pearson’s 
correlation analysis in stage IIICKD patients between SUA 
and TNF-α (r = 0.903, p=0.0001; Figure 1A), IL-6 (r = 0.865, 
p= 0.0001; Figure 1B), IL-10 (r = 0.745, p=0.0001; Figure 1C), 
triglyceride (r =  0.651, p=0.0002; Figure 1D), and VLDL  

Table 1: Participants’ demographic data

Control
(n= 88) 

Stage III CKD
 (n=41)Stage II CKD (n= 45) Stage I CKD (n=42)Demographic variable

51.2 ± 9.558 ± 8.256.9 ± 6.756.5 ± 11.3 Age (years)mean
25.6 ± 6.1 21.6 ± 2.322.4 ± 1.723.9 ± 2.6 BMI (kg/m2) mean
 55/3322/1926/1627/18 Male/Female
94 ± 357 ± 7*71.5 ± 685 ± 4 GFR (mL/min) mean
10
14
14

13
16
12

19 
10
13

19 
15 
11 

Education:
Illiterate Secondary
Tertiary

BMI: body mass index,GFR: glomerular filtration rate.
Data are presented as mean ± standard deviation. The differences is statistically significant, *p < 0.05.
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(r =  0.7606, p=0.0001; Figure 1E). Likewise, there was correlation 
between blood urea and TNF-α, IL-6 and VLDL; (r = 0.4181, 
p = 0.01; Figure 2A), (r = 0.2127, p= 0206; Figure 2B), (r = 0.6369, 
p= 0.0001; Figure 2C) respectively and between serum 
creatinine and TNF-α (A), IL-6 (B) and VLDL (C); (r = 0.4603, 
p = 0.001; Figure 3A), (r = 0.1153, p = 0.5298; Figure 3B),  

Table 2: One-way ANOVA comparison of the biochemical parameters between CKD patients and controls

Control
(n = 88)

Stage III CKD
(n = 41)

Stage II CKD
(n = 42)

Stage I CKD
(n = 45)Parameters

0.09 ± 0.020.11 ± 0.020.10 ± 0.010.09 ± 0.03 IL-10 (pg/mL)
2.1 ± 1.13.5 ± 1.3***3.2 ± 1.9 2.9 ± 2.3 IL-6 (pg/mL) 
2.2 ± 1.405.4 ± 1.06***4.7 ± 1.5**2.9 ± 2.05* TNF-α (pg/mL)
23.39 ± 5.5116.91 ± 8.3***98.12 ± 5.1*61.71 ± 7.5* Blood urea (mg/dL) 
0.70 ± 0.15.82 ± 2.3***3.6 ± 2.6*2.36 ± 1.8*Serum creatinine (mg/dL)
5.01 ± 0.8
134.8 ± 40.9

7.66 ± 0.7***
204.6 ± 9.8

6.9 ± 1.6
196.61 ± 8.3

5.16 ± 1.2
185.94 ± 29.2 

Serum uric acid (mg/dL)
Serum cholesterol (mg/dL) 

60.6 ± 11.2162.14 ± 18.4*** 149.21 ± 15.1124.56 ± 13.7 Serum triglyceride (mg/dL)
46.90 ± 8.7
74.10 ± 12.3

17.6 ± 6.8**
79.48 ± 18.1

24.2 ± 4.1
78.3 ± 11.5

32.03 ± 6.4
73.86 ± 20.8

Serum HDL (mg/dL)
Serum LDL (mg/dL)

20.15 ± 3.333.16 ± 10.1*25.21 ± 5.122.55 ± 7.4 Serum VLDL (mg/dL)
CKD: chronic kidney diseases, SUA: serum uric acid, TNF- α: tumor necrosis factor-α, IL-6: interleukin-6, IL-10: interleukin-10,  
HDL: High density lipoprotein, LDL: Low density lipoprotein, VLDL: Very low density lipoprotein. 
Values of the parameters are Mean ± Standard deviation.
The differences are statistically significant *p < 0.05, **p < 0.001, ***p < 0.0001

(r = 0.2678, p = 0.1383; Figure 3C), respectively. While SUA 
showed a negative correlation in stage III CKD patients 
with HDL and GFR (r = -0.459, p = 0.0159; Figure 4A) and 
(r = -0.4229, p = 0.0066; Figure 4B) respectively. In addition, 
serum creatinine and Blood urea revealed negative correlation 
with HDL in stage III CKD patients (r = -0.5220, p = 0.0009; 
Figure 5A) and (r = -0.2991, p = 0.0721; Figure 5B), respectively. 
While no correlation in stage I CKD patients and controls 
was found.

DISCUSSION
The important result of the current study was the significant 
association between levels of SUA, TNF-α, and IL-6 in Iraqi 
patients of stage III CKD. These findings verify the hypothesis 
that SUA is involved in inflammation by activating the release 
of inflammatory cytokines.

Figure 1: Correlation of SUA with TNF-α (A), IL-6 (B), IL-10 (C), 
Triglyceride (D) and VLDL (E) in patients of stage III CKD;(r = 0.903, 

p = 0.0001); (r = 0.865, p = 0.0001); (r = 0.745, p = 0.0001); (r = 0.651, 
p = 0.0002) and (r = 0.7606, p = 0.0001), respectively.
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Figure 2: Correlation of blood urea with TNF-α (A), IL-6 (B) 

and VLDL (C) in patients of stage III CKD;(r = 0.4181, p = 0.01); 
(r = 0.2127, p = 0206); (r = 0.6369, p = 0001), respectively
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Figure 3: Correlation of serum creatinine with TNF-α (A), IL-6 (B) 
and VLDL (C) in patients of stage III CKD; (r = 0.4603, p = 0.001); 

(r = 0.1153, p = 0.5298) and (r = 0.2678, p = 0.1383), respectively
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Figure 4: Correlation between HDL (A); GFR (B) and  
SUA in patients of stage III CKD; (r =  -0.459, p=0.0159) and  

(r = -0.4229, p = 0.0066), respectively
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Figure 5: Correlation of HDL with serum creatinine (A) and blood urea 
(B) in patients of stage III CKD; (r = -0.5220, p = 0.0009) and  

(r = -0.2991, p = 0.0721), respectively

The role of hyperuricemia in CKD progression is still under 
debate. Hyperuricaemia is associated with deteriorating 
renal function in CKD, but one of these associations is 
linked to reducing renal urate clearance in the renal tubules. 
However, high urate blood levels themselves may also lead 
to an inflammatory reaction, hence a deterioration in renal 
function, through several mechanisms: losing cell-to-cell 
contact in renal tubular cells by decreasing the expression of 
the epithelial cell. Another mechanism is attributed to oxidative 
changes through nicotinamide adenine dinucleotide phosphate 
oxidases (NADPH) which promote apoptosis.12 The incidence 
and prevalence of CKD may be increased in hyperuricemia 
and one condition could accentuate the other.13,14 

CKD is associated with a systemic inflammatory process, 
most commonly in advanced stage CKD. Several studies have 

reported that raised SUA level has been linked with oxidative 
stress and inflammatory condition in some pathological status. 
Complex pathways that can stimulate oxidative stress and 
disorder of endothelial cells are involved in the mechanisms 
by which SUA induces inflammation.10

Shahbazian et al.14 reported that the prevalence of SUA 
level may rise 40 to 60% in stages I, II and III CKD patients, 
which may lead to an inflammatory response and it showed 
that plasma uric acid levels in CKD patients are higher than 
normal. A study by Mutluary et al.15 observed that SUA is a 
factor that contributes to identifying premature vascular lesions 
in CKD patients. 

 This study found a positive correlation between SUA 
and TNF-α, and IL-6 in stage III (p < 0.0001) CKD groups 
compared to controls. Our result agreed with the finding of 
Lobo, et al.10 who observed a positive correlation between SUA 
and both TNF-α and IL-6. Our findings may suggest that SUA 
levels may serve as a predictive marker for CKD progress in 
Iraqi patients.

A considerable number of studies has known the role 
of traditional and nontraditional risk factors, e.g., elevated 
LDL, cholesterol, and HDL.16,17 Tbahriti, et al.18 observed 
that elevated inf lammatory markers are associated with 
CKD due to raised pro-inflammatory cytokines, although 
significantly increased levels of SUA, TNF-α, and IL-6 in 
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stage III CKD patients (p < 0.0001). Therefore, it is uncertain 
whether it is renal insufficiency, CKD, causing chronic 
inflammation in stage I CKD, which indicates patients’ health  
outcome.19

Lipoprotein metabolism is altered in most patients with 
renal insufficiency, resulting in atherosclerosis and lipoprotein 
accumulation in glomerular structures.15,20,21 In CKD patients’ 
dyslipidaemia is characterized by increased levels of TG, 
LDL, and reduced HDL. Nevertheless, total cholesterol might 
be normal or decreased particularly in malnutrition cases. 
Different studies have reported that it is still unclear if TG, 
total cholesterol, and LDL impact CKD progression.22 The 
current study revealed that the serum level of total cholesterol 
was insignificant in CKD patients compared to the controls. 
In addition, triglyceride levels showed higher significant 
difference (p = 0.0001) between stage III CKD patients and 
controls. This result was in agreement with the finding of Yang, 
et al.23 whereby the triglyceride values were higher in CKD 
patients than the control group (p < 0.01). 

In the current study, HDL level was significantly lower for 
stage III CKD patients than controls, and inversely correlated 
to SUA level. Peng observed a similar finding, et al. 24 however 
opposing results were obtained by Basok, et al. 25 Following 
our results, Singh, et al.26 observed that the serum LDL level 
was higher in patients with CKD. Atherogenesis is stimulated 
by LDL cytotoxicity and leukocyte recruitment that alters the 
vascular endothelium, hence increasing risk. Many studies 
have shown the increased LDL levels in patients with CVD 
and CKD,26,27 suggesting that in CKD patients, the increased 
level of LDL could be contributed to the improvement of 
the atherogenic process. In addition, the level of VLDL in 
the current study was higher in stage III CKD patients than 
controls which support previous study.26

In our study, a significant difference was found in the level 
of creatinine in stage I, II (p =0.01) and III (p =0.0001) CKD 
groups, consistent with a previous study of hemodialysis and 
pre-dialysis patients.28 Serum creatinine is used as an index to 
estimate kidney function and indicates many factors besides 
GFR, such as malnutrition. It is considered as a marker for 
nutritional status and its low levels are associated with increased 
mortality.29 Elevated serum creatinine has been found in 
20–40% of hospitalized individuals.28 The present study also 
found a high statistically significant difference in blood urea 
level in stage I, II (p < 0.01) and III (p < 0.0001) CKD groups 
in comparison to controls, compatible with Pandya, et al.30  

Renal hypoperfusion can be predicted if the blood urea is 
elevated, which could be due causing renal failure, cardiac 
congestion or a low output.29

CONCLUSIONS 
The data support the argument that hyperuricemia is a 
potential risk factor for CKD patients, through enhanced 
inflammatory processes. The increased level of inflammatory 
markers coexisting with abnormally elevated uric acid suggests 
that it might contribute to the pro-inflammatory state that 
characterizes the chronicity of the diseases, particularly in 

old age. This hypothesis would have to be tested in future 
clinical studies

The study verifies previous studies that higher SUA levels 
were significantly associated with decreased renal function and 
a higher risk of kidney failure in patients. However, further 
studies, including intervention trials, are needed to determine 
causality relationships between SUA and inflammatory markers 
and their relationship with the progression of CKD stages.
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