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Introduction
Hyperuricemia, generally defined as serum urate 
(sUA) level above 6 mg/dl in the literature,1 has a 
prevalence of 21% in the United States.2 It is 
associated with a higher risk of hypertension, cor-
onary artery disease, and stroke.3 Hyperuricemia 
is implicated in the pathophysiology of kidney 
disease,4,5 making clinical investigations an active 
research interest.

Previous meta-analyses showed that hyperurice-
mia is a risk factor for the development of stage 3 
chronic kidney disease (CKD) and incident kid-
ney disease [CKD, end-stage kidney disease 
(ESKD), albuminuria, or elevated serum creati-
nine composite].6,7 To the best of the authors’ 
knowledge, no systematic review to date has 
assessed whether hyperuricemia is associated with 
early markers of kidney function decline, that is, 
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Abstract
Background: Contradictory evidence exists for association of hyperuricemia and kidney 
function. To investigate the association of hyperuricemia and kidney function decline 
(hyperuricemia question) and effect of urate-lowering therapies (ULTs) on kidney function 
(ULT question), we performed a systematic review and meta-analysis.
Methods: MEDLINE, Embase, Cochrane Central Register of Controlled Trials, and CINAHL were 
searched from inception to July 2020. We selected observational studies for the hyperuricemia 
question and controlled trials for the ULT question. Two investigators independently assessed 
study eligibility and abstracted the data. Risk of bias was assessed using the Newcastle–
Ottawa Scale and Cochrane risk of bias tool. Meta-analysis was done using the inverse 
variance method and random effect model. We estimated odds ratio (OR), hazard ratio (HR), 
risk ratio (RR), and the mean difference (MD). Evidence certainty was evaluated using the 
Grading of Recommendations Assessment, Development and Evaluation (GRADE) system.
Results: Of 12,037 studies screened, 131 studies with 3,414,226 patients were included. 
Hyperuricemia was associated with a significant risk of rapid estimated glomerula filtration 
rate (eGFR) decline ⩾3 ml/min per 1.73 m2 per year (OR 1.38, 95% CI 1.20–1.59; low certainty), 
albuminuria (OR/HR 1.94, 95% CI 1.34–2.79; very low certainty), chronic kidney disease (OR/HR 
2.13, 95% CI 1.74–2.61; very low certainty), and kidney failure (HR 1.53, 95% CI 1.18–1.99; very 
low certainty). Compared with control, ULT use for ⩾1 year was associated with significantly 
more improved eGFR (MD 1.81 ml/min per 1.73 m2, 95% CI 0.26–3.35; very low certainty), 
serum creatinine (MD −0.33 mg/dl, 95% CI −0.47 to −0.19; low certainty), and proteinuria (MD 
−5.44 mg/day, 95% CI −8.49 to −2.39; low certainty), but no difference in kidney failure.
Conclusion: Hyperuricemia is associated with worsening eGFR, albuminuria, chronic kidney 
disease, and kidney failure. ULT use for ⩾1 year may improve kidney function.
Registration: The protocol was registered at PROSPERO database, CRD42015013859.
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estimated glomerular filtration rate (eGFR) or 
albuminuria as a separate outcome. Most focused 
on a composite CKD outcome.

Systematic reviews examining the effect of urate-
lowering therapy (ULT) on kidney function pro-
vided contradictory results.8–18 Systematic reviews 
reported variable findings: improvement in eGFR  
report in some9,13–15,17,18 but not in others;8,11,12 
improvement in serum creatinine reported in 
some8,9,11,14,15,17,18 but not others;12,13 improve-
ment in proteinuria/albuminuria reported in one16 
but not in others;8,9,11,15,18 and reduction in kid-
ney failure risk reported in some14,16,18 but not in 
other systematic reviews.8,15 Two recently pub-
lished randomized controlled trials (RCTs) 
showed no significant preservation of kidney 
function with the use of ULT,19,20 which contra-
dicts findings from the previous RCTs. Therefore, 
an updated systematic review is needed to answer 
these important questions. Questions also exist as 
to whether kidney function preservation varies by 
the type of ULT or the duration of ULT use.10

The increasing prevalence of hyperuricemia in the 
general population,2,21 the contradictory nature of 
the available evidence, and the availability of new 
data19,20 were the key motivations for conducting 
this systematic review. A robust evidence base can 
help to develop evidence-based treatment guide-
lines, as pointed out in the 2016 European League 
Against Rheumatism treatment guidelines for 
gout.22 Therefore, our aim was to conduct a sys-
tematic review and meta-analysis to examine the 
effect of hyperuricemia on kidney function and 
the effect of ULT use on kidney function.

Methods

Data sources and searches
We performed this systematic review and meta-anal-
ysis according to the Cochrane Handbook for 
Intervention Reviews and the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
statement guidelines.23,24 An expert Cochrane librar-
ian (CMH) searched major electronic databases 
(PubMed, Embase, CINAHL, and Cochrane Central 
Register of Controlled Trials, via Cochrane Library) 
from inception to July 2020 (Supplemental mate-
rial Appendix 1 online). We also searched the bibli-
ography of identified reports and review articles for 
additional references. We considered all full pub-
lished reports as potentially eligible studies irrespec-
tive of the language, since the inclusion of abstracts 

can provide inconsistent results.25 We registered 
study protocol in the PROSPERO database (http://
www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42015013859).

Study selection
To assess the effect of hyperuricemia on kidney 
function, we included observational studies com-
paring kidney function between hyperuricemic and 
normouricemic patients, with or without underly-
ing kidney disease. Cohorts non-representative of 
the general population with infectious, autoim-
mune glomerulopathies, or polycystic kidney dis-
eases were excluded. We included studies with a 
sample size of at least 100 subjects,26,27 hyperurice-
mia defined as sUA >5.5 in men and >4.5 in 
women. Studies with no description of uric acid 
levels in the patient population and unknown fol-
low-up duration were excluded (Supplemental 
Appendix 2c). For assessing the effect of ULT on 
kidney function, we considered controlled trials 
evaluating the effect of ULT on kidney function in 
patients with or without underlying kidney disease, 
comparing ULT with control (placebo, no treat-
ment, or usual care) or another ULT.

Two investigators (GS and AD) independently 
screened all titles/abstracts and full texts to iden-
tify relevant articles. Any disagreement was 
resolved by consensus between abstractors and by 
consulting the senior author (JAS).

Data extraction and quality assessment
Three authors (GS, AD, NN) independently 
abstracted data using Microsoft Excel© 
(Redmond, WA, USA) and assessed risk of bias 
and certainty of evidence. Non-English studies 
were translated before data abstraction. When 
necessary, we contacted the authors for additional 
information. We abstracted data on study charac-
teristics and estimates of effects (unadjusted, age/
gender and multivariable-adjusted risk ratio, odds 
ratio, and hazard ratios) for observational studies 
and study outcomes, including mean and stand-
ard deviation for outcomes at pre-specified time 
points for all studies, using a structured, pre-
piloted, data abstraction form (Supplemental 
Appendix 2). We used the Newcastle–Ottawa 
scale28 and the Cochrane risk of bias tool29 to 
assess the quality of observational studies and 
randomized trials, respectively (Supplemental 
Appendix 3). We rated certainty (or quality or 
strength) of evidence as high, moderate, low, or 
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very low as per the GRADE method by using the 
GRADE handbook and GRADEpro Guideline 
Development Tool© (McMaster University).

Data synthesis and analysis
The primary outcomes for examining the effect of 
hyperuricemia on kidney function (the hyper-
uricemia question) were new-onset stage 3 CKD 
(eGFR <60 ml/min per 1.73 m2 and albuminuria), 
composite renal failure (eGFR to <15 ml/min per 
1.73 m2, renal replacement therapy, eGFR decline 
>50% or doubling of serum creatinine), new-
onset  albuminuria (>30 mg/day or albumin–cre-
atinine ratio >30 mg/g creatinine), or rapid decline 
of eGFR (⩾3 ml/min per 1.73 m2/year) (see 
Supplemental Appendix 4 for definitions). For the 
ULT question, primary outcomes were the change 
in eGFR/creatinine clearance, the change in serum 
creatinine levels, kidney failure events (%people 
with reduction of eGFR to <15 ml/min per 
1.73 m2 or decline in eGFR > 50% or doubling of 
serum creatinine or requiring dialysis), and the 
change in proteinuria/albuminuria [urine albu-
min–creatinine ratio (mg/g)]. Albumin–creatinine 
ratio (mg/g) was converted into 24 h urine albu-
min (mg/day) with a conversion factor of 1.30 We 
combined albuminuria with proteinuria in our 
main analysis for ULT question.31,32 Secondary 
outcomes for the ULT question were serum uric 
acid, serum cystatin C, serum fibrinogen, blood 
pressure, adverse events, and death events.

We used the inverse variance method, random 
effect as the main model. Effect estimate meas-
ures calculated pooled estimated odds ratio (OR), 
hazard ratio (HR), risk ratio (RR), or mean differ-
ence (MD). We calculated the 95% confidence 
interval (CI) and produced forest plots using the 
RevMan 5.3 software.33 Heterogeneity was 
assessed by I2 and Cochrane Q test for each 
pooled analysis.34 We used the IBM SPSS 
Statistics for Windows, Version 25.0 (IBM Corp., 
Armonk, NY, USA) for Egger’s regression test. 
Summary of findings graphs were created using 
GraphPad Prism version 8.0.1 for Windows, 
GraphPad Software, San Diego, California, USA, 
www.graphpad.com.

We separately analyzed studies of hyperuricemia 
that provided unadjusted versus adjusted estimates. 
We also analyzed cross-sectional studies and longi-
tudinal studies separately, since the confidence in 
findings and the interpretation of evidence is likely 
different by the study type. We pooled OR, HRs, 

and RRs, but also examined studies separately for 
each analysis as applicable.35 Follow-up duration-
adjusted effect estimates were estimated by strati-
fied analysis. Since the study duration differed 
between studies, based on the available data, we 
developed duration-adjusted estimates of overall 
effects for each outcome. To ensure robustness of 
inferences with respect to analysis, we developed 
stratified estimates to control for the variation in 
durations. Each stratum was constructed using 
studies of similar durations. We constructed four 
strata of study duration with 0–4, 4–8, 8–12, and 
>12 years. The cut points were selected so that 
each stratum has at least three studies and to have 
the maximum number of studies with close dura-
tion times, based on the distribution of study dura-
tion. To estimate the stratified duration adjusted 
OR, we used two methods: method 1 constructs 
the overall stratified estimate by combining the 
stratum estimates of ORs proportional to the size of 
each stratum. The second method is the common 
method of estimating log of ORs within each stra-
tum and then exponentiating the combined esti-
mated log ORs (combined proportional to sizes). 
The within strata estimates were weighted mean of 
ORs (method 1) and weighted mean of log ORs 
(method 2), where the weight of the reported OR 
of each study was the study precision, which is the 
inverse of the study reported variance (standard 
error-squared) of the estimated ORs or log ORs. 
Note that the standard error of the combined esti-
mate in the common method (method 2) uses an 
approximation formula, method 1 provided a con-
firmatory alternative set of estimates. Note that 
within strata estimates are based on studies of simi-
lar durations. We considered, but after discussion 
decided against, performing a simple per year anal-
ysis using regression, which assumes a linear time 
effect on the effect, and would incorrectly penalize 
studies with longer durations.

For the ULT question, separate analyses based 
on duration and type of ULT were conducted. 
For all outcomes, except adverse events, mean 
differences were pooled together. For some out-
comes, changes from baseline scores were pooled 
with mean differences, as recommended.36 For 
adverse events, we pooled the number of events 
from each study to obtain RRs.

Results
Of the 12,037 studies screened, we reviewed full 
texts for 570 potentially eligible studies and 
included 131 studies in this systematic review 
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(Figure 1). Of these, 93 studies, with 3,408,787 
patients, qualified for the hyperuricemia question 
and 38 studies, with 5439 patients, qualified for 
the ULT question. All studies except four studies 
of plasma/blood urate levels37–40 assessed sUA 
levels; 11 studies did not specify plasma versus 
serum.41–51 All studies were in the English lan-
guage except four studies in Chinese,39,52–54 which 
were translated and abstracted.

Hyperuricemia and the risk of kidney disease
For the hyperuricemia question, study follow-up 
duration varied from 6 months to 31 years. The 
sUA cut-off threshold for hyperuricemia ranged 
from 5.61 to 8.50 mg/dl in men and 4.60–7.81 mg/
dl in women among studies (Supplemental 
Appendix 2).

Fifty-nine studies assessed new-onset stage 3 or 
more CKD; others examined kidney failure 
(n = 24), albuminuria (n = 21), rapid decline of 

eGFR/year (n = 17), serum creatinine (n = 5), or 
decline in creatinine clearance (n = 1; detailed 
definitions in Supplemental Appendix 4). Cross-
sectional studies were analyzed separately from 
the longitudinal studies.

In the main analysis of the longitudinal studies 
(n = 68 studies; n = 3,181,286 people), compared 
with the lowest respective category, the risk esti-
mates for the highest sUA tertile/quartile/quintile 
were as follows: rapid eGFR decline (⩾3 ml/min 
per 1.73 m2 per year), OR 1.38 (95% CI 1.20–
1.59, p < 0.00001; low certainty evidence, I2 of 
0%); albuminuria, OR/HR 1.94 (95% CI 1.34–
2.79, p = 0.0004; very low certainty evidence, sub-
stantial heterogeneity, I2 of 81%); new-onset of 
CKD stage 3, OR/HR 2.13 (95% CI 1.74–2.61, 
p < 0.00001; very low certainty evidence, substan-
tial heterogeneity, I2 of 80%); and kidney failure, 
HR 1.53 (95% CI 1.18–1.99, p = 0.001; very low 
certainty evidence, substantial heterogeneity, I2 of 
79%) [Figure 2(a) to (d); Table 1]. Compared 
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Additional records identified through 
other sources  

(N=38) 

Number of records screened (N=11,596) 

Number of records excluded  
(N=11,026) 

Total number of articles assessed for eligibility 
(N=570) 

Articles excluded, with reasons (N=438) 
- Abstracts (n=98), 
- Not meeting inclusion criteria (n=135) 
- Data not relevant (n=48), 
- High risk of bias (n=1), 
- Study with similar population for similar 
outcomes (n=2) 
- Duplicate reference (n=64) 
- No outcomes of interest (n=45) 
- Unable to obtain after library request (n=3) 
- Review/letter (n=16) 
- Post hoc analysis (n=1) 
- Protocols (n=8) 
- Basic science (n=5) 
- More than 2 reason (n=12)

Total number of studies included in qualitative 
synthesis  

N=131 studies (132 articles)*  

Number of studies included in quantitative 
synthesis (meta-analysis) N=131 studies [Q1=93 

and Q2=38] 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart for study selection.
*Two reports from one study: Sezai 2013 and Sezai 2015.
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with normouricemia, hyperuricemia was associ-
ated with increased risk of development of new-
onset albuminuria (low certainty evidence), CKD 
stage 3 (very low certainty evidence), and kidney 
failure (low certainty evidence) [Figure 2(e), Table 
1; Supplemental Appendix 5a].

Every 1 mg/dl increase of sUA was associated 
with an increased risk of the following outcomes: 
new-onset albuminuria, OR/HR 1.30 (95%  
CI 1.10–1.53, p = 0.002; very low certainty evi-
dence, substantial heterogeneity, I2 of 63%); 
rapid eGFR decline per year, OR 1.22 (95% CI 
1.14–1.30, p < 0.00001; very low certainty evi-
dence, moderate heterogeneity, I2 of 36%); CKD 
stage 3, OR/HR 1.15 (95% CI 1.09–1.22, 
p < 0.00001; very low certainty evidence, sub-
stantial heterogeneity, I2 of 68%); and kidney fail-
ure, HR 1.07 (95% CI 1.01–1.12, p = 0.01; very 
low certainty evidence, substantial heterogeneity, 
I2 of 81%) (Supplemental Appendix 5b–e). Two 
retrospective studies found association of gout 
with new onset stage 3 CKD, HR 2.15 (95% CI 
1.49–3.10, I2 of 100%).

After adjusting the analyses for follow-up dura-
tion, we noted minimal to no differences from 
original estimates (Table 1) and no change in 
interpretation of the results, further supporting 
the robustness of these analyses. The results of 
these sensitivity analyses are shown in Table 2.

Stratified analyses by effect estimate (OR versus 
HR) (data available on request) did not show a 
significant difference from combined main analy-
ses of pooled effect estimates (as above). Analyses 
of the cross-sectional data (n = 25 studies, 
n = 185,314 persons) (Supplemental Appendix 6) 
were significant for the association of hyperurice-
mia and CKD/albuminuria. The GRADE pro-
files including the certainty of evidence are 
described in Supplemental Appendix 7.

Effect of use of ULT on kidney disease
The combined main analysis for this question 
was based on 38 studies (n = 5439). The mean 
follow-up duration was 11.6 months. The sUA 
threshold for the definition of hyperuricemia 
being treated with ULT ranged from 7 mg/dl to 
8 mg/dl. The intervention and the comparators 
are described in Table 3. Studies compared ULT 
with controls, where control arm included pla-
cebo, no active treatment, or usual care. 
Compared to control, ULT use for ⩾1 year was 

associated with significantly more improvement 
in three renal function estimands, including the 
eGFR (MD 1.81 ml/min per 1.73 m2, 95% CI 
0.26–3.35, p = 0.02; very low certainty evidence, 
substantial heterogeneity, I2 of 68%) [Figure 
3(a)], serum creatinine (MD −0.33 mg/dl, 95% 
CI −0.47 to −0.19, p < 0.00001; low certainty 
evidence, considerable heterogeneity, I2 of 92%) 
[Figure 3(b)], and proteinuria/albuminuria (MD 
−5.44 mg/day, 95% CI −8.49 to −2.39, 
p = 0.0005; low certainty evidence, I2 of 0%) 
[Figure 3(c)]. We found no significant reduction 
in the risk of kidney failure events (RR 0.61, 95% 
CI 0.34–1.12, p = 0.11; very low certainty evi-
dence, substantial heterogeneity, I2 of 61%) 
[Figure 3(d)]. We found no significant difference 
in eGFR, serum creatinine, proteinuria/albumi-
nuria, and kidney failure for ULT use <1 year 
versus control [Figure 3(a) to (d)].

By type of ULT. The improvement in serum creati-
nine and proteinuria/albuminuria were significant 
for ⩾1 year of treatment with allopurinol. We 
found no evidence of significantly greater improve-
ment in eGFR and a lower rate of kidney failure 
events with allopurinol ⩾1 year (Table 3). Signifi-
cant greater improvement in eGFR and serum 
creatinine was noted with febuxostat use for 
⩾1 year (albuminuria and kidney failure data were 
not available from any study). No significant 
greater improvement in serum creatinine was 
found for <1 year of allopurinol or febuxostat use 
as compared with control, except for the improve-
ments in eGFR with allopurinol (MD 2.68 ml/min 
per 1.73 m2, 95% CI 0.17–5.20), and proteinuria/
albuminuria with febuxostat (MD −430 mg/day, 
95% CI −760 to −100) (Table 3). Most of the evi-
dence was of low or very low certainty, except 
moderate low certainty evidence for febuxostat 
use for ⩾1 year versus control.

Head-to-head comparison of allopurinol and 
febuxostat use for ⩾1 year in one study (61 
patients) showed no significant difference in eGFR 
(MD −0.20 ml/min/ per 1.72 m2, 95% CI −6.92 to 
6.52) or albuminuria (MD 65.40 mg/day, 95% CI 
−12.15 to 143) (Supplemental Appendix 8). 
Similarly, no difference in eGFR at 6 months was 
found in head-to-head comparison between febux-
ostat and topiroxostat (Table 3). Most of the evi-
dence was low or very low certainty evidence.

Secondary outcomes. Compared with control, 
ULT use was associated with improved sUA,  
cystatin C, and fibrinogen levels (Supplemental 
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Figure 2. (Continued)
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Figure 2. (Continued)
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Figure 2. Hyperuricemia and multivariable-adjusted and unadjusted risk of chronic kidney disease, end stage 
kidney disease, albuminuria and estimated glomerular filtration rate decline in longitudinal analysis. (a) OR 
of rapid eGFR decline (⩾3 ml/min/per 1.73 m2/year) for highest versus lowest serum uric acid quintile. (b) 
Combined HR/OR of albuminuria for highest serum uric acid tertile versus lowest tertile. (c) Combined OR/
HR of CKD for comparison of highest serum uric acid quartile versus lowest quartile. (d) HR of kidney failure 
for highest serum uric acid tertile versus lowest tertile. (e) Combined HR/OR of CKD for hyperuricemia versus 
normouricemia. (f) Combined HR/OR of rapid eGFR decline (⩾3 ml/min/per 1.73 m2/year) for every 1 mg/dl 
increase in serum urate.
CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; IV, inverse 
variance; OR, odds ratio; sUA, serum urate

Appendix 9). Improvement in systolic blood pres-
sure was significant in ULT group compared with 
control, whereas no significant improvement in 
diastolic blood pressure was found regardless of 
duration. Total adverse events were not different 

between ULT and the control group. The result of 
detailed analyses are further summarized in Sup-
plemental Appendix 9. The GRADE profiles or 
the quality of evidence is described in Supplemen-
tal Appendix 10.
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Summary of findings
A summary of all findings is shown in Figure 4 
and Supplemental Appendix 7.

Publication bias
We assessed publication bias with funnel plots 
(Supplemental Appendix 11). Analyses by sUA 
quartiles for the development of CKD and ULT 
versus control for serum creatinine showed funnel 
plot asymmetry, indicating a publication bias. 
Confirmation with Egger’s regression test, publi-
cation bias was present in studies comparing sUA 
quartiles for the development of CKD (p = 0.002) 
and studies comparing ULT versus control  
for the change in serum creatinine (p = 0.043; 
Supplemental Appendix 11b).

Discussion
Based on several systematic reviews and recent 
Mendelian randomization studies,55,56 most clini-
cians interpret that there is a non-causal relation-
ship between hyperuricemia and kidney function 

(hyperuricemia question). However, whether 
ULT use leads to improved kidney function is not 
known (ULT question). An interesting literature 
review with meta-analysis of randomized trials 
based on assumption that ULT provides different 
benefits based on the rapidity of progression of 
underlying kidney disease found that there was a 
significant improvement of eGFR/creatinine 
clearance with ULT use in patients with rapidly 
declining kidney function.57 Although results 
from that analysis and analysis from correspond-
ence to that systematic review are insightful,58 
there are a few limitations to the interpretation of 
data from the correspondence, namely, the 
absence of a published protocol and the non-sys-
tematic nature of the review described in the cor-
respondence. Therefore, while interesting points 
were raised, further systematic research, such as 
our study, is needed to address these issues. In 
our review, based on low to very low certainty evi-
dence, we found that hyperuricemia was associ-
ated with an increased risk of kidney outcomes 
including rapid eGFR decline, albuminuria, stage 
3 CKD, and kidney failure. We also found that 

Table 1. Association of hyperuricemia with kidney outcomes (the hyperuricemia question).

Comparisons New onset stage 3 or 
more CKD

New onset albuminuria Kidney failure New onset rapid decline 
of eGFR (⩾3 ml/min per 
1.73 m2 per year)

Highest versus 
lowest sUA tertile/
quartile/quintile

sUA quartiles: OR/HR 
2.13, 95% CI 1.74–2.61, 
p < 0.00001, I2 of 80%*§; 
very low certainty evidence 
(n = 20)

sUA tertiles: OR/HR 
1.94, 95% CI 1.34–2.79, 
p = 0.0004, I2 of 81%; 
multivariable adjusted¶; 
very low certainty 
evidence (n = 8)

sUA tertiles: HR 
1.53, 95% CI 1.18–
1.99, p = 0.001, I2 of 
79%; multivariable 
adjusted§; very low 
certainty evidence 
(n = 9)

sUA quintiles: OR 1.38, 
95% CI 1.20– 1.59, 
p < 0.00001, I2 of 0%; 
multivariable adjusted§; 
low certainty evidence 
(n = 4)

Hyperuricemia 
versus 
normouricemia

OR/HR 1.78, 95% CI 1.50– 
2.13, p < 0.00001, I2 of 38%; 
multivariable adjusted†¶; 
very low certainty evidence 
(n = 6)

OR 3.05, 95% CI 1.06–
8.77, p = 0.04, I2 of 83%; 
multivariable adjusted¶; 
low certainty evidence 
(n = 2)

HR 2.08, 95% CI 
1.23–3.51, p = 006, I2 
of 91%; multivariable 
adjusted§; low certainty 
evidence (n = 6)

No data

Every 1 mg/dl 
increase of sUA

OR/HR 1.15, 95% CI 1.09–
1.22, p < 0.00001, I2 of 68%; 
multivariable adjusted§; 
very low certainty evidence 
(n = 11)

OR/HR 1.30, 95% CI 
1.10–1.53, p = 0.002, I2 of 
63%‡§; very low certainty 
evidence (n = 5)

HR 1.07, 95% CI 
1.01–1.12, p = 0.01, I2 
of 81%; multivariable 
adjusted§; very low 
certainty evidence 
(n = 10)

OR 1.22, 95% CI 1.14–
1.30, p < 0.00001, I2 
of 36%; multivariable 
adjusted§; very low 
certainty evidence (n = 5)

*Separate analyses for OR and HR were significant for CKD stage 3 or higher.
†Corresponding separate analyses for OR and HR were significant for CKD.
‡Separate analyses of OR and HR, which were significant for albuminuria.
§Regardless of baseline kidney function.
¶Normal baseline kidney function.
CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; OR, odds ratio; sUA, serum urate.
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Table 2. Adjusted effect estimates of the association of hyperuricemia with kidney outcomes based on follow-up duration of studies 
for the hyperuricemia question.

Comparisons Outcomes Original non stratified 
estimates*

Method 1: weighted stratified 
estimates of the original OR/HR†§

Method 2: exponentiating the 
weighted stratified estimates 
of the log OR/HR‡§

Highest versus 
lowest sUA tertile/
quartile/quintile

New onset stage 3 
or more CKD

OR/HR 2.13, 95% CI 1.74–2.61 OR/HR 1.92, 95% CI 1.83–2.00 OR/HR 2.70, 95% CI 2.60–2.81

New-
onset albuminuria

OR/HR 1.94, 95% CI 1.34–2.79 OR/HR 1.69, 95% CI 1.53–1.85 OR/HR 2.38, 95% CI 2.18–2.61

Kidney failure HR 1.53, 95% CI 1.18–1.99 HR 1.39, 95% CI 1.27–1.51 HR 1.57, 95% CI 1.44–1.71

New-onset rapid 
decline of eGFR 
(⩾3 ml/min per 
1.73 m2 per year)

OR1.38, 95% CI 1.20–1.59 OR 1.38, 95% CI 1.23–1.52 OR 1.38, 95% CI 1.24–1.53

Hyperuricemia 
versus 
normouricemia

New-onset stage 3 
or more CKD

OR/HR 1.78, 95% CI 1.50–2.13 OR/HR 1.99, 95% CI 1.80–2.17 OR/HR 1.97, 95% CI 1.81–2.15

New 
onset albuminuria

OR 3.05, 95% CI 1.06–8.77 OR 3.54, 95% CI 3.10–3.98 OR 3.08, 95% CI 2.59–3.67

Kidney failure HR 2.08, 95% CI 1.23–3.51 HR 3.47 95% CI 3.19–3.75 HR 2.51, 95% CI 2.24–2.80

Every 1 mg/dl 
increase in sUA

New-onset stage 3 
or more CKD

HR/OR 1.15, 95% CI 1.09–1.22 OR/HR 1.15, 95% CI 1.11–1.18 OR/HR 1.16, 95% CI 1.12–1.19

New 
onset albuminuria

HR/OR 1.30, 95% CI, 1.10–1.53 HR/OR 1.21, 95% CI 1.08–1.33 HR/OR 1.24, 95% CI 1.11–1.38

Kidney failure HR 1.07, 95% CI 1.01–1.12 HR 1.05, 95% CI 1.02–1.07 HR 1.06, 95% CI 1.03–1.08

New-onset rapid 
decline of eGFR 
(⩾3 ml/min/1.73 m2 
per year)

OR 1.22, 95% CI 1.14–1.30 OR 1.22, 95% CI 1.16–1.27 OR 1.22, 95% CI 1.17–1.27

*Effect estimates obtained after combining individual study estimates using random effect (generic inverse variance) method of meta-analysis.
†Obtained after combining the stratum estimates of odds ratios proportional to the size of each stratum.
‡Obtained after calculating log of odds ratios within each stratum and then exponentiating the combined estimated log odds ratios (combined 
proportional to sizes).
§Each stratum is based on follow-up duration of included studies in original non-stratified estimates (0–4, 4–8, 8–12, >12 years).
CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; OR, odds ratio; sUA, serum urate.

ULT use for ⩾1 year was associated with signifi-
cantly more improvement in serum creatinine 
and proteinuria/albuminuria based on low cer-
tainty evidence and eGFR based on very low cer-
tainty evidence. The kidney function benefit was 
evident with both febuxostat and allopurinol use 
for ⩾1 year.

Key limitations from previous studies were the use of 
composite outcome and the lack of assessment of 
early markers of kidney dysfunction, which our study 
overcomes. Our systematic review and meta-analysis 
included 131 studies addressing two key clinical 
questions. Among the two published meta-analyses 

assessing the hyperuricemia question, Li et al.7 ana-
lyzed 21 cohort studies and reported an association 
between hyperuricemia and incident kidney disease 
(composite outcome defined as ESKD, CKD, albu-
minuria or elevated serum creatinine; RR 1.49, 95% 
CI, 1.27–1.75) and Li et  al.6 included 13 cohort 
studies reporting OR/HR of 2.59 (95% CI, 2.14–
3.13) for new-onset stage 3 CKD with hyperurice-
mia. An outdated database search upto September 
2013, the use of composite outcomes, 

and language restriction to English and Chinese 
were important limitations of previous systematic 
reviews.6,7 To address these shortcomings, we 
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Table 3. Association of the ULT use with the kidney function (the ULT question).

Comparisons¶ Change in eGFR Change in serum creatinine Change in proteinuria or 
albuminuria

Kidney failure (patient 
numbers)

ULT versus control 
(⩾1 year of follow-up)

MD 1.81 ml/min per 1.73 m2, 95% 
CI 0.26–3.35, p = 0.02, I2 = 68%*; 
very low certainty evidence (n = 8)

MD −0.33 mg/dl, 95% CI −0.47 
to −0.19, p < 0.00001, I2 of 
92%*; low certainty evidence 
(n = 11)

MD −5.44 mg/day, 95% CI 
−8.49 to −2.39, p = 0.0005, 
I2 of 0%*; low certainty 
evidence (n = 6)

RR 0.61, 95% CI 0.34–1.12, 
p = 0.11, I2 of 61%‡; very low 
certainty evidence (n = 8)

ULT versus control 
(<1 year of follow-up)

MD 1.43 ml/min per 1.73 m2, 
95% CI −0.67 to 3.53, p = 0.18, 
I2 of 86%*; very low certainty 
evidence (n = 16)

MD −0.01 mg/dl, 95% CI −0.07 
to 0.04, p = 0.63, I2 of 34%*; 
low certainty evidence (n = 7)

MD −201.12 mg/day, 95% CI 
−418.98 to 16.73, p = 0.07, 
I2 of 24%‡; low certainty 
evidence (n = 6)

RR 1.60, 95% CI 0.48– 5.30, 
p = 0.44, I2 not applicable‡; low 
certainty evidence (n = 1)

Allopurinol 100–
300 mg/day versus 
control (⩾1 year)

MD 2.10 ml/min per 1.73 m2, 
95% CI −0.47 to 4.67, p = 0.11, 
I2 of 52%*; very low certainty 
evidence (n = 6)

MD −0.61 mg/dl, 95% CI −0.91 
to −0.32, p < 0.0001, I2 = 94%*; 
low certainty evidence (n = 9)

MD −5.44 mg/day, 95% CI 
−8.49 to −2.39, p = 0.0005, 
I2 of 0%*; low certainty 
evidence (n = 6)

RR 0.61, 95% CI 0.34–1.12, 
p = 0.11, I2 of 61‡; low certainty 
evidence (n = 8)

Allopurinol 100–
300 mg/day versus 
control (<1 year)

MD 2.68 ml/min per 1.73 m2, 
95% CI 0.17 to 5.20, p = 0.04, 
I2 of 58%*; very low certainty 
evidence (n = 9)

MD −0.06 mg/dl, 95% CI −0.25 
to 0.13, p = 0.52, I2 0%*; low 
certainty evidence (n = 2)

MD −113.32 mg/day, 95% CI 
−331.34 to 104.38, p = 0.31, 
I2 of 2%‡; low certainty 
evidence (n = 5)

No data

Febuxostat 10–60 mg/
day versus control 
(⩾1 year)

MD 2.32 ml/min per 1.73 m2, 
95% CI 1.75 to 2.89, p < 0.00001, 
I2  = 0%‡; moderate certainty 
evidence (n = 2)

MD −0.09 mg/dl, 95% CI −0.14 
to −0.04, p = 0.0005, I2 = 17%‡; 
moderate certainty evidence 
(n = 2)

No data No data

Febuxostat 10–60 mg/
day versus control 
(<1 year)

MD 0.40 ml/min per 1.73 m2, 95% 
CI −2.18 to 2.97, p = 0.50, I2 of 17 
%*; low certainty evidence (n = 5)

MD 0.01 mg/dl, 95% CI −0.06 
to 0.09, p = 0.82, I2 of 0%*; low 
certainty evidence (n = 3)

MD −430.00 mg/day, 95% CI 
−759.97 to −100.03, I2 not 
applicable, p = 0.01‡; low 
certainty evidence (n = 1)

RR 1.60, 95% CI 0.48 to 5.30, 
p = 0.44, I2 not applicable‡; low 
certainty evidence (n = 1)

Allopurinol versus 
febuxostat (⩾1 year)

MD −0.20 ml/min per 1.73 m2, 
95% CI −6.92 to 6.52, p = 0.95, I2 
not applicable‡; low certainty 
evidence (n = 1)

No data MD 65.40 mg/day, 95% CI 
−12.15 to 142.95, p = 0.10, 
I2 not applicable‡; low 
certainty evidence (n = 1)

RR 1.26, 95% CI 0.98–1.63, 
p = 0.07, n = 1, low certainty 
evidence

Allopurinol versus 
febuxostat (<1 year)

MD −0.89 ml/min per 1.73 m2, 
95% CI −3.83 to 2.05, p = 0.55, I2 
not applicable*; low certainty 
evidence (n = 1)

MD 0.12 mg/dl, 95% CI 
0.00–0.24, p = 0.04, I2 not 
applicable; low certainty 
evidence (n = 1)

MD 100.70 mg/day, 95% 
CI 37.66–163.74, p = 0.002, 
I2 not applicable‡; low 
certainty evidence (n = 1)

No data

Febuxostat 10 mg/day 
versus topiroxostat 
40 mg/day (<1 year)

MD 0.60 ml/min per 1.73 m2, 95 
% CI −4.58 to 5.78, p = 0.82, I2 not 
applicable, very low certainty of 
evidence (n = 1)

No data No data No data

Topiroxostat (up to 
160 mg/day) versus 
control (<1 year)

MD −1.42 ml/min per 1.73 m2, 
95% CI −6.22 to 3.38, p = 0.56, 
I2 = 96%‡; low certainty evidence 
(n = 2)

No data No data No data

Benzbromarone 50 mg/
day versus control 
(<1 year)

No data MD 0.00 mg/dl, 95% CI 
−0.01 to 0.01, p = 0.73, I2 not 
applicable†; low certainty 
evidence (n = 1)

MD −4.20 mg/l, 95% CI −4.50 
to −3.90, p < 0.00001, I2 not 
applicable†; low certainty 
evidence (n = 1)§

No data

Rasburicase 4.5 mg 
single dose versus 
control (<1 year)

No data MD −0.63 mg/dl, 95% CI 
−1.11 to −0.15, p = 0.01, I2 
not applicable; low certainty 
evidence (n = 1)

No data No data

*Regardless of baseline kidney function.
†Normal baseline kidney function.
‡Abnormal kidney function.
§Benzbromarone albuminuria data units in mg/l, could not be included in all ULT combined versus control (<1 year) proteinuria/albuminuria 
analysis.
¶The control group consisted of placebo (n=20), usual care (n=9), no active treatment (n=3), or a direct comparison of two ULTs (n=6).
CI, confidence interval; MD, mean difference; RR, risk ratio; ULT, urate-lowering therapy.
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Figure 3. (Continued)
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Figure 3. The use of urate-lowering therapies (ULTs) and their association with kidney function (eGFR, serum 
creatinine, proteinuria/albuminuria and kidney failure events). (a) ULT versus control: eGFR. (b) ULT versus 
control: serum creatinine. (c) ULT versus control: 24 h proteinuria or albuminuria. (d) ULT versus control: 
kidney failure events (number of patients having doubling of serum creatinine or eGFR decline by ⩾50% or 
ESKD defined as eGFR ⩽ 15 m/min per 1.73 m2 or requiring dialysis). (e) ULT versus control: eGFR (⩾1 year): 
subgroup analysis by each urate-lowering drug. (f) ULT versus control: serum creatinine (⩾1 year): subgroup 
analysis by each urate-lowering drug.
CI, confidence interval; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; IV, inverse variance; 
ULT, urate-lowering therapy.

updated the search to 2020 with data from 90 
additional studies, did not restrict to English or 
Chinese language, analyzed kidney outcomes 
separately rather than a composite outcome, and 
included clinical trials of ULT to examine whether 
lowering of sUA with ULT can improve kidney 
function.

For the ULT question, 12 previous meta-analy-
ses of clinical trials evaluated the effect of ULT 

use on kidney function.8,9,11–15,17,18,59 Results from 
these meta-analyses, comparing ULT versus con-
trol (placebo, no treatment, or usual care), were 
contradictory, showing improvement in kidney 
function versus an absence of an effect.8–18 No 
previous meta-analyses performed head-to-head 
comparison of allopurinol versus febuxostat, 
except one systematic review of cohort studies 
with no meta-analysis.10 Additionally, they 
restricted language in the search to studies 
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Figure 4. (Continued)
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Figure 4. Hyperuricemia, urate-lowering therapies, and kidney outcomes: summary of findings.
(a) Hyperuricemia and kidney outcomes (the hyperuricemia question): risk estimates of kidney outcomes in patients with 
hyperuricemia. (b) Urate-lowering therapies (ULTs) and estimated glomerular filtration rate (eGFR) (ml/min per 1.73 m2): 
mean difference in eGFR between patients on ULT versus control or other ULT. *Graph and comparison laterality are 
inversely related, that is, left side of comparison favors right side of graph and vice versa. (c) ULT and serum creatinine (mg/
dl): mean difference in serum creatinine between patients on ULT versus control or other ULT. (d) ULT and 24-h proteinuria 
(mg/day): mean difference in proteinuria/albuminuria between patients on ULT versus control or other ULT. *Effect 
estimates for all ULT versus control and allopurinol 100–300 mg/day versus control for ⩾1 year are same: MD −5.44 mg/day 
(95% CI, −8.49 to −2.39). (e) ULTs and kidney failure events (number of patients having the doubling of serum creatinine or 
eGFR decline by ⩾50% or ESRD with eGFR ⩽15 m/min per 1.73 m2 or on dialysis): risk ratio of kidney failure events in ULT 
versus control.
CI, confidence interval; CKD, chronic kidney disease; ESRD, end-stage renal disease; HR, hazard ratio; MD, mean difference; 
OR, odds ratio; sUA, serum urate.
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published in English and Chinese languages 
only7,8,11,15 and had a small number of studies 
(<5 total) for meta-analysis.8,15 Our sample size 
exceeds the previously published meta-analyses 
and had no language restriction. We performed 
head-to-head comparison of allopurinol and 
febuxostat.

A novel finding from our meta-analysis was that 
the use of ULT for 1 year or more was associated 
with an improvement of eGFR (very low cer-
tainty), serum creatinine (low certainty), and pro-
teinuria/albuminuria (low certainty), but no 
reduction in risk of kidney failure events (very low 
certainty). Our results of the effect of ULTs as a 
category complement, rather than contradict, the 
findings from the recently published RCTs of 
allopurinol, which were done in people with Stage 
3-4 CKD or diabetes, respectively.19,20 Our sys-
tematic and critical evaluation of the evidence to-
date, including these two recent RCTs, provides 
an updated literature synthesis that can inform 
clinical care. We noted no significant differences 
between the effect of allopurinol, febuxostat, and 
topiroxostat on kidney function, based on a small 
evidence base. This indicates that more, well-
powered, studies in different populations with 
hyperuricemia and gout, including head-to-head 
studies, are needed to answer these important 
questions.

Our findings must be interpreted considering 
study limitations. Data for the hyperuricemia 
question were derived from observational studies 
(as expected). Therefore, confounding bias is 
likely in these estimates. A major potential con-
founder was difference in follow-up duration 
between studies. We calcuated follow-up dura-
tion-adjusted effects estimated to address this 
issue and no difference was found, compared to 
the unadjusted estiamtes. Baseline kidney func-
tion was variable in observational studies, which 
likely led to study heterogeneity reflected in over-
all statistical heterogeneity (I2). Significant heter-
ogeneity was also noted in some analyses, 
including that for hyperuricemia and kidney fail-
ure, which may be due to the differences in defi-
nitions for kidney failure (ICD-9 code versus 
eGFR <15 mg/min per 1.73 m2 versus patient on 
dialysis) and the difference in baseline kidney 
function between studies. For the ULT question, 
significant heterogeneity was noted, which can be 
explained by different baseline characteristics 
(low versus normal kidney function), differences 

in the trial design, and inclusion/exclusion crite-
ria. Despite the inclusion of many more studies a 
previous meta-analyses, head-to-head data from 
clinical trials of allopurinol versus febuxostat were 
limited. Therefore, some results were inconclu-
sive because of possible type 1 error, that is, low 
power.60 One recent observational study showed 
the superiority of allopurinol in comparison with 
febuxostat for reducing the risk of incident kidney 
disease.61 This indicates that more head-to-head 
trials between febuxostat and allopurinol are 
needed. We were unable to examine the second-
ary effects of other commonly prescribed medica-
tions in analyzed/enrolled studies that can only 
modestly lower sUA levels (atorvastatin, fenofi-
brate, angiotensin receptor blockers, including 
losartan, empagliflozin, etc.) or medications that 
can increase sUA levels (angiotensin converting 
enzyme inhibitors, diuretics, theophylline, beta 
and alpha-1-adrenergic antagonists, etc.). Lastly, 
we could not perform subgroup analysis based on 
race and sex due to the lack of these data in the 
included studies.

In conclusion, hyperuricemia is associated with 
an increased risk of developing rapid eGFR 
decline, albuminuria, stage 3 or more CKD, and 
kidney failure, regardless of the baseline kidney 
function, based on low to very low certainty evi-
dence. Longer ULT use (⩾1 year) improves kid-
ney function based on low to very low certainty 
evidence, regardless of the baseline kidney func-
tion. This new knowledge, when balanced against 
the potential burden and perceived harm of start-
ing ULTs early in the course of illness, should 
help patients and physicians to make the best pos-
sible evidence-based decision with consideration 
of cost, preferences, values, and tolerance to the 
risk of adverse events. However, as the certainty 
of available evidence is low to very low, more well 
designed adequately powered RCTs, including 
head-to-head trials between febuxostat and 
allopurinol and other new ULTs in patients with 
gout, hyperuricemia and crystalluria (urinary uric 
acid crystals), are required to confirm these find-
ings. To further elucidate the pathways of reno-
protection with ULTs and find efficacy 
differences, we also need placebo-controlled 
comparator studies of various drugs or different 
types of ULTs with kidney outcomes as primary 
study outcomes (xanthine oxidase inhibitors, uri-
cosuric agents, and ULTs with novel mechanisms 
of action). Future studies systematically estimat-
ing harms of ULT are also needed.
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