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Abstract: Hyperuricemia is associated with all risk factors of Metabolic syndrome and is viewed as a biomarker 
and therapeutic target for cardiometabolic treatments. This comprehensive review examines the multifaceted 
landscape of hyperuricemia delving into its epidemiology, intricate pathophysiology, diverse associations with 
health conditions and contemporary approaches to its management.

Introduction

Hyperuricemia (HU) is a common disorder that affects patients 
of all ages and genders. Hyperuricemia occurs in 8.9 to 24.4% 
of the general population. Hyperuricemia does not indicate a 
pathological state as up to 21% of the general population and 
25% of hospitalised patients are estimated to have asymptomatic 
hyperuricemia and uric acid levels can be elevated 10 to 15 
years before clinical manifestations of gout. The worldwide 
incidence of hyperuricemia is increasing due to adoption of 
Western diet and lifestyle. 

The most common manifestation of hyperuricemia is gout, 
Hyperuricemia is also associated with uric acid and calcium 
nephrolithiasis. The prevalence of HU has steadily increased 
worldwide in the past 40 years.

Hyperuricemia is defined as:

	 Serum uric acid level > 7 mg/dL in men and post-menopausal 
women

	 Serum uric acid level > 6 mg/dL in pre-menopausal women.

The difference is attributed to estrogen’s stimulatory effect on 
renal excretion of uric acid.[1]

Hyperuricemia results from a) increased uric acid production 
b) decreased excretion, or c) a combination of both processes. 
Dietary purines contribute 1/3rd body’s daily serum uric acid 
production, and 2/3rd is from endogenous sources.  About 2/3rd 
of uric acid is excreted through the kidney and 1/3rd through 
the gastrointestinal tract. 

Hyperuricemia and hyperuricosuria have also been linked with 
other disorders such as metabolic syndrome, diabetes mellitus, 
cardiovascular disease, hypertension, atherosclerosis, obesity 
and chronic renal disease. Furthermore, Hyperuricemia is a 
prognostic marker of mortality in patients with stable coronary 
artery disease, Chronic Obstructive Pulmonary Disease and 
terminally ill cancer patients.[2][3] 

There are clear guidelines for the management of hyperuricemia 
in acute conditions such as gout, urolithiasis and acute urate 
nephropathy, the role of uric acid in the pathogenesis of 
CKD, cardiovascular diseases, heart failure and treatment of 
asymptomatic hyperuricemia in is still unclear.
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Uric acid production, metabolism and elimination

Uric acid is the result of purine breakdown. The daily endogenous 
purine production is estimated to be about 500-600mg as 
opposed to dietary exogenous purine which is only 100-200mg 
per day. Purine-rich diets (meat, anchovies, sardines, legumes, 
yeast, beer), endogenous purine production (DNA, RNA, ATP, 
GTP, c-AMP, NADH) and high cell breakdown accelerate uric 
acid production. 

Purine metabolism mainly occurs in the liver but can also happen 
in any tissue containing xanthine oxidase, such as cardiac or 
pulmonary tissue.[4][5]

Uric acid is metabolised by the enzyme uricase to the more 
soluble allantoin which is subsequently excreted in the urine. 
Humans lack a functional uricase enzyme, so uric acid is the 
final breakdown product of the pathway. 

Approximately two-thirds of Urate is excreted in urine with 
normal uricosuria levels of 620 ± 75 mg/day in adults, while 
one-third is excreted via the gastrointestinal tract. 

Despite the high fraction of renally excreted uric acid, 
approximately 91–95% of filtered urate is reabsorbed in the 
proximal tubule. Reabsorption is a key factor underpinning the 
comparatively high levels of circulating urate and is primarily 
mediated by transporters that exchange intracellular anions 
for urate.

Ultimately, around 3–10% of the filtered urate emerges in the 
urine. Several transporters playing a role in reabsorption and 
secretion have been identified.
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Figure 1: Uric acid elimination from human body
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Hyperuricemia due to uric acid overproduction

Hyperuricemia due to decreased uric acid excretion Etiology and pathophysiology

a. 	 Diet and drug induced: 

	 	 Excess Dietary Purine intake of seafood, sugar-
sweetened beverages, dried beans, meat.

	 	 High fructose in the diet causes hyperuricemia as the 
hepatic metabolism of fructose through the aldolase 
reductase pathway produces uric acid. 

	 	 Alcoholic beverages, among men, beer and whiskey 
had the highest increase in the levels of serum uric acid 
whereas, among women, only beer had the steepest 
slope when serum uric acid levels were plotted against 
alcohol consumption, the wine had moderate while 
whiskey had less steep slopes. This is because beer 
contains the highest amount of purines when compared 
to other beverages.[6] 

	 	 Iron-rich food and supplements can enhance serum 
uric acid levels indicating a causal connection between 
hyperferritinaemia and hyperuricemia.[7]

	 	 Cytotoxic drugs.

b.	 Errors of purine metabolism: inherited enzyme defects 

	 	 Hypoxanthine-guanine phosphoribosyltransferase 
(HGPRT) deficiency.

	 	 Phosphoribosylpyrophosphate (PRPP) synthetase 
overactivity.

	 	 Glucose 6 phosphatase deficiency.

	 	 Glycogen Storage Disease type-1.

c.	 High cell breakdown or turnover 

	 	 Lymphoproliferative diseases 

	 	 Myeloproliferative disease 

	 	 Hemolytic disorders

	 	 Paget disease 

	 	 Psoriasis

	 	 Tissue Hypoxia

	 	 Extreme exercise 

	 	 Glycogen storage disease (type III, V, VII)

Impaired urinary excretion is responsible for hyperuricemia 
in 90% of individuals. Underexcretion is a combination of 
decreased glomerular filtration, reduced tubular secretion, and 
enhanced tubular reabsorption.

It is seen in conditions like 

a)	 Variants in gene-encoding transporters regulating renal 
and gut uric acid clearance

	 	 SLC2A9; ABCG2, PDZK1, etc

b)	 Monogenic disorders 

	 	 Tubulointerstitial kidney disease: AD
	 	 Glomerulocystic kidney disease 

c)	 Clinical disorders

	 	 Chronic kidney disease 
	 	 Lactic acidosis
	 	 Starvation or Diabetic Ketoacidosis
	 	 Hypovolemia 
	 	 Lead Nephropathy
	 	 Obesity and Insulin Resistance
	 	 Pre-Eclampsia 

d)	 Drug or diet-induced

	 	 Diuretics: Loop and Thiazide 
	 	 Niacin
	 	 Pyrazinamide 
	 	 Ethambutol
	 	 Cyclosporine and Tacrolimus
	 	 Low dose salicylates
	 	 Levodopa
	 	 Laxative abuse
	 	 Salt restriction

Proximal tubular reabsorption of uric acid is controlled by uric 
acid transporter 1 (URAT1) located in the apical cell membrane. 
This transporter can be stimulated by organic acids medications 
and reduced extracellular fluid volume resulting in hyperuricemia. 

Hyperuricemia may also be associated with hyperuricosuria 
(urinary excretion >800 mg/day in men and >750 mg/day in 
women). Fractional excretion of urate (FEUA) indicates the net 
urate excretion by the kidney (normal males: 7.25 ± 2.98%). 

Healthy subjects have an average FEUA in the range of 6–8%, 
whereas gout patients generally have an average FEUA of 3–5%. 
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Hyperuricemia in special situations

Hyperuricemia is often accompanied by hypertension and other 
metabolic disorders. It is an independent modifiable risk factor 
for hypertension.[8]. Hyperuricemia (40%) is found in both primary 
and renal hypertension. The incidence is higher among patients 
with hypercholesterolemia and in patients with azotemic. 

It does not result from the overproduction nor is genetically 
linked. Hyperuricemia is not correlated with the duration of 
hypertension, level of blood pressure, or serum potassium 
concentration. Impaired excretion of uric acid from low 
glomerular filtration rate and reduced tubular secretion due to 
disturbed lactic acid metabolism contributes to pathophysiology.

Elevated serum urate in primary or secondary gout, familial 
hyperuricemia, or glycogen storage disease induce or accelerate 
kidney damage.  High concentrations of uric acid in renal 
blood and filtrate precipitates in the renal medulla, induces 
degeneration thereby contributing to renal damage that 

There is a significant positive relationship between PTH level 
and uric acid levels, independent of the renal function of the 
subject. Uric acid levels have been found to decrease after 
parathyroidectomy and Teriparatide, a recombinant PTH used 
as an anti-osteoporotic agent has been found to increase the 
incidence of hyperuricemia in a dose-dependent manner. The 
exact mechanism is unclear but PTH is thought to affect the 
transport of uric acid in PT in the kidney through an unknown 
mechanism.

Thus, it is suggested that gouty patients, particularly with 
recurrent gouty urolithiasis, should be screened for 
hyperparathyroidism and that hyperuricemia should be sought 
in suspected cases of primary hyperparathyroidism.[10]

accompanies hypertensive disease. The correlation between 
Hyperuricemia and  Hypertension risk exists irrespective of the 
presence of metabolic syndrome.[9]

Figure 2: Uric acid secretion
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Treatment of hyperuricemia

Elevated Uric Acid level is an independent risk factor for poor 
prognosis, disease progression, and mortality in patients with 
heart failure. In patients with an ICD, UA above 6.1 mg/dl may 
be a predictor of ventricular tachyarrhythmias.[12]

According to experts’ opinion, the targeted Uric Acid level 
should be below 5mg/dl in patients with hyperuricemia and high 
cardiovascular risk (with two out of 6 risk factors: hypertension, 
dyslipidemia, diabetes, CKD, history of MI/stroke).

Thiazide and loop diuretics tend to cause a dose-dependent 
type of hyperuricemia and possibly even gout. They tend to 
increase renal uric acid reabsorption either directly or indirectly 
through volume depletion. The net increase in relative risk of 
gout by diuretics is almost 80%. An alternate or concurrent 
antihypertensive, including an angiotensin II receptor blocker 
(especially losartan) or an angiotensin-converting enzyme 
inhibitor, is recommended in patients with gout flares. Most 
patients with diuretic-induced gout are treated with a xanthine 
oxidase inhibitor, such as allopurinol. However, if the patient is 
asymptomatic, no treatment is needed.[13]

The relationship between hyperuricemia and renal impairment 
has been a subject of debate till 2019, the KNOW-CKD trial, 
a prospective cohort study of patients with CKD, tried to 
investigate the relationship between the level of serum UA 
and the prevalence of CKD[14]. This study classified patients 
into quartiles based on their serum uric acid level and revealed 
that the prevalence of advanced CKD was higher in patients 
with a high uric acid level.  Hyperuricemia is not only the result 
of renal impairment or sharing the risk factors with CKD but is 
also the cause of renal function impairment.

Acute urate nephropathy, defined as UA precipitating in tubules 
with plasma levels usually above 15mg/dl, develops most often 
due to TLS induced by radio or chemotherapy received for 
myeloproliferative and lymphoproliferative disorders. 

Most patients with hyperuricemia are asymptomatic and do not 
need medical therapy, except for patients undergoing cytolytic 
therapy for malignancy to prevent tumour lysis syndrome. 

Gout: The American College of Rheumatology recommends that 
patients with 2 or more gout attacks a year should be treated, 
but a lower threshold can be used based on the severity of 
the gout flares and patient preference. Other indications for 
treatment include gouty bone erosion, structural joint injury, 
polyarticular disease, hyperuricosuric nephrolithiasis and tophi.

Colchicine is frequently used to treat acute gout. It binds 
the tubulin protein, preventing microtubule formation and 
polymerization. It also has anti-inflammatory and anti-fibrotic 
effects. Patients starting uric acid lowering therapy should be 
considered for prophylactic colchicine to minimise the risk of an 
acute gouty flare. Slowly introducing hyperuricemia medications 
can also decrease the risk of gout flare attacks.

Tumour Lysis Syndrome (TLS) is treated with aggressive 
hydration and pharmacotherapy. Prevention of TLS in cancer 
patients is the gold standard. Pharmacologic prophylaxis should 
begin at least 24 hours before the start of antitumour therapy. 
Allopurinol due to the risk of xanthine nephropathy is only used 
in patients at intermediate risk whereas rasburicase should be 
the standard therapy for high-risk patients. In case of G6PD 
deficiency or renal dysfunction, febuxostat may be considered.[18]

Mechanism of renal damage:

1.	 Crystalline effects: Deposition of Uric Acid crystals causes 
crystal-induced inflammation and macrophage activation, 
inflammasome-mediated inflammatory response and 
activation of the nuclear factor-κB signalling pathway. 
Uptake of Uric Acid by the tubular epithelial cells induces 
the epithelial cell to mesenchymal transition.[15]

2.	 RAAS Stimulation: Stimulation of the renin–angiotensin–
aldosterone system and activation of the vasoconstrictors 
due to hyperuricemia results in elevated intrarenal pressure 
and afferent arteriolar hypertrophy.[16]

3.	 Intracellular effects of Uric Acid:  Soluble uric acid (UA) 
activates inflammasome-mediated inflammatory response 
and intracellular UA increases oxidative stress leading to 
mitochondrial dysfunction.[17]

Cardiovascular system

There is emerging evidence of hyperuricemia in patients 
with uncontrolled gout playing a role in contributing to 
cardiometabolic comorbidities. Studies have shown that 
increases in serum uric acid levels may be tied to an increased 
risk of cardiovascular disease and mortality. 

Both gout and cardiovascular disease are associated with 
systemic inflammation and oxidative stress, which accelerates 
atherosclerosis. In addition, hyperuricemia is associated with 
endothelial dysfunction as well as the oxidation of lipoproteins 
within atherosclerotic plaques.[11]
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Mechanism of action of uric acid-lowering drugs
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There are three types of uric acid-lowering medications:

A.	 Xanthine Oxidase inhibitors: They block the hepatic 
oxidation of xanthine to uric acid. Xanthine does not cause 
gout, is nontoxic until very high concentrations, and is much 
more soluble in urine than uric acid.

	 	 Allopurinol: Allopurinol, a purine-based competitive 
xanthine oxidase inhibitor, can be metabolised to 
alloxanthine, an inhibitor of xanthine oxidase enzyme 
leading to decreased urate production and reduces 
total urinary purine excretion.

		  The usual starting dose is 100mg /day with CrCl > 60 
ml/min with dose titration every 2-4 weeks. A fall in 
uric acid occurs within 2 days with steady-state levels 
in 2 weeks. Target Uric acid is < 6 mg/dl and < 5 mg/ dl 
in patients with tophaceous gout. Generally used as a 
single dose unless GI disturbances warrant split doses. 
In Renal disease, stage 3 or more CKD start with 50 mg/
day and up titrate every 4 weeks. 

		  Allopurinol can cause rash, hypersensitivity and severe 
cutaneous reactions. This generally occurs within the 
first 3 months of drug initiation. HLA-B*5801 positive 
patients are at increased risk of cutaneous reactions.  
Hypersensitivity reactions are more common in patients 
with asymptomatic hyperuricemia accompanied by 
cardiovascular or renal diseases.[19]

		  Allopurinol has important drug interactions. It potentiates 
the immunosuppressive and cytotoxic effects of 
Azathioprine, 6 Mercaptopurine and cyclophosphamide 
and increased chances of ampicillin-induced rash.

		  Patients with high CV risk and intolerant to Allopurinol, 
Pegloticase works well if available otherwise guarded 
use of Febuxostat at a lower dose is advisable.

	 	 Febuxostat: Febuxostat is a non-purine xanthine oxidase 
inhibitor. The metabolism of Febuxostat is dependent 
on uridine diphosphate glucuronosyltransferase 
(UGT) enzymes cytochrome P450 (CYP) enzymes and 
non-P450 enzymes. 

Figure 3: Mechanism of urate-lowering therapy for hyperuricemia. Numerous agents can be applied to inhibit urate production, 
promote renal urate excretion, and increase purine metabolism to allantoin
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		  The recommended starting dose is 40-80mg/day and 
can be increased after 2 weeks depending on the target 
uric acid levels achieved.[20] Febuxostat works well even 
at CrCl as low as 15 mL/Min. It is associated with gout 
flares, thromboembolic CV events.

	 	 Topiroxostat: It is a non-purine xanthine oxidase inhibitor. 
Additionally, Topiroxostat can restrain ATP-binding 
cassette transporter G2 (ABCG2), which is involved in 
the restoration of renal uric acid and uric acid secretion 
from the intestines.[21]

B.	 Uricosuric agents: Uricosuric agents work by increasing the 
renal and urinary excretion of uric acid. Uricosuric agents 
work by inhibiting the URAT1 anion-exchanging uric acid 
transporter system in the brush border of renal proximal 
tubular cells. This causes increased urinary excretion with a 
corresponding drop in serum uric acid levels. These agents 
are not generally suitable for patients with hyperuricosuric 
nephrolithiasis and are most useful when urinary uric acid 
is less than 800 mg daily. Thus an increased fluid intake 
during the therapy may reduce the rate of urolithiasis.

	 	 Probenecid: It inhibits URAT1 and several other anion 
transporters, increasing renal uric acid excretion by 
reducing reabsorption. It is typically used as second-
line therapy for gout as it is considered less potent 
than other uric acid-lowering medications. It is started 
at a dose of 500mg once or twice daily and the dose 
is titrated to achieve the therapy target.  

		  Probenecid can be used in patients who cannot 
tolerate xanthine oxidase inhibitors and is often used 
with colchicine for gout prophylaxis. It has many drug 
interactions limiting its clinical use. Probenecid can also 
increase the incidence of uric acid nephrolithiasis, so 
this should be closely monitored. It is also relatively 
contraindicated in patients with grade 3 or higher  
CKD.[22]

	 	 Lesinurad: Lesinurad, a common URAT1 inhibitor, restrains 
the levels of serum uric acid via the suppression of 
URAT1 and OAT4. URAT1, a uric acid transporter, is 
associated with uric acid reabsorption from the renal 
tubule. Organic anion transporter 4 (OAT4), a uric acid 
transporter, is linked with the sodium-independent 
transport and excretion of organic anions, involved in 
diuretic-induced hyperuricemia.[23]

	 	 Dotinurad: It is a highly selective URAT1 inhibitor and 
effective uricosuric agent available only in Japan that 
appears to be equivalent to benzbromarone and 
febuxostat in overall uric acid lowering ability. It is 
being evaluated for possible approval in the US and  
Europe.[24]

	 	 Benzbromarone: It is a URAT1 inhibitor type uricosuric 
drug, more effective but less selective than Probenecid, 
used earlier for gout and hyperuricemia but has been 
withdrawn from the market due to grave hepatotoxicity. 

C.	 Recombinant uricase: Recombinant uricase drug use is 
limited for severe and recurrent gout inadequately controlled 
by xanthine oxidase inhibitors or uricosuric agents alone due 
to parenteral administration and risk of infusion reactions.

	 It is estimated that about 2% of all patients with gout may 
be refractory to standard therapy. Such patients either have 
intractable hyperuricemia, two or more gout attacks while 
on therapy, or persistent subcutaneous tophi unresponsive 
to maximum dosages of conventional therapy.

	 Recombinant uricase drugs do not interfere with uric acid 
production or change its excretion. They are effective in 
lowering uric acid in serum and urine but their long-term 
use is associated with the production of anti-drug antibodies 
and reduced efficacy.

	 	 Rasburicase: Rasburicase, a recombinant uricase, 
catalyses the conversion of uric acid to allantoin, which 
is a metabolite existing in an inactive and soluble form. 
Rasburicase seems to have an advantage in the speedy 
correction of hyperuricemia compared with allopurinol. 
However, it has no clinical benefit in cancer patients with 
tumour lysis syndrome (TLS) in patients with concurrent 
renal failure.[25]

		  The dose is 0.2 mg/kg IV daily for 5 days, no dose 
adjustment is required for kidney dysfunction. It can lead 
to peripheral edema, skin rash, GI symptoms, Headache 
and Anxiety. It also leads to severe hemolysis.

	 	 Pegloticase: Pegloticase is a recombinant uricase (uric 
acid oxidase) that was FDA-approved in 2010 for chronic 
gout refractory to standard therapy. It is given as 8 mg 
IV every 2 weeks.

	 Losartan, atorvastatin and fenofibrate have mild uricosuric 
effects and can be considered adjunctive agents in patients 
with hypertension (losartan) or hyperlipidemia (atorvastatin, 
fenofibrate).[26][27][28]
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Algorithmic approach to Hyperuricemia:

Asymptomatic hyperuricemia (UA > 7 mg/dl and no symptoms at the time of evaluation)

UA serum level

Search for causes 
of hyperuricemia

24 hrs UA excretion

Normal UA excretion 
< 1 g/24 hrs  

(on normal diet)

UA overexcretion 1 g/24 hrs  
(on normal diet)

Screen for renal disease, metabolic 
causes and/or rare genetic defects; 

avoid uricosurics

Recommend lifestyle changesb 
Start ULT in the absence of 

contraindications

Continue ULT until UA target level 
(between 3 and 6 mg/dl) is achieved 

- then monitor UA serum levels

Recommend lifestyle changes  
Start ULT (in the absence of contra-
indications) if history positive for:

•	 severe (tophi, chronic arthropathy) and/
or recurrent > 2 episodes/year) gout

•	 recurrent nephrolithiasis
•	 cancer, in patients undergoing cancer 

target treatment and at risk of tumor lysis 
syndrome

Consider ULT in:

•	 patients at high cardiovascular risk
•	 patients with heart failure
•	 patients with chronic kidney disease

> 10 mg/dl in women or 
> 13 mg/dl in men

7-10 mg/dl in women or 
7-13 mg/dl in men

Figure 4: Approach to hyperuricemia
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