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Abstract

Background It is well known that asymptomatic hyperuricemia and gout play an important role in patients

with chronic kidney disease (CKD). However, the effect of uric acid-lowering therapy (ULT) on the prognosis of CKD
patients with asymptomatic hyperuricemia remains controversial. Therefore, we aim to investigate the influence

of ULT on renal outcomes in these patients.

Methods Comprehensive searches were conducted in PubMed, EMBASE, China National Knowledge Internet (CNKI),
and the Cochrane Library, up until January 2024. We included randomized controlled trials (RCTs) that evaluated
the effects of ULT on renal outcomes in CKD patients with asymptomatic hyperuricemia.

Results A total of 17 studies were included in the meta-analysis. Compared with placebo or no treatment, ULT pre-
served the loss of estimated glomerular filtrating rate (eGFR) (Weighted mean difference [WMD] and its 95% confi-
dence intercal(Cl); 2.07 [0.15,3.98] mL/min/1.73m?) at long-term subgroup. At the same time, short-term subgroup
also proved the preserved loss of eGFR (WMD 5.74[2.09, 9.39] mL/min/1 73m?). Compared with placebo or no treat-
ment, ULT also reduced the increase in serum creatinine (Scr) at short-term (WMD -44.48[-84.03,-4.92]umol/L)
subgroup and long-term (WMD -46.13[-65.64,-26.62]umol/L) subgroup. ULT was associated with lower incidence

of the events of doubling of Scr without dialysis (relative risk (RR) 0.32 [0.21, 0.49], p <0.001). However, no difference
was found for lower incidence of acute kidney injury (AKI) (p=0.943).

Conclusions According to our study, ULT is beneficial for slowing CKD progression both in short to long-term follow-
ups. Additionally, in patients younger than 60 years old, the protective effect of ULT on renal outcome is more pro-
nounced. However, it showed no significant difference in the incidence of AKI. These findings underscore the impor-
tance of considering ULT in clinical strategies for CKD patients with asymptomatic hyperuricemia.
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Introduction

In the past few decades, hyperuricemia and gout have
become more prevalent worldwide [1, 2]. A cross-sec-
tional survey of 3,547 chronic kidney disease (CKD)
patients found that the prevalence of hyperuricemia in
CKD patients with stages 3—-5 were 42.6%, 59.1%, and
61.2% respectively in China [3]. Hyperuricemia is asso-
ciated with not only high risk of gout flare but also the
increased risk of renal prognosis and cardiovascular
events in CKD patients [4—7]. The development of gout
from asymptomatic hyperuricemia is a continuous pro-
cess [7], starting from asymptomatic hyperuricemia to
urate-crystal deposition in joint cavities, and finally gout
and its complications [8].

Hyperuricemia has been implicated in the accelera-
tion of CKD. The pathogenesis of uric acid-induced
renal damage involves multiple mechanisms. Uric acid-
induced endothelial dysfunction, activation of the renin-
angiotensin system, decreased nitric oxide production,
meanwhile, uric acid-induced inflammation and oxida-
tive stress contribute to glomerular hypertension, hyper-
trophy, and eventual sclerosis [9, 10].

In previous studies, the effect of uric acid-lowering
therapy (ULT) on renal and cardiovascular outcomes
are controversial. Some studies showed that febuxostat
and allopurinol can reduce uric acid and improve renal
function effectively in patients with CKD without clinical
symptoms [11-13]. However, other studies did not find
out the association [14—17]. Recently, two randomized
controlled trials (RCTs) of ULT in CKD patients with
asymptomatic hyperuricemia showed that there was no
evidence for benefits of ULT on kidney outcomes [14,
18]. The levels of SUA in these RCTs [11-18] were found
with broad heterogeneity, patients with prior gout flares
and acute gout flares were enrolled and included for
analysis.

Based on aforementioned studies, different countries
also have distinct suggestions for ULT in CKD patients
with asymptomatic hyperuricemia [8, 19-21]. The 2019
Chinese Guidelines for Diagnosis and Treatment of
hyperuricemia and gout suggested that CKD with stage
2 or higher should start ULT when the level of SUA
exceed 480 pmol/L, which should be maintained below
360 pmol/L. However, current guidelines [8, 20] written
by American College of Rheumatology (ACR) [20] and
the Gout, Hyperuricemia and Crystal-Associated Dis-
ease Network (G-CAN) [8] did not recommend ULT for
patients with asymptomatic hyperuricemia, as the effects
of ULT in this population has yet to be confirmed.

Therefore, whether ULT should be used in CKD
patients with asymptomatic hyperuricemia to prevent
the progression of CKD remains uncertain. In this sys-
tematic review, we aim to investigate the effects of ULT

Page 2 of 15

on renal outcomes in CKD patients with asymptomatic
hyperuricemia.

Methods

Literature search

We searched RCTs that assessed ULT including febux-
ostat or allopurinol or other uric acid-lowering drugs
versus control group in CKD patients with asympto-
matic hyperuricemia through Pubmed, EMBASE, China
National Knowledge Internet (CNKI) and the Cochrane
Library until January 10,2024. Keywords and relevant
terms were used as following: chronic kidney disease,
chronic kidney failure, chronic renal insufficiency,
chronic renal failure, allopurinol, febuxostat, uric acid-
lowing therapy, xanthine oxidase, urate-lowering therapy,
Benzbromarone, Probenecid, rasburicase, sulfinpyra-
zone, lesinurad, topiroxostat. No language restriction was
applied. All the review processes followed registered pro-
tocol that was accepted by the online PROSPERO inter-
national prospective register of systematic reviews of the
National Institute for Health Research (https://www.crd.
york.ac.uk/PROSPERO/) (CRD42022321527). Definition
of PICOS in the present study is as follows: P (Popula-
tion): CKD patients complicated with asymptomatic
hyperuricemia; I(Intervention): uric acid-lowing therapy,
such as taking allopurinol or febuxostat and other uric
acid-lowering medications; C(Comparison): placebo or
usual therapy or no treatment; O (Outcome): the effects
of intervention on renal outcomes; S (study design): ran-
domized controlled trial.

Inclusion and exclusion criteria

Studies that met the following criteria were included in
our analysis: (1) Adult CKD patients with hyperurice-
mia (SUA >7.0 mg/dl [420.0 umol/L] in men or >6.0 mg/
dl [360.0 pumol/L] in women) or at least mean baseline
SUA >6.0 mg/dl (360.0 umol/L) and no prior gout flares;
(2) Clearly documented the inclusion and exclusion cri-
teria; (3) Adequately documented the dosage and dura-
tion of the intervention and control groups;(4) RCTs.(5)
The following outcome measures were used to evaluate
the efficacy of agents for hyperuricemia in CKD patients:
changes in SUA, changes in Scr, changes in eGFR, acute
kidney injury (AKI) or events of doubling of Scr without
the requirement of dialysis.

Studies were excluded from our analysis if (1) The base-
line data was incomplete, especially devoid of the base-
line levels of SUA;(2) Study with less than 20 patients;(3)
The outcomes were not clearly documented;(4) Patients
with prior gout flares or acute gout flares;(5) reviews,
case reports, animal and in vitro experiments, and con-
ference abstracts; (6) Patients with acute kidney injury
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and those who required dialysis, chemotherapy therapy
or had received kidney transplant.

Data extraction and quality assessment
Two reviewers (LYX and SQR) independently extracted
the following information from each included study:
first author, year of publication, study population char-
acteristics, study design, inclusion and exclusion crite-
ria, matching criteria, febuxostat or allopurinol or other
uric acid-lowering drugs, intervention period, treatment
duration, outcomes, and adverse effects. Any disagree-
ment on data extraction was resolved by the third inde-
pendent reviewer (TY). The authors of the studies were
contacted for additional information when necessary.
Risk of bias for each study was assessed by using modi-
fied Jadad [22-25] scale and the revised Cochrane risk of
bias, version 2 (RoB 2) tool [26]. This tool is comprised
of 5 domains addressing biases in the randomization
process, deviations from intended interventions, missing
outcome data, measurement of the outcome, and selec-
tion of the reported result. If a study with all domains
rated as 'low risk of bias; it is considered to be of high
quality. If one or more domains are rated as ’high risk of
bias, the overall validity of the study’s findings is ques-
tionable and is rated as high certainty of evidence. 'Some
concerns’ in multiple domains might cumulatively sug-
gest a moderate risk of bias in the study.

Statistical analysis

All statistical analyses were performed with STATA
14.0 (StataCorp, College Station, TX). The effect size
for each study was defined as the weighted mean dif-
ference between the treatment group and the control
group. If in the original papers results was available only
as graphs, the GetData Graph Digitizer (version 2.22,
http://www.getdata-graph-digitizer.com) was used to
transform them to numeric values. When necessary,
standard deviations (SD) were calculated according to
the Cochrane Handbook for Systemic Review and Foll-
mann D’s method [27]. We have categorized the studies
into two subgroups based on their follow-up durations:
short-term (3—6 months), and long-term (>6 months).
This approach allows us to minimize the potential impact
of varying follow-up times on the outcome measures and
enhances the comparability of results across studies. Sta-
tistical heterogeneity was assessed using the Chi-square
test and the I’statistic, with an I?value greater than 50%
or a p-value<0.05 indicating substantial heterogeneity.
An I’value between 25 and 50% is considered to repre-
sent moderate heterogeneity, while values exceeding 50%
denote substantial heterogeneity. We conducted demo-
graphic, clinical subgroups analysis in meta-analyses
based on characteristics like age, ethnicity, the baseline
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level of eGFR. Subgroup analyses were conducted to
explore sources of heterogeneity under a mixed effects
model, which pools studies within a subgroup using a
random effects model, but tests for significant differences
between subgroups using fixed effects models. The Man-
tel-Haenszel method will be utilized to determine the
effect size of binary outcomes, whereas the inverse vari-
ance method will be employed to determine the effect
size of continuous outcomes. Sensitivity analysis was
performed by eliminating studies one by one and recal-
culating the pooled effect and eliminating studies with
low-quality.What’s more, Egger’s test was performed to
assess publication bias. When the p-value of Egger’s test
is below 0.05, it suggests statistically significant evidence
of publication bias. Conversely, a p-value above 0.05 indi-
cates insufficient evidence for such bias.

Outcome and definition of terms in literature

The primary outcomes included the change in eGFR and
Scr from baseline until the end of the study; the second-
ary outcomes included AKI and doubling of Scr with-
out the requirement of dialysis. Doubling of Scr without
the requirement of dialysis is defined as a deterioration
of renal function, indicating an increase in Scr values
exceeding 100% from the baseline, without requiring
dialysis. [28]. The formulas for eGFR in the included lit-
erature are mainly the CKD-EPI formula (Chronic Kid-
ney Disease Epidemiology Collaboration) and the MDRD
(Modification of Diet in Renal Disease) Study Equation.

Results

Study selection and baseline characteristics

Figure 1 shows a flow chart for trial selection. Our ini-
tial search yielded 3400 studies; of these, 383 were dupli-
cates and 2947 were ineligible based on our screening
of titles and abstracts. Thus, we retrieved full texts of 70
studies. Of these, 17 were not RCT, 9 were data missing,
2 were non adult patients with CKD, 11 were unrelated
interventions or outcomes, 5 were unable to retrieve the
original text, 6 were using the same data and 8 were with-
out a non-exposed control group. In addition, 8 records
were identified from citation searching, in which 2 were
duplicates and 1 was without control group. Given sig-
nificant heterogeneity in SUA level, only trials with
SUA >7.0 mg/dl (420.0 umol/L) in men or SUA >6.0 mg/
dl (360.0 pmol/L) in women or at least mean baseline
SUA >6.0 mg/dl (360.0 umol/L) with no prior gout flares
were included in this meta-analysis. Doria (2020) [15]
and Momeni (2010) [24] were excluded for their baseline
SUA level. The inclusion criteria for Doria (2020) [15] is
SUA >267.75 pmol/L. The mean serum level of uric acid
was 5.9+1.2 mg/dL and 6.5+2.2 mg/dL respectively in
experimental and control groups in the population of the


http://www.getdata-graph-digitizer.com

Luo et al. BMC Nephrology (2024) 25:63 Page 4 of 15
[ Identification of studies via databases ] { Identification of studies via other methods ]
Records identified from :
D = 340
é pss:])::e(i (=n 1002) 0 Record_s rgmoved before ) ) .
§ Embase (n = 2060) R scresemrlzg 5 ’ Recoyds_ldentlﬁed from. B
£ Cochrane Library (n = 234) > (nui) g:saé? records remove Citation searching (n = 8)
3 CNKI (n = 104)
2]
g, l
= Records excluded after
§ ge:gg?%creened | screening of title and abstract
5 (n=2947)
(7]
Full-text articles excluded,
with reasons (n = 58):
Data missing (n=9)
Non RCT(n = 17) Reduplicative
Non adult patients with CKD v abstracts of
> (n=2) same studies(n
= ) Unrelated interventions or Reports d for o =2)
S Full-text articles acessed for > outcomes (n=11) eligibility(n = 8 ) > \without a non-
iTg.: Eligibility (n = 70) Unable to retrieve the original exposed
text (n = 5) control group(n
Articles using the same =1)
data(n = 6)
Without a non-exposed
control group (n=8)
v
< Articles included in review
£ (n=17):
= Via databases (n = 12)
§ Via citation searching (n = 5)

Fig. 1 Flow diagram of articles considered for inclusion. Annotation: abbreviation: CNKI, China National Knowledge Infrastructure

Momeni (2010) [19]. Meanwhile, Tanaka(2020) [25] was
excluded because the study population included patients
with prior gout. In the Golmohammadi (2017) study [29],
as the researchers provided renal function-related data
separately for CKD stage 3 and CKD stage 4, without
offering data for the overall population, we consider this
as two separate sub-studies: Golmohammadi-1(2017)
and Golmohammadi-2 (2017), both of which are collec-
tively included in the meta-analysis. Specific data from
Mukri (2018) [30], including the lower quartile (Q1)
and upper quartile (Q3) of eGFR, were unavailable. The
absence of this information made it impossible to con-
vert the reported "Mean (IQR)" (Interquartile Range)
into "mean (SD)" (standard deviation). Nevertheless, data
concerning acute kidney injury (AKI) from the Mukri
(2018) [30] remain available for extraction and utilization
in the meta-analysis.

In total, 17 eligible studies with 2032 participants
were included in the meta-analysis. Characteristics and
demographic data from each of the 17 studies included
in our review are listed in Table 1 [11-17, 28—37]. These
studies were published between 2006 and 2023 and
had sample sizes ranging from 40 to 441. There was

no statistically significant difference between the ULT
and control groups at baseline in most trails. In the 17
included studies, febuxostat dosage in the treatment
group ranged from 10 to 80 mg/day and allopurinol dos-
age ranged from 100 to 400 mg/day. The control group
in most trials was administered placebo or usual therapy
or no treatment. Effects of febuxostat or allopurinol was
assessed by measuring the changes in levels of SUA and
Scr and the changes of eGFR, incidence of doubling of
Scr without the requirement of dialysis and incidence of
acute kidney injury (AKI).

Risk of bias

The methodologic quality of the results was evaluated by
the Cochrane Collaboration risk-of-bias (ROB2) tool [26]
and modified Jadad [22-24] scale. Eight (47%) of 17 trials
were deemed of high quality, seven (42%) of 17 trials were
deemed of moderate quality, two of (12%) of 17 trials were
deemed of low quality (Supplementary Fig. 1). Six studies
had a modified Jadad scale ranged from 1 to 3 which were
considered as low quality, 11 trials had a Jadad scale ranged
from 4 to 7 which were considered as high quality (Table 1).
Four studies [11, 12, 26, 34] analyzed the intentionality of
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people who lost follow-up. Five randomized controlled trials
were double-blind [11, 12, 14, 15]. Two trials [30, 34] were
open label study. No crucial deviations from the intended
interventions were reported in one of the 17 trials.

The change of the levels of uric acid

The levels of SUA were not significantly different at
baseline between treatment and control groups in
these 17 studies [11-17, 28-37]. Compared with the
control group, ULT group lowered the level of serum
uric acid with a weighted mean difference (WMD) of
-160.54 pmol/L, 95% CI [-191.58, -129.51] (p<0.001)
with significant heterogeneity observed (I*=96.6%,
p<0.001) (Fig. 2). The result of the Egger’s test was sta-
tistically significant (p=0.022) (Table 2), suggesting a risk
of publication bias. However, the sensitivity analysis con-
ducted by excluding individual studies demonstrated a
relatively stable result (Supplementary Fig. 2).

Primary outcome: the change of eGFR

Ten RCTs [11-17, 29, 31, 34] involving 1521 partici-
pants reported the effects of ULT on the change in
eGFR before and after interventions with the aver-
age of 12.7 months follow-up period. Overall, com-
pared with the control group, ULT group preserved
the loss of estimated eGFR by 3.67 mL/min/1.73m?,
95% CI[1.67,5.67], p<0.001 with moderate hetero-
geneity observed (I>=48.2%, p=0.037). The studies
were'categorized into two subgroup based on their
follow-up durations: short-term (3-6 months) and
long-term (>6 months). ULT preserved the loss of
eGFR at short term (WMD, 5.74 mL/min/1.73m?, 95%
CI[2.09,9.39]) and long term (2.07 mL/min/1.73m?, 95%
CI[0.15,3.98]) (Fig. 3A), and the Egger’s test (p =0.499,
p=0.096) showed low publication biases (Table 2).

What’s more, we analysed the change of eGFR data
stratified by renal function (the baseline mean eGFR),
subgroup analyses showed a significant renal ben-
efit from ULT both in patients with the baseline mean
eGFR >45 mL/min/1.73m? (WMD 1.99 mL/min/1.73m?,
95% CI1[0.21, 3.78] (p < 0.001)) and patients with the base-
line mean eGFR<45 mL/min/1.73m? (WMD 2.00 mL/
min/1.73m? 95% CI [0.68,3.32] (p=0.003)). The overall
test for heterogeneity between two sub-groups was not
significant (p=0.376) (Fig. 3B).

We also performed a subgroup analysis by the base-
line mean age of the included trails, subgroup analyses
showed a significant benefit from ULT in patients with
younger than 60 years old(WMD 4.76 mL/min/1.73m?,
95% CI [2.60, 7.00] (p<0.001)), no significant hetero-
geneity was observed (I>=33.4%, p=0.178), but not
for patients more than or equal to 60 years old (WMD
1.08 mL/min/1.73m>% 95% CI [-0.54, 2.69] (p=0.192),
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no significant heterogeneity was observed (I>=44.5%,
p=0.165).The overall test for heterogeneity between two
sub-groups was significant (p =0.008) (Fig. 3C).

Finally, we had intended to perform subanalysis by
the countries of the included trails, however, there was
a significant renal benefit from ULT both in patients
from Asian countries (WMD 2.77 mL/min/1.73m?, 95%
CI[1.19, 4.34] (p=0.001)) and European and Ameri-
can countries (WMD 2.28 mL/min/1.73m? 95% CI
[0.29, 4.27] (p=0.025)). The overall test for heteroge-
neity between two sub-groups showed no significance
(p=0.709) (Fig. 3D).

Sensitivity analysis was conducted by excluding indi-
vidual studies demonstrated a relatively stable result
analysis (Supplementary Fig. 3). What’s more, when
analyzing only the RCTs of high quality (modified Jadad
scale>=4), 9 RCTs [11, 12, 14-17, 29, 31, 34] with high-
quality were included in the analysis. There was also
a significant renal benefit from ULT (WMD 3.53 mL/
min/1.73m? 95% CI [1.40, 5.65] (p<0.001) (Supplemen-
tary Fig. 4A). Meanwhile, when deleting low-quality liter-
ature (assessed by ROB 2 tool), 8 RCTs [11, 12, 1417, 29,
34] with high and moderate quality were included in the
analysis, there was also a significant renal benefit from
ULT (WMD 2.40 mL/min/1.73m? 95% CI [0.85, 3.96]
(»<0.001) (Supplementary Fig. 4B).

Primary outcome: the change of levels of Scr

Nine RCTs [13, 28, 29, 31-33, 35-37] evaluated the
change of levels of Scr (Fig. 4) in 728 CKD patients
with asymptomatic hyperuricemia with the average of
10.2 months follow-up period. Overall, compared with
the control group, ULT group reduced the increase
of Scr (WMD -46.13, 95% CI [-65.64,-26.62]pmol/L
(»p<0.001) with significant heterogeneity observed
(I’=84.6%, p<0.001). The study wascategorized into
two subgroup based on their follow-up duration: short-
term (3—-6 months) and long-term (>6 months). ULT
reduced the increment of Scr both at short-term (WMD
-44.48[-84.03,-4.92]pmol/L) and long-term (WMD
-46.13 [-65.64,-26.62]pumol/L) (Fig. 4A). The Egger’s test
(p=0.075, p=0.115) (Table 2), suggesting low risk of
publication biases.

We conducted a subgroup analysis according to
whether the baseline mean ages of participants more than
or equal 60 or younger than 60 years old and subgroup
analyses showed a significant benefit from ULT both in
patients younger than 60 years old (WMD -32.55[-40.38,-
24.73]umol/L) (p <0.001) and patients more than or equal
to 60 years old (WMD -87.71 [-158.21,-17.21]umol/L)
(p=0.015), the overall test for heterogeneity between two
sub-groups showed no significance (p=0.128) (Fig. 4B).
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Fig. 2 Forest plot for the effect of ULT versus controls on thethe change in the level of uric acid. Annotation: controls, placebo or no treatment;
ULT, uric acid-lowering therapy; the Golmohammadi (2017) [29] study were considered as two sub-studies: Golmohammadi-1(2017)
and Golmohammadi-2 (2017); data are pooled WMDs with 95% Cls. WMD, Weight Mean differences; Cl,confidence interval

Table 2 Results of change in uric acid and meta-analysis comparison of uric acid-lowering therapy (ULT) group and control group

Changeinuricacid No of studies ULT no®./ control no® WMD/RR pvalue Study heterogeneity
and renal outcome (95%Cl)
parameters Chi-square test df I pvalue Egger’s
testp
value
Changes in uric acid 1015/1017 -160.54(-191.58,- <0001™" 50539 17 966% <0001 0022"
129.51)
Changes in eGFR (Length of term)
Short term 162/164 5.74(2.09,9.39) 0002 75467 4 475% 0.106 0499
Long term 601/604 2.07(0.15,3.98) 0.034" 13205 5 234% 0259 0.096
Changes in Scr (Length of term)
Short term 229/235 -44.48(-84.03,-4.92) 0028 1.1e+03 6 877% <0001 0075
Long term 135/129 48.65(-77.30,-20.01) 00017 1.0e+03 2 851% <0001 0115
Doubling of Scr 178/177 0.32(0.21,0.49) <0.001™ 0% 0653 0077
without the require-
ment of dialysis
Events of AKI 274/268 0.97(0.45,2.12) 0.943 2 0% 0569 0638

Control, placebo or no treatment, ULT uric acid-lowering therapy; the studies were categorized into three segments based on their follow-up durations: short-term
(3-6 months), long-term (>6 months); the Golmohammadi (2017) [29] study were considered as two sub-studies: Golmohammadi-1(2017) and Golmohammadi-2
(2017); WMD Weight Mean differences; RR relative risk, C/ confidence interval, eGFR estimated glomerular filtration rate

" p<0.05,0.001<p™ <0.05, ***p <0.001; Scr Serum creatinine, AKI acute kidney injury

2 denotes the number of individuals undergoing uric acid-lowering treatment

b indicates the number of individuals in the control group
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Fig. 3 Forest plot for the effect of ULT versus controls on the change in eGFR. A Categorized based on follow-up durations, B Subgroup-analysis
according to renal function (the baseline mean eGFR). C Subgroup-analysis according to age. D Subgroup-analysis according to the countries

of the included trails. Annotation: controls, placebo or no treatment; ULT, uric acid-lowering therapy; the studies were categorized into three
segments based on their follow-up durations: short-term (3-6 months), long-term (>6 months); the Golmohammadi (2017) [29] study were
considered as two sub-studies: Golmohammadi-1(2017) and Golmohammadi-2 (2017); data are pooled WMDs with 95% Cls. WMD, Weight Mean

differences; Cl,confidence interval; eGFR, estimated glomerular filtration rate

Nine RCTs [13, 28, 29, 31-33, 35-37] evaluated the
change of levels of Scr are from Asian countries, so it
is impossible to conduct a subgroup analysis between
the European and American populations and the Asian
populations.

Sensitivity analysis conducted by excluding individual
studies one by one demonstrated a relatively stable result
analysis (Supplementary Fig. 5). When analyzing with the
high quality RCTs [29, 31, 36] (modified Jadad scale>=4),
there was also a significant renal benefit from ULT (WMD
-26.91 pmol/L, 95% CI [-51.87, -1.95] (p=0.001) (Supple-
mentary Fig. 6A). When deleting low-quality literature
(assessed by ROB 2 tool), there was also a significant renal
benefit from ULT (WMD -55.08 mL/min/1.73m?, 95% CI
[-83.65, -26.52] (p<0.001) (Supplementary Fig. 6B).

Doubling of serum creatinine(Scr) without the requirement
of dialysis

Five RCTs [28, 32, 33, 35, 37] were identified, providing data
on the events of doubling of Scr without the requirement of

dialysis for 355 patients. There were 22 (22 of 178, 12.4%)
and 69 (69 of 177, 39.0%) events of doubling of Scr with-
out the requirement of dialysis in the ULT and control
groups, respectively. ULT significantly decreased the inci-
dence of events of doubling of Scr without the requirement
of dialysis (relative risk (RR) 32.0%, 95% CI [0.21, 0.49],
p<0.001) and no significant heterogeneity was observed
(’=0%, p=0.653) (Supplementary Fig. 7). The Egger’s test
(p=0.077) suggesting a low risk of publication bias (Table 2).

AKl events

Three RCTs [13, 14, 30] were identified with AKI event
(Supplementary Fig. 8), including 12 AKI events (12 of
274, 4.4%) in ULT group and 12 (12 of 268, 4.5%) in con-
trol group, who developed to AKI. There was no signifi-
cant difference between the ULT and control groups (RR
97.0%, 95% CI [0.45, 2.12], p=0.943), no significant het-
erogeneity was observed (I>=0%, p=0.569). The Egger’s
test (p=0.638) suggesting a low risk of publication bias
(Table 2).
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Fig. 4 Forest plot for the effect of ULT versus controls on the change in Scr. Annotation: controls, placebo or no treatment; ULT, uric acid-lowering
therapy; the studies were categorized into three segments based on their follow-up durations: short-term (3-6 months), long-term (>6 months);
the Golmohammadi (2017) [29] study were considered as two sub-studies: Golmohammadi-1(2017) and Golmohammadi-2 (2017); data are pooled
WMDs with 95% Cls. WMD, Weight Mean differences; Cl,confidence interval; Scr, serum creatinine
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Discussion

Different countries have differing guidelines for ULT
in CKD patients with asymptomatic hyperuricemia
in Asian countries, including China and Japan, advo-
cate for ULT, while guidelines in the United States and
Europe do not recommend it [3—-8]. At the same time,
previous studies relating to ULT in CKD patients with
asymptomatic hyperuricemia have several limitations
as following: firstly, some studies included patients who
had prior or acute gouty arthritis. Secondly, the base-
line levels of SUA included in the study were controver-
sial and did not reach the criteria of hyperuricemia in
some studies [18].

Our study shows that ULT plays an important role in
delaying the progression of renal impairment in CKD
patients with asymptomatic hyperuricemia, with no sig-
nificant racial differences according to the subgroup anal-
ysis. Due to different guidelines in Asian and non-Asian,
further large population RCT studies with high-quality
are required to explore whether the benefits of ULT vary
among different races.

Furthermore, our study reveals a significant ben-
efit of ULT in both early-stage CKD patients
(eGFR>=45 mL/min/1.73 m? and late-stage CKD
patients (eGFR<45 mL/min/1.73 m?). Our study find-
ings are in line with the recommendations of the ACR
2020 guidelines for gout management [20]. According to
these guidelines, pharmacologic ULT is recommended
for patients with stages 2—-5 CKD or end-stage kidney
disease (ESKD), particularly those with a history of gout
attacks and ongoing hyperuricemia. Our results reinforce
these guidelines, demonstrating the efficacy and impor-
tance of ULT in these patient groups.

Moreover, the findings of our study indicate that CKD
patients with asymptomatic hyperuricemia can benefit
from ULT, particularly those younger than 60 years old.
This may be due to the fact that many elderly individu-
als often have multiple comorbidities, such as hyperten-
sion and diabetes. A community-based survey in Taiwan
by Hsu et al. [38] suggested a weaker correlation between
SUA and hypertension in older populations with a longer
duration of the disease, indicating uric acid’s potential
role in younger hypertensive individuals. We specu-
late that the presence of multiple underlying diseases in
elderly patients diminishes the impact of uric acid on
renal function. Currently, there is a lack of clinical trials
for ULT targeting young patients. Our findings will be
instrumental in designing future clinical trials. Further
RCT studies with longer follow-up periods are needed to
provide more reliable evidence confirming whether ULT
has renal protective effects in CKD patients with asymp-
tomatic hyperuricemia.
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Compared to previous literature reviews, this meta-
analysis included more recent studies, which focused
on CKD patients with SUA >7.0 mg/dl (420.0 pmol/L)
in men or SUA > 6.0 mg/dl (360.0 pmol/L) in women or
at least mean baseline SUA > 6.0 mg/dl (360.0 pmol/L)
with no prior gout flares. The methodological quality
of the included literature varied. Overall, the quality of
the included randomized controlled trials was relatively
high, with 47% being of high quality, 42% of medium
quality, and 12% of low quality (Supplementary Fig. 1).
Moreover, sensitivity analysis by excluding low-quality
studies, also proved the preserved loss of eGFR and
reduced the increase of Scr. Statistical heterogeneity
(assessed using the Chi-square test and the I? statistic)
showed moderate heterogeneity for primary outcomes.
To explore the underlying causes of heterogeneity, we
carried out subgroup analyses considering various fac-
tors such as age, duration of follow-up, baseline eGFR
levels, and racial demographics. Egger’s test results
showed no significant publication bias for primary out-
comes (Table 2).

A limitation of this study is that we lack some raw
data on the standard deviation of GFR and Scr changes
before and after ULT. Some data were calculated by the
method recommended by the Cochrane Handbook for
Systemic Review and Follmann D’s method [27]. Sec-
ondly, this study is based on the analysis of existing
clinical research data, and there is considerable hetero-
geneity between the various RCTs, such as differences
in baseline SUA levels, comorbidities, different medi-
cations, and so on. Thirdly, due to a lack of a unified
and clear definition for the starting level of uric acid
reduction and target control, it may potentially affect
the results of the study. What’s more, when using Egg-
er’s test to examine the relationship between ULT and
change in uric acid, there is a certain publication bias in
the included literature.

Conclusion

Our study suggests that uric acid-lowering therapy
(ULT) is beneficial in slowing CKD progression in
patients with asymptomatic hyperuricemia, both in
short-term and long-term follow-ups, and this is con-
sistent across different races and different levels of
baseline eGFR. Meanwhile, among patients aged less
than 60 years, the protective impact of ULT on renal
outcomes is notably enhanced. Nevertheless, it does
not show a significant difference in the incidence of
AKI. These findings underscore the importance of con-
sidering ULT in clinical strategies for CKD patients
with asymptomatic hyperuricemia.
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