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Abstract  

Uric acid, the end-product of purine metabolism in humans, is excreted largely by 

the kidneys. In chronic kidney disease (CKD), plasma uric acid levels rise due to 

reductions in glomerular filtration rate (GFR). Hyperuricemia is a hallmark of gout 

and is also a suspected risk factor for conditions accompanying the metabolic 

syndrome such as hypertension, diabetes mellitus, and cardiovascular diseases. Uric 

acid can cause acute kidney injury, most notably in tumor lysis syndrome through 

precipitation and obstruction in tubules. Removal of uric acid in dialysate has a linear 

relationship with urea. Immediately after dialysis, uric acid levels will be markedly 

low compared to pre-dialysis levels. Therefore, timings of sample collection is 

important to explain the effect of dialysis on uric acid levels. Mean uric acid levels 

will be high between two dialysis sessions. In this review we demonstrated the 

association between the uric acid and CKD and the levels and importance of 

lowering Uric acid levels in patients on regular hemodialysis. 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Uric acid is synthesized mainly in the liver, intestines and other tissues such 

as muscles, kidneys and the vascular endothelium as the end product of an 

exogenous pool of purines, derived largely from animal proteins. In addition, live 

and dying cells degrade their nucleic acids, adenine and guanine into uric acid. 

Deamination and dephosphorylation convert adenine and guanine to inosine and 

guanosine, respectively. The enzyme purine nucleoside phosphorylase converts 

inosine and guanosine to the purine bases, respectively hypoxanthine and guanine, 

which are both converted to xanthine via xanthine oxidase-oxidation of 

hypoxanthine and deamination of guanine by guanine deaminase. Xanthine is further 

oxidized by xanthine oxidase to uric acid [1]. 

Normally, most daily uric acid disposal occurs via the kidneys. Humans 

cannot oxidize uric acid to the more soluble compound allantoin due to the lack of 

uricase enzyme. The enzyme uricase (urate oxidase) can metabolize uric acid to 

highly soluble 5-hydroxyisourate that is further degraded to allantoic acid and 

ammonia, easily excreted by the kidneys. However, several primates, including man 

have lost the functional activity of the enzyme uricase, as uricase mRNA may be 

detected in human livers but it displays two premature stop codons, and the encoding 

gene is, thus, a pseudogene [2]. 

Most serum uric acid is freely filtered in kidney glomeruli, and approximately 

90% of filtered uric acid is reabsorbed, implying that it has a considerable 

physiological role [3]. In humans, over half the antioxidant capacity of blood plasma 

comes from uric acid. Uric acid is a strong reactive oxygen species (ROS) and 

peroxynitrite scavenger and antioxidant. High levels of uric acid are readily detected 

in the cytosol of normal human and mammalian cells, especially in the liver, vascular 



endothelial cells, and in human nasal secretions, where it serves as an antioxidant 

[4]. 

The level of uric acid in humans (~6.0 mg/dL) is much higher than that in 

other mammals (<2.0 mg/dL) because of the absence of uricase. Loss of the uricase 

gene in humans could be a result of evolution since uric acid is a powerful 

antioxidant that accounts for up to 60% of the antioxidant capacity of human plasma. 

Uric acid exerts antioxidant effects by scavenging a free radical and chelating a metal 

ion. Indeed, uric acid is known to exert a protective effect against neurodegenerative 

diseases such as Parkinson’s and Alzheimer’s disease [5]. 

This advantageous feature of uric acid is limited by the fact that it acts as an 

antioxidant only in the hydrophilic environment of biological fluids, particularly in 

the presence of ascorbic acid. In modern society, an elevated uric acid level seems 

to be a disadvantageous inheritance. Since Garrod discovered that hyperuricemia is 

the cause of gout in the 19th century, the deleterious effects of uric acid on 

cardiovascular and kidney disease have been continuously documented [6]. 

Hyperuricemia is defined when the serum uric acid level is >6.8 mg/dL, at 

which point uric acid reaches saturation at physiological temperature and pH. 

Although an elevated uric acid level is a key factor for monosodium urate (MSU) 

crystal formation, urate solubility is also influenced by temperature, pH, and various 

ion concentrations as well as serum, synovial fluid, and cartilage contents. This 

variety of factors involved in MSU crystallization explains why only a minority 

(~0.5–4.9% annually) of individuals with hyperuricemia develop gout [7]. 

This viewpoint has been challenged since the 2000s, when studies 

demonstrated that an elevated serum uric acid level is an independent risk factor for 

kidney function decline in the general population. Moreover, in subjects with 



diabetes mellitus (DM) or established chronic kidney disease (CKD), hyperuricemia 

was significantly associated with new-onset microalbuminuria or progression of 

kidney disease [8]. Experimentally, oxonic acid-induced hyperuricemia in normal 

and remnant kidney rats exacerbated the decline in glomerular filtration rate (GFR) 

and albuminuria in association with various renal damages, such as glomerular 

hypertrophy, arteriolopathy, and tubulointerstitial nephritis. These findings led to a 

reappraisal of the role of uric acid from an innocent bystander toward a potentially 

modifiable risk factor for kidney disease [9]. 

Studying the role of uric acid in chronic kidney disease (CKD) is very difficult 

since uric acid is excreted primarily by the kidney, and hence a decrease in the 

glomerular filtration rate (GFR) is inevitably accompanied by a rise in the serum 

uric acid level. As such, studies in experimental animals in which serum uric acid 

can be modulated are critical to understanding if there is a role for uric acid in the 

causation or progression of kidney disease. In this regard, humans and great apes 

metabolize uric acid differently from most other mammals. All animals generate uric 

acid normally from the turnover of ATP and nucleic acids, and uric acid can also be 

generated de novo from amino acid precursors. However, in most animals uric acid 

levels are relatively low as there is an enzyme in the liver (uricase) that degrades 

uric acid to 5-hydroxyisourate, and eventually to allantoin [10]. 

 

 

 

 

 



Uric acid and chronic kidney disease 

Uric acid, the end-product of purine metabolism in humans, is excreted largely 

by the kidneys. In chronic kidney disease (CKD), plasma uric acid levels rise due to 

reductions in glomerular filtration rate (GFR). Hyperuricemia is a hallmark of gout 

and is also a suspected risk factor for conditions accompanying the metabolic 

syndrome such as hypertension, diabetes mellitus, and cardiovascular diseases. Uric 

acid can cause acute kidney injury, most notably in tumor lysis syndrome through 

precipitation and obstruction in tubules. Uric acid may also lead to CKD and its 

progression by causing endothelial dysfunction, activation of the renin-angiotensin-

aldosterone system (RAAS), inflammation, and oxidative stress [11]. 

Gout was considered a cause of CKD in the mid-nineteenth century [1], and, 

prior to the availability of therapies to lower the uric acid level, the development of 

end-stage renal disease was common in gouty patients. In their large series of gouty 

subjects. Talbott and Terplan found that nearly 100% had variable degrees of CKD 

at autopsy (arteriolosclerosis, glomerulosclerosis and interstitial fibrosis). 

Additional studies showed that during life impaired renal function occurred in half 

of these subjects. As many of these subjects had urate [12]. 

Renewed interest in uric acid as a cause of CKD occurred when it was realized 

that invalid assumptions had been made in the arguments to dismiss uric acid as a 

risk factor for CKD. The greatest assumption was that the mechanism by which uric 

acid would cause kidney disease would be via the precipitation as crystals in the 

kidney, similar to the way it causes gout. However, when laboratory animals with 

CKD were made hyperuricemic, the renal disease progressed rapidly despite an 

absence of crystals in the kidney [13]. 



The specific mechanism(s) by which uric acid may be causing these effects 

has been studied primarily in cell culture systems. One of the more striking findings 

is that uric acid, while being a potent antioxidant in the extracellular environment, is 

a pro-oxidant inside the cell where it can induce stimulation of NADPH oxidases 

with the induction of mitochondrial dysfunction [14]. Uric acid can also induce 

endothelial dysfunction via a variety of mechanisms and can also stimulate the 

release of alarmins (such as high mobility group box-1 protein) from endothelial 

cells that activate Toll-like receptor pathways [15]. Uric acid also 

stimulates vascular smooth muscle cell proliferation with the production of 

chemotactic factors and oxidants and the activation of the RAS. Uric acid can also 

induce phenotypic alterations and chemokines in tubular cells and can 

induce intrarenal inflammation following its infusion in mice [16]. 

In contrast, in subjects with normal renal function, an elevated serum uric acid 

has almost uniformly been found to independently predict the development of CKD, 

including end-stage renal disease. An elevated serum uric acid has also been found 

to independently predict the development of CKD in subjects with IgA nephropathy 

and of graft failure in transplant patients with chronic allograft nephropathy [17]. 

To date, only pilot studies have evaluated the benefit of lowering uric acid in 

CKD. Siu et al. reported that allopurinol therapy slowed renal disease progression in 

hyperuricemic subjects with modest (stage 3) CKD at 1 year compared with 

randomized controls [18]. 

There is some evidence that lowering the uric acid level may act in part by 

blocking the RAS. For one thing, uric acid stimulates the production of angiotensin 

II in vascular cells and also increases renin expression in laboratory animals Serum 

uric acid is also associated with elevated serum renin in humans and Perlstein et al. 

[19] found evidence that hyperuricemia was associated with activation of the 



intrarenal RAS in humans. In a study by Shi et al. [20], subjects with IgA 

nephropathy were randomized to receive allopurinol therapy or no treatment for 1 

year. None of these subjects were receiving angiotensin converting enzyme (ACE) 

inhibitors. In the first month, there was a fall in the GFR consistent with a 

hemodynamic effect similar to that observed with the initiation of ACE inhibitors, 

followed by a leveling of the slope in the change of GFR over the subsequent year 

While these studies suggest that lowering the uric acid level may simply be 

another way to block the RAS, there is also some evidence that such a lowering may 

have other benefits in addition to RAS blockade. Indeed, one unique aspect of 

the angiotensin receptor blocker, losartan is that it also lowers the serum uric acid 

level. There are now a few reports that the lowering of uric acid by losartan may 

provide additional benefits for slowing renal disease and reducing cardiovascular 

events [21]. For example, in a post hoc analysis of the study, Miao et al. [22] found 

that renal events, i.e. doubling of serum creatinine or end-stage renal disease, were 

less frequent in individuals in whom—as a result of the known uricosuric effect of 

losartan—serum uric acid concentrations were lowered by >0.5 mg/dL compared 

with patients with lesser lowering or increase. 

Uric acid and dialysis 

Uric acid, xanthine, and hypoxanthine are some of porin metabolites, which 

accumulate in the plasma of patients with ESRD. Porin metabolites constitute an 

important group of uremic toxins. These toxins such as uric acid and hypoxanthine 

may cause damage to the structure of proteins and vitamin D. Also, these toxins have 

an important role in immune deficiency of hemodialysis patients. Furthermore, these 

metabolites may cause an escalation of anorexia and weight loss in hemodialysis 

patients [23]. 



high levels of SUA have been associated with several severe clinical 

conditions including hypertension, diabetes mellitus, insulin resistance and 

metabolic syndrome, CV disease, and chronic kidney disease. However, low SUA 

levels have been proposed as a surrogate of protein energy wasting in hemodialysis 

patients as a consequence of inadequate protein intake, given that SUA levels are 

strongly associated with the consumption of purine-rich meals. Serum uric acid has 

been shown to be associated with the nutritional status of patients on hemodialysis, 

as it correlates with laboratory nutritional markers, with parameters of 

anthropometry and with health-related quality of life scoring. Moreover, it was 

shown that the association between SUA levels and mortality was modified by nPCR 

[24]. 

There is no convincing data about when and how to treat hyperuricemia in 

CKD as well as dialysis and transplant recipients. Multiple observational studies 

have found a causative role of hyperuricemia in CKD progression. Srivastava, et al. 

recently established uric acid as an independent risk factor for renal failure in 

patients with early CKD but whether uric acid lowering strategies can help in 

retarding this progression remained inconclusive. Kidney Disease Improving Global 

Outcome (KDIGO) guidelines have no strong recommendation for treating 

hyperuricemia in CKD population due to lack of consensus. These guidelines do not 

even confirm the role of hyperuricemia treatment in slowing progression of kidney 

disease  [25]. 

 Uric acid levels are variably reported in studies to define hyperuricemia in 

dialysis population. Mean uric acid levels above 7.5mg/dl in hemodialysis and above 

8.5mg/dl in peritoneal dialysis patients are considered abnormal. This variability is 

probably based on prescription of dialysis and timings of sample collection [26]. 



In patients with standard hemodialysis prescription, high flux dialyzer can 

remove almost 70% of uric acid and in PD, 15-20ml/min is removed based on 

peritoneal dialysate flow rate. In a review article by Murea, et al. 9 out of 14 studies 

showed an inverse relationship of uric acid levels with all-cause mortality. Rest of 

five studies found no association. This was a surprising finding because it was 

contrary to pre-dialysis CKD population. The same finding has also been reported 

by Latif, et al. Different theories have been suggested for this finding in HD patients. 

It was postulated that uric acid is a marker of better nutrition so a low uric acid level 

can lead to increased mortality. However this opinion was later rejected because 

mortality was not reduced even after correction of nutritional parameters [27]. 

Removal of uric acid in dialysate has a linear relationship with urea. 

Immediately after dialysis, uric acid levels will be markedly low compared to pre-

dialysis levels. Therefore, timings of sample collection is important to explain the 

effect of dialysis on uric acid levels. Mean uric acid levels will be high between two 

dialysis sessions. Patients with high pre-dialysis uric acid levels may have normal 

levels after dialysis which are sufficient to carry out anti-oxidant activity. This is 

another explanation of protective effect of hyperuricemia in HD patients [28]. 

Contrary to our hypothesis, a study  found that uric acid–lowering therapy 

(which was predominantly achieved with the administration of allopurinol in our 

cohort) was associated with a higher incidence of new-onset CKD and showed no 

association with incident ESKD. In subgroup analysis, the association of uric acid–

lowering therapy with unfavorable kidney outcomes was limited to patients with 

baseline serum uric acid levels of 8 mg/dL or less, while the same associations were 

not significant in patients with serum uric acid levels greater than 8 mg/dL. These 

results do not support a direct benefit of urate lowering on the development of new-



onset CKD, and support the results of recent large randomized clinical trials29,30 

that found no benefit of allopurinol in delaying progression of established CKD [29]. 

 

Conclusion 

There is a strong evidence of the association of hyperuricemia and the development 

of CKD and lowering the uric acid level was proven to slow the progression and 

decrease mortality in patients on hemodialysis. 
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