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DEFINITION AND EPIDEMIOLOGY  
OF HYPERURICEMIA — A GLOBAL HEALTH 
HAZARD

Uric acid (UA) is the end product of the 
metabolism of purines (both endogenous and 
exogenous). In most animals, UA is further 
broken down into allantoin, urea or ammonia, 
and excreted from the body. The enzyme that 
plays a crucial role in these reactions is uri-
case (UO, urate oxidase). UO is not present 
in humans, great apes and Dalmatian dogs 
because the gene coding UO has lost its func-
tion as a result of mutations [1]. In physiolo-
gical conditions, UA synthesis and excretion 
are balanced out, and its concentration in the 
blood is affected by the number of dietary pu-
rines in food, biosynthesis of endogenous pu-
rines and renal uric acid clearance [2]. When 
such equilibrium is disturbed, hyperuricemia 
(HU) will develop. The definition of HU has 
not yet been precisely formulated and varies 
from study to study. However, most publica-
tions describe HU as serum uric acid (sUA) 
concentration > 7 mg/dl (420 μmol/l) in men 
and > 6 mg/dl (360 μmol/l) in women. 

The prevalence of HU depends on gen-
der, age and race, and is the highest in persons 
aged 80 or over (up to 10% in men and 6% 
in women) [3]. Unlike the US and Western 
European countries, the incidence rate of HU 
in developing countries does not exceed 1% 
of the total population. These values, howe-
ver, may be understated due to insufficient 
epidemiological data, e.g. a very high share 
of HU patients (41%) in the small popula-
tion of Taiwan [4]. The epidemiological data 
point to a steady rise in HU and gout in re-
cent decades. Its underlying causes include 
rapid economic development, changes in li-
festyles and eating habits [5, 6]. Furthermo-
re, sUA level is higher in high cardiovascular 
(CV) risk patients, postmenopausal women 
(positive impact of oestrogens on renal ura-
te excretion), dark-skinned individuals, and 
patients with hypertension and chronic kid-
ney disease (CKD) [7]. NHANES (National 
Health and Nutrition Examination Survey), 
the nationally representative survey of Ame-
rican men and women from 2007 to 2016, fo-
und that the HU prevalence rate in persons 
aged ≥ 20 was 20.2% for men (22.8 million) 
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and 20% for women (24.4 million). Put sim-
ply, it meant that 1 in 5 men and 1 in 5 women 
had elevated sUA levels. Uric acid concentra-
tion > 6 mg/dl was found in 32.3% of the to-
tal population (75.8 million), of whom 49.5% 
were men (55.8 million) and 16.4% were wo-
men (20.0 million) [8]. The recently published 
data from the Irish healthcare system indicate 
that in the period between 2006 and 2014 the 
prevalence of HU increased from 19.7% to 
25.0% in men and from 20.5% to 24.1% in 
women (p < 0.001). What is more, the inci-
dence of age-dependent HU was on the rise 
in all the groups, with similar rates of increase 
for each age group. Uric acid levels also incre-
ased as the kidney function deteriorated, from 
12.2% in patients with estimated glomerular 
filtration rate (eGFR) > 90 ml/min, to 63.9% 
patients with eGFR < 15 ml/min [9].

HYPERURICEMIA AND GOUT  
— THE CAUSE-AND-EFFECT RELATIONSHIP

Gout is a chronic form of arthritis that is 
caused by the deposition of monosodium urate 
(MSU) crystals in or around the joints during 
long-term hyperuricemia [3]. At the tempera-
ture of 37°C and pH = 7, MSU crystallization 
in vitro takes place at sUA ≥ 6.8 mg/dl, and at 
35°C — at sUA > 6.0 mg/dl. This process can 
also begin at a lower sUA level in a more acidic 
environment or at a lower temperature preva-
iling in poorly vascularized or peripherally lo-
cated structures: tendons, ligaments, auricles, 
foot joints, knees, shoulders, elbows, and fin-
ger joints. Urate depositions begin to dissolve 
at sUA < 5 mg/dl [10]. 

 The linear relationship between sUA le-
vel and the risk of gout has been demonstrated 
in many published studies and large-sample 
registry trials. It is estimated that in Western 
European countries gout occurs in 3–6% of 
men and 1–2% of women [11]. Even though 
HU is a necessary precondition for crystal 
deposition, only some HU patients develop 
gout; it is rarely found in people with low sUA 
levels [12, 13]. Four stages can be identified 
in the development of gout: 1) HU without 
symptoms of MSU crystal accumulation and 
gout symptoms; 2) MSU crystal deposition 
without gout symptoms; 3) MSU crystal de-
position with gout attacks; 4) advanced gout 
with tophi, chronic arthritis and irreversible 
joint changes. If no adequate treatment is in-
itiated, gout will progress to the advanced sta-
ge on average 10 years after the first attack.  

Gout attacks typically involve distal leg joints 
(e.g. first metatarsophalangeal joint). In the 
absence of proper treatment, gout attacks will 
come more and more frequently and affect 
more and more joints.

High sUA levels are mostly caused by 
excretion disorders (90%) or overproduc-
tion (10%) of uric acid. Therefore, the goal 
of therapy is to dissolve and prevent further 
deposition of MSU crystals. The significance 
of the relationship between HU, CKD and 
CVD (cardiovascular diseases) has also been 
long emphasized.

ADVERSE EFFECTS OF HYPERURICEMIA  
ON THE CARDIOVASCULAR AND RENAL 
SYSTEMS — PATHOPHYSIOLOGICAL ASPECTS

Elevated sUA levels are caused by a diet 
rich in purines/fructose (high consumption of 
red meat, giblets, seafood, sweetened beve-
rages, desserts with glucose-fructose syrup, 
beer), genetic and environmental factors, 
metabolic disorders, as well as endogenous 
overproduction or, in most cases, impaired 
uric acid excretion. It is also very important to 
know what drugs can affect uric acid levels in 
the serum (Table 1). 

Xanthine oxidase (XO), an enzyme that 
plays a crucial role in the metabolism of pu-
rines, and catalyses the conversion of hypo-
xanthine to xanthine and xanthine to uric acid, 
uses molecular oxygen as an electron recipient 
to produce superoxide anions and other active 
forms of oxygen as by-products; this can impair 
the endothelial function (e.g. reduce endothe-

Table 1. Impact of selected drugs on serum uric acid levels

Acetylsalicylic acid
↑ (small doses),  
↓ (large doses)

Clopidogrel ↔

Ticagrelor ↑

Beta-adrenolytics  
(regardless of cardioselectivity)

↑

Thiazide, thiazide-like, loop diuretics ↑

Calcium antagonists ↔

Aldosterone antagonists ↔

Alfa-adrenolytics ↔

ACE inhibitors/sartans ↔ or ↓

Fibrates ↓

Atorvastatin ↓

Rosuvastatin ↓

SGLT2 inhibitors (flozins) ↓
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Figure 1. Pathophysiological aspects of hyperuricemia and its effect on cardiovascular and renal diseases

lial production of nitric oxide [NO]) and in ef-
fect can lead to the development of hyperten-
sion and end-organ complications. 

Oxidation stress caused by increased XO 
activity has a strong negative effect on vascular 
endothelium, also in the coronary arteries [14, 
15]. Elevated sUA levels impair oxygen me-
tabolism, stimulate the renin-angiotensin-al-
dosterone system and inhibit endothelial NO 
secretion. This can lead to microvascular com-
plications in the afferent arterioles, renal vaso-
spasm and persistent, salt-sensitive hyperten-
sion [16, 17]. Long-term renal vasospasm may 
induce increased vascular stiffness and stimu-

late the development of primary hypertension. 
Apart from hypertension, elevated UA levels 
stimulate the proliferation of vascular smooth 
muscle cells (VSMC) by affecting endothelial 
cells, thus leading to renal microangiopathy, 
microalbuminuria, and renal dysfunctions 
[18–23]. The findings from preclinical trials 
also suggest that endothelial dysfunctions, in-
flammatory response and oxidation stress in 
fat cells play a key role in the development of 
obesity and metabolic syndrome [24]. The pa-
thophysiological aspects of hyperuricemia and 
its impact on cardiovascular and renal diseases 
are shown in Figure 1.
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Table 2. Hyperuricemia-related conditions that require more 
frequent monitoring of patients and appropriate therapeutic 
interventions 

Hypertension
Overweight, obesity
Dyslipidaemia
Metabolic syndrome
Type 2 diabetes
Atherosclerosis
Chronic renal disease
Hyperthyroidism/hypothyroidism
Excessive consumption of alcohol (especially beer)
Purine-rich diet
Psoriasis
Using drugs increasing uric acid levels
Male gender
Postmenopausal women
Advanced age
Genetic predisposition
Oncological diseases

HYPERURICEMIA AND CARDIOVASCULAR 
AND RENAL RISKS 

Hyperuricemia is regarded as an indepen-
dent risk factor in the development of many 
micro-and macrovascular disorders, including 
hypertension [25], metabolic syndrome [26, 
27], chronic coronary syndrome (CCS) [28], 
diabetes [29], cerebrovascular disease [30, 31], 
CKD [32] or other CVDs [33, 34]. In parallel, 
the presence of any of these diseases increases 
HU prevalence [35]. 

HU or gout patients require systematic 
screening for diseases which are potentially 
linked to high sUA levels. There is ample evi-
dence demonstrating that the presence of HU 
worsens the prognosis of CVD, diabetes, dysli-
pidaemia and renal disease, which corrobora-
tes the role of elevated sUA levels as a new CV 
risk factor [36–40]. For this reason, appropria-
te monitoring and potential HU therapy sho-
uld form an integral part of the management 
strategy in the aforementioned conditions (Ta-
ble 2) [35, 41–43]. 

HYPERURICEMIA AND HYPERTENSION RISK 

There is extensive evidence suggesting 
that the relationship between an increase 
in the relative risk of hypertension and high 
sUA levels is independent of traditional risk 
factors [44–52]. A large meta-analysis com-
prising 18 clinical trials showed an increase 
in the incidence rate of newly diagnosed hy-
pertension cases by 13% per every 1% of sUA 
increase [46]. In turn, the PAMELA (Pressio-

ni Arteriose Monitorate e Loro Associazioni) 
study found that an increase in sUA level by 
1 mg/dl was associated with a significantly in-
creased risk of developing hypertension based 
on home or outpatient measurements (OR 
[odds ratio]: 1.34; 95% CI [confidence inte-
rval]: 1.06–17; p = 0.015; OR: 1.29; 95% CI: 
1.05–1.57; p = 0.014, respectively) [47].

HYPERURICEMIA AND THE HEART ATTACK 
AND STROKE RISK

In the Rotterdam Study involving 
4385 subjects, high sUA levels in patients wi-
thout a history of myocardial infarction (MI) 
or stroke were associated with a remote MI 
and stroke risk; the risk coefficients adjusted 
for age and gender (95% CI) for the highest 
and the lowest quintile of sUA concentration 
were as follows: 1.68 (1.24–2.27) for CVD; 
1.87 (1.12–3.13) for MI; 1.57 (1.11–2.22) for 
stroke: 1.77 (1.10–2.83) for ischaemic stroke, 
and 1.68 (0.68-4.15) for haemorrhagic stroke 
[53]. Another research study suggested that 
there is an independent relationship between 
HU (defined as sUA > 6.0 mg/dl in women 
and > 7.0 mg/dl in men) and a remote major 
adverse cardiovascular event (MACE), inclu-
ding death caused by CV, MI and stroke, in 
patients with acute coronary syndrome un-
dergoing percutaneous coronary intervention. 
HU patients were characterized by 1.6 times 
higher risk of death from cardiovascular cau-
ses (p = 0.005) and by a 1.5 times higher risk 
of MI (p = 0.032) [54]. A large Swedish regi-
stry study involving 417,734 patients undergo-
ing regular checkups suggested that moderate 
sUA levels were linked to increased inciden-
ce of MI, strokes and congestive heart failure 
(HF) in middle-aged individuals with no histo-
ry of CVD [55]. Ultimately, sUA showed a po-
sitive correlation with the presence, number, 
size and location of lacunar infarcts (LI) in 
the basal ganglia, deep white matter (DWM) 
and pons, morphologically characterized by 
atherosclerosis. Interestingly, LI incidence has 
been rising from sUA as low as 5.7 mg/dl. The 
authors suggest that the presence of HU can 
considerably increase the risk of stroke and 
poses an independent risk factor for its occur-
rence [56]. The meta-analysis by Kim et al. also 
found an association between HU and much 
higher risk for both types of strokes (relative 
risk [RR]: 1.41), and mortality (RR: 1.36) [57]. 
Zhong et al. also confirmed that elevated sUA 
levels showed a significant correlation with an 
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increased risk of stroke both in men and wo-
men (respectively: RR: 1.10 and RR: 1.11 per 
1 mg/dl of elevated sUA level) [58]. Interestin-
gly, in the most recent CIRCS (Circulatory 
Risk in Communities Study) elevated sUA was 
an independent stroke predictor, but only in 
women [59].

HYPERURICEMIA AND RISK OF ATRIAL 
FIBRILLATION 

In a large prospective cohort study 
(n = 123,238) conducted in 2006–2012, ele-
vated sUA level was associated with incre-
ased risk of atrial fibrillation (AF) (adjusted 
HR [hazard ratio]: 1.91; 95% CI: 1.32–2.76; 
p = 0.001). This correlation was even higher 
in persons with a high hs-CRP (high-sensitivity 
C-reactive protein) level (adjusted HR: 2.63; 
95% CI: 1.63–4.23) [60]. Hong et al. also cor-
roborated the correlation between sUA con-
centration and AF risk (p = 0.001) [61].

HYPERURICEMIA AND RISK OF CHRONIC 
KIDNEY DISEASE 

The initial observations concerning the po-
tential causal role of sUA in CKD were corrobo-
rated in large clinical trials, including NHANES 
and GKCD (German Chronic Kidney Disease) 
[62, 63]. The results of the meta-analysis com-
prising 18 prospective studies (n = 431,000) 
confirmed that HU is a predictor of developing 
CKD and reducing GFR [64]. Moreover, HU 
plays a key role in the development and progres-
sion of CKD. It is also an independent factor 
for CKD progression even after adjustment for 
all typical comorbidities such as hypertension, 
proteinuria, and dyslipidaemia. This correlation 
has been confirmed in patients with IgA neph-
ropathy, diabetic nephropathy, those after organ 
transplants and autosomal dominant polycystic 
kidney disease [65–68]. It is worth noting that 
a correlation between sUA and probable eGFR 
reduction was observed in persons with normal 
blood pressure and normal renal function. This 
effect could be observed at sUA level > 5.5 mg/dl 
in men and > 5.0 mg/dl in women [69].

HYPERURICEMIA AND TOTAL AND 
CARDIOVASCULAR MORTALITY — CAN 
THE CUT-OFF VALUE OF URIC ACID 
CONCENTRATION BE DETERMINED?

The NHANES study demonstrated that 
there was an increased risk of total and car-

diovascular mortality in patients with elevated 
sUA levels. This correlation remained signi-
ficant after its adjustment for several factors, 
including demographics and comorbidities 
[70]. The analysis of data from the PAMELA 
study suggests the cut-off value of sUA level 
at 5.4 mg/dl, as it offers the best sensitivity to 
specificity ratio in predicting the risk of cardio-
vascular mortality, and at 4.9 mg/dl for total 
mortality [47]. Based on the PreCIS (Preven-
tive Cardiology Information System) data, it 
was demonstrated that each increase in sUA 
level by 1 mg/dl corresponds to a 39% increase 
in the risk of death. After data adjustment for 
most basic factors (e.g. age, gender, smoking, 
alcohol consumption, body mass, BMI, waist 
circumference, blood pressure, CVD burden, 
eGFR, cholesterol fraction values, glucose 
level), sUA level remained a significant de-
ath risk factor (HR: 1.26; 95% CI: 1.15–1.38; 
p < 0.001) [71]. In the prospective HPFS (He-
alth Professionals Follow-Up Study), in a gro-
up of 51,297 men, higher total mortality risk 
was linked to the presence of gout. Interestin-
gly, in men with no history of coronary artery 
disease, increased mortality risk was primarily 
associated with increased risk of death from 
cardiovascular causes. Moreover, men with 
diagnosed gout showed a higher risk of non-
fatal MI (RR: 1.59; 95% CI: 1.04–2.41) [72].

The Working Group on Uric Acid 
and Cardiovascular Risk of the Italian So-
ciety of Hypertension designed URRAH 
(Uric Acid Right for Heart Health), a study 
in a group of 22,714 subjects aimed to de-
termine the UA level above which the risk 
of death significantly increases. The pre-
dictive cut-off values for all-cause deaths 
were ≥  4.7 mg/dl, and ≥  5.6 mg/dl for car-
diovascular deaths. In terms of the patients’ 
gender, the sUA cut-off value for mortal-
ity from any cause was ≥ 5.4 mg/dl in men 
and ≥ 4.7 mg/dl in women [73, 74]. The findings from the  
URRAH study are largely consistent with oth-
er observations showing a significant increase 
in the relative risk of serious cardiovascular 
events at sUA levels in the 4.5 to 5.5 mg/dl 
range [75–78].

The URRAH researchers also iden-
tified the cut-off sUA values for predict-
ing heart failure morbidity and mortality: 
sUA > 5.34 mg/dl (sensitivity 52.32%; specific-
ity 63.96%; p < 0.0001) was a one-dimensional 
cut-off value for heart failure morbidity, and 
sUA concentration > 4.89 mg/dl (sensitivity 
68.29%; specificity 49.11%; p < 0.0001) was 
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a predictive cut-off value for heart failure mor-
tality [79]. Furthermore, Huang et al. analysed 
10 studies involving 12,854 patients suffering 
from acute heart failure and found (after ad-
justing for potential variables) that patients 
with the highest sUA levels showed an in-
creased risk of all-cause death (RR: 1.43; 95% 
CI: 1.31–1.56) and combined end-point (death 
or re-hospitalization due to heart failure) 
(RR: 1.68; 95% CI: 1.33–2.13). Therefore, any 
increase in sUA by 1 mg/dl increases the risk 
of all-cause death, or death and re-hospital-
ization due to heart failure, by 11% and 12%, 
respectively [80].

ALLOPURINOL — A SPECIAL PREPARATION 
AMONG DRUGS REDUCING URIC ACID 
CONCENTRATION, PARTICULARLY  
IN THE CONTEXT OF CARDIOVASCULAR RISK

In nearly all guidelines, xanthine oxidase 
inhibitors (XOI) are first-line drugs, and al-
lopurinol is recommended as a first-line drug 
in urate-lowering therapy (ULT). Because co-
morbidities can increase HU incidence, ther-
apy should also include their effective treat-
ment. In addition to allopurinol, febuxostat is 
another XOI preparation currently available 
in Poland (Fig. 2). Both these drugs belong to 
the same therapeutic group, but differ e.g. in 
the clinical experiences regarding their use (al-
lopurinol was synthesized in 1956, febuxostat 
in 1998). 

The two drugs also differ in the way 
they affect the cardiovascular system. Since 
the very beginning of its global sale, objec-
tions were raised concerning febuxostat and 
its cardiovascular safety. In 2017, the US 
FDA (Food and Drug Administration) is-
sued a special alert, quoting the research 
results indicating an increased risk of CV 
events with febuxostat compared to allopu-
rinol [81]. The manufacturer was obliged 
to continue follow-up studies and conduct 
safety studies in that regard, even though he 
had been required to collect such data since 
2009 when the drug was first registered in-
ternationally. It was because initial clinical 
studies already pointed to a higher risk of 
CV events in patients treated with febuxo-
stat  vs. those treated with allopurinol (cu-
mulative events including CV deaths, heart 
attacks and strokes). The additional study 
commissioned by the FDA did not find 
a higher risk of such events in the febuxo-
stat group; however, additional analyses re-

vealed a somewhat higher risk of CV deaths 
and total mortality in the febuxostat group  
vs. the allopurinol group [81].

On the one hand, the most recent com-
parative meta-analyses of allopurinol and 
febuxostat do not corroborate such data 
[82–84]. On the other, however, single meta-
-analyses still report results showing a mar-
ginally higher risk of CV events when using 
febuxostat, with no such risk being observed 
with allopurinol. One of such meta-analyses 
reported a nearly 10% increase in cardiova-
scular risk for febuxostat, which — although 
statistically insignificant — was in contrast 
with a definite, 39% lower CV risk when using  
allopurinol [85].

Therefore, it should not be surprising 
that cardiological experts in the most recent 
2021 guidelines note the advantages of allo-
purinol over febuxostat. For instance, the cur-
rent ESC (European Society of Cardiology) 
guidelines concerning the diagnosis and tre-
atment of acute and chronic heart failure em-
phasize that an increase in sUA level by every 
1 mg/dl in HU patients is associated with an 
increase in total mortality by 4%, and risk of 
HF hospitalization by 28% [86]. These are the 
first guidelines which so strongly emphasize 
the role of allopurinol and suggest that both 
allopurinol and febuxostat reduce sUA levels, 
but only allopurinol reduces total and CV 
mortality, as demonstrated in the prospective, 
multicentre, randomized double-blind trial of 
6190 patients with the median follow-up time 
of 32 months [87]. For this reason, allopuri-
nol — and not febuxostat — is the first-line 

Figure 2. Structural formulae of allopurinol and febuxostat
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Table 3. Comparison of the indications and pharmacological properties of allopurinol and febuxostat

Parameter Allopurinol Febuxostat

Therapeutic indication Treatment of all forms of HU not controlla-
ble by diet, including secondary HU of dif-
fering origin and in clinical complications 
of HU states, particularly manifest gout, 
urate nephropathy (e.g. during neoplasia 
treatment), and for the dissolution and 
prevention of uric acid stones
Management of recurrent mixed calcium 
oxalate stones in concurrent HU, when fluid, 
dietary and similar measures have failed 
Neoplastic diseases and myeloproliferative 
syndromes with rapid cell turnover, in which 
elevated urate levels occur spontaneously or 
are induced by cytotoxic therapy
Enzyme deficiency disorders leading to 
urate overproduction, e.g. of hypoxanthine-
-guanine phosphoribosyltransferase (e.g. 
Lesch-Nyhan syndrome), glucose-6-pho-
sphatase (e.g. glycogen storage disease), 
phosphoribosyl pyrophosphate synthetase, 
phosphoribosyl pyrophosphate amidotrans-
ferase, adenine phosphoribosyltransferase

Treatment of chronic HU in conditions 
where urate deposition has already 
occurred (including a history, or presence 
of, tophus and/or gouty arthritis)

Mechanism of action Xanthine oxidase inhibitor Xanthine oxidase inhibitor

Experience with the drug 
estimated by the number 
of scientific papers indexed 
by the drug name in the 
MEDLINE database (as of 
10.03.2022)

10 953 1138

Cardiological safety accor-
ding to SmPC approved in 
Poland 

No special notes; in patients with hyper-
tension or heart failure, using e.g. diuretics 
or ACE inhibitors, according to the SmPC: 
an increased risk of hypersensitivity has 
been reported when allopurinol is given with 
ACE inhibitors, especially in the event of 
reduced kidney function. Concomitant use 
of allopurinol and captopril may increase the 
risk of skin reactions, especially in the event 
of chronic kidney failure
Concomitant use of allopurinol and diure-
tics, especially thiazides, may increase the 
risk of hypersensitivity reaction, especially 
in the event of impaired renal function. 
Therefore, allopurinol should be used with 
caution in that group of patients

According to the SmPC: special warnings 
and precautions for use: „(…) treatment 
with febuxostat is not recommended in 
patients with myocardial ischaemia or 
congestive heart failure; a numerical greater 
incidence of CV events including CV death, 
non-fatal myocardial infarction, non-fatal 
stroke was observed in the febuxostat group 
compared to the allopurinol group in APEX 
and FACT studies, but not in the CONFIRMS 
study (…).
In the long-term extension studies the 
incidences of investigator-reported CV 
events were 1.2 and 0.6 events per 100 pa-
tient-years for febuxostat and allopurinol, 
respectively (…)”*

*Source: http://leki.urpl.gov.pl/files/30_Adenuric_80.pdf. HU — hyperuricemia; SmPC — Summary of Product Characteristics; ACE — angiotensin-co-
nverting enzyme); CV — cardiovascular 

drug in HU patients with comorbid HF. It is 
also worth noting that allopurinol is found on 
the WHO (World Health Organization) Es-
sential Medicines List of safest and most effi-
cacious medicines needed for the healthcare 
system [88]. Table 3 offers a comparison of 
the indications and pharmacological proper-
ties of both drugs.

ALLOPURINOL TREATMENT  
IN HYPERURICEMIA AND ITS EFFECT  
ON THE CARDIOVASCULAR SYSTEM

The extremely favourable effect of allo-
purinol on the CV system, demonstrated in 
many clinical trials, is caused probably not 
only by the drug’s strong potential for sUA 
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reduction but also by its considerable antioxi-
dant activity due to its capacity to inhibit the 
production of reactive oxygen species [89, 90]. 
More and more evidence points to the key role 
of xanthine oxidase inhibition in various ischa-
emic forms and other types of tissue and vascu-
lar damage, inflammatory processes or chronic 
HF [91].

The cohort study which analysed the data 
from 7135 patients aged ≥ 60 found that the 
frequency of CV events was 74.0 (95 CI: 61.9–
–66.1)/1000 person-years in the group taking 
100 mg allopurinol; 69.7 (95% CI: 49.6–89.8) in the 
group taking 200 mg allopurinol, and 47.6 (95% 
CI: 38.4–56.9) in the group taking ≥ 300 mg allo-
purinol [92]. What is more, using large doses of 
allopurinol (≥ 300 mg/day) was associated with 
a reduced risk of all-cause death (adjusted HR: 
0.65; 95% CI: 0.42–0.99) [93, 94].

The favourable effect of allopurinol treat-
ment on reducing mortality was corroborated 
in the study conducted in a population of HU 
patients (sUA > 7.0 mg/dl [> 416 μmol/l]). 
The study included patients aged ≥ 40 and 
compared the total death risk of patients tre-
ated with allopurinol (n = 2483) with patients 
who did not use it (n = 7441). The patients 
who initiated allopurinol therapy were origi-
nally more burdened with factors predictive 
of death, BMI and higher incidence of comor-
bidities. After taking the baseline sUA level 
into account, it was found that allopurinol tre-
atment was linked to lower total mortality by 
22% (HR: 0.78; 95% CI: 0.67–0.91) [95].

Another study analysed patients 
aged ≥ 40 with diagnosed HU (sUA > 6.0 mg/dl  
[> 357 μmol/l] in women and > 7.0 mg/dl  
[> 416 μmol/l] in men). Of 5927 patients tre-
ated with allopurinol and 5927 patients who 
did not use it, 654 and 718 patients, respecti-
vely, died during the follow-up period (avera-
ge/median 2.9 years). This meant that treat-
ment with allopurinol was associated with an 
11% lower total mortality risk (HR: 0.89; 95% 
CI: 0,80–0,99) [96]. The results of these studies 
indirectly suggest that allopurinol therapy can 
improve the survival rate of HU patients.

A significant role of 6-week allopurinol 
treatment (600 mg/day)  vs. placebo was fo-
und in a small randomized controlled trial of 
65 patients aged 18–85, with angiographically 
documented coronary artery disease, positi-
ve exercise test, and stable angina for at least 
2 months. The study found that allopurinol  
vs. placebo increased the time median until the 
ST section was reduced to 298 s ([IQR, inte-

rquartile range] 211–408) vs. 249 s (IQR: 200–
–375; p = 0.0002) [97]. Similarly, the results of 
another, small, randomized double-blind pla-
cebo-controlled study (n = 65) conducted in 
patients with coronary artery disease and left 
ventricular (LV) hypertrophy showed consi-
derable reduction in the LV mass and LV sy-
stolic volume in patients receiving 600 mg al-
lopurinol compared to placebo (respectively: 
–5.2 ± 5.8 g  vs. –1.3 ± 4.48 g; p = 0.007, and 
–2.81 ± 7.8 ml  vs. +1.3 ± 7.22 ml; p = 0.047) 
[98]. In a systematic review and meta-ana-
lysis of 40 studies, Higgins et al. confirmed 
that XOI improves the endothelial function 
and reduces the concentration of oxidative 
stress markers [99]. The paper also discusses 
the dosage-dependent correlation between 
allopurinol and endothelial function and il-
lustrates the influence of vascular oxidative 
stress [100]. 

Many studies evaluated the influence of 
XOI on blood pressure. According to the UK 
Clinical Practice Research Datalink data, the 
use of allopurinol is independently associated 
with reducing both systolic (SBP) and diastolic 
(DBP) blood pressure [101].

Allopurinol treatment (2 × 200 mg/day 
for 6 weeks) vs. placebo led to an average 
change in SBP (–6.9 mm Hg; 95% CI: from 
–4.5 to –9.3 mm Hg vs. –2.0 mm Hg; 95% CI: 
from 0.3 to –4.3 mm Hg; p = 0.009) and DBP 
(–5.1 mm Hg; 95% CI: from –2.5 to –7.8 mm Hg  
vs. –2.4 mm Hg; 95% CI: from 0.2 to –4.1 mm Hg;  
p = 0.05) values [102].

Further evidence suggesting a favourable 
effect of allopurinol on reducing blood pres-
sure was offered by Agarwala et al. The me-
ta-analysis of 10 clinical trials (738 subjects) 
found that SBP in the allopurinol group vs. the 
control group (not taking allopurinol) decre-
ased by 3.3 mm Hg (95% CI: 1.4–5.3 mm Hg; 
p = 0.001), and DBP by 1.3 mm Hg (95% CI: 
0.1–2.5 mm Hg; p = 0.03) [103]. This demon-
strates that the use of allopurinol is associated 
with small but significant blood pressure re-
duction. Such effect may be used in optimizing 
the therapy of patients with hypertension and 
comorbid HU. Similar conclusions were for-
mulated in the meta-analysis of a team from 
China, which showed that allopurinol can re-
duce SBP and DBP in HU patients [104].

It is not clear whether sUA concentra-
tion is the causal factor for increased blood 
pressure and impaired vascular compliance. 
However, there should be mentioned a study 
in which allopurinol administered to patients 
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with hypertension improved aortic compliance 
regardless of the antihypertensive drugs being 
used [105]. Such observation is consistent with 
the fact that in one study xanthine oxidase inhi-
bition with allopurinol significantly decreased 
arterial reflection assessed by the augmenta-
tion index (arterial stiffness index) in people 
who had a prior stroke [106].

A study published in “Hypertension” 
in 2016 found that taking allopurinol by pa-
tients aged ≥ 65 in the follow-up period up to 
10-years was associated with reducing blood 
pressure and lowering the risk for stroke (HR: 
0.50; 95% CI: 0.32–0.80) and serious heart 
events (HR: 0.61; 95% CI: 0.43–0.87). Treat-
ment with high doses, i.e. ≥ 300 mg/day, was as-
sociated with lower risk for stroke (HR: 0.58; 
95% CI: 0.36–0.94) and serious heart events 
(HR: 0.65; 95% CI: 0.46–0.93) [107]. The data 
from the cited studies point to a potentially 
significant role of allopurinol in patients with 
hypertension and asymptotic HU, particularly 
in those from the high CV risk group.

Several studies also tested the hypothesis 
of the potential favourable impact of xanthine 
oxidase inhibition on HF progression. In a lar-
ge follow-up study (n = 25,090) conducted for 
patients with HF and gout, Thanassoulis et al. 
showed that over 30 days of allopurinol the-
rapy was associated with a reduced number of 
HF re-hospitalizations or deaths (adjusted RR: 
0.69; 95% CI: 0.60–0.79; p < 0.001) and decre-
ased total mortality (adjusted RR: 0.74; 95% 
CI: 0.61–0.90; p < 0.001) [108]. In contrast, the 
OPT-CHF (Oxypurinol Therapy for Congesti-
ve Heart Failure) study did not observe any 
clinical improvement in an unselected group 
of patients (n = 405) with moderate to acute 
HF (NYHA [New York Heart Association] 
Class III/IV) due to systolic dysfunction [109]. 
Similarly, the EXACT-HF studies (n = 253) 
involving patients with symptomatic HF, left 
ventricular ejection fraction (LVEF) ≤ 40%, 
taking allopurinol (600 mg/day) for 24 weeks, 
showed no improvement regarding LVEF and 
no significant improvement between allopuri-
nol and placebo patients (deterioration: 45% 
vs. 46%; no change: 42% vs. 34%; improve-
ment: 13% vs. 19%; p = 0,68) [110]. Nonethe-
less, the post-hoc analysis of the OPT-CHF is 
quite interesting as it suggests that reduced 
sUA following the use of oxipurinol was cor-
related with favourable clinical response, and 
that sUA could serve as a biomarker for targe-
ted inhibition of xanthine oxidase in congesti-
ve HF [111–114].

The favourable effect of XOI therapy 
on kidney function is also worth noting [115]. 
A complex 2015 meta-analysis of 19 randomi-
zed trials demonstrated statistically significant 
improvement of eGFR and serum creatinine 
levels during the treatment for hyperuricemia, 
specifically pointing to an allopurinol-based 
strategy [116]. Goicoechea et al. documented 
slower progression of chronic kidney disease 
and reduction in proteinuria incidence among 
patients randomly assigned to the XOI group  
vs. the placebo group [117]. Another meta-
-analysis confirmed that sUA lowering therapy 
reduces the risk of kidney failure and end-stage 
renal disease (ESRD) by 55% (RR: 0.45; 95% 
CI: 0.31 ± 0.64) and 41% (RR: 0.59; 95% CI: 
0.37 ± 0.96), respectively, compared to stan-
dard treatment or placebo [118]. The meta-
-analysis of 12 studies conducted by Sampson 
et al. (n = 1187) showed improved renal func-
tion, assessed by the reduction of serum creati-
nine level, and increased eGFR during treat-
ment for hyperuricemia conducted for a year 
in very different patient groups [119]. Another 
population cohort study (n = 111,992) investi-
gating the relationship between HU and kid-
ney disease in patients undergoing treatment 
for hyperuricemia with sUA < 6 mg/dl found 
a 37% risk reduction of events defined as GFR 
decrease by at least 30% of ESRD [120].

HYPOURICEMIA MANAGEMENT PYRAMID 
— A MANAGEMENT STRATEGY FOR 
ASYMPTOMATIC HYPERURICEMIA (FIG. 3)

LEVEL 1 — ASSESSING SERUM URIC  
ACID LEVEL AND DETERMINING ITS TARGET 
CONCENTRATION DEPENDING  
ON CARDIOVASCULAR RISK 

In a systematic review of 24 national and 
international guidelines published in 2003–
–2013, 14 documents provide comments on 
the ULT pharmacological option concerning 
asymptomatic hyperuricemia. Although most 
of them recommend no treatment, 3 documents 
suggest pharmacological therapy in patients 
with comorbidities or very high sUA levels 
(with cut-off values ranging from 8.0 mg/dl to 
13.0 mg/dl). Nineteen documents also provide 
target levels for long-term sUA control; most of 
them recommend < 6.0 mg/dl (< 357 μmol/l), 
except the South African guidelines which re-
commend < 5.0 mg/dl (< 297.5 μmol/l) [121]. 
The current Polish Society of Hypertension 
(PTNT) guidelines from 2019 and the inter-
national expert consensus statement from 
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Figure 3. Hypouricemia management pyramid 
*SCORE ≥ 5%; documented cardiovascular disease; diabetes with end-organ complications (proteinuria, retinopathy, neuropa-
thy); diabetes with at least 3 additional risk factors (age, hypertension, dyslipidaemia, smoking, obesity); diabetes lasting over  
≥ 10 years without end-organ complications, but with an additional risk factor; type 1 diabetes with early-onset and long du-
ration (> 20 years); chronic kidney disease with eGFR < 60 ml/min/1.73 m2; family hypercholesterolaemia; total cholesterol  
> 310 mg/dl; LDL cholesterol > 190 mg/dl; blood pressure ≥ 180/110 mm Hg; at least 2 risk factors: hypertension, diabetes, 
dyslipidaemia
**unavailable in Poland

2021 emphasize the need to take into account 
CV risk in long-term sUA control and recom-
mend a target sUA level of < 5.0 mg/dl in pa-
tients with high CV risk [122, 123]. 

Similar recommendations can also be 
found in other guidelines: ACR (American 
College of Rheumatology) from 2012, and 
EULAR (European League Against Rheu-
matism) from 2016, which recommend sUA 
lowering therapy in patients with gout and 
set the target sUA value < 6.0 mg/dl for all 
patients undergoing therapy, and in a more 
severe form < 5.0 mg/dl (to enable faster dis-
solution of the crystals, especially with tophi, 
chronic arthropathy or frequent gout attacks) 
[124, 125]. 

It is worth noting here that the EULAR 
2016 guidelines draw attention to the harmful 
influence of uric acid on the cardiovascular 
system, stating that:

	— several studies confirm that gout is a mor-
tality risk factor, especially due to cardio-
vascular causes, and a risk factor for kid-
ney failure;

	— delaying the initiation of sUA lowering 
therapy until the second or third attack 
may be harmful to the cardiovascular sys-
tem and kidneys;

	— recommendation to initiate sUA lowering 
therapy earlier is mainly based on experts’ 
opinions, and also on the studies which in-
dicate cardiovascular and renal benefits of 
xanthine oxidase inhibitors (XOI) [125].

The British Society for Rheumatology sug-
gests a lower target sUA value of < 5.0 mg/dl 
in patients with severe gout in order to facilita-
te faster dissolution of crystals [126].

Therefore, when analysing the existing cli-
nical trial data, the target sUA level < 5.0 mg/dl 
needs to be considered in patients with at least 
high cardiovascular risk (Fig. 3). The category 
includes the following clinical situations: 

SCORE chart ≥ 5%; 
	— documented cardiovascular disease: acute 
coronary syndrome (myocardial infarction 
or unstable angina), chronic coronary syn-
drome, post-revascularization condition, 
stroke, transient ischaemic attack, periph-
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eral arterial disease, presence of significant 
atherosclerotic plaques confirmed by coro-
nary angiography or CT scan (multivessel 
coronary artery disease > 50% stenosis of 
two major epicardial coronary arteries) or 
ultrasound of the carotid arteries;

	— diabetes with end-organ complications 
(proteinuria, retinopathy, neuropathy);

	— diabetes with at least 3 additional risk fac-
tors (age, hypertension, dyslipidaemia, 
smoking, obesity); 

	— diabetes lasting ≥ 10 years without end-or-
gan complications, but with an additional 
risk factor;

	— type 1 diabetes with early-onset and long 
duration (> 20 years);

	— chronic kidney disease with eGFR < 60 ml/ 
/min/1,73 m2;

	—  familial hypercholesterolaemia;
	—  total cholesterol > 310 mg/dl; 
	—  LDL cholesterol > 190 mg/dl; 
	—  blood pressure ≥ 180/110 mm Hg; 
	— at least 2 risk factors: hypertension, diabe-
tes and dyslipidaemia [127].

Such a low target sUA level, identical to 
the one for the patient with severe gout, not 
only helps dissolve the existing sodium urate 
crystals and prevents their further formation, 
but also provides more effective cardiovascu-
lar prevention.

LEVEL 2 — RAISING PATIENT AWARENESS 
ABOUT HYPERURICEMIA AND ENCOURAGING 
LIFESTYLE CHANGES 

Raising patient awareness concerning the 
harmful effects of HU, the role of proper diet, 
weight loss and regular exercise is a major step 
toward an effective HU therapy. Factors which 
can adversely affect sUA levels include a low-
-sodium diet, high consumption of red meat 
and seafood, alcohol (especially beer), fructo-
se and sweetened beverages. Diet components 
which help reduce sUA levels include coffee, 
dairy products, ascorbic acid and sour cherries 
(Table 4) [128–131]. 

LEVEL 3 — MANAGEMENT OF 
COMORBIDITIES AND TREATMENT APPLIED, 
AND MODIFICATION OF PHARMACOTHERAPY 
IF REQUIRED

A proper management strategy needs to 
be adopted for HU patients, particularly re-
garding intensive control of concomitant risk 
factors and the use of drugs indirectly affec-

ting sUA levels (Table 1). It is recommended 
to use drugs with a neutral or favourable im-
pact on sUA levels. If possible, patients should 
not take acetylsalicylic acid or loop or thiazide 
diuretics. In hypertension therapy, preferen-
ce should be given to ACE inhibitors, sartans 
and calcium antagonists, and atorvastatin, ro-
suvastatin and fenofibrate in the treatment of 
dyslipidaemia. The procedure of choice sho-
uld also include intensive treatment of dise-
ases that harm sUA levels, e.g.: hypertension, 
diabetes, metabolic syndrome, CKD and CVD 
[27, 32–35]. 

LEVEL 4 — INITIATING THERAPY  
WITH ALLOPURINOL 

Allopurinol is the recommended first-
-line drug in HU therapy. The recommended 
initial dose is 100–200 mg/day. It should be 
emphasized, however, that in most cases this 
dose is insufficient and needs to be gradual-
ly increased every 2–4 weeks until the target 
sUA concentration is achieved (the usual dose 
is 300–600 mg/day) [125]. This is corroborated 
by the WHO’s so-called Defined Daily Dose 
(DDD), which is defined as the average pre-
scribed daily maintenance dose in the primary 
indication for adults of a given drug, which in 
the case of allopurinol is 400 mg [132].

LEVEL 5 — DETERMINING THE TARGET 
THERAPEUTIC DOSE

The following dosage is recommended: 
100–200 mg/day in mild; 300–600 mg/day in 

Table 4. Dietary factors affecting the onset of hyperuricemia 
[128–131]

Factor
Risk of  

hyperuricemia

Alcohol (especially beer) Increased

Meat Increased

Seafood Increased

Purine-rich vegetables No impact

Low-fat dairy products Decreased

High-fat dairy products No impact

Coffee Decreased

Tea No impact

Vitamin C Decreased

Sweetened beverages Increased

Beverages with a high fructose content Increased

Fruit juices Increased
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moderate; 700–900 mg/day in severe hyperu-
ricemia. Allopurinol requires the dosage to 
be adjusted depending on the renal function. 
Allopurinol and its metabolites are excreted 
by the kidneys, and therefore renal function 
disorders may lead to the retention of the ac-
tive substance and (or) its metabolites, and in 
effect extending their serum half-life. The do-
sage should be standard in CKD patients with 
eGFR > 20 ml/min, and the dosage with eGFR 
of 10–20 ml/min should be 100–200 mg/day. Al-
lopurinol should not be administered in the dose 
of 100 mg/day earlier than at CKD Stage 5 and 
eGFR < 10 ml/min; or a 100 mg dose should 
be administered at intervals longer than 24 ho-
urs. It is worth noting that allopurinol and its 
metabolites are removed from the body by renal 
dialysis. If dialysis is required 2 to 3 times a week, 
consideration should be given to an alternative 
dosage schedule of 300–400 mg allopurinol after 
each dialysis, with no doses in the interim [133].

In case of allopurinol intolerance or in-
effective therapy, using febuxostat, another 
XOI may be considered. It should be borne in 
mind, however, that special caution is required 
when febuxostat is used in patients with high 
cardiovascular risk, and it is contraindicated in 
patients with coronary artery disease or con-
gestive heart failure [134].

LEVEL 6 — COMBINATION THERAPY  
(XOI + LESINURAD)

When achieving the target sUA levels is 
not possible, consideration should be given 
to using XOI in combination with lesinurad. 
Lesinurad is an orally administered, selective 
inhibitor of URAT-1 (urate anion transporter 
1) and OAT4 (organic anion transporter 4), 
which stimulates increased UA excretion by 
the kidneys, lowering the sUA level by inhibit-
ing its reabsorption. The recommended dose is 
200 mg/day in combination with an XOI in pa-
tients who have not achieved the therapeutic 
targets [135]. Commercial combo preparations 
are available on the global markets which com-

bine the better-researched XOI (allopurinol) 
with lesinurad. At present, however, lesinurad 
is not available in Poland and is also (similarly 
to febuxostat) registered to be used only by 
adult patients with urate deposits. 

LEVEL 7 — CONTINUATION OF TREATMENT 
AND MONITORING OF URIC ACID LEVELS

After the therapeutic target is achieved 
and sustained, the current therapeutic dose 
should be continued, with periodic sUA moni-
toring every 6 months. Such a procedure ought 
to be followed indefinitely.

SUMMARY

According to the authors of this State-
ment, general practitioners, and other medi-
cal professionals (internists, cardiologists, 
hypertensiologists, diabetologists, and rheu-
matologists) bear special responsibility con-
cerning high-risk hyperuricemia patients and, 
if possible, ought to implement an appropriate 
procedure. All HU patients should be effec-
tively informed about the factors which affect 
sUA levels, comorbidities and CV risk fac-
tors. Patients need to be instructed about the 
necessary lifestyle and dietary modifications, 
regular, moderate exercise and, if required, 
the need to lose weight. In such patients, phy-
sicians should always strive to achieve and sus-
tain indefinitely sUA < 6 mg/dl, and < 5 mg/dl 
in patients at high CV risk. Allopurinol is rec-
ommended as a first-line ULT drug. Consid-
eration should be given to starting allopurinol 
therapy with a dose of 100–200 mg/day, to be 
gradually escalated to 300–900 mg/day until 
the therapeutic target is achieved. When the 
target sUA level is reached, the required XOI 
dose should be maintained indefinitely, while 
monitoring the sUA level every 6 months. Fe-
buxostat ought to be used with special caution 
in patients at higher CV risk, and it is contra-
indicated in patients with coronary artery dis-
ease or congestive heart failure.
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