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Abstract

The growing problem of gout is beginning to raise questions about how we can
effectively prevent this disease. This work examines the effect of urate-lowering therapy on
preventing the onset of a first episode of gout—an effect that is not entirely clear, despite the
fact that such therapy is an essential tool for controlling gout flares. A growing database allows
us to analyze the impact of hyperuricemia, which has so far been presumed to be a major
contributor to the development of gout, and assess its actual impact on the development of the
disease.

Material and methods

Data bases such as Pubmed and Google Scholar were used for research with the key
words: urate-lowering therapy, gout, symptomless hyperuricemia, serum uric acid

Conclusions

While hyperuricemia is a proven risk factor for the development of gout, lowering serum
uric acid does not necessarily reduce the incidence of a first gout episode. This may be due to
the different pathways through which uric acid and monosodium urate (MSU) crystals activate
the inflammatory process. Additionally, risk factors such as overweight, diet, and alcohol
consumption—which contribute to elevated serum uric acid levels—are also significant. This
raises the observation that the factors leading to hyperuricemia may be more important than
hyperuricemia itself. Nevertheless, the introduction of urate-lowering therapy (ULT) has many
benefits, such as reducing the risk of mortality and comorbidities, and therefore should not be
dismissed in asymptomatic hyperuricemic patients.
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1. Introduction
. Epidemiology

Gout is the most prevalent type of inflammatory arthritis, affecting 41 million adults
globally[1]. Multiple studies indicate that its incidence has increased in recent decades[2]. It
disproportionately affects men, with a male-to-female ratio of 4:1, which decreases to 3:1 after
menopause[3]. Despite the rising incidence of acute gout, effective pharmaceutical options for
managing hyperuricemia have been introduced, making classical gout-specific morphological
degenerations increasingly rare[4,5].

. Hyperuricemia

Hyperuricemia is state when serum uric acid (SUA) concentration exceeds 7 mg/dL (420
umol/L)[6]. This disorder is caused by uric acid imbalance in production and disposal, leading
to growth of serum urates level[7]. Genetic factors also play a significant role in determining
SUA levels, with 43 genes currently identified as regulators of uric acid concentration[8].

Numerous studies have shown that hyperuricemia is a risk factor for developing
hypertension, metabolic syndrome, insulin resistance, dyslipidemia, type 2 diabetes mellitus,
chronic kidney disease, and cardiovascular disorders[9,10,11]. It can be explained by fact that
high concentration of uric acid manifest pro-inflammatory effects, including activation of the
renin—angiotensin ~ system, increasing oxidative stress, and promoting insulin
resistance[12,13,14]. In vivo study showed that leukocytes are forming aggregates on uric acid
crystals, confirming the pro-inflammatory properties of this compound[15,16].

However, the role of uric acid in the human body is not solely negative. It also has
antioxidant properties that help combat free radicals[17]. In this way, uric acid may inhibit cell
death, support nerve protection, and enhance nitric oxide (NO)-induced vasodilation[7,18].
Furthermore, it exhibits protective effects against various neurodegenerative disorders,
suggesting that it may play a beneficial role in neuronal growth and activity[19].



2. Pathophisiology
o Uric Acid Metabolism

Purine containing adenine and guanine are crucial for the creation of DNA and RNA
Purines are essential components for proper physiological function in humans. The connection
between purines and gout arises from the fact that purine metabolism results in the generation
of urate.

Adenosine is metabolized into inosine by adenosine deaminase, that is metabolized by
purine nucleoside phosphorylase (PNP) into hypoxanthine. Xanthine oxidase metabolizes
hypoxanthine into xanthine, and further into uric acid. Guanine deaminase metabolizes guanine
into xanthine, after which xanthine oxidase metabolizes it into uric acid. [20]

In some animal species, uric acid is converted by uricase to the well-water-soluble allantoin,
but humans and some primate species lack this enzyme, leading to the need for active urate
excretion, resulting in higher serum level of urate[19].

« Crystal Formation

Gout occurs due to the formation of monosodium urate (MSU) crystals, which result from
hyperuricemia exceeding the solubility threshold of uric acid in bodily fluids. The development
of polarized light microscopy in the mid-20th century enabled the detection of MSU crystals in
the joint fluid of patients, establishing hyperuricemia and urate crystals as the underlying cause
of the disease[21].

MSU crystals form in favorable areas such as joint cartilage synovial bursae, and
tendons[22,23]. Crystal formation may be influenced by the presence of solutions containing
hyaluronate, sodium (Na*) ions, and calcium (Ca*") ions. The greater water solubility of the
hyaluronate—calcium—urate complex, compared to free urate ions, may explain why only some
patients with hyperuricemia develop gout.[24]

« Role of SUA and MSU in inflammation

Hyperuricemia may trigger inflammation by promoting the production of inflammatory
agents such as interleukin-6 (IL-6), interleukin-1p (IL-1p), tumor necrosis factor-alpha (TNF-
a), and C-reactive protein (CRP)[25]. Some studies suggest that the NLRP3 inflammasome—
a component of the nucleotide-binding domain and leucine-rich repeat (NLR) protein family—



is essential in the development of inflammatory disorders[26,27]. Although both SUA and MSU
crystals can provoke immune responses, they do so through distinct pathways involving
separate priming and activation mechanisms[28]. This divergence may explain the increased
inflammatory response observed when gout coexists with hyperuricemia. In fact, patients with
both conditions show a higher risk of mortality compared to those with either condition alone,
supporting the hypothesis of a compounded inflammatory response[29].

Additionally, individuals with asymptomatic hyperuricemia often exhibit reduced
inflammatory activity, including fewer NKG2D* natural killer (NK) cells, which are key
receptors in stimulating cytotoxic responses. It has been hypothesized that the paradoxical
relationship between SUA and inflammation may arise because SUA can neutralize reactive
oxygen species (ROS) generated during inflammation, thereby protecting tissues from damage.

It can be proposed that while hyperuricemia might encourage the creation of SUA crystals
and enhance immune responses contributing to gout flares, it follows opposing inflammatory
pathways compared to those involving MSU crystals. Hyperuricemia might not be the sole
factor influencing a gout flare particularly regarding inflammation, and it can occur even in
some patients without crystal formation. Certainly, the variation in inflammation pathways
might provide insight into the significance of addressing other inflammation factors besides
hyperuricemia during a gout attack.[30,31]

3. Strategies for lowering SUA

. Lifestyle modifications

Diets

The three most commonly recommended diets for lowering uric acid levels and managing
gout exacerbations are the DASH diet, the Mediterranean diet, and the low-purine diet. Each is
briefly described below.

DASH

The DASH diet was originally developed to help manage high blood pressure. It is a plant-
centered eating pattern rich in fruits, vegetables, and nuts, and includes low-fat or fat-free dairy
products, lean meats, fish, poultry, mostly whole grains, and heart-healthy fats. The diet
recommends limiting red meat, desserts, sugary beverages, saturated fats, total fat, and
cholesterol. Although studies have shown that the DASH diet has a statistically significant
effect on lowering serum uric acid levels, the reduction is generally too small for it to be
considered an optimal treatment for hyperuricemia[32,33].

Mediterranean Diet

The Mediterranean diet emphasizes the consumption of plant-based proteins, whole grains,
fish, and monounsaturated fats (such as olive oil), along with moderate wine consumption,
while minimizing red meat and refined grains[34].

tudies have not demonstrated a significant effect of the Mediterranean diet on lowering uric
acid levels in hyperuricemic individuals after two years of use[35]. However, adherence to the



Mediterranean diet has been associated with a reduced risk of developing hyperuricemia[36],
leaving its impact on controlling gout uncertain.

Low Purine Diet

A low-purine diet is the primary dietary recommendation for managing gout exacerbations.
It is based on the idea that avoiding purine-rich foods leads to lower concentrations of uric acid,
the end product of purine metabolism. This diet typically involves avoiding foods such as
shellfish, organ meats, alcoholic beverages, and canned fish like sardines. Notably, studies have
shown an increased risk of gout with higher intake of meat and seafood, while purine-rich
vegetables do not appear to increase this risk.

It is believed that a low-purine diet can reduce mean serum urate levels by approximately 1
mg/dL. However, even with a strict diet, urate-lowering treatment is still required to reach target
uric acid levels[37,38]. Short-term exposure to purines from animal sources has been shown to
increase the risk of a gout attack fivefold. However, there are no studies examining the long-
term effects of a purine-rich diet on gout flares[39].

Weight Loss

Obesity is a growing problem worldwide, and in the context of our subcjet, it is all the more
important because multiple studies show correlations between BMI and the risk of gout and
hyperuricemia.[40,41] Weight loss in the example of patients after bariatric surgery shows a
significant reduction of risk developing gout and decreasing serum uric acid levels compared
to patients who have not undergone such surgery.[42,43,44,45]

Therefore, losing weight seems to positively influence the prevention of new gout cases,
lower serum urate levels, and lessen the occurrence of flare-ups. These results align with the
earlier studies that assessed the contributions of diet and genetics, where weight was
consistently recognized as a significant factor influencing serum urate levels.

Alcohol Cessation

Alcohol consumption has a significant effect on serum uric acid levels, showing a
correlation between increased beer and liquor consumption on increased serum uric acid levels,
but showing no such correlation for wine.[46] In gout-free subjects, beer consumption raised
the risk of a first gout episode more than liquor consumption, showing no increase in risk for
moderate wine consumption.[47] Serum uric acid levels in heavy drinking patients (30 units or
more per week) were on average 1.6 mg/dL lower than in abstainers, also alcohol consumption
reduced the effectiveness of serum uric acid-lowering therapy resulting in more gout flares.[48]
Resulting in the fact that current guidelines indicate to limit consumption of all types of alcohol
in gout patients.[49]

- Pharmacological Interventions

Urate-lowering therapy is one of the main ways to control gout flares. However, the
beneficial effect of the action of these drugs is multisite. Studies prove a reduction in the risk
of death in post-MI patients using ULT[50], as well as improved control of chronic kidney



disease, but no evidence has been presented to reduce the incidence of AKI.[51] Below will be
presented the basic types of urate-lowering therapies.

First Line Options

Allopurinol

This drug is a xanthine oxidase inhibitor that acts by stopping the metabolic pathway of
uric acid resulting in a reduction of its concentration in the bloodstream. The starting dose is
usually 100mg daily.

Its effects are not limited to the treatment of gout. Study shows allopurinol exhibits
oxidative stress-reducing abilities and deacreases the morbidity and mortality among
congestive heart failure patients, potentially by enhancing mechanoenergetic uncoupling,
leading to improvement of contractility of hearth left ventricle and ejection fraction.[52,53,54]
Another research shows a possible role for it in improving endothelial dysfunction, but caveats
that this requires further research to confirm causality.[55]

As a genereally safe drug, it is not free of side effects. The most common side effects
are those involving the skin. Hypersensitivity reactions can be life-threatening, especially in
patients with renal impairment.[56] However, certain steps can be taken to reduce the risk of
adverse reactions, as in the case of allopurinol hypersensitivity syndrome(AHS), testing for the
presence of the HLA-B*58:01 gene is recommended in some populations, because its presence
increases the risk of AHS 100 times.[57]

Febuxostat

Similar to allopurinol, febuxostat is a xanthine oxidase inhibitor, but they differ in the
way they are metabolized-febuxostat is metabolized by the liver and not by the kidneys like
allopurinol, so in its case there is no need to change the dosage if renal failure coexists.[58,59]
Studies show that with a dosage range of 40-80mg/d febuxostat is better at lowering
concentrations of serum uric acid than allopurinol (200-300mg/d), but is less efficient in
preventing gout flares.[60] Additional actions of febuxostat go as far as such surprising abilities
as antibacterial, inhibiting the growth of Mycobacterium tuberculosis more effectively than
allopurinol or xanthine oxidase specific inhibitor- topiroxostat.[61] The side effects of
febuxostat center around liver function, most commonly causing elevations in liver
enzymes.[62] There are many papers comparing the safety of febuxostat and allopurinol, some
of which point to the benefit of febuxostat, but outline possibility of gout flare when using
it.[60,62,63,64,65]



Second Line Options

Probenecid

Probenecid belongs to the group of uricosuric drugs, that is, it increases the secretion of
uric acid with urine. It acts by inhibiting the reabsorption of uric acid in renal tubules. Originally,
it was intended to be used to increase penicillins concentration in bloodstream.[66] Another of
its uses can be more effective against venereal diseases, some viral infections and it also shows
antibacterial activity.[67,68,69,70] Side effects of probenecid are usually not life-threatening,
the most common are headache, rash, and due to its mechanism of action sometimes patients
develop kidney stones due to increased uric acid in the urine.[71,72]

Pegloticase

It is a recombinant uricase whose action is to catalyze the reaction of converting uric
acid to the well-water-soluble allantoin, which is excreted in the urine. As an intravenous drug,
it should be administered at a dose of 8mg once every two weeks. Since it can trigger a gout
attack, it is recommended that prophylaxis in the form of colchicine or NSAIDs be implemented
prior to its use.[73]

4. SUA Reduction in Gout Prevention

Hyperuricemia is considered a risk factor for developing gout, however not all patients
with elevated uric acid levels manifest symptoms of gout, and some patients suffering from it
have serum uric acid levels within the normal range, for example survey from years 2006-2007
showed that only 21.2% of man and 21.6% of woman with gout had coexisting
hyperuricemia.[74,75] There is also a lack of evidence for preventing the first gout episode with
allopurinol, which also raises questions about hyperuricemia as the only factor affecting the
development of gout.[76] Some works cite different pathways of activation of the inflammatory
process in the presence of MSU crystals as a possible cause. Which, combined with both the
antioxidant and pro-inflammatory abilities of uric acid, might explain asymptomatic
hyperuricemia without developed gout and gout flares in normuricemic patients.[77]

Nevertheless, elevated serum uric acid levels remain an important risk factor for the
development of gout, gout flares, and its role in the pathogenesis of other diseases has been
confirmed by many studies.[10,12,13,16,78,79] And the introduction of therapy that lowers
serum uric acid levels has positive effects in pulmonary arterial hypertension or improves renal
function in chronic kidney disease.[80,81]
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