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Abstract. Chronic Kidney Disease (CKD) is closely associated with hyperuricemia. 
Elevated urate levels and hyperuricemia are common in patients with impaired renal 
function. Kidney replacement therapies, such as hemodialysis and kidney transplantation, 
are conventional treatment strategies for end-stage kidney disease (ESKD). The present 
study aimed to determine the prevalence of hyperuricemia and investigate its correlation 
with demographic characteristics, clinical comorbidities, and biochemical parameters in 
patients undergoing hemodialysis.

Method. In this retrospective study, we assessed the prevalence of hyperuricemia in 102 
hemodialysis patients at the Nephrology and Dialysis Department of Basra Teaching 
Hospital in Basra, Iraq. We recorded demographic characteristics, such as age and 
gender, and examined whether there was any correlation with hyperuricemia. Additionally, 
we assessed the association of hyperuricemia with clinical comorbidities like diabetes and 
cardiovascular diseases in these patients. Clinical chemistry and electrolyte parameters 
were analyzed using a high-performance serum work area platform, COBAS C 111.

Results. Among all the assessed biochemical parameters, magnesium showed a significant 
association with hyperuricemia in patients undergoing hemodialysis. We also found a 
statistically significant association between hyperuricemia and cardiovascular diseases in 
these patients. These findings underscore the significance of hyperuricemia as both a risk 
factor and a potential target for therapeutic interventions in managing these comorbidities.

Conclusion. This study highlights the importance of monitoring uric acid levels in patients 
undergoing hemodialysis to gain a more comprehensive understanding of their health, from 
the cellular to the organ level.
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Introduction. Uric acid (UA) is a sparingly soluble, 
weak acidic metabolite of purine metabolism. Due to its 
high dissociation constant and weak acidic properties, 
UA circulates predominantly as urate (a monovalent 
sodium salt) in the plasma at the physiologic pH of 7.4. 
Urate production depends on the balance between pu-
rine ingestion, de novo synthesis in the cells, recycling, 
and the enzymatic conversion of xanthine by xanthine 
oxidase in purine metabolism [1]. 

The evolutionary loss of the uricase enzyme in hu-
mans restricts the conversion of urea to the more water-
soluble allantoin, which is easily disposed of through 
urine. As a result, UA becomes the end product of pu-
rine metabolism occurring in the liver, intestines, and 
vascular endothelium, resulting in higher UA levels in 
humans than in other mammals. Though UA is routine-
ly disposed of through the kidneys (65-75%) and intes-
tines (25-35%), the kidneys reabsorb almost 90% of it 
[2]. The loss of the uricase enzyme, reabsorption, and 
excess consumption of high-purine foods all act in con-
cert to induce hyperuricemia. Several factors, including 
age and gender, influence the reference range for nor-
mal or high UA levels in the blood plasma of humans. 
UA levels of 6.0 mg/dL in women and 7.0 mg/dL in 
men are conventionally considered hyperuricemic [3]. 
Though the role of diet in elevating UA levels has not 
yet been fully elucidated, the consumption of fructose-
rich industrialized food, high-purine foods, and high 

alcohol consumption have all been implicated in effec-
tively increasing the UA levels in circulation.

Prolonged malfunctioning or failure of the kid-
neys to eliminate waste products and electrolytes from 
the blood and regulate the body’s fluid and pH balance 
are manifestations of acute or chronic renal failure [4]. 
High urate levels have been observed to be prevalent in 
Chronic Kidney Disease (CKD), with almost 90% of 
impaired renal function patients afflicted with hyper-
uricemia [5]. Urinary protein excretion levels and es-
timated glomerular filtration rate (eGFR) are used to 
determine the five stages of CKD (Stages 1-5), the fi-
nal being End Stage Kidney Disease (ESKD) [6]. The 
onset of ESKD indicates a reduction in renal function 
to only 10- 15% of its normal capacity. A complicated 
interaction of several classic and nontraditional risk 
factors characterizes end-stage kidney disease (ESKD). 
Around 70% of patients with stage 4 or 5 CKD have 
hyperuricemia, which is significantly more common in 
patients with progressing disease conditions [7, 8].

About 60% of people afflicted with CKD develop 
hyperuricemia, while 25% develop gout [9]. However, 
treating hyperuricemia as an etiological agent of renal 
and metabolic complications is still contested. Exten-
sive clinical trials are required to determine the effec-
tiveness of lowering uric acid levels in hyperuricemic 
patients with renal and cardiometabolic complications.

Several studies have highlighted the prevalence 
and significance of electrolyte abnormalities in patients 
with CKD undergoing treatment [10-13]. Hyperna-
tremia and hypokalemia were found to be strongly as-
sociated with the prevalence of hyperuricemia in CKD 
patients, regardless of their glomerular filtration rate 
(GFR) [14]. Hypercalcemia was also prevalent in pre-
dialysis CKD patients with mineral and bone disorders 
(MBD) [15]. Serum potassium level aberrations have 
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Поширеність гіперурикемії серед хворих, які лікуються методом 
гемодіалізу: підхід до розуміння факторів ризику
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Резюме. Хронічна хвороба нирок (ХХН) значною мірою пов’язана з гіперурикемією. Підвищена концентра-
ція уратів і гіперурикемія поширені у пацієнтів з порушенням функції нирок Метою цього дослідженя було ви-
значити поширеність гіперурикемії та дослідити її кореляцію з демографічними характеристиками, супутніми 
захворюваннями та біохімічними показниками у хворих, які лікуються методом гемодіалізу.

Методи. У цьому ретроспективному досліджені визначали поширеність гіперурикемії у 102 пацієнтів, 
які лікувались методом гемодіалізу у відділенні нефрології та діалізу навчальної лікарні Басри, Басра, Ірак. Де-
мографічні та клінічні  характеристики цих пацієнтів також оцінювали залежно від наявності  гіперурикемії. 

Результати. Встановлено статистично значущу асоціацію між концентраціями магнію та сечової кис-
лоти крові. Також спостерігався статистично значущий зв’язок між гіперурикемією та серцево-судинними 
захворюваннями у пацієнтів, які лікувались методом гемодіалізу. 

Висновок. Це дослідження підкреслює важливість моніторингу концентрації сечової кислоти крові у па-
цієнтів на гемодіалізі для більш повного огляду стану пацієнта від клітинного до органного рівня.

Ключові слова: гіперурикемія, гемодіаліз, ХХН, гіпомагніємія
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been linked to adverse outcomes, including cardiovas-
cular disease, increased mortality risk, and hospitaliza-
tion in CKD patients [16]. The role of magnesium (Mg) 
as a risk factor in cardiovascular diseases and mortal-
ity in CKD patients has been extensively studied, with 
both hypermagnesemia and hypomagnesemia being ob-
served in dialysis patients [17]. Increased magnesium 
intake has shown potential in preventing hyperuricemia 
[18]. Additionally, interactions between serum elec-
trolyte levels, such as phosphate and magnesium, have 
been implicated in CKD progression [19].

The healthcare costs and financial burden as-
sociated with CKD are immense and unsustainable, 
even in advanced Western nations [20]. Along with 
the growing global prevalence of CKD, the escalat-
ing rates of cardiovascular disease-associated mortal-
ity and morbidity, which often culminate in expensive 
kidney transplantation or dialysis, have significantly 
aggravated the disease burden worldwide. According 
to a 2013 survey, chronic renal disease is less prevalent 
(6.8%) in the province of Basrah than in West Malay-
sia (9.07%) [21].

Currently, the conventional interventions for treat-
ing ESKD are renal replacement therapy (dialysis and 
renal transplantation) and maintenance hemodialysis 
(HD). Physicians must now consider alternative treat-
ment strategies and explore drugs in addition to con-
ventional treatments to manage the manifold adverse 
effects and reduce disease burden effectively.

This retrospective study determines the prevalence 
of hyperuricemia in patients undergoing hemodialysis. 
It explores the significant correlations of hyperuricemia 
with other co-morbidities in these patients. In doing so, 
the study aims to emphasize the role of hyperuricemia 
as a remedial risk factor in progressing renal and co-
existent cardiometabolic diseases. 

Methods. Study Design. This is a retrospective 
study undertaken to determine the prevalence of hyper-
uricemia among patients undergoing hemodialysis at 
the Nephrology and Dialysis Department of the Basra 
Teaching Hospital, Basra, Iraq. Along with ethical ap-
provals from the University of Basrah, College of Medi-
cine, while conducting the study, informed consent was 
obtained from the 102 participating patients.

Participant details. The study enlisted 102 pa-
tients, 55 males, and 47 females,  undergoing hemodi-
alysis and examined the prevalence and effects of hy-
peruricemia in them. The cohort included patients aged 

11 to 86 years and was divided into three age groups, 
each spanning 25 years, viz., 11-36, 36-61, and 61-
86 years. The recruited patients were further grouped 
based on their diagnosis of hyperuricemia into groups 
referred to as ‘hemodialysis’ and ‘normal uric acid.’ 
The correlations between hyperuricemia and underly-
ing co-morbidities, such as hypertension and cardio-
vascular diseases, were determined by comparing their 
individual and combined prevalences in the recruited 
hemodialysis patients.

Selection Criteria. Patients undergoing hemodi-
alysis were included in the study all patients from 11 
years to 86 years underwent hemodialysis for more than 
6 months on B Braun Dialog plus machine with a high 
flux hemodialyzer.

Sample collection and preparation. A gel and clot 
activator tube was availed for collecting specimens and 
preparing samples. Following collection, the blood 
samples were allowed to clot at room temperature for 
10 minutes. The clotted blood was centrifuged at 3000-
4000 rpm for 10 minutes, and the supernatant was col-
lected without sediment. The COBAS C 111 random 
access analyzer, manufactured by Roche, Germany, 
was employed to evaluate the electrolyte parameters 
and clinical chemistry of the serum obtained after the 
centrifugation. The following COBAS C 111 analyzer 
kit was used- PHO$2, CREJ2, ALT, AST, MG-2, 
CA2, BILT3. The automated serum work area platform 
provides precise results within 15 minutes of loading 
samples.

Statistical analysis. The statistical analyses were 
conducted using the Statistical Package for Social Sci-
ences (SPSS) 21. All obtained data were summarized 
and analyzed through descriptive statistics compris-
ing means, standard deviations, proportions, and cor-
relation calculations. The categorical variables were 
compared using the Pearson chi-square (χ2) test. Cox 
analysis was used to determine the risk of patients’ age, 
gender, and comorbid conditions on hyperuricemia 
by hazard ratio and 95% confidence interval. Pearson 
correlation and two-tailed significance tests were con-
ducted to determine the correlations between the lev-
els of electrolytes and other serum constituents of the 
patients. The P-value <0.05 was considered statistically 
significant.  

Results. The study population comprised 102 pa-
tients undergoing hemodialysis whose demographics 
have been provided in Table 1. 

  Table 1

Prevalence of hyperuricemia in the study cohort stratified by age and gender

Variables Hyperuricemia Normal uric acid 
p-value

n (%)

Age (yrs.) 11-36 11 (10.9) 7 (6.9)

0.98236-61 37 (36.6) 25 (24.8)

61-86 13 (12.9) 9 (7.9)

Gender Male 35 (34.3) 20 (19.6)
0.523

Female 27 (26.5) 20 (19.6)
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The recruited patients ranged from 11 to 86 years 
of age and were categorized into three age- groups: 11-
36, 36-61, and 61-86 years (see Table 1).  No statisti-
cally significant differences were (p=0.982) observed in 
the distribution of patients among the three age groups 
of either the hyperuricemic patients or those with nor-
mal UA levels. Corresponding to previous reports [22], 
this study also recorded higher incidences of hyperuri-
cemia in males (35, 34.3%) compared to females (27, 
26.5%). However, our study’s male predominance was 
not statistically significant (p=0.523).

However, it was interesting to note that the mid-
dle-aged group, aged 36-61 years and undergoing he-
modialysis, had the highest number of hyperuricemic 

and normal UA-level patients. Thirty-seven of the 61 
hyperuricemic hemodialysis patients and 25 of the 40 
normal UA patients were middle-aged, corresponding 
to 36.6 and 24.8% of the total patients, respectively.

Hyperuricemia is often concomitant with chronic 
conditions such as diabetes, cancer, hypertension, 
and cardiovascular diseases. Underlying conditions 
of hypertension, hyperglycemia, and cardiovascular 
diseases were identified in the hemodialysis patients 
recruited for this study. Table 2 represents the correla-
tions between hyperuricemia and clinical co-morbidi-
ties with age and gender of patients. Hypertension was 
the most prevalent co-morbidity, followed by hyper-
glycemia. 

Table 2

Comorbidities and hyperuricemia in the study cohort

Variables
Hyperuricemia Normal uric acid Hazard ratio 95%CI p-value

M±SD / n (%)

Age 51.42±7.85 49.65±8.69 1.133 0.92 – 1.98 0.888

Gender (M:F) 1.3:1 1:1 1.045 0.88 – 1.77 0.867

Hypertension (HT) 43 (42.2) 30 (29.4) 3.433 -5.43 – 7.9 0.966

Hyperglycemia 23 (22.5) 13 (12.7) 2.8 -6.1 – 8.14 0.965

Cardiovascular diseases 18 (17.6) 3 (2.9) 0.687 0.87 – 1.11 0.042

However, no statistically significant correlation be-
tween age (HR: 1.133, 95%CI: 0.92 – 1.98, p=0.888), 
gender (HR: 1.045, 95%CI: 0.88 – 1.77, p=0.867), HT 
(HR: 3.433, 95%CI: -5.43 – 7.9, p=0.966) and hypergly-
cemia (HR: 2.8, 95%CI: -6.1 – 8.14, p=0.965) and hy-
peruricemia could be deduced. In contrast, cardiovascular 

diseases, the least prevalent co-morbidity observed in the 
study population, showed a distinct correlation with hy-
peruricemia (HR: 0.687, 95%CI: 0.87 – 1.11, p=0.042).   

The levels of the serum’s various constituents in hy-
peruricemic patients and those with normal UA levels 
were compared to detect significant differences (Table 3). 

Table 3

Blood biochemical data of the study cohort stratified by the presence of hyperuricemia

Items, n (%) Hyperuricemia Normal uric acid p-value
Positive HCV 11 (10.8) 10 (9.8) 0.376

Positive HBV 1 (0.98) - -

Secondary hyperparathyroidism 44 (43.6) 33 (32.7) 0.467

Vit D deficiency 49 (48.0) 29 (28.4) 0.448

Hypocalcemia 25 (24.5) 15 (14.7) 0.598

Raised AST 5 (4.9) 3 (2.9) 0.270

Raised TSB 5 (4.9) 2 (2.0) 0.742

Raised ALT 5 (4.9) 2 (2.0) 0.495

Hypomagnesemia 14 (13.7) 6 (5.9) 0.005

Hyperphosphatemia 48 (47.0) 27 (26.5) 0.463

Hyponatremia 16 (15.7) 9 (8.8) 0.893

Hyperkalemia 26 (25.5) 12 (11.8) 0.467

Metabolic acidosis 26 (25.5) 19 (18.6) 0.581

Hyperchloremia 14 (13.7) 12 (11.8) 0.392

Leukocytosis 6 (5.9) 5 (4.9) 0.310

Raised Ferritin (male) 2 (3.6) 1 (1.8) 0.532

Raised Ferritin (female) 4 (8.5) 4 (8.5) -

Anemia 61 (59.8) 39 (38.2) 0.633

Abbreviations: 	 AST, aspartate aminotransferase; ALT, alanine transaminase;  HBV, hepatitis B virus; HCV, hepatitis C virus; TSB, 
total serum bilirubin.
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The analysis evaluated electrolyte levels (Ca2+, 
Mg2+, Na+, K+, Cl-, PO43-), metabolic acidosis 
(raised blood pH), leukocytosis, and anemia. The pa-
tients’ renal damage was assessed through their second-
ary hyperparathyroidism and Vitamin D deficiency lev-
els. Raised aspartate aminotransferase (AST), alanine 
transaminase (ALT), and total serum bilirubin (TSB) 
levels and detection of pathogenic etiology (Posi-
tive HCV and HBV) indicated potential liver dam-
age. Raised ferritin protein levels were also assessed 
separately for males and females. None of the variables 
except magnesium displayed any significant associa-
tion with elevated UA levels. Lower magnesium levels 
(hypomagnesemia) were observed to be significantly 
more prevalent in hyperuricemic hemodialysis patients 
(13.7%) as compared to those with normal UA levels 
(5.9%) (p=0.005).

Discussion. The study population consisted of 102 
patients undergoing hemodialysis, ranging from 11 to 
86 years old, categorized into three age groups. There 
were no significant differences in the distribution of 
patients among the age groups or in the gender ratio. 
The middle-aged group (36-61 years) had the highest 
number of both hyperuricemic and normal uric acid 
level patients. Cardiovascular diseases showed a signifi-
cant association with hyperuricemia. In terms of serum 
chemistry, lower magnesium levels were significantly 
more common in hyperuricemic patients compared to 
those with normal uric acid levels. Other variables did 
not show a significant association with elevated uric 
acid levels.

Multiple studies have suggested that elevated levels 
of uric acid can contribute to the development of vari-
ous chronic diseases, including diabetes, hypertension, 
metabolic syndrome, non-alcoholic fatty liver disease, 
and chronic kidney disease (CKD) [23]. In a study 
conducted by Barman et al., a multivariate logistic re-
gression analysis revealed an independent association 
between hyperuricemia and CKD, and it was observed 
that males had a higher prevalence of hyperuricemia 
compared to females in the adult population of Ban-
gladesh [24]. Similar results were found in the current 
study where the male-to-female ratio of hyperuricemia 
prevalence in hemodialysis patients is 1.3, which im-
plies a higher incidence of hyperuricemia among men 
than women. 

Elevated UA levels have been linked to hyperten-
sion, a major risk factor for cardiovascular diseases [25]. 
Impaired nitric oxide bioavailability, oxidative stress, 
renin-angiotensin system activation, and inflammation 
are implicated in the development of hypertension due 
to hyperuricemia. In hemodialytic patients, the coex-
istence of hypertension and hyperuricemia exacerbates 
vascular dysfunction, reduces blood flow, and increases 
peripheral vascular resistance [26]. These detrimental 
effects further compromise cardiovascular health and 
dialysis adequacy. Managing UA levels through lifestyle 
changes and pharmacological interventions may hold 
promise for mitigating the adverse effects associated 

with hyperuricemia and hypertension in this popula-
tion. However, in the current study, no significant cor-
relation between hypertension and hyperuricemia was 
found in the hemodialysis patients.

Cardiovascular diseases, especially myocardial 
infarction (heart attack), are highly prevalent among 
end-stage kidney disease (ESKD) patients with hyper-
uricemia who undergo regular hemodialysis sessions 
[27]. This population is particularly vulnerable to car-
diovascular complications due to the combined effects 
of hyperuricemia, impaired kidney function, and the 
stress placed on the cardiovascular system during di-
alysis treatment. Therefore, effective management of 
hyperuricemia and comprehensive cardiovascular care 
is essential in reducing the incidence and severity of 
cardiovascular events in this high-risk population. The 
current results show a significant association of cardio-
vascular diseases with hyperuricemia in hemodialysis 
patients. 

The abnormal renal function observed in hemodi-
alysis patients with hyperuricemia disrupts the body’s 
electrolyte balance, leading to various morbidities such 
as hyperphosphatemia and hyperkalemia [7]. Further-
more, there is a growing body of evidence from observa-
tional studies in CKD and ESKD indicating an associa-
tion between hypomagnesemia and cardiovascular dis-
ease and mortality [28]. Despite these associations, the 
specific mechanisms underlying these relationships have 
not been fully elucidated. Further research is needed to 
comprehensively understand the underlying mecha-
nisms by which these electrolyte imbalances, particular-
ly hypomagnesemia, contribute to the development and 
progression of cardiovascular disease in patients with 
hyperuricemia and impaired renal function. 

The current study showed a statistically significant 
association between hypomagnesemia and hyperurice-
mia in the recruited hemodialysis patients. The devel-
opment of hypomagnesemia in patients with CKD and 
ESKD may be attributed to the use of certain drugs, in-
cluding diuretics, calcineurin inhibitors, proton pump 
inhibitors, and epidermal growth factor inhibitors [29]. 
Recently, a published protocol outlines a randomized, 
double-blinded, care-controlled trial aimed at deter-
mining the safety and feasibility of gradually increas-
ing magnesium concentrations in hemodialysis-treated 
patients [30]. However, to comprehensively investigate 
the effects of magnesium levels in CKD patients and 
assess its potential as a therapeutic tool for regulating 
hyperuricemia, further studies, including randomized 
controlled trials, are warranted. Such studies would 
contribute to our understanding of the optimal manage-
ment of magnesium levels and its potential benefits in 
the treatment of hyperuricemia in CKD patients.

Limitations. This study has several limitations. 
The sample size was relatively small with only 102 he-
modialysis patients, which may limit the generalizabil-
ity of the findings. In addition, being a single-center 
study, the results may not fully represent the broader 
population. The cross-sectional design of the study re-
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stricted the ability to establish causal relationships. The 
lack of longitudinal data and the absence of a control 
group further limit the study’s ability to track long-term 
outcomes and make robust comparisons. These limita-
tions highlight the need for larger, multicenter studies 
with longitudinal designs and comprehensive analyses 
to further understand the associations between hyper-
uricemia, clinical co-morbidities, and potential inter-
ventions in CKD patients.

Conclusion. Despite being a well-established prog-
nostic marker of CKD and renal disorders, the imple-
mentation of urate-lowering therapy for impeding renal 
degeneration in CKD patients is still disputed. Males 
and middle-aged individuals (36-61 years) are more 
predisposed toward developing hyperuricemia. More-
over, clinical co-morbidities, such as hypertension, 
diabetes mellitus, cardiovascular diseases, hypomagne-
semia, and hyperphosphatemia, significantly correlate 
with hyperuricemia. Though hyperuricemia is still a 
debatable etiologic agent of renal diseases, CKD, and 
underlying cardiometabolic disorders, its association 
with these co-morbidities is undeniable. We suggest a 

mandatory follow-up of UA levels in hemodialysis pa-
tients besides the renal function test since the UA level 
is a crucial indicator of an individual’s cellular function 
and physiological conditions. 
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