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Abstract

Hyperuricemia is closely linked to obesity. As lifestyles and dietary patterns evolve, the prevalence of hyperuricemia
has been on the rise. Bariatric surgery, an efficacious intervention for morbid obesity and its associated metabolic
disorders, not only manages the weight of patients with severe obesity but also exerts beneficial therapeutic
effects on hyperuricemia and gout. Moreover, it demonstrates substantial efficacy against other obesity-related
metabolic conditions. However, the dramatic fluctuations in serum uric acid levels and acute gouty attacks in the
immediate postoperative period are issues that should not be overlooked, and effective preventative strategies for
some related adverse complications are still underexplored. This review discusses and reviews the advancements

in the treatment of obese patients with hyperuricemia through bariatric surgery. By reviewing pertinent literature,
it summarizes the short-term and long-term therapeutic outcomes of bariatric surgery for hyperuricemia, as well

as common adverse reactions. Furthermore, by discussing preoperative and postoperative interventional measures
and influential factors, this review aims to provide novel perspectives for the clinical management of hyperuricemia
and offer insights for the prevention of related complications.
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Introduction

Hyperuricemia (HUA), a chronic metabolic disorder
stemming from dysregulation of purine metabolism, is
typically characterized by serum uric acid (SUA) levels
greater than or equal to 6.0 mg/dL in females and greater
than or equal to 7.0 mg/dL in males [1, 2]. When SUA
concentrations surpass the saturation point, monoso-
dium urate crystals precipitate, potentially leading to
gout, a condition that can cause destructive arthropathy
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and severe renal disease [3]. HUA represents a substan-
tial public health challenge globally. With the economic
growth and dietary changes in China, the prevalence of
HUA has been increasing annually, emerging as the sec-
ond most common metabolic disease after diabetes [4].
Over the past four decades, the rates of overweight and
obesity among Chinese children and adolescents aged
7-18 have risen from 1% to 0.1% in 1985 to 14.0% and
6.4% in 2014, respectively. Similarly, the prevalence of
overweight and obesity among adults has increased from
18.9% to 2.9% in 2002 to 27.1% and 5.2% in 2010 [5]. Obe-
sity is closely associated with a spectrum of diseases,
including type 2 diabetes mellitus (T2DM), cardiovascu-
lar diseases, hyperlipidemia, and several types of cancer
[6], and it is also a major risk factor for HUA and gout.
Weight reduction has a positive protective effect against
these conditions [3, 7]. Bariatric surgery stands as the
sole sustainable treatment option for morbidly obese
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patients, offering benefits that extend beyond weight loss
to the improvement of other metabolic parameters [8].
An in-depth investigation into the therapeutic effects of
bariatric surgery on obese patients with HUA holds sub-
stantial clinical significance.

HUA and obesity

Numerous studies have demonstrated a close associa-
tion between obesity, insulin resistance, and a variety of
metabolic comorbidities such as HUA, hyperglycemia,
hyperlipidemia, and hypertension [9-11]. A study focus-
ing on male patients with a history of gout revealed that
a decrease in SUA levels is potentially correlated with
a reduction in visceral fat, particularly in those with a
higher baseline level of visceral fat [12], Obesity is not
only positively correlated with the prevalence of obesity-
related glomerulopathy, characterized by proteinuria,
glomerulomegaly, progressive glomerulosclerosis, and a
decline in renal function, potentially leading to chronic
kidney disease (CKD) in later stages [13, 14], but also
plays a significant role in the etiology of gout, the most
prevalent form of inflammatory arthritis. Gout is caused
by the persistent elevation of SUA levels, leading to the
deposition of monosodium urate crystals in joints, ten-
dons, and other tissues, which triggers recurrent acute
inflammatory episodes [1]. Patients with severe obesity
are at an increased risk of developing HUA [15-17]. A
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prospective cohort study conducted by McCormick et
al. indicated that the majority of gout cases might be pre-
vented by achieving and maintaining a normal weight
[18]. The mainstream urate-lowering medications cur-
rently include drugs that inhibit uric acid production
(such as allopurinol) and those that increase uric acid
excretion (such as benzbromarone). However, traditional
pharmacotherapy may have limitations and is accom-
panied by side effects such as urate nephrolithiasis,
hepatorenal stones, and liver function impairment [19].
Patients diagnosed with HUA or gout may require long-
term or even lifelong medication use, where medication
adherence and ongoing side effects pose the greatest
challenges [20].

Bariatric surgery

By the mid-20th century, obesity had emerged as a rap-
idly increasing global epidemic, with limited strategies
to curb this disease [21]. During this period, pharmaco-
logical treatments for weight loss in obese patients often
resulted in temporary effects. In contrast, bariatric sur-
gery, although only accessible to a select few who met the
criteria, was proven to be the most effective intervention
for ensuring significant weight loss and improving associ-
ated comorbidities [22—-25]. In 1954, Kremen et al. [26]
from the University of Minnesota performed a proce-
dure known as jejuno-ileal bypass (JIB) (Fig. 1A), which

Fig. 1 Diagram of different weight loss surgeries. (A) jejuno-ileal bypass, (B) Roux-en-Y gastric bypass, (C) sleeve gastrectomy, (D) duodenal-jejunal
bypass, (E) one anastomosis gastric bypass, (F) biliopancreatic diversion with duodenal switch, (G) single anastomosis duodeno-ileal bypass with sleeve

gastrectomy
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altered the path of food through the intestines, thereby
reducing nutrient absorption. JIB resulted in substantial
and sustained weight loss, laying the groundwork for
subsequent bariatric operations, however, it was associ-
ated with many side effects related to bypass of the ileum.
In 1967, Mason and Ito [27] carried out the first gastric
bypass surgery.

At present, the Roux-en-Y gastric bypass (RYGB)
(Fig. 1B) and sleeve gastrectomy (SG) (Fig. 1C) have
emerged as the predominant surgical approaches for
the treatment of obesity and are widely applied in clini-
cal practice [28]. Other surgical modalities, such as the
duodenal-jejunal bypass (DJB) (Fig. 1D), one anasto-
mosis gastric bypass (OAGB) (Fig. 1E), biliopancreatic
diversion with duodenal switch (BPD-DS) (Fig. 1F) and
single anastomosis duodeno-ileal bypass with sleeve gas-
trectomy (SADI-S) (Fig. 1G), are supported by evidence-
based medical research and have been recommended;
however, their implementation is relatively limited due
to a paucity of systematic efficacy and safety clinical evi-
dence [29]. Beyond the treatment of obesity, bariatric
surgery also offers unique advantages in ameliorating
obesity-related metabolic diseases. The mechanisms at
play extend beyond a mere reduction in body mass index
(BMI) to encompass a decrease in urinary microalbu-
min levels and improvements in incretin levels, insulin
secretion, and insulin sensitivity [30—32]. The manner in
which bariatric surgery modulates metabolism and ame-
liorates metabolic diseases constitutes a focal point of
current foundational research in bariatric surgery.

Efficacy of bariatric surgery in the treatment of
HUA and gout

A prospective study from Sweden serves as a corner-
stone in exploring the therapeutic potential of bariatric
surgery for HUA [33]. This study conducted a 10-year
follow-up of 1,982 subjects who underwent bariatric
surgery and compared them with 1,999 Swedish obese
subjects. The findings revealed that, in contrast to con-
ventional treatment, bariatric surgery reduced the long-
term incidence of gout and HUA. Additionally, several
retrospective studies have corroborated this perspective
[34-36]. Oberbach et al. [37] conducted a study focusing
on obese adolescents and discovered that after bariatric
surgery, the levels of SUA and obesity-related metabolic
diseases were ameliorated, with the extent of improve-
ment being related to the choice of surgical procedure.
However, Antozzi et al. [38] proposed that patients with
recurrent gout might not respond positively to weight
loss induced by bariatric surgery, particularly for those
with higher uric acid levels. In the retrospective study
conducted by Antozzi et al., the patients who underwent
bariatric surgery did not achieve substantial improve-
ment in gout, contradicting the findings of Oberbach
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and colleagues. Yet, considering the metabolic improve-
ments post-bariatric surgery are a process that requires
long-term monitoring, this viewpoint necessitates fur-
ther validation. Apart from the beneficial effects on HUA
and gout, bariatric surgery also exerts positive effects on
kidney function. Through a retrospective study, Hung
et al. [35] suggested that patients with a history of renal
dysfunction, after undergoing bariatric surgery, showed
a negative correlation between postoperative SUA levels
and kidney function. Although patients with high preop-
erative SUA levels do not necessarily have renal dysfunc-
tion, for those with pre-existing renal impairment, the
viewpoint of Huang et al. can provide a certain reference
value for the selection of their treatment plan.

Common postoperative adverse reactions and
management strategies
As previously discussed, bariatric surgery has been
shown to ameliorate the SUA levels and the frequency of
gout attacks in patients with obesity and HUA. However,
the reports of dramatic fluctuations in SUA levels and
frequent acute gout attacks in the immediate postopera-
tive period should not be overlooked [36, 39]. Katsogri-
daki et al. [40] reported the incidence of HUA and gout
one month after SG, noting that patients with a preop-
erative diagnosis of HUA exhibited a substantially higher
incidence of postoperative HUA and gout compared to
those without HUA preoperatively (18.8% vs. 6.8%; 7.1%
vs. 5.1%). Kang et al. [41] observed that postoperative
gout typically manifests within eight days, predominantly
affecting the first metatarsophalangeal joint. There is
controversy regarding the direct diagnosis of gout, which
is traditionally established through the aspiration of
synovial fluid and the identification of typical negatively
birefringent monosodium urate crystals under polarized
light microscopy [42]. However, in clinical practice, the
diagnosis of gout is often based on characteristic symp-
toms and relevant medical history, with synovial fluid
aspiration not being routinely performed. Consequently,
there may be a tendency to overlook or misdiagnose gout
attacks, particularly in patients following bariatric sur-
gery. Obese patients frequently experience acute exacer-
bations of chronic joint disease, which may be clinically
misdiagnosed as acute gouty arthritis attacks. Further-
more, without obtaining a synovial fluid sample, it may
be challenging to identify gout attacks, especially when
atypical joints are involved (such as joints other than the
first metatarsophalangeal joint) [43—45]. Therefore, when
the diagnosis is ambiguous, it is advisable to perform
synovial fluid aspiration to facilitate a direct diagnosis of
gout.

During the acute flare-up of gout, the administration
of oral colchicine, nonsteroidal anti-inflammatory drugs
(NSAIDs), and corticosteroid hormones is recognized as
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the primary treatment for acute inflammation [46]. How-
ever, it is essential to be vigilant for potential contrain-
dications to NSAID therapy [47]. Colchicine, a naturally
occurring alkaloid with anti-inflammatory properties, is
commonly used to treat acute gout attacks, but monitor-
ing should be conducted during treatment for signs of
bone marrow suppression and substantial gastrointes-
tinal symptoms [48]. Corticosteroid hormones are also
effective in the management of acute gout flares, but cau-
tion is advised for patients with diabetes and hypergly-
cemia. Given the additive risk of peptic ulcers and upper
gastrointestinal bleeding, the clinical co-administration
of corticosteroid hormones and NSAIDs should be
avoided whenever possible to mitigate these risks. This
approach ensures patient safety while effectively man-
aging the acute inflammatory response associated with
gout.

Regarding postoperative asymptomatic hyperurice-
mia (i.e., elevated serum uric acid levels without gout
attacks), current management strategies are still a subject
of debate [49, 50]. Joosten et al. [51] argue that soluble
and crystalline uric acid are bioactive molecules that can
lead to adverse vascular, metabolic, and inflammatory
events, and the association between HUA and kidney,
cardiovascular, and diabetes diseases is well-established.
Therefore, given the high prevalence of asymptomatic
hyperuricemia and the rising incidence of vascular and
metabolic diseases, as well as kidney diseases, Joosten
and colleagues adopt a more proactive stance towards the
treatment of asymptomatic hyperuricemia. Conversely,
Sellmayr and colleagues [52] believe that asymptom-
atic hyperuricemia does not accelerate the progression
of chronic kidney disease unless uric acid crystals form
in the kidneys. Hence, Sellmayr and his team maintain a
more conservative approach to the treatment of asymp-
tomatic hyperuricemia. This divergence in opinion
underscores the complexity of managing asymptomatic
hyperuricemia postoperatively and highlights the need
for further research to clarify the benefits and risks asso-
ciated with different treatment strategies.

Some scholars have posited that HUA occurring in
the early postoperative period following SG can resolve
spontaneously without the need for pharmacological
intervention [53]. This perspective suggests that while
preoperative SUA levels are correlated with BMI and
body weight, the primary factor contributing to postop-
erative HUA is total body weight. The sustained weight
loss resulting from the surgical procedure is believed to
lead to long-term control of HUA. This viewpoint under-
scores the potential for weight loss to mitigate the effects
of HUA and highlights the importance of considering
the natural course of HUA in the postoperative context.
It suggests that, in some cases, a conservative approach
to management, with close monitoring and lifestyle
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modifications, may be sufficient to address HUA follow-
ing SG. However, it is crucial to balance this perspective
with the need for individualized patient care, taking into
account the specific circumstances and medical history
of each patient.

Influencing factors and perioperative management
Xu et al. [54] have identified preoperative estimated glo-
merular filtration rate (eGFR), glycated hemoglobin, sex,
and serum zinc levels as independent factors that influ-
ence the magnitude of postoperative short-term SUA
fluctuations. They found that patients with higher pre-
operative eGFR levels tend to exhibit less pronounced
fluctuations in SUA postoperatively. Additionally, there is
evidence suggesting that zinc supplementation can have
a positive effect on obesity-related kidney diseases [55].
The research by Xu et al. supports this notion, confirm-
ing that optimizing postoperative serum zinc levels may
be beneficial for SUA changes and could potentially aid
in controlling gout attacks. This underscores the impor-
tance of a comprehensive preoperative assessment that
takes into account renal function, metabolic status, and
nutritional factors such as serum zinc levels. By identi-
fying and addressing these factors, clinicians can better
tailor perioperative management strategies to mitigate
the risk of postoperative SUA fluctuations and associated
complications like gout. The findings also highlight the
potential therapeutic role of zinc in managing SUA levels
and could pave the way for further research into the use
of zinc supplementation as an adjunct to standard care
for patients undergoing bariatric surgery.

Postoperative diet is an equally important concern that
should not be overlooked. According to the “Chinese
Expert Consensus on Precision Obesity Metabolic Sur-
gery (2022 Edition)” [56], patients are typically advised
to consume a residue-free, easily digestible full liquid
diet postoperatively. However, this dietary pattern may
enhance purine metabolism, thereby increasing uric
acid levels and potentially triggering gout attacks [57].
In response to this, Schiavo and colleagues conducted a
study on diet [58], exploring the effects of low-purine and
normal-purine diets on SUA levels and the frequency of
gout attacks after bariatric surgery. The results indicated
that a low-purine diet, which replaces animal protein
with soy protein, eggs, and cheese, may play a key role in
preventing the recurrence of gout. This provides valuable
reference for dietary patterns after bariatric surgery.

Tana et al. [59] mentioned in a review article that dis-
continuing uric acid-lowering treatment, fasting, and
purine release after bariatric surgery are considered the
main causes of acute gout attacks. Incorrectly stopping
preventive medications (such as allopurinol) after surgery
or using of diuretics can increase SUA levels and the risk
of acute gout attacks [60]. Additionally, advocating for
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early postoperative activity can promote rapid improve-
ment in joint function and prevent further episodes of
acute arthritis [61, 62]. In a long-term follow-up, bariat-
ric surgery has been proven to alleviate joint pain caused
by obesity and prevent further destruction of articulation
cartilage [63]. Over time, regular rehabilitation exercises
are expected to improve joint function.

The catabolic state induced by perioperative caloric
restriction is also considered a potential cause of gout
attacks [64]. The American Society for Metabolic and
Bariatric Surgery (ASMBS) and the International Fed-
eration for Surgery of Obesity and Metabolic Diseases
(IFSO) advocate for a postoperative diet that is high in
protein, low in carbohydrates, and low in fat [65, 66].
However, a low-carbohydrate diet induces fatty acid
mobilization in the abdomen and liver, along with an
increase in protein intake, promoting purine release. The
accompanying ketogenic state can impair renal excretion
of uric acid, thereby increasing the frequency of acute
gout attacks [59]. In contrast to this dietary pattern, tra-
ditional Chinese dietary habits place more emphasis on
the intake of grains and vegetables with lower protein
content. However, postoperative soup consumption may
lead to micronutrient deficiencies [67, 68]. Therefore, in
addition to standard dietary recommendations, patients
should also be advised to control protein intake and
receive appropriate fluid therapy. Protein intake should
be adjusted according to the individual needs of the
patient, and the usual intake is 60—80 g per day.

The impact of relevant genes on the treatment of
HUA by bariatric surgery

One area of research that deserves attention is the inves-
tigation of genetic factors that may influence the meta-
bolic response to bariatric surgery, particularly in relation
to SUA levels and the treatment of HUA. One such study
has zeroed in on the estrogen receptor-a (ESR1) gene,
examining its potential role in SUA metabolism follow-
ing bariatric surgery [69]. Intriguingly, this research has
identified a specific genetic variant, the rs712221 poly-
morphism within the ESR1 gene, which appears to be
associated with the postoperative decrease in SUA lev-
els. Patients who are carriers of this risk allele have been
observed to experience more pronounced reductions
in both BMI and SUA after undergoing bariatric proce-
dures. This line of inquiry is particularly compelling given
the known role of ESR1 in various physiological pro-
cesses, including those related to metabolism and inflam-
mation [70, 71], which could indirectly influence uric
acid handling by the body. The modulation of SUA levels
through genetic factors could have very important impli-
cations for the management of HUA and associated con-
ditions such as gout and kidney disease. However, while
this study sheds light on a possible genetic influence, it is
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important to note that the research has been conducted
primarily on the Chinese Han population. This limita-
tion underscores the need for further investigation to
determine whether these findings are applicable across
different ethnic groups. Genetic diversity across popula-
tions can lead to variations in gene expression and func-
tion, which may in turn affect the response to bariatric
surgery. Future studies should aim to broaden the scope
by including diverse ethnicities to enhance the general-
izability of the findings. Additionally, a more compre-
hensive genetic analysis could be beneficial, examining
not only the ESR1 gene but also other genes that might
play a role in SUA metabolism and the body’s response
to bariatric surgery. Understanding the genetic underpin-
nings of HUA treatment through bariatric surgery could
pave the way for personalized medicine approaches,
tailoring treatment strategies based on an individual’s
genetic profile to optimize outcomes and mitigate risks.
In conclusion, the identification of the ESR1 rs712221
polymorphism as a potential predictor of SUA reduc-
tion post-bariatric surgery is a promising development
in the field of genomic medicine. As research continues
to unravel the complex interplay between genetics and
bariatric surgery, it is hoped that a more nuanced under-
standing will emerge, guiding clinical practice towards
more effective and personalized treatment of HUA and
obesity.

Summary and prospects

Bariatric surgery is a therapeutic intervention that
induces weight loss and alters gastrointestinal physiology
to impact metabolism. It is the only intervention proven
to not only maintain long-term weight reduction but
also significantly improve the comorbidities associated
with severe obesity [72]. Compared to pharmacological
treatments, bariatric surgery offers unique advantages in
managing extreme obesity and its related metabolic dis-
orders. Hyperuricemia, a chronic condition with a high
prevalence among the obese population, often does not
respond well to medication alone. This review evaluates
the clinical effects of bariatric surgery on the treatment of
HUA, drawing from literature reports that highlight the
surgery’s impact on improving this condition. Addition-
ally, based on guidelines and evidence from literature, the
review provides recommendations for the management
of early postoperative adverse events. While the clinical
efficacy of bariatric surgery in treating HUA has been
well-established, exploration into the specific molecu-
lar biological mechanisms underlying this improvement
remains sparse. There is a need for more foundational
research to uncover the potential mechanisms by which
bariatric surgery ameliorates HUA. Looking ahead, the
integration of genetic research with clinical outcomes
will be crucial. As discussed earlier, the role of genes
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such as ESR1 in the context of bariatric surgery and SUA
metabolism is a promising area of study. Future research
should aim to dissect the genetic factors that contribute
to the variability in responses to bariatric surgery, poten-
tially leading to personalized treatment strategies. Finally,
long-term follow-up studies are necessary to evaluate the
sustainability of the effects of bariatric surgery on HUA.
In summary, while bariatric surgery has demonstrated
substantial promise in the treatment of HUA, there is a
clear path forward for research to enhance our under-
standing of the mechanisms involved. This knowledge
will be instrumental in advancing the field, improving
patient care, and potentially leading to the discovery of
new therapeutic approaches for HUA and related meta-
bolic disorders.
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