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Abstract
The prevalence of asymptomatic HUA is increasing year after year. HUA is a risk factor for the occurrence and development 
of renal diseases. However, the role of urate-lowering therapy in asymptomatic HUA complicated by renal damage is still 
controversial. In some experiments, the treatment of asymptomatic HUA complicated by renal damage may delay the progres-
sion of kidney damage. In addition, there is increasing evidence, suggesting that elevated serum uric acid is an independent 
risk factor for kidney disease. However, in other studies, uric acid-lowering therapy did not improve renal function, and uric 
acid levels could not be used as an independent predictor for CKD development. Further experimental studies are needed 
to determine the starting threshold and target value of asymptomatic HUA complicated by renal damage. At the same time, 
confirmation of the benefits of urate-lowering therapy for kidneys requires studies with larger samples and high-quality RCTs.
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Introduction

With the improvement of people’s living standards, changes 
in diet, earlier screening, and an aging population [1, 2], 
the incidence of hyperuricemia (HUA) has been increas-
ing in the past few decades [3], and the onset age of HUA 
has become younger. Research of HUA is also one of the 
current hotspots. HUA promotes the occurrence and devel-
opment of kidney diseases by causing vascular endothelial 
cell disorders, interstitial inflammation, and oxidative stress 
activation. However, attention on asymptomatic HUA and 
its related kidney damage is lacking, and how to deal with 
asymptomatic HUA and renal damage is still controversial. 
This article reviews the relationship between asymptomatic 
HUA and renal damage as well as its treatment.

The synthesis and metabolism of uric acid

Uric acid is the end product of purine metabolism [4]. There 
are two sources of purines in humans: exogenous from pro-
teins rich in purine and nucleic acids and endogenous from 
synthesis in vivo and catabolism of nucleic acids. The specific 
process of nucleic acid hydrolysis involves the production of 
nucleotides from nucleic acids by nuclease, and nucleosides 
are produced by nucleotidase. Furthermore, nucleosides are 
hydrolyzed by nucleosidase to form a purine and pyrimidine 
base, in which the purine base produces xanthine under the 
action of xanthine invertase and is then converted into uric 
acid. Under normal circumstances, approximately 70% of the 
uric acid synthesized and ingested daily is excreted by the 
kidneys, and another 30% is excreted through the intestine or 
decomposed by bacteria in the intestine. The renal excretion 
of uric acid in the human body is a complex process. Uric acid 
can be freely filtered at the glomerulus. Once filtered, 98% is 
reabsorbed by the proximal tubule S1 segment, and then, 50% 
of the uric acid is secreted by the proximal tubule S2 segment, 
and 40–44% of the uric acid after secretion is reabsorbed by 
the proximal tubule S3 segment. Finally, the uric acid excreted 
in the final urine is approximately 6–10% [5]. The formation 
and excretion of uric acid maintain a dynamic balance in the 
human body, and HUA is caused by an increase in the produc-
tion of uric acid or a decrease in uric acid excretion.
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Definition of asymptomatic HUA

In the normal purine diet condition, the fasting serum uric 
acid level [male > 420 μmol/L (7 mg/dl), female > 357 μmol/L 
(6 mg/dl)] is known as HUA [6]. Asymptomatic HUA is where 
patients have HUA [male > 420 μmol/L, female > 357 μmol/L, 
no matter healthy individuals and/or patients with chronic kid-
ney disease (CKD)] [7] without gout. Asymptomatic HUA 
is often overlooked in people due to no gout attacks, urinary 
calculi, and other related symptoms. In the past, treatment or 
intervention for asymptomatic HUA was generally consid-
ered unnecessary. Although asymptomatic HUA has no clini-
cal symptoms, its potential risk for causing kidney damage 
is valid. A large number of studies have suggested that high 
uric acid levels are associated with hypertension, cardiovas-
cular disease, and kidney disease. In addition, in patients with 
CKD, the levels of uric acid are often increased, because uric 
acid excretion is reduced because of the decreased glomerular 
filtration rate (GFR) [8, 9]. Therefore, urate-lowering therapy 
may become a new strategy to prevent diseases such as cardio-
vascular and renal diseases.

In addition, ultrasound is increasingly used to diagnose 
and evaluate joint diseases. The specificity of gout was mani-
fested by double contour sign and gouty tophus. In patients 
with asymptomatic HUA, double contour signs can also be 
found in ultrasound examination, and gouty tophus can also 
be found in synovial tendon and soft tissue [10]. Moreover, 
when the ultrasound shows bone erosion and gout stones in 
patients with asymptomatic HUA, uric acid levels should be 
decreased to delay the occurrence of arthropathy and gouty 
arthritis. Ultrasound can be used in screening for such patients 
for early detection of joint abnormalities and early intervention 
to reduce uric acid therapy. Moreover, in patients with gout, 
the double contour sign was found by ultrasound and could 
be eliminated after uric acid-lowering treatment, suggesting 
that ultrasound could evaluate the effect of uric acid-lowering 
therapy for gout [11]. Viggiano D et al. suggest that treatment 
of asymptomatic HUA should consider the presence of urate 
crystals in the urine sediment analysis and ultrasound-con-
firmed signs of asymptomatic articular damage due to urates 
and trends in proteinuria, creatinine, and serum urate levels 
[12].

The relationship of asymptomatic HUA 
and kidney disease

In recent years, increasing evidence has suggested that ele-
vated serum uric acid is an independent risk factor for kid-
ney disease [13]. Much of the research has recognized that 
HUA is associated with kidney damage in the general popu-
lation, type 2 diabetes patients, and hypertensive patients 

[14, 15]. Iseki et al. [16], through a survey of 6403 Japanese 
people with normal renal function, showed that compared 
with a serum uric acid < 5 mg/dL, the risk of renal insuffi-
ciency in a serum uric acid > 8 mg/dL was increased 10.39 
times in women and 2.91 times in men in 2 years, indicating 
that the levels of serum uric acid were associated with the 
risk of developing high serum creatinine in this screened 
subjects. Ryoo et al. [17], through a 4-year follow-up inves-
tigation of the relationship between CKD and asymptomatic 
HUA in Korean men, discovered that asymptomatic HUA 
increased the incidence of CKD when compared with the 
normal population. Kawashima et al. [18] also described 
a relationship between asymptomatic HUA and new-onset 
CKD in 1285 Japanese male workers, showing that HUA, 
hypertension, and obesity, as well as low serum high-density 
lipoprotein cholesterol, were significantly associated with 
new-onset CKD. Asymptomatic HUA may be a predictor of 
new-onset CKD in Japanese male workers. HUA can serve 
as a predictive marker for renal outcome in arterial/arteri-
olar nephrosclerosis patients [19]. HUA is also a valuable 
predictor for incident coronary artery disease (CAD) events 
in elderly patients [20]. Serum uric acid level increases were 
associated with kidney failure in earlier stages of CKD [21]. 
The use of sartans for arterial hypertension may reduce the 
uric acid concentration, and sartans are recommended for the 
treatment of arterial hypertension coexisting with HUA in 
patients [22]. The sodium–glucose cotransporter 2 (SGLT2) 
inhibitors decreased serum uric acid in diabetic patients with 
hyperuricemia [23]. Asymptomatic HUA has been associ-
ated with cardiovascular mortality in patients with CKD who 
transition to hemodialysis [24]. Taken together, the above 
findings from various studies suggest that hyperuricemia 
can damage the kidney and serve as a predictive marker for 
CKD.

In another study, Kim et al. [25] observed that asymp-
tomatic HUA with CKD stage 3 patients can delay renal 
disease progression via urate-lowering therapy; at the same 
time, goal-directed urate-lowering therapy seems to have 
better kidney benefits than continuing initial urate-lowering 
therapy. Similarly, Siu et al. [26] investigated the relation-
ship between urate-lowering therapy and renal disease and 
randomly assigned 54 asymptomatic HUA patients with 
CKD to the experimental group and control group. The 
experimental group was treated with allopurinol, whereas 
the control group continued the usual therapy. After treat-
ment for 12 months, the results showed that the serum uric 
acid level in the experimental group was significantly lower 
than that in the control group. In addition, the incidence 
of deterioration in renal function and dialysis (16%) in the 
experimental group was significantly decreased compared 
with the control group (46.1%), and the difference was sta-
tistically significant, suggesting that allopurinol treatment 
has a protective effect in slowing kidney disease progression 
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by decreasing serum uric acid levels. Liu et al. [27] also 
observed that in patients with asymptomatic HUA and type 
2 diabetes, urate-lowering treatment significantly reduced 
urinary albumin excretion and serum creatinine levels and 
increased the GFR. In another 6-month, single-center, rand-
omized, double-blind study [28], a total of 108 patients with 
asymptomatic HUA and CKD stages 3 and 4 were randomly 
divided into the treatment group or control group. The treat-
ment group received febuxostat therapy, while the control 
group received a placebo. The results showed that urate-
lowering treatment slowed the decline in the estimated GFR. 
Recently, Goicoechea et al. [29] reported that urate-lowering 
therapy can delay the progression of kidney disease and 
reduce cardiovascular events in patients with asymptomatic 
HUA and CKD through 2-year follow-up. A meta-analysis of 
randomized clinical trials suggests that urate-lowering treat-
ment may slow CKD progression [30]. The urate-lowering 
effects of febuxostat in patients with asymptomatic HUA 
with CKD stages 3-5 were related to a slower renal func-
tion progression [31]. Febuxostat in asymptomatic HUA in 
CKD improves uric acid levels, blood pressure (BP), and 
estimated GFR at low dose without any adverse events and 
no cardiac-related events. The therapeutic use of febuxostat 
in asymptomatic HUA in patients with stages 3–5 CKD 
improves uric acid levels, and estimated GFR and BP [32]. 
All these above studies by various investigators emphasize 
that urate-lowering therapy for asymptomatic HUA and renal 
damage can protect the kidney (Table 1).

However, in some studies, urate-lowering therapy was 
not associated with kidney survival. Similarly, Chini et al. 
[33] analyzed the relationship between asymptomatic 
HUA and the risk of CKD in 1094 Brazilian workers and 
found a negative correlation between HUA and GFR, and 
female gender and age were related to new-onset CKD but 
not the levels of serum uric acid levels, suggesting that 
uric acid levels could not be used as an independent pre-
dictor for CKD development. A retrospective analysis of 
Korean hemodialysis patients with end-stage renal disease 
(ESRD) showed that there was a significant association 
between HUA and a lower risk of all-cause mortality [34]. 
In patients with stage 3 CKD and asymptomatic HUA, 
febuxostat therapy did not reduce the decline in kidney 
function [35]. In another study by Tanaka et al. [36], they 
randomly divided 45 patients with asymptomatic HUA 
and CKD stage 3 into the febuxostat treatment group and 
the conventional therapy group. The results showed that 
there was no significant difference in GFR and serum cre-
atinine level between the two groups, but the febuxostat 
treatment group decreased the urinary levels of albumin 
and beta 2 microglobulin (β2MG), whereas the conven-
tional therapy group did not change these markers. Simi-
larly, Kanbay et al. [37] also studied uric acid-lowering 
therapy in patients with asymptomatic HUA and normal 

renal function, and evaluated GFR compared with base-
line in the allopurinol treatment group, but no significant 
difference was discovered in the levels of urinary protein 
excretion rate and GFR in the allopurinol treatment group 
and the control group. HUA often leads to endothelial dys-
function in patients with CKD. Jalal et al. [38] evaluated 
whether uric acid-lowering therapy can improve endothe-
lial dysfunction. A total of 80 participants with asympto-
matic HUA and stage 3 CKD were randomly divided into 
the experimental group and control group, respectively, 
and treated with allopurinol or placebo for 3 months, sug-
gesting that uric acid-lowering therapy did not improve 
endothelial dysfunction. In addition, Beddhu et al. [39] 
reported that uric acid-lowering therapy did not improve 
inflammatory markers, fibrosis index, and urinary protein 
excretion rate in patients with asymptomatic HUA and 
diabetic nephropathy. Overall, one can conclude from the 
above studies that hyperuricemia is not damaging the kid-
ney and urate-lowering therapy for asymptomatic HUA 
and renal damage is ineffective (Table 1).

Likewise, in animal experiments, Sánchez-Lozada et al. 
[40] established a HUA rat model and demonstrated that 
high serum uric acid levels contribute to hypertension, 
renal arteriosclerosis, proteinuria, and tubulointersti-
tial fibrosis in normal rats. Kang et al. [41] explored the 
effect of HUA on renal disease in a 5/6 remnant kidney rat 
model. Rats were fed 2% oxonic acid (OA) to form chronic 
HUA and then divided into the OA group, OA + allopu-
rinol group, OA + benzbromarone group and the control 
group (only nephrectomy). The results supported that the 
serum creatinine increased in each group after a 6-week 
intervention. The serum creatinine level was highest in 
the OA group alone, and the OA + allopurinol group or 
OA + benzbromarone group can downregulate the increase 
in serum creatinine. The results in proteinuria are similar 
to serum creatinine. In addition, glomerulosclerosis and 
renal interstitial fibrosis were observed in the renal tissues 
of the four groups, but the changes were most obvious in 
the OA group, whereas the changes in the OA + allopu-
rinol group and OA + benzbromarone group were mild. 
These studies indicate that high uric acid levels accelerate 
the progression of kidney disease and that reduced uric 
acid concentrations can prevent further changes in renal 
histological and renal function in a rat model of HUA. 
On one hand, HUA leads to the development of kidney 
disease; on the other hand, it can aggravate the existing 
kidney damage. We can avoid the occurrence of kidney 
damage by lowering serum uric acid. HUA not only causes 
kidney damage but also results from the production of high 
BP, whereas hypertension continues to accelerate kidney 
damage. Therefore, interventions for HUA may play an 
important role in the development and progression of kid-
ney disease.
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Treatment of asymptomatic HUA and renal 
damage

Regarding the treatment of asymptomatic HUA, the previ-
ous guidelines [42] do not recommend any drug therapy, 
but suggest that it can be controlled with diet prevention 
and lifestyle changes. The 2012 American College of 
Rheumatology (ACR) guidelines for gout management 
did not address the treatment of asymptomatic HUA [43]. 
Vargas-Santos et al. [44] suggested that the treatment of 
asymptomatic HUA requires larger randomized controlled 
trials (RCTs) to assess the renoprotective effect. At pre-
sent, due to the lack of large-scale RCTs for the treatment 
of asymptomatic HUA and CKD, patients with asympto-
matic HUA and CKD are not recommended to undergo 
uric acid-lowering therapy. Stamp et al. [45] also indicated 
that asymptomatic HUA should not be recommended in 
the absence of further large-scale clinical trials to confirm 
that the benefits of asymptomatic HUA treatment outweigh 
the risks.

However, in 2010, a Chinese expert consensus on the 
treatment of asymptomatic HUA complicated with cardio-
vascular disease recommended the target value of HUA 
treatment: serum uric acid level was less than 357 μmol/L 
(6 mg/dl). Asymptomatic HUA complicated with cardio-
vascular risk factors or cardiovascular disease (including 
renal dysfunction, etc.) should be considered for drug 
therapy when the serum uric acid reaches 475 μmol/L 
(8 mg/dl); asymptomatic HUA without cardiovascular 
risk factors or cardiovascular disease should be considered 
for uric acid-lowering drug therapy when the serum uric 
acid reaches 535 μmol/L (9 mg/dl). For all asymptomatic 
HUA patients, a therapeutic lifestyle change is required. 
In 2011, Chinese guidelines for the diagnosis and treat-
ment of primary gout suggested that asymptomatic HUA is 
considered with nonpharmacological treatment. Lowering 
serum uric acid is not recommended, but when the serum 
uric acid level is still higher than 9 mg/dl after diet control 
or when the serum uric acid level is higher than 8 mg/dl 
and with related diseases or family history of HUA, drug 
treatment should be used. In 2011, Japanese guidelines for 
the management of HUA and gout recommended asymp-
tomatic HUA without renal disorder and serum uric acid 
levels not less than 8 mg/dl. Drug treatment should be 
considered when lifestyle guidance is ineffective. When 
asymptomatic HUA with renal disorder or other complica-
tions and serum uric acid levels reach 8 mg/dl and when 
asymptomatic HUA without renal disorder or other com-
plications and serum uric acid levels less than 9 mg/dl 
and lifestyle guidance are ineffective, the patient should 
be considered for drug treatment. In addition, asympto-
matic HUA without renal disorder or other complications 

and serum uric acid reaches 9 mg/dl was recommended 
for drug treatment [46]. In addition, A Japanese epide-
miological survey shows that the prevalence of asympto-
matic HUA in patients under urate-lowering treatment has 
increased significantly [47]. In 2017, a Chinese experts’ 
consensus on the diagnosis and treatment of patients with 
CKD complicated with HUA indicated that for patients 
with asymptomatic HUA and CKD, it is recommended 
that uric acid-lowering therapy be used when the serum 
uric acid level is higher than 420 μmol/L in males or the 
serum uric acid level is higher than 360 μmol/L in females. 
In addition, the target value of HUA treatment is not less 
than 360 μmol/L. Another report revealed that the uric 
acid level is not as low as possible, and the target value of 
uric acid-lowering therapy is 5–6 mg/dl [48]. Although a 
large number of epidemiological data have demonstrated 
a relationship between kidney damage and asymptomatic 
HUA, the causal relationship is still uncertain, and a large 
number of RCTs are still needed to estimate the renal ben-
efits in asymptomatic HUA treatment [49–51].

When treating patients with asymptomatic HUA, we also 
need to pay attention to drug-related adverse events, espe-
cially the risk of serious adverse events. Allopurinol treat-
ment of asymptomatic HUA patients has resulted in serious 
adverse events, such as fatal hypersensitivity reactions [52]. 
According to large-scale population research from Taiwan, 
urate-lowering therapy elevated the risk of allopurinol 
hypersensitivity syndrome and mortality associated with 
allopurinol hypersensitivity syndrome in the asymptomatic 
HUA population. Moreover, the risk of allopurinol hyper-
sensitivity syndrome and related mortality also increased 
when comorbid kidney disease and cardiovascular disease 
were present [53].

In addition, urate as an antioxidant has a beneficial effect. 
Urate is an important free radical scavenger similar to glu-
tamate in the central nervous system, so urate may be good 
for acute stroke [54]. Furthermore, low levels of uric acid 
are associated with neurodegenerative diseases such as Par-
kinson’s disease [55]. The relationship between uric acid and 
neurological diseases has also shown the potential negative 
effects of uric acid-lowering therapy. Therefore, we should 
maintain the uric acid level at a reasonable and stable range 
in the treatment of asymptomatic HUA.

In a nutshell, the above review of various literature 
reports suggests that urate-lowering therapy in asympto-
matic HUA complicated by renal damage is still a matter 
of serious controversy. Previous studies are interesting but 
also accompanied with some limitations, including the small 
sample, the short observation time, different race individu-
als, and the single-centre design. In addition, some clini-
cal trials provide insufficient information on drug-related 
adverse events and safety issues need to be addressed. There-
fore, before a uric acid-lowering therapy for asymptomatic 
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HUA and renal damage, there is a need to further investigate 
its efficacy and safety by larger multicenter RCTs.

Conclusion

For asymptomatic HUA, we should routinely check serum 
uric acid during physical examination to aid in the early 
detection and control of high serum uric acid levels in a 
timely manner. The initial threshold and target value for uric 
acid-lowering therapy in asymptomatic HUA patients com-
plicated with renal damage are still controversial and require 
further research. Moreover, some clinically relevant trials 
are limited by the small sample size and short observation 
time, and the conclusions from these may not be accurate. 
Therefore, the renal benefits of urate-lowering therapy for 
asymptomatic HUA combined with renal damage need to 
be confirmed using larger samples and high-quality RCTs.
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