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Abstract
Introduction: Chronic kidney disease is characterized by the damage or dysfunction of the kidneys for a duration of at least three 
months, depending on its cause. End-stage kidney disease is defined by a glomerular filtration rate (GFR) of less than 15 mL/min/1.73 m2 
or the need for long-term renal replacement therapy irrespective of GFR.

Aim: The aim of this study was to evaluate the impact of sex on the uric acid, albumin, urea, and creatinine levels, and the prevalence 
of hyperuricemia in end-stage renal disease patients.

Materials and methods: This cross-sectional study was conducted at Al-Hakeem General Hospital in Al-Najaf, Iraq, from October 
2023 to April 2024. The study included 50 patients with chronic renal failure or end-stage renal disease. The following data were col-
lected for each patient: age, sex, cause of end-stage disease, duration of dialysis, number of sessions, and adequacy of dialysis. In addi-
tion, biochemical markers were analyzed.

Results: The study demonstrated that 35 patients (20 male and 15 female) had hyperuricemia, a condition characterized by elevated 
uric acid levels in the blood. A statistically significant difference was observed between male and female patients, with male patients 
demonstrating considerably higher uric acid levels compared to their female counterparts. Additionally, a statistically significant dif-
ference (p<0.05) was observed between hyperuricemic and normouricemic groups, indicating an increase in the mean levels of serum 
urea, albumin, and uric acid in the hyperuricemia patients when compared with the normouricemic patients.

Conclusion: Hyperuricemia was highly prevalent in end-stage renal disease patients. Patients with hyperuricemia had significantly 
higher serum albumin levels than those without, and a significant positive correlation was found between uric acid and blood glucose 
levels in the hyperuricemic group. 
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Introduction

Chronic kidney disease (CKD) can be regarded as a glob-
al public health problem for a number of reasons. These 
include its high prevalence, poor response to treatment, 
and high treatment costs. Furthermore, CKD has been 
identified as a major contributor to the overall morbidity 
and mortality rates associated with non-communicable 
diseases.[1] This condition is characterized by the impair-
ment or deterioration of kidney function over a period of 
many months (three or more), depending on the under-
lying cause. The progression of this disorder is marked by 
the emergence of multiple complications, with severity and 
prevalence increasing in advanced stages.[2] The progres-
sion of CKD is staged, as illustrated in Fig.  1, and these 
stages are associated with an elevated risk of developing 
major complications.

The stages and prognosis of CKD, as shown in Fig. 1, are 
based on the glomerular filtration rate and albuminuria. 
These stages serve to enhance the risk correlation for the 
major complications associated with CKD which have the 
potential to adversely impact patients’ quality of life and re-
sult in elevated morbidity and mortality rates. The onset of 
end-stage renal disease (ESRD) is characterized by a GFR 
of less than 15 mL/min/1.73 m2 or the need for long-term 
renal replacement therapy, irrespective of GFR.[4]

Hemodialysis is considered to be the most common 
method used to remove many of the toxic waste products 

when kidneys become unable to do their functions.[5] It is a 
necessary technique to remove electrolytes and extra water 
in blood[6], because accumulation of these substances re-
sults in severe abnormalities that could cause death.[7] The 
relationship between hyperuricemia and CKD has been 
recognized by nephrologist.[8] Hyperuricemia is an abnor-
mal biochemical condition which occurs in 20%–25% of 
adult male patients and less in female patients and can be 
defined as exceeding urate concentration above limit of 
solubility (about 6.8  mg/dL or 400  μmol/L).[9] There are 
many factors participating or causing hyperuricemia such 
as genetic factors and environmental factors and comor-
bid diseased related factors. So, hyperuricemia is the result 
of excess urate production, reduced intestinal secretion of 
urate[10], impaired renal clearance[11], or a combination of 
these factors[12].

For many years, studies demonstrated that hyperurice-
mia impairs kidney function through uric acid retention, 
but in 2002, a study by Kang et al., which induced hyper-
uricemia in experimental rats, revealed that the condition 
caused an increase in renal renin and cyclooxygenase 2 
expression in many vessels, mainly pre-glomerular arteri-
al vessels, increased uric acid, and induced oxidative stress 
and endothelial dysfunction, and these effects resulted in 
systemic and glomerular hypertension and contributed to 
the progression of CKD.[13] Additionally, the uric acid was 
found to cause epithelial to mesenchymal transition in the 
tubular cells which contributed to the progression of re-

Figure 1. Staging of chronic kidney disease.[3] CKD: chronic kidney disease; GFR: glomerular filtration rate.
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nal fibrosis.[14] So, hyperuricemia can be considered as an 
independent risk factor for CKD and progression to end-
stage renal disease by increasing renal renin, promoting re-
nal vasoconstriction, and inhibiting nitric oxide release.[15] 
Many studies have found that the levels of serum uric acid 
are increasing in parallel with the reduction of the eGFR, 
and this occurs in about 40%–60% of stage 1-3 CKD pa-
tients and increases to about 70% in patients with stage 4 or 
5 of chronic kidney disease.[16] 

Aim

The aim of this study was to evaluate the impact of sex on 
the levels of uric acid, albumin, urea, creatinine, and the 
prevalence of hyperuricemia in end-stage renal disease pa-
tients. 

Materials and methods

Patients collection 

This cross-sectional study was conducted at Al-Hakeem 
General Hospital in Al-Najaf City, Iraq, from October 2023 
to April 2024. A total of fifty patients (32 men and 18 wom-
en) with chronic renal failure at end-stage renal disease 
planned for hemodialysis program were enrolled in this 
study. Patients’ age ranged from 18 to 78 years. They were 
diagnosed with chronic kidney disease based on the glo-
merular filtration rate as estimated by the Cockcroft-Gault 
equation and the Modification of Diet in Renal Disease 
study equation. Each patient admitted to the hospital was 
provided with this information and analysis: the patient’s 
name, age, sex, the underlying cause of the end-stage dis-
ease, the duration of dialysis, the number of sessions, the 
adequacy of dialysis (KtV), blood urea, serum creatinine, 
serum albumin, serum uric acid, and the presence of hep-
atitis B and C. In addition to these data, patient case notes 
were meticulously recorded and utilized for the purpose of 
data collection. All patients included in this study were ad-
ministered a detailed questionnaire and provided written 
informed consent.

Materials 

The hemodialysis machine utilized was the Gambro AK 
200 ULTRAS model, manufactured in Sweden. The short-
term dialysis catheter kit was the Niagara model, produced 
by the company Gambro, with the Slim-Cath component 
assembled in Mexico. The lidocaine hydrochloride injec-
tion, with a concentration of 20 mg/mL, was sourced from 
the United Kingdom. The human kits of urea, creatinine, 
albumin, and uric acid (Human, Germany) were utilized. 
The Human ELA test kit of viral screening test: anti-hepati-
tis C virus antibody (Anti HCV Ab), hepatitis B surface an-

tigen (HBsAg), and human immunodeficiency virus (HIV) 
(Foresight, USA) was employed.

Statistical analysis 

Data were analyzed using SPSS v. 28 (Chicago, USA) and 
Microsoft Excel 2019. The Kolmogorov-Smirnov test was 
employed to assess the distribution of the variables. Vari-
ables with a normal distribution were compared between 
groups using independent t-test, with all data expressed 
as the mean ± standard deviation (SD). Nominal variables 
were presented as frequencies and percentages and were 
compared between the two groups using the chi-square test. 
Pearson’s correlation coefficient analysis was performed to 
assess the relationship between the variables. Finally, linear 
regression analysis was used to identify independent fac-
tors. The significance of the observed differences was set 
at p<0.05.

Results

A comprehensive study was conducted on a cohort of pa-
tients suffering from end-stage renal disease. The patients’ 
demographic characteristics, including age, sex, weight, the 
cause of their ESRD, the duration of dialysis, the number of 
sessions, the adequacy of dialysis, the levels of blood urea, 
serum creatinine, serum albumin, serum uric acid, and the 
presence of hepatitis B and C, were thoroughly examined. 
The present study enrolled 50 patients with end-stage CKD 
on hemodialysis, with a mean age of 47.3±15.5 years. The 
findings revealed that there was no statistically significant 
differences (p>0.05) in any of the characteristics among the 
study population, with the exception of the proportion of 
male to female patients, as detailed in Table 1.

As shown in Fig. 2, the results of the study indicated a 
statistically significant difference (p<0.05) in the distribu-
tion of hyperuricemia among the study population. Thir-
ty-five patients (70%) exhibited symptoms consistent with 
hyperuricemia. Conversely, the remaining patients did not 
exhibit signs of hyperuricemia.

Table  2 shows the comparison between demographic 
and biochemical parameters in patients with hyperurice-
mia and those with normouricemia. The findings revealed 
that the mean age, hemoglobin, creatinine, and glucose 
levels were not statistically significant between the two 
groups (p>0.05). However, a significant difference was ob-
served between the two groups, indicating an increase in 
the mean serum urea (167.14±30.89 mg/dl), the albumin 
(4.2±0.59 g/dl), and uric acid (7.61±0.72 mg/dl) levels in 
the hyperuricemia patients (p<0.05) when compared with 
the normouricemic patients.

Additionally, a statistically significant difference (p<0.05) 
was observed in the distribution of hyperuricemia among 
different sexes. Among the 35 patients with hyperuricemia, 
20 were male and 15 were female, as illustrated in Fig. 3 
and documented in Table 3.
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Table 1. Characteristics of hemodialysis patients 

Variables Mean SD Minimum Maximum

Age 47.3 15.5 18 78
Male 32 (64%)

p=0.045*
Female 18 (36%)
Hb (mg/dl) 9.8 2.0 5.6 13.7
Glucose (IU/l) 121.9 68.1 43 432
Urea (mg/dl) 156.6 36.5 75 235
Creatinine (mg/dl) 9.7 2.5 4.7 16.0
Albumin (g/dl) 4.1 0.6 2.5 5.3
Uric acid (mg/dl) 7.0 1.2 4.3 8.8

*Significant differences at p-value <0.05; SD: standard deviation

According to sex differences, male patients with hy-
peruricemia exhibited a significantly higher uric acid lev-
el (7.84±0.59) compared to female patients (7.29±0.77) 
(p=0.023). No other significant sex effects were observed on 
the other biochemical findings, as demonstrated in Table 4.

Regarding the relationship between the biochemical pa-
rameters of hemodialysis patients, no significant correla-

Figure 2. Prevalence of hyperuricemia among study population.
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Table 2. Comparison between demographic and biochemical parameters in hyperuricemic and normouricemic patients

Variables
Mean ± SD

p-valueNormouricemia
N=15

Hyperuricemia
N=35

AGE (years) 52.13±18.01 45.29±14.15 0.078

Hb (mg/dl) 9.79±2.33 9.78±1.87 0.494
Glucose (mg/dl) 118.93±58.65 123.14±72.55 0.422

Urea (mg/dl) 131.93±37.59 167.14±30.89 0.001*

Creatinine (mg/dl) 9.27±2.99 9.86±2.35 0.228

Albumin (g/dl) 3.73±0.67 4.2±0.59 0.008*

Uric acid (mg/dl) 5.71±0.87 7.61±0.72 0.0001*

* Significant differences at p-value <0.05; SD: standard deviation

tion was observed in any group with respect to any param-
eter, as shown in Table 5, where Pearson correlation results 
are presented.

Table 6 shows the correlations of serum uric acid levels 
with the biochemical parameters of CKD patients undergo-
ing hemodialysis. The findings of the multiple linear regres-
sion analysis in the normouricemic group indicated absence 
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Table 3. Prevalence of hyperuricemia according to sex 

SEX * Hyperuricemia crosstabulation
Hyperuricemia

Total
Normouricemia Hyperuricemia

Sex
Male

Count 12 20 32
% within hyperuricemia 80.0% 57.1% 64.0%

Female
Count 3 15 18
% within hyperuricemia 20.0% 42.9% 36.0%

Total
% within hyperuricemia

Count 15 35 50
100.0% 100.0% 100.0%

Figure 3. Prevalence of hyperuricemia according to sex.
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Table 4. Effects of sex on some demographic and biochemical 
markers in hyperuricemia patients

Variables
Mean ± SD

Male
N=20

Female
N=15

p-value

Age (years) 43.55±10.65 47.6±17.96 0.410

Hb (mg/dl) 9.69±1.84 9.9±1.96 0.742

Glu (mg/dl) 126.55±59.88 118.6±88.77 0.754

Urea (mg/dl) 170.85±31.51 162.2±30.38 0.420

Cr (mg/dl) 10.15±2.69 9.47±1.81 0.410

Albumin (g/dl) 4.13±0.59 4.3±0.6 0.407

Uric acid (mg/dl) 7.84±0.59 7.29±0.77 0.023*

* Significant differences at p<0.05; SD: standard deviation

of a significant correlation between uric acid levels and the 
levels of other biochemical parameters. In contrast, the hy-
peruricemia group exhibited a significant positive correla-
tion between serum uric acid and blood urea levels (β=0.015, 
p=0.024), uric acid and albumin levels (β=0.752, p=0.025), 
and uric acid and glucose levels (β=0.006, p=0.020). Addi-
tionally, a non-significant negative correlation was observed 

between uric acid and Hb levels (β=−0.041, p=0.711) and 
no significant correlation with serum creatinine (β=0.115, 
p=0.166) within the same group.

Discussion

The present study included 50 patients with end-stage re-
nal disease who received renal replacement therapy with 
the hemodialysis. About 70% of those patients had asymp-
tomatic hyperuricemia. Hyperuricemia is defined as the 
concentration of serum uric acid of more than 5.5 mg/dl in 
children and more than 6.0 mg/dl and 7.2 mg/dl for adult 
female and male, respectively.[17] Hyperuricemia devel-
oped in patients with CKD mainly because of the lowering 
of renal capability to eliminate toxic waste products, in-
cluding uric acid[18], where the lower the eGFR, the higher 
the prevalence of hyperuricemia[19], and this reflects the 
high prevalence among the patients included in the study 
since all participants were patients with CKD. This study 
showed a significant increase in the mean serum level of 
urea among patients with hyperuricemia. This indicates 
further worsening of renal functions in patient with hy-
peruricemia that specify the negative effect of uric acid on 
kidney function. 
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Table 5. Associated between all biochemical parameters in hemodialysis patients

Variables 

Pearson correlation
AGE Hb Glu Urea Cr Album

Normouricemia

Hb (mg/dl) R 0.403

p-value 0.137
Glu (IU/l) R 0.518* 0.400

p-value 0.048 0.140
Urea (mg/dl) R 0.002 −0.011 0.022

p-value 0.993 0.969 0.937
Cr (mg/dl) R −0.219 0.082 −0.335 0.560*

p-value 0.433 0.770 0.223 0.030
Albumin (g/dl) R −0.165 0.400 −0.145 0.252 0.372

p-value 0.557 0.140 0.607 0.365 0.172
Uric acid (mg/dl) R 0.059 0.017 −0.008 0.203 0.441 0.017

p-value 0.833 0.952 0.978 0.469 0.100 0.952
Hyperuricemia

Hb (mg/dl) R 0.259
p-value 0.132

Glu (IU/l) R −0.299 −0.179
p-value 0.081 0.304

Urea (mg/dl) R −0.087 0.358* −0.300
p-value 0.620 0.035 0.080

Cr (mg/dl) R 0.011 0.159 −0.425* 0.403*
p-value 0.951 0.362 0.011 0.017

Albumin (g/dl) R −0.077 0.412* −0.293 0.514** 0.383*
p-value 0.661 0.014 0.088 0.002 0.023

Uric acid (mg/dl) R −0.514** −0.127 −0.242 0.326 0.185 0.139
p-value 0.002 0.468 0.161 0.056 0.286 0.426

Table 6. Linear regression analysis of serum uric acid with biochemical parameters in hemodialysis patients

Hyperuricemia status Unstandardized coefficients
t p-value 95.0% CI

β SE

Normouricemia

AGE −0.002 0.031 −0.050 0.963 −0.101-0.098
Hb (mg/dl) 0.232 0.306 0.758 0.504 −0.742-1.206
Glu (IU/l) −0.005 0.011 −0.433 0.694 −0.041-0.031
Urea (mg/dl) 0.019 0.020 0.963 0.407 −0.045-0.084
Cr (mg/dl) −0.044 0.239 −0.185 0.865 −0.805-0.717
Albumin (g/dl) 0.333 0.591 0.563 0.613 −1.548-2.213

Hyperuricemia

AGE 0.008 0.011 0.732 0.469 −0.015-0.032
Hb (mg/dl) −0.041 0.109 −0.374 0.711 −0.262-0.181
Glu (mg/dl) 0.006 0.002 2.433 0.020* 0.001-0.010
Urea (mg/dl) 0.015 0.006 2.359 0.024* 0.002-0.028
Cr (mg/dl) 0.115 0.081 1.416 0.166 -0.050-0.279
Albumin (g/dl) 0.752 0.321 2.346 0.025* 0.101-1.403

a: dependent variable: uric acid (mg/dl); * Significant differences at p-value <0.05; β: size effect; SE: standard error; CI: confidence in-
terval.
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Hyperuricemia itself is associated with several comor-
bidities, including elevated blood pressure and worsening 
hypertension, as well as diabetes. Both of these conditions 
have been shown to lead to the development of chronic kid-
ney disease or coronary artery disease. The development of 
these comorbidities is exacerbated by systemic pro-inflam-
matory conditions resulting from hyperuricemia, which 
contributes to the progression of the disease.‌[20] Endothelial 
dysfunction, proliferation of vascular smooth muscle cells, 
and activation of the renin-angiotensin system further ex-
acerbate hypertension.[18] Despite the well-documented 
deleterious effects of hyperuricemia on health, including its 
potential role as a leading cause, if not the sole risk factor, 
for gout[21], as well as its demonstrated J-shaped relation-
ship with mortality[22], there is a notable lack of awareness 
about hyperuricemia among the Iraqi population.[23] Con-
sequently, this study aims to assess the uric acid levels in 
patients with chronic kidney disease.

The present study also found that glucose level could 
predict elevated uric acid level among patients with hy-
peruricemia, as explained in Table  6. The existing litera-
ture has previously documented a bidirectional relation-
ship between metabolic syndrome and hyperuricemia.[24] 
Donkeng et al. also indicated that hyperuricemia was sig-
nificantly associated with uncontrolled diabetes.[25] Conse-
quently, serum uric acid has been identified as an indepen-
dent risk factor for incident diabetes, with insulin resistance 
playing a potentially crucial role in the causal relationship 
between metabolic syndrome, type 2 diabetes mellitus, and 
hyperuricemia.[26] The underlying mechanism involves the 
NOD-like receptor protein 3 inflammasome, which has 
been demonstrated to induce in vivo and in vitro impair-
ment of insulin signaling, leading to insulin resistance, and 
resulting in fat accumulation in hepatocytes.[27] 

The present study has demonstrated that the number of 
male patients with hyperuricemia exceeds the number of 
female patients, a finding which can be attributed to the 
higher number of male patients who were included in the 
study. Furthermore, a statistically significant difference was 
observed in serum uric acid levels between the two groups, 
as illustrated in Table 4. It is well-documented that adult 
males typically exhibit higher serum uric acid levels, a dis-
crepancy that can be attributed to sex-related biological 
factors.[28] Moreover, lifestyle differences besides eating 
habits also have a greater influence on the likelihood of de-
veloping hyperuricemia in male patients.[29] 

The apparent protective effect observed in female pa-
tients may be attributable to estrogen. Estrogen, a well-doc-
umented endocrine agent, has been shown to promote the 
excretion of uric acid. Additionally, estrogen plays a pivotal 
role in regulating serum uric acid levels.[30] Its actions in-
clude a reduction in uric acid accumulation within the walls 
of blood vessels, which in turn limits endothelial damage in 
female subjects when compared to male subjects.[31] 

This study also indicated that patients with hyperuri-
cemia have significantly higher albuminuria levels than 
those without hyperuricemia. Bonakdaran et al. also re-

ported that higher serum uric acid concentrations were 
associated with a greater chance of albuminuria, especially 
in patients with type 2 diabetes.[32] Similar harmful effects 
of hyperuricemia were also observed in child patients.[33] 
This effect could be attributed to impaired function of glo-
merular podocytes by hyperuricemia.[34] In addition, ele-
vated serum uric acid levels are positively associated with 
the risk of prehypertension in the general population[35], 
which could further worsen blood pressure status and al-
buminuria, consequently further worsening renal function. 
The findings of this study indicate that higher albuminuria 
levels can serve as a predictor of greater serum uric acid 
elevation. Furthermore, an escalating macroalbuminuria 
level has been shown to augment the prevalence of hyper-
uricemia among patients, as previously documented.[19] 

The patients with hyperuricemia had a strong positive 
correlation between urea and albuminuria levels within 
the hyperuricemia group, in addition to a significant posi-
tive correlation between creatinine and albuminuria in the 
same group, which may be due to the greater deterioration 
in renal function among hyperuricemic patients.

Conclusion

Hyperuricemia is highly prevalent in end-stage renal dis-
ease patients on hemodialysis. Male patients are more sus-
ceptible to hyperuricemia than female patients. Also, the 
patients with hyperuricemia have significantly higher albu-
minuria level than those without hyperuricemia. Regard-
ing the hyperuricemia group, there was a significant pos-
itive correlation between the levels of uric acid and blood 
glucose levels.
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Table A1. Data we collected for the patients included in the study

case no. AGE SEX R.F Hb Glu Urea Cr AIB U.A

1 64 FEMALE   12.2 103 130 7.3 4.2 5.6

2 59 FEMALE   10.5 138 154 12.2 3.5 7

3 46 MALE   9 82 191 11 4.9 7.3

4 58 MALE   8.4 145 114 10.5 4.2 7.8

5 48 FEMALE   12.3 107 177 11.2 4.8 7.3

6 27 FEMALE   11.6 68 100 12.9 4.1 4.9

7 48 FEMALE   11.8 91 190 9.1 5 7.3

8 71 FEMALE   10.7 96 207 8.3 4.7 6.5

9 61 MALE   8.7 168 160 8.3 3.7 7

10 61 MALE   12.1 245 134 6.1 2.9 5.8

11 45 MALE   8.5 98 150 7 2.8 7.8

12 42 MALE   10.3 87 187 10.3 4.8 7.3

13 54 MALE   8.1 117 198 12.8 4.3 7.8

14 46 MALE   12.8 74 141 10.8 4.8 7.9

15 34 MALE   12.9 106 235 9.7 4.2 8.8

161 57 MALE   8.7 99 142 10.1 4.6 5.6

17 33 MALE   11.8 83 204 13.1 4.9 8.4

18 72 MALE   11.2 82 163 11.6 4.2 6.7

19 43 MALE   7.8 121 166 5.7 3.9 8.5

20 50 FEMALE   8.3 99 178 11.6 5.1 7.3

21 31 FEMALE   6.7 130 135 9.9 4.2 7.4

22 43 FEMALE   13.1 90 205 10.6 5.3 8.7

23 53 MALE   10.3 251 145 7.5 3.9 7.1

24 48 MALE   9.4 164 139 7.3 3.7 7.4

25 15 FEMALE   7.9 73 184 9.4 4.1 8.5

26 33 MALE   10.2 303 160 7.4 3.3 7.3

27 63 FEMALE   9.5 77 136 8.7 4.2 7.9

28 46 FEMALE   8.8 82 110 10 3.2 7.5

29 55 MALE   11 192 138 5.6 4.1 4.7

30 41 FEMALE   8.3 78 189 10 4.5 8

31 10 FEMALE   7.2 432 130 4.9 4 7.2

32 35 MALE   5.6 86 224 14 3.5 5.8

33 73 MALE   9.4 191 106 10 3.5 6.6

34 21 MALE   8.6 80 158 9.8 4.3 6.4

35 58 MALE   13.7 103 150 14 4.2 6.8

36 35 MALE   10.7 113 199 16 4.8 8.4

37 64 FEMALE   11.5 82 138 8 3.8 6.1

38 43 MALE   6.9 83 113 9.4 2.5 6.9

39 55 MALE   8.5 146 75 6 3.5 6

40 44 MALE   9.8 156 164 14 3.8 7.1

41 58 MALE   7 43 87 4.7 2.5 4.3

42 44 MALE   6.3 88 126 9 3.4 8.7

43 31 MALE   11 89 172 7.6 4.5 8.5

44 18 MALE   7 81 162 12 4.4 8.1

45 25 FEMALE   8.7 76 99 8.2 4.3 4.9

46 58 MALE   8.6 77 223 12 3.8 8.3

47 68 FEMALE   11.5 114 134 7.8 4.2 6.3

48 45 MALE   12.1 128 181 10.9 4.5 7.3

49 57 FEMALE   10.4 90 166 10.4 3.9 6.4

50 78 MALE   11.6   160 9.3 3.6 4.6
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