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ABSTRACT
Background: Hyperuricemia has been reported to be correlated with IgA nephropathy (IgAN).
However, whether hyperuricemia or elevated serum uric acid (SUA) is an independent prognostic
factor of IgAN remains unknown. Therefore, this systematic review and meta-analysis evaluated
the prognostic value of hyperuricemia and elevated SUA in IgAN.
Methods: Databases including PubMed, EMBASE, the Cochrane Central Register of Controlled
Trials (CENTRAL), and Open Gray were reviewed systematically. The kidney failure events of IgAN
were defined as a doubling of serum creatinine, halving of eGFR, end-stage renal disease (ESRD),
or death. The risk ratio (RR) between hyperuricemia and IgAN-caused kidney failure was eval-
uated before and after adjustment for relevant covariates. The RR between elevated SUA and
IgAN-caused kidney failure was evaluated after adjustment for relevant covariates.
Results: A total of 11 548 patients from 14 studies were included in this meta-analysis.
Hyperuricemia was found to be an independent prognostic factor of IgAN (unadjusted RR ¼
2.79, 95% CI ¼ 1.93–4.03, p for heterogeneity <0.00001, I2¼ 91%; adjusted RR ¼ 2.12, 95% CI ¼
1.64–2.73, p for heterogeneity ¼ 0.86, I2 ¼ 0%). Subgroup and sensitivity analyses confirmed the
stability of these results. Similarly, elevated SUA was positively correlated with kidney failure
events of IgAN (adjusted RR ¼ 1.25, 95% CI ¼ 1.19–1.31, p for heterogeneity ¼ 0.6, I2 ¼ 0%).
Conclusion: Our meta-analysis showed that hyperuricemia and elevated SUA were both inde-
pendently associated with an increased incidence of kidney failure events in IgAN patients.
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1. Introduction

Immunoglobulin A nephropathy (IgAN), one of the
most common forms of chronic glomerulonephritis, is
also one of the most common causes of kidney failure
worldwide [1]. Indeed, 10–30% of IgAN patients
reached ESRD during the first 10 years after diagnosis
[2,3]. Hence, early intervention and identification of
novel prognostic factors of IgAN may decrease the risk
of kidney failure.

Multiple studies have identified risk factors corre-
lated with a poor prognosis of IgAN patients, namely
hypertension, proteinuria, low estimated glomerular fil-
tration rate (eGFR), high neutrophil-to-lymphocyte ratio,
lower bilirubin and pathological injuries, such as the
presence of crescents and the MEST score including

mesangial hypercellularity (M), endocapillary hypercel-
lularity (E), segmental glomerulosclerosis (S) and tubular
atrophy/interstitial fibrosis (T) [4–8]. Hyperuricemia is an
independent risk factor for segmental glomerulosclero-
sis and tubular atrophy/interstitial fibrosis [9], while glo-
merulosclerosis and renal tubular atrophy/interstitial
fibrosis are independent prognostic factors in IgAN
patients [10]. Therefore, it is reasonable to hypothesize
that SUA level may be related to the prognosis of IgAN.

Previous meta-analyses have shown that hyperurice-
mia is associated with an increased risk for developing
acute kidney injury (AKI) and chronic kidney disease
(CKD) [11,12]. However, no meta-analysis has investi-
gated the relationship between hyperuricemia and the
prognosis of IgAN.
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Here we have performed a systematic review and
meta-analysis to investigate the prognostic value of
hyperuricemia and elevated SUA in IgAN patients.

2. Methods

2.1. Search strategy

A systematic search of PubMed, the Cochrane Central
Register of Controlled Trials (CENTRAL), and EMBASE
(last update in May 2021) was conducted independ-
ently by two investigators. We also searched for gray lit-
erature in Open Gray. The following terms and their
combinations were used for searching the databases:
‘hyperuricemia’, ‘uric acid’, ‘Glomerulonephritis, IGA’,
‘IGA nephropathy’, ‘Immunoglobulin A Nephropathy’,
‘Berger� disease’, ‘IGA Type Nephritis’. Only fully pub-
lished studies in English were included. Corresponding
references of each study were also scanned for relevant
studies. All studies were carefully investigated to

identify duplicate data. The protocol of this study was
registered in the PROSPERO under the number CRD
42019118493.

2.2. Inclusion criteria

The following inclusion criteria were performed to
select relevant studies: (1) participants (P), only adult
patients (>18 years old) with biopsy-proven IgAN were
included; (2) exposures (E), hyperuricemia as defined by
the authors for each gender or an increase of 1mg/dL
in SUA levels; (3) comparisons (C), non-hyperuricemia;
(4) outcomes (O), doubling of the serum creatinine
level, halving of eGFR, death, or ESRD, ESRD was
defined as eGFR < 15mL/min/1.73 m2 or initiation of
dialysis or transplantation; (5) study design (S), observa-
tional cohort studies; (6) sufficient information was pro-
vided to evaluate hazard ratio (HR) or RR and 95%
confidence intervals (CIs). Case reports, letters, confer-
ence abstracts, reviews, and non-clinical studies were

Figure 1. Flow diagram of study selection.
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excluded due to the lack of sufficient data. To ensure
the quality of our study, the process of this meta-ana-
lysis was conducted according to the criteria of the
MOOSE checklist (Additional File 1).

2.3. Data extraction and qualitative assessment

The Newcastle Ottawa quality assessment scale (NOS)
[13] was used to estimate the quality of the included
studies. The study was defined as ‘high-quality’ when
its NOS score was higher than six. Moreover, two inves-
tigators independently extracted the required informa-
tion from all primary studies, including the name of the
first author, year of publication, the number of patients
included, sex, age, country, eGFR, proteinuria, medica-
tion use, follow-up data, and kidney failure outcomes.

2.4. Statistical analysis

The statistical analysis was conducted by the Quality of
Reporting of Meta-Analysis guidelines and The Cochrane
Library handbook [14,15]. The risk estimates were eval-
uated by different measures including HR using Cox pro-
portional hazards regressions, or RR using logistic
regressions. HR or RR from univariate and multivariate
analyses were extracted from each study. If HR or RR
were not reported in the studies, we used the original
data to calculate the unadjusted HR or RR. HRs were con-
sidered the same as RRs. We calculated and pooled both
the unadjusted and fully adjusted risk coefficients repre-
senting the correlation between hyperuricemia and kid-
ney failure events in IgAN patients. For SUA levels, only
the fully adjusted risk coefficients were calculated and
pooled. Random-effect models were used to pool RRs or
HRs. The heterogeneity of the studies was statistically
assessed using the chi-squared and I2 tests [16].
Subgroup analysis was also performed to explore the
heterogeneity of studies. Sensitivity analysis was con-
ducted by removing one study at a time to assess the
influence of a single study on the overall risk estimate.
Funnel plots, Begg’s and Egger’s tests, as well as the
trim-and-fill computation were used to evaluate publica-
tion bias. The STATA 15.1 and Review Manager 5.3 soft-
ware were used for data analysis and graph formation.

3. Results

3.1. Characteristics of selected studies

A total of 515 articles were identified using our search
strategy, while 346 were considered potentially relevant
after screening titles and abstracts and excluding dupli-
cated articles. Among the 346 articles, 319 wereTa

bl
e
1.

Co
nt
in
ue
d.

Au
th
or
/y
ea
r

AR
R(
AH

R)
(9
5%

Cl
)

M
ed
ic
at
io
n
us
e
n
(%

)
Ad

ju
st
m
en
ts

Li
et

al
.[
18
]
20
16

2.
27

[1
.5
8,

3.
27
]&

RA
SI

10
13

(9
0.
4)
;

St
er
oi
ds

14
5
(1
2.
9)
;

Im
m
un

os
up

pr
es
sa
nt

15
4
(1
3.
7)
.

Pr
ot
ei
nu

ria
,h

yp
er
te
ns
io
n,

eG
FR
,h

yp
op

ro
te
in
em

ia
,h

yp
er
ch
ol
es
te
ro
le
m
ia

an
d

hy
pe
rt
rig

ly
ce
rid

em
ia
.

M
or
iy
am

a
et

al
.[
25
]
20
14

1.
24

[1
.0
4,

1.
48
]#

RA
SI

29
2
(2
8.
9)
;

Co
rt
ic
os
te
ro
id
s
27
2
(2
6.
9)
;

To
ns
ill
ec
to
m
y
pl
us

st
er
oi
ds

11
8
(1
1.
7)
.

Ag
e,
se
x,
BM

I,
M
AP

,e
G
FR
,p

ro
te
in
ur
ia
,s
er
um

al
bu

m
in

to
ta
l,
T-
ch
o,

TG
,U

-R
BC

,I
gA

/
C3

an
d
O
xf
or
d
cl
as
si
fic
at
io
n.

Li
et

al
.[
17
]
20
14

1.
09

[0
.9
2,

1.
3]

#
RA

SI
67
6
(9
6.
2)
;

G
lu
co
co
rt
ic
oi
ds
/im

m
un

os
up

pr
es
sa
nt

31
6
(4
5.
0)

Ag
e,
se
x,
H
aa
s
cl
as
si
fic
at
io
n,

eG
FR
,p

ro
te
in
ur
ia
,S
BP

an
d

im
m
un

os
up

pr
es
si
ve

th
er
ap
y.

Ch
en
g
et

al
.[
26
]
20
13

N
.R
.

RA
SI

25
5
(7
3.
3)
;

Co
rt
ic
os
te
ro
id
s
14
9
(4
2.
8)
.

Ag
e,
se
x,
ob

es
e,
sm

ok
e,

hy
pe
rt
en
si
on

,d
ia
be
te
s,
RA

SI
an
d
co
rt
ic
os
te
ro
id

tr
ea
tm

en
t.

Sh
ie

t
al
.[
22
]
20
12

N
.R
.

RA
SI

96
(2
7.
2)
.

N
.R
.

O
hn

o
et

al
.[
24
]
20
01

N
.R
.

N
.R
.

N
.R
.

U
RR
:
un

ad
ju
st
ed

RR
;A

RR
:a

dj
us
te
d
RR
;
N
.R
.:
no

t
re
po

rt
ed
;P

CS
:
pr
os
pe
ct
iv
e
co
ho

rt
st
ud

y;
RC

S:
re
tr
os
pe
ct
iv
e
co
ho

rt
st
ud

y;
eG

FR
:
es
tim

at
ed

gl
om

er
ul
ar

fil
tr
at
io
n
ra
te
;
H
PU

:h
yp
er
ur
ic
em

ia
;
RA

SI
:r
en
in
an
gi
ot
en
si
n
sy
s-

te
m

in
hi
bi
to
rs
;U

-P
ro
t:
ur
in
ar
y
pr
ot
ei
n
ex
cr
et
io
n;

U
-R
BC

:u
rin

ar
y
re
d
bl
oo
d
co
un

t.
&
RR
:c
al
cu
la
te
d
by

co
m
pa
rin

g
hy
pe
ru
ric
em

ia
Ig
AN

pa
tie
nt
s
w
ith

no
n-
hy
pe
ru
ric
em

ia
Ig
AN

pa
tie
nt
s
fo
r
th
e
in
ci
de
nc
e
of

ki
dn

ey
fa
ilu
re

ev
en
ts
.

� R
R
ca
lc
ul
at
ed

by
co
m
pa
rin

g
th
e
H
gr
ou

p
(h
ig
h
SU

A)
w
ith

th
e
M

gr
ou

p
(m

id
dl
e
SU

A)
fo
r
th
e
in
ci
de
nc
e
of

ki
dn

ey
fa
ilu
re

ev
en
ts

in
Ig
AN

pa
tie
nt
s.

# R
R:

ca
lc
ul
at
ed

us
in
g
ur
ic
ac
id

le
ve
lf
or

th
e
in
ci
de
nc
e
of

ki
dn

ey
fa
ilu
re

ev
en
ts

in
Ig
AN

pa
tie
nt
s.

a M
ed
ia
n
or

m
ea
n.

b
M
al
e.

c F
em

al
e.

RENAL FAILURE 73

https://doi.org/10.1080/0886022X.2021.2019589


excluded due to lack of data, studies were irrelevant or
studies were not observational cohorts. Among the 27
articles, after a full-text review, 13 articles were
excluded: two contained duplicated data, one was a
review, two were conference abstracts, three measured
irrelevant primary outcomes, and five lacked enough
data for RR estimation. Finally, a total of 11 548 patients
from 14 studies were included in this meta-analysis
[17–30]. The literature screening process is shown in
Figure 1.

Table 1 shows the characteristics of the fourteen
studies that were included in our study. Twelve of the
14 studies were conducted in Asia (China, Japan, and
Korea) [17–22,24–27,29,30], and two were conducted in
Western countries (Turkey and Italy) [23,28]. Eleven of
the fourteen studies estimated the association between
hyperuricemia and kidney failure events in IgAN
[18–24,26–29], in which RR was calculated using dichot-
omous variables. Only five studies estimated the rela-
tionship between elevated SUA and kidney failure
events in IgAN [17,23,25,27,30], in which HR was calcu-
lated using continuous variables relative to 1mg/dL.
Thirteen of the 14 studies had a NOS score >6
[17,19–30], which indicates that most studies were of
high quality (Additional File 2).

Vague reporting of incomplete follow-up and drop-
out rates was the main limitation of most studies.

While hyperuricemia was defined by different cutoff
levels in each study, most studies used a cutoff of SUA
>7.0mg/dL for males and SUA >6.0mg/dL for females
to define hyperuricemia.

3.2. The association between hyperuricemia and
IgA nephropathy outcomes

Eleven of the 14 included studies calculated unadjusted
RR to estimate the correlation between hyperuricemia

and kidney failure events in IgAN [18–24,26–29]. In a
random-effect model, our summary analysis showed a
significant association between hyperuricemia and kid-
ney failure events in IgAN (RR ¼ 2.79, 95% CI ¼
1.93–4.03) with evidence of between-study heterogen-
eity (Chi2 ¼ 116.03, p< 0.00001, I2 ¼ 91%) (Figure 2).

A sensitivity analysis was conducted to explore
potential sources of heterogeneity by excluding one
study at a time and it confirmed the significant associ-
ation between hyperuricemia and kidney failure events
in IgAN (Figure 3). Subgroup analyses were also per-
formed by study design, geographical region, definition
of hyperuricemia, and duration of follow-up (Table 2).
The association between hyperuricemia and kidney fail-
ure events in IgAN was consistent in all sub-
groups analyzed.

Of 11 studies that calculated unadjusted RR, three
calculated the adjusted RR to estimate the correlation
between hyperuricemia and kidney failure events in
IgAN [18–20]. At least three potential confounders were
adjusted for in these three studies. In a random-effect
model, our summary analysis showed a significant asso-
ciation between hyperuricemia and kidney failure
events in IgAN (RR ¼ 2.12, 95% CI ¼ 1.64–2.73). There
was a very low heterogeneity between these three
studies (Chi2 ¼ 0.29, p¼ 0.86, I2 ¼ 0%) (Figure 4).

3.3. The association between SUA and IgA
nephropathy outcomes

Five of the 14 studies calculated an adjusted HR of
increasing SUA by 1mg/dL with regards to kidney fail-
ure events of IgAN [17,23,25,27,30]. At least three
potential confounders were adjusted for in these five
studies. A significant positive correlation between SUA
and the incidence of kidney failure events in IgAN was
observed in our random-effect model (RR ¼ 1.25, 95%

Figure 2. Forest plot of association between hyperuricemia and kidney failure events in IgAN (unadjusted RR).
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CI ¼ 1.19–1.31). The heterogeneity of the three studies
was negligible (Chi2 ¼ 2.75, p¼ 0.6, I2 ¼ 0%) (Figure 5).

3.4. The association between SUA and IgAN-
related kidney failure is consistent in males
and females

A positive correlation was observed between SUA and
the incidence of kidney failure events in IgAN for both
females (RR ¼ 1.54, 95% CI ¼ 1.04–2.27, I2 ¼ 32%) and
males (RR ¼ 1.19, 95% CI ¼ 1.11–1.28, I2 ¼ 0%). No dif-
ference was observed between female and male in the
association between SUA and IgAN-caused kidney fail-
ure (test for subgroup difference, p¼ 0.20, I2 ¼ 38.2%)
(Figure 6).

3.5. Publication bias

Funnel plots suggested a publication bias for associa-
tions between hyperuricemia and kidney failure events
in IgAN (Figure 7). Results of Begg’s test were negative
(p¼ 0.755), however, Egger’s test indicated a significant
publication bias (p¼ 0.001). Further analysis using the
trim-and-fill test found that after estimating 1 missing
study (Figure 8), the overall effect measure was an RR
of 2.62 (95% CI, 1.83–3.75), which was slightly weaker
than the originally reported overall effect measure.

No evidence of publication bias was found based on
Begg’s (p¼ 0.806) or Egger’s (p¼ 0.688) tests for the
association between SUA and the incidence of kidney
failure events in IgAN.

4. Discussion

Several cohort studies have explored the risk factors for
IgAN progression and identified massive proteinuria,
impaired renal function, high blood pressure, persistent
microhematuria, and certain types of renal pathology
lesions as independent risk factors for IgAN progression
[10,31,32]. Hyperuricemia is also common in individuals
with IgAN. In fact, hyperuricemia IgAN patients pre-
sented more serious clinical and pathological features
than those of individuals with lower SUA levels [21]. To
date, hyperuricemia has attracted widespread attention
as a potential risk factor in the occurrence and progres-
sion of CKD [33,34]. However, only a few studies have
investigated the relationship between IgAN (a leading
cause of CKD) and hyperuricemia.

SUA, which is mainly excreted in the urine through
the kidney, is the result of purine metabolism. When
SUA is beyond its physiological range, its excessive
accumulation can result in crystal deposition in the kid-
ney, thus damaging target organs. SUA levels can influ-
ence the pathophysiology of IgAN patients, and its
effects on the kidney are mediated by a variety of bio-
logical phenomena. IgAN is a glomerular disease char-
acterized by the deposition of IgA immune complexes
in the glomerular mesangium, which induce the prolif-
eration of glomerular mesangial cells [35]. SUA poten-
tially contributes to glomerular damage through
oxidative and pro-inflammatory effects in human
mesangial cells [36] and induces the proliferation of
mesangial cells in rats by activating the NADPH/ROS/
ERk1/2 signaling pathway [37]. Recent studies have

Figure 3. Sensitivity analyses.
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shown that hyperuricemia is essential to IgAN-associ-
ated tubule-interstitial lesions. Experiments in vivo and
in vitro have shown that hyperuricemia may induce
renal tubular injury mediated by epithelial-mesenchy-
mal transition (EMT) through the activation of Wnt5a or
the TLR4/NF-jB signaling pathway [38,39].

In addition, the pathological damage of the renal
artery is a known complication of hyperuricemic
patients. Uric acid can induce IgAN progression via its
effect on arteriolar hyalinosis and intimal thickening
[28]. Although the underlying mechanisms remain
unclear, SUA levels play a crucial role in the progression
of IgAN. A large-scale cohort study showed that SUA
was positively correlated with IgAN progression, but
the correlation was less conspicuous in patients with
elder age, lower eGFR, or tubular atrophy/interstitial
fibrosis [40]. Recently, another study indicated that

elevated SUA was not an independent risk factor for
low-eGFR in Chinese IgAN patients [41]. Thus, the prog-
nostic value of SUA in IgAN patients remains
controversial.

In our study, we calculated and pooled RRs before
and after adjustment for relevant covariates to evaluate
the relationship between hyperuricemia and IgAN-asso-
ciated kidney failure. Results showed that IgAN patients
with hyperuricemia were more likely to develop kidney
failure compared with those without hyperuricemia in
both unadjusted and fully adjusted models. Due to sig-
nificant between-study heterogeneity in the unadjusted
model (I2 ¼ 91%), we used random-effect models to
pool RRs and HRs. The subgroup and sensitivity analy-
ses confirmed the stability of these results. The fully
adjusted model showed no evidence of between-study
heterogeneity (I2¼ 0%). Similarly, a significant positive

Table 2. Subgroup analyses of the relationship between hyperuricemia and kidney failure events in IgAN
(unadjusted RR).
Subgroup No. of studies Pooled RR 95% Cl Heterogeneity between studies

Study design
Prospective 3 3.1 1.49–6.45 p¼ 0.0005, I2 ¼ 87%
Retrospective 8 2.64 1.74–4.01 p< 0.00001, I2 ¼ 90%

Geographical region
Asian countries 9 3.14 2.02–4.87 p< 0.00001, I2 ¼ 93%
Western countries 2 1.77 1.23–2.54 p¼ 0.88, I2 ¼ 0%

Definition of hyperuricemia
Reported 8 2.20 1.58–3.06 p< 0.00001, I2 ¼ 82%
Not reported 3 4.1 2.65–6.35 p¼ 0.04, I2 ¼ 69%

Follow-up
>5 years 5 2.15 1.39–3.32 p< 0.00001, I2 ¼ 92%
�5 years 6 3.66 2.22–6.01 p¼ 0.002, I2 ¼ 74%

Figure 4. Forest plot of association between hyperuricemia and kidney failure events in IgAN (adjusted RR).

Figure 5. Forest plot of association between SUA level and the incidence of kidney failure events in IgAN.
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correlation between SUA and the incidence of IgAN-
related kidney failure was observed in the fully adjusted
model with no evidence of between-study heterogen-
eity (I2 ¼ 0%).

Previous studies have shown that IgAN varies largely
in relation to geographic distribution [42]. Indeed, our
subgroup analysis based on the geographic distribution
of IgAN patients revealed a stronger correlation
between hyperuricemia and IgAN-associated kidney
failure in patients from Asian countries, compared with
those from Western countries. This difference can be
attributed to environmental and racial differences, but
it may also be related to publication bias. Out of the 14

studies that were included in our meta-analysis, only
two were conducted in Western countries (Turkey and
Italy), while the remaining studies were conducted in
Asian countries including China, Korea, and Japan.
These geographic differences are consistent with a pre-
vious study that assessed the prevalence of IgAN upon
a systematic review of 1619 publications throughout
the world and found that IgAN is more common in
Asians than it is in Caucasians [42]. Such difference may
be due to a lower proportion of large-scale screening of
urine in Western countries compared to those per-
formed in Asian countries, or due to different criteria
used by nephrologists for kidney biopsy. Therefore, the

Figure 6. Forest plot of association between SUA level and the incidence of kidney failure events in IgAN according to sex.

Figure 7. Funnel plot of association between hyperuricemia and kidney failure events in IgAN.
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correlation observed in this subgroup analysis should
be interpreted with caution, and more high-quality
studies on the relationship between hyperuricemia and
IgAN-associated kidney failure in Western countries
are needed.

As hyperuricemia has different cutoff values for men
and women, we performed a meta-analysis to detect
whether the effect of SUA on IgAN progression varied
according to sex. Our meta-analysis showed that ele-
vated SUA was positively correlated with IgAN-caused
kidney failure in both sex, but its effect was more pro-
nounced in women than in men, which was consistent
with previous studies [20,27,28,43]. Females seem to be
more susceptible to uric acid-induced organ damage
than males. Compared to male IgAN patients, SUA lev-
els in female IgAN patients are related to more severe
renal histopathological findings, such as mesangial
matrix expansion, endocapillary proliferation, interstitial
fibrosis, and tubular atrophy [44]. Indeed, estrogen
plays an important role in reno-protection through the
suppression of the urate reabsorptive transporter
(URAT1) in the kidney, which results in an increase in
uric acid excretion and decreased SUA levels [45].
Moreover, estrogen can negatively regulate TGF-ß syn-
thesis; ovariectomy and estrogen deficiency accelerates
the progression of glomerular injury [44]. Although
these findings suggest a potential effect of estrogen,
more high-quality researches are needed to clarify the
underlying mechanisms of sex-specific effects of SUA
levels in IgAN.

Despite the high quality of the included studies, our
study had some limitations. First, for the relationship

between hyperuricemia and IgAN-related kidney failure,
only three studies provided adjusted data while eleven
studies have used unadjusted data, which may
decrease the strength of evidence of our findings.
Second, visual inspection of the funnel plot and Egger’s
test indicate potential risk of publication bias. Although
further trim-and-fill test suggested that this publication
bias did not impact the estimates, the potential risk of
bias is inevitable. For example, heterogeneity of geo-
graphical region (mostly Asian countries), a different
definition of hyperuricemia, and the primary outcome
may all contribute to the potential risk of bias and limit
the generalization of our findings. Third, a high hetero-
geneity (I2 ¼ 91%) was found in our unadjusted model
for the relationship between hyperuricemia and kidney
failure events in IgAN. Given differences in study popu-
lations and baseline clinicopathological characteristics,
it was not surprised to find significant heterogeneity in
the unadjusted model. In addition, the subgroup and
sensitivity analyses confirmed the stability of our
results. Moreover, the fully adjusted models suggest
that hyperuricemia and elevated SUA levels are inde-
pendent prognostic factors of IgAN with no evidence of
between-study heterogeneity (I2 ¼ 0%).

Although hyperuricemia has been shown to be cor-
related with a poor prognosis in IgAN, whether urate-
lowering therapy (ULT) has renoprotective effects has
considerable controversies. Some studies believed that
hyperuricemia had a detrimental impact on kidney
function and advocated that ULT should be initiated in
CKD patients when hyperuricemia was detected [46].
Conversely, a recent systematic review found there was

Figure 8. Trim-and-fill analysis estimating the number of possible missing studies for the association between hyperuricemia and
kidney failure events in IgAN. The square represents the possible missing study.
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insufficient evidence to support the renoprotective
effects of ULT in hyperuricemia CKD patients [47].
Therefore, whether ULT could delay the progression of
IgAN deserves further exploration. Non-pharmaco-
logical approaches, including exercise, weight loss, and
low consumption of purine-rich food, fructose, and
alcoholic beverages, can be recommended to all IgAN
patients with hyperuricemia as adjunctive measures.

5. Conclusion

Our meta-analysis indicates that IgAN patients with ele-
vated SUA levels have an increased risk of kidney failure
events. These results suggest that hyperuricemia and
elevated SUA levels are independent prognostic factors
of IgAN patients. Therefore, high-quality randomized
controlled trials are required to determine whether
early prevention and timely control of SUA levels may
delay kidney failure in patients with IgAN.
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