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To Treat or Not to Treat? Effect of Urate-Lowering
Therapy on Renal Function, Blood Pressure and
Safety in Patients with Asymptomatic Hyperuricemia:
A Systematic Review and Network Meta-Analysis
Yu-Yu Tien, MD, MS, Ming-Chieh Shih, MD, PhD, Chiao-Pang Tien, MD,
Huei-Kai Huang, MD, and Yu-Kang Tu, DDS, PhD

Purpose: Hyperuricemia is associated with increased cardiovascular risk. Because patients with asymp-
tomatic hyperuricemia (AH) experience no immediate discomfort and there are possible side effects of
urate-lowering drugs, treatment for AH is controversial. We aimed to perform a network meta-analysis
(NMA) to investigate the effects of different urate-lowering therapies (ULTs) on serum uric acid level,
renal function, blood pressure (BP), and safety in AH patients.

Methods: This NMA focused on AH patients. The intervention group (patients receiving urate-lower-
ing drugs) was compared with others using other types of drugs, placebo, or usual care. We undertook
a NMA under the frequentist framework by R.

Results: Thirteen eligible trials were identified. The interventions included allopurinol, febuxostat,
and benzbromarone, which are not approved in the United States. Benzbromarone and allopurinol had the
best efficacy on lowering serum uric acid level in short-term and long-term follow-up (mean difference
[MD] =�3.05; 95% CI,�5.19 to�0.91 vs MD=�3.17; 95% CI,�5.19 to�1.15). Patients using allopuri-
nol had significantly higher eGFR than using placebo in both short-term and long-term follow-up (MD=
3.07; 95% CI, 0.18 to 5.95 vs MD= 4.10; 95% CI, 2.66 to 5.54). No difference in BP was found between
groups, except for febuxostat to diastolic BP after long-term treatment (MD =�1.47; 95% CI,�2.91 to
�0.04). No statistically increased odds of safety events were found with the use of ULT.

Conclusions: Our result showed that in AH patients, allopurinol has a renoprotective effect.
Febuxostat has a significant impact in lowering diastolic BP. ULT does not result in a higher risk of
safety events. ( J Am Board Fam Med 2022;35:140–151.)

Keywords: Asymptomatic Hyperuricemia, Blood Pressure, Disease Management, Family Medicine,

Network Meta-Analysis, Serum Uric Acid, Systematic Review, Renal Function

Introduction
Vascular endothelium, a monolayer of endothelial
cells, controls vascular tone and maintains vascular
homeostasis, allowing it to maintain normal

physiologic mechanisms.1 Endothelial dysfunction
means endothelial cells lose their normal function
and is found to be associated with hypertension and
chronic kidney disease (CKD).2,3 Hyperuricemia is
1 of its causes, and urate-lowering therapy (ULT)
is proved to improve endothelial function.4–7

Therefore, many trials investigated whether
patients under ULT attained better blood pres-
sure (BP) control and renal function.8–10 ULT is
commonly prescribed for patients if any symptom
or sign of hyperuricemia develops.
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However, more than half of hyperuricemic indi-
viduals remain asymptomatic.11 Asymptomatic hyp-
eruricemia (AH) is defined as hyperuricemic
patients without either symptoms or signs of gout,
tophi, hyperuricemic nephropathy, or uric acid
nephrolithiasis.12 Because there are possible side
effects of urate-lowering drugs, treatment for AH is
controversial.13,14 Urate-lowering drugs include
xanthine oxidase inhibitors, such as allopurinol and
febuxostat, and uricosuric agents, such as benzbro-
marone and probenecid. Severe skin reaction,
higher cardiovascular (CV) risk or impaired liver
function related to those drugs have been rep-
orted.15–19 Benzbromarone was, therefore, with-
drawn from the market in 2003 and has never been
approved in the United States due to its reports of
hepatotoxicity. 20,21 Japanese guidelines for manag-
ing hyperuricemia and gout recommend initiating
ULT for AH when serum urate levels increase
to> 8.0mg/dL.22 However, this approach is not
recommended in the United States and Europe
owing to the side effects of these drugs.14

Xanthine oxidase inhibitors are thought to have
the potency to decrease oxidative stress causing en-
dothelial dysfunction.10,23 The metabolite of allo-
purinol is excreted predominantly by the kidney,
and febuxostat is believed to be safe for patients
with CKD owing to its hepatic elimination.24 The
comparative effects of these drugs have not been
investigated.

Network meta-analysis (NMA) is, therefore, a
useful tool because it can use both direct and indi-
rect evidence to compare the effects of all ULT. In
contrast, previous meta-analyses either considered
ULT as a single group or compared each drug to
the control separately. Therefore, we conducted a
systematic review and NMA to investigate the
effects of different urate-lowering drugs on serum
uric acid level, renal function, and BP in patients
with AH. We would also investigate the safety of
those treatments to attain a balanced consideration
for AH patients.

Methods
We conducted a systematic review and NMA of
randomized controlled trials on patients with AH.
The intervention group (patients receiving urate-
lowering drugs) was compared with groups of other
types of urate-lowering drugs, placebo, or usual
care. The outcomes were serum uric acid level,

renal function, BP, and adverse events. We regis-
tered our systematic review on PROSPERO
website. This NMA followed the preferred
reporting items for systematic reviews and meta-
analyses (PRISMA) extension guideline, which
incorporated NMA for health care interventions
and was registered in PROSPERO (registration
number: CRD42021256528).

Literature Search

Two investigators (YYT and CPT) independently
searched PubMed and Embase from their inception
through October 8, 2020. We had also searched at
ClinicalTrials. gov and hand-searched reference lists
of relevant publications. The population of included
trials was AH patients. Given that there are some
controversies over the definition of hyperuricemia,
we respected authors’ definition of hyperuricemia in
each study.12 If “asymptomatic” was not used to
describe its population, a trial was still considered eli-
gible if it enrolled patients without a history of gout
or other related symptoms. Chronic hyperuricemic
nephropathy is usually asymptomatic and is not easy
to diagnose. If a trial described its patients as AH and
withCKD, this was interpreted as that CKD in those
patients was not caused by their hyperuricemia.
Therefore, those studies would still be included.We
used the keywords “hyperuricemia,” “asymptom-
atic,” “urate-lowering therapy,” and classification or
name of the drugs for searching. The search details
are shown in Appendix 1. The bibliographies of
recent review articles and previous meta-analyses
were alsomanually searched for relevant studies.

Study Outcome

The primary outcomes were serum uric acid level,
measured in units of mg/dL, renal function,
assessed by estimated glomerular filtration rate
(eGFR), and BP, measured in units of mmH,g and
divided to systolic and diastolic BP. The eGFR was
calculated with 1 of the following methods:
Cockcroft-Gault formula, the 4-variable modifica-
tion of diet in renal disease study equation, or CKD
epidemiology collaboration equation. The second-
ary outcome was adverse events, including the
occurrence of impaired liver function, gastrointesti-
nal event, CV event, skin reaction, and musculo-
skeletal event in patients within the trials identified
by our search strategy.
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Study Selection

All titles and abstracts retrieved from the literature
search were screened by 2 reviewers to determine
the eligibility of a study. We included clinical trials
where patients were randomly allocated to receive
different treatments or placebo/usual care groups.
We excluded conference proceedings without full
text, nonrandomized controlled trials, the interven-
tion group not receiving approved medicine, and
studies not specific to asymptomatic adults.

Data Extraction

The outcomes were extracted independently from
the included studies by 2 investigators mentioned
above. For the primary outcomes, we evaluated the
treatment effect by dividing the duration of treat-
ment into short-term (≤ 6months) and long-term
follow-up (> 6months). We assumed that it takes
at least 6months for a drug to show a robust effect,
so we used 6-month to separate the short and long-
term effects.

For the secondary outcomes, we analyzed events
of impaired liver function, gastrointestinal events,
CV events, skin reaction, and musculoskeletal
events. Details are shown in Appendix 2.

Quality Assessment of Methods

We used Cochrane Risk of Bias Tool to assess the
quality and risk of bias for the included studies
(Appendix 3). We defined the risk of bias as
adequate, unclear, or inadequate for assessing 6
aspects of the trials: sequence generation, allocation
concealment, blinding of participants and person-
nel, blinding of outcome assessment, incomplete
outcome data, and selective reporting. The assess-
ment was conducted by 2 independent reviewers,
with a third consulted for resolution of any
disagreements.

Statistical Analysis

We used “meta,” “netmeta” and “dmetar” packages
for the free statistical software R (version 4.0.3,
Vienna, Austria) to undertake a frequentist pairwise
meta-analysis and NMA.

NMA uses both direct and indirect evidence to
compare multiple interventions within a statistical
model. If 2 interventions have never been compared
head-to-head, but both have been compared with a
common comparator (such as placebo), an indirect
comparison can be evaluated via the common com-
parator. 25 An estimate of mean difference (MD) in

treatment effect between 2 interventions is a
weighted average of direct and indirect compari-
sons, with confidence intervals (CI).

For each primary outcome, we created network
plot which shows the overall structure of compari-
sons in the NMA. The size of the circles is propor-
tional to the number of patients randomized to
each intervention, and the width of the edges is
proportional to the number of studies making each
comparison.

We had also performed pairwise meta-analyses
of all head-to-head comparisons to evaluate the het-
erogeneity within each comparison.25

For continuous outcomes, such as serum uric
acid level, eGFR, and BP, we estimated the differ-
ence in mean changes between the treatment and
control groups. If a trial did not report such a
result, we would calculate the difference in the fol-
low-up measurements between 2 groups at a spe-
cific time point. We used the recommended
methods by the Cochrane Handbook to impute
missing values.26 League tables were created to
summarize the results of pairwise comparisons
from NMA. If a trial reported 2 or more results
within the period, we used data of the shortest fol-
low-up for short-term analysis and the longest fol-
low-up for long-term analysis to distinguish the
short-term and long-term effects better. For di-
chotomous outcomes, such as safety outcomes, we
used the Peto odds ratio model because the event
numbers were small or even zero in some studies.26

The study effect sizes were then synthesized using a
random-effects NMA model.

To rank the treatments for each outcome, we
used P-score, which measures how likely a treat-
ment is better than the other competing treatments.
P-scores are derived from the P values of pairwise
comparisons for a treatment is compared with the
other treatments in the network. P-scores reflect
the differences between the point estimates of treat-
ment effects but also take the precision into
account. The range of P-scores is from 0 to 1, and a
large P-score (eg, >0.90) suggests a high certainty
of a treatment being more effective or safer than
others. 27 However, P-scores are descriptive, and a
large difference between 2 P-scores does not neces-
sarily mean the difference between the 2 treatments
is statistically significant. There is no formal
method to test the difference in P-scores either.

If both direct and indirect evidence is available
for a comparison between 2 treatments, we use the
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design-by-treatment interaction model and node-
splitting model to evaluate the consistency between
direct and indirect evidence. We evaluated the
assumption of transitivity for indirect comparisons
by examining the distribution of confounding varia-
bles, such as baseline kidney function, or undertook
subgroup analyses if the number of included studies
is sufficient to conduct such analyses.

Results
Our literature search identified 777 potentially eli-
gible studies. Thirteen randomized controlled trials
were finally included in our systematic review,
totaling 2842 people.28–40 Figure 1 shows the study
selection process in detail. Table 1 outlines the ba-
sic characteristics of the included studies. The
intervention included allopurinol, benzbromarone,
and febuxostat. The results of a pairwise meta-anal-
ysis on direct comparisons are shown in Appendix
6. Most comparisons show no substantial heteroge-
neity between studies.

Primary Outcome
Short-Term Urate-Lowering Effect

Eight studies were included in the analysis of the
urate-lowering effect for short-term (≤ 6months)
follow-up.29,30,32,33,35,37,39,40 The network plot and
results of our NMA are summarized in Appendix 4
and Table 2. Patients used allopurinol, benzbro-
marone and febuxostat showed significantly lower
serum uric acid level compared with placebo (MD =
�2.16mg/dL; 95% CI, 3.2 to �1.13 vs MD =
�3.05mg/dL; 95% CI, �5.19 to �0.91 vs MD =
�2.71mg/dL; 95% CI, �3.9 to �1.52), but there
were no significant differences between drugs.
Benzbromarone had the highest P-score of being
ranked first for urate-lowering efficacy (Table 3).

Long-Term Urate-Lowering Effect

Three studies reported a long-term (> 6months)
urate-lowering effect.28,31,40 The network plot and
results of our NMA are summarized in Appendix 4
and Table 2. Patients using allopurinol had signifi-
cantly lower serum uric acid level compared with
placebo (MD = �3.17mg/dL; 95% CI, �5.19 to
�1.15). Patients using febuxostat had lower blood
uric acid levels (but not significantly different) com-
pared with placebo. The serum uric acid level
showed no significant difference between drugs.

Allopurinol had the highest P-score of being ranked
first for better urate-lowering efficacy (Table 3).

Renal Function: Short-Term Follow-up

Five studies were included in this analy-
sis.30,32,34,37,39 The intervention included allo-
purinol group and febuxostat group, and the
network plot and results of our NMA are sum-
marized in Appendix 4 and Table 2. Patients
used allopurinol had significantly higher eGFR
compared with placebo (MD = 3.07mL/min/
1.73m2; 95% CI, 0.18 to 5.95). Patients who
used febuxostat had a higher eGFR (but not sig-
nificantly different) compared with placebo.
Besides, allopurinol group also had higher eGFR
compared with febuxostat group, but no statisti-
cal significance was found. Allopurinol had the
highest P-score of being ranked first for better
renal function (Table 3).

Renal Function: Long-Term Follow-up

Three studies were included in this analysis.31,36,40

The intervention included allopurinol group and
febuxostat group. Appendix 4 and Table 2 showed
the network plot and results of our NMA. Patients
used allopurinol had significantly higher eGFR
than using febuxostat or placebo (MD = 3.70mL/
min/1.73m2; 95% CI, 1.94 to 5.46 vs MD =
4.10mL/min/1.73m2; 95% CI, 2.66 to 5.54).
Patients used febuxostat had higher eGFR than
using placebo but without statistical significance.
Allopurinol had the highest P-score (Table 3).

Blood Pressure: Short-Term Follow-up

Three eligible studies were included, and the net-
work plot and results of our NMA for systolic/dia-
stolic BP are summarized in Appendix 4 and Table
2.30,34,35 No significant difference in systolic/dia-
stolic BP between groups was found. P-score was
summarized in Table 3.

Blood Pressure: Long-Term Follow-up

Four studies were included, and Appendix 4 and
Table 2 showed the network plot and results of our
NMA.28,31,36,40 No significant difference of sys-
tolic/diastolic BP was found between groups, except
patients in febuxostat group had 1.47mmHg statis-
tically lower diastolic BP than patients in placebo
group (MD = �1.47mmHg; 95% CI, �2.91 to
�0.04). P-score was summarized in Table 3.
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Figure 1. Flowchart of the process to identify eligible studies with reasons for inclusion or exclusion.
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Table 2. League Table of Random-Effects Network Meta-Analysis for Effect of Urate-Lowering Therapy*

Serum Uric Acid Level (Short-Term Follow-Up, mg/dL)

Allopurinol . . �2.16 (�3.20 to �1.13)
0.89 (�1.49 to 3.26) Benzbromarone . �3.05 (�5.19 to �0.91)
0.55 (�1.03 to 2.13) �0.34 (�2.79 to 2.11) Febuxostat �2.71 (�3.90 to �1.52)
�2.16† (�3.20 to �1.13) �3.05* (�5.19 to �0.91) �2.71† (�3.90 to �1.52) Placebo

Serum Uric Acid Level (Long-Term Follow-Up, mg/dL)

Allopurinol . �3.17 (�5.19 to �1.15)
�0.55 (�3.97 to 2.88) Febuxostat �2.62 (�5.39 to 0.15)
�3.17† (�5.19 to �1.15) �2.62 (�5.39 to 0.15) Placebo

Renal Function (Short-Term Follow-Up, mL/min/1.73 m
2
)

Allopurinol . 3.07 (0.18 to 5.95)
2.00 (�2.54 to 6.53) Febuxostat 1.07 (�2.43 to 4.57)
3.07† (0.18 to 5.95) 1.07 (�2.43 to 4.57) Placebo

Renal Function (Long-Term Follow-Up, mL/min/1.73 m
2
)

Allopurinol . 4.10 (2.66 to 5.54)
3.70† (1.94 to 5.46) Febuxostat 0.40 (�0.60 to 1.40)
4.10† (2.66 to 5.54) 0.40 (�0.60 to 1.40) Placebo

Systolic Blood Pressure (Short-Term Follow-Up, mm Hg)

Allopurinol . 0.04 (�4.22 to 4.30)
4.54 (�4.29 to 13.37) Febuxostat �4.50 (�12.23 to 3.23)
0.04 (�4.22 to 4.30) �4.50 (�12.23 to 3.23) Placebo

Systolic Blood Pressure (Long-Term Follow-Up, mm Hg)

Allopurinol . �4.74 (�11.12 to 1.63)
�3.96 (�10.58 to 2.66) Febuxostat �0.78 (�2.57 to 1.01)
�4.74 (�11.12 to 1.63) �0.78 (�2.57 to 1.01) Placebo

Diastolic Blood Pressure (Short-Term Follow-Up, mm Hg)

Allopurinol . 1.58 (�2.31 to 5.48)
1.48 (�4.06 to 7.03) Febuxostat 0.10 (�3.85 to 4.05)
1.58 (�2.31 to 5.48) 0.10 (�3.85 to 4.05) Placebo

Diastolic Blood Pressure (Long-Term Follow-Up, mm Hg)

Allopurinol . 0.86 (�3.88 to 5.61)
2.34 (�2.62 to 7.29) Febuxostat �1.47 (�2.90 to �0.04)
0.86 (�3.88 to 5.61) �1.47† (�2.91 to �0.04) Placebo

*Data are shown as mean difference (95% confidence interval).
†Difference in treatment effect is statistically significant.
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Secondary Outcome: Adverse Events

Six trials, 1269 patients, were included in the analy-
sis of impaired liver function.29,31,34–36,40 Six trials,
986 patients, were included in the analysis of gas-
trointestinal events.31,32,34,35,37,40 Five trials, 1195
patients, were included in the analysis of cardiovas-
cular event.32,34,36,37,40 Four trials, 1102 patients,
were included in the analysis of musculoskeletal
events.34,36,37,40 Three trials, 1009 patients, were
included in the analysis of skin reaction 35,36,40

Compared with placebo via NMA, ULT did not
significantly increase the odds of any secondary
outcome (Appendix 5).

As no treatment groups formed a loop in any out-
comes, we could not evaluate inconsistency between
direct and indirect evidence. No subgroup analysis
was undertaken because the number of the low num-
ber of included studies. Baseline eGFR of patients
showed quite a wide variation across the included tri-
als, but the assumption of transitivity was not consid-
ered seriously violated due to the hepatic metabolism
of febuxostat, and both similar and typical dose was
used in most trials of allopurinol. 28,30,31,33,35,39

Discussion
Our NMA showed that benzbromarone and allo-
purinol have the best efficacy on lowering serum

uric acid levels in short-term and long-term follow-
up within AH patients. Patients using allopurinol
have better eGFR than using placebo. ULT seems
to have no significant effect on BP, except for
febuxostat on diastolic BP after long-term treat-
ment. ULT does not significantly increase the risk
of safety outcomes. Asymptomatic patients are of-
ten neglected for treatment, and our results provide
much-needed evidence for treating those patients
to attain better renal function.

Uric Acid

Previous meta-analysis or NMA included patients
who were mostly symptomatic, so the doses of their
drugs were relatively larger than those we recruited.
Li et al reported a NMA for comparing efficacy of
ULT in patients with or without gout.41 Their
results showed benzbromarone (100 to 200 mg/
day) had better urate-lowering effect than allopuri-
nol (100 to 600 mg/day), and allopurinol (100 to
600 mg/day) had better urate-lowering effect than
febuxostat (20mg/day). In our NMA, only 1 trial
reported the result of benzbromarone with a dose
of 50mg/day, but we still found a similarly strong
effect of benzbromarone in the short-term follow-
up. However, no trial on benzbromarone reported
results with more than 6months of follow-up, so its
long-term efficacy is uncertain. Our result showed
that allopurinol (starting from 100mg/day) had bet-
ter effect on lowering serum uric acid levels than
febuxostat (10 to 60mg/day) in the long term. This
result partly agrees with what Li et al found that
allopurinol had a better effect than a low dose of
febuxostat.41

Nevertheless, the effect on uric acid is related to
the dose of drugs. The selection of drugs and their
doses also depends on patients’ kidney function,
responses to the treatment, and other factors.

Renal Function

Meta-analysis by Kanji et al showed patients with
CKD using ULT had significantly better eGFR
with a mean difference of 3.2 mL/min/1.73 m2 than
using placebo.42 Slower eGFR decline rate by
4.1mL/min/1.73m2 per year compared with con-
trol group was found in the study of Su et al43

Those meta-analyses focused on patients with
CKD and were not limited to asymptomatic
patients. Our NMA included more diverse popula-
tion, not only patients with CKD, but the result still
showed that patients using allopurinol had 3.07/

Table 3. P-Score of Different Rankings of Each

Treatment Strategy

SHORT-TERM LONG-TERM

Serum Uric Acid Serum Uric Acid
Benzbromarone 0.7908 Allopurinol 0.8108
Febuxostat 0.7146 Febuxostat 0.6728
Allopurinol 0.4937 Placebo 0.0164
Placebo 0.0009 Renal Function

Renal Function Allopurinol 1.0000*
Allopurinol 0.8937 Febuxostat 0.3912
Febuxostat 0.4598 Placebo 0.1088
Placebo 0.1465 Systolic Blood Pressure

Systolic Blood Pressure Allopurinol 0.9035*
Febuxostat 0.8581 Febuxostat 0.4626
Allopurinol 0.3246 Placebo 0.1340
Placebo 0.3173 Diastolic Blood Pressure
Diastolic Blood Pressure Febuxostat 0.9000

Placebo 0.6534 Placebo 0.3307
Febuxostat 0.5900 Allopurinol 0.2693
Allopurinol 0.2567

*Large value of P-score (eg, >0.90) may reflect that treatment
is quite certain to be the most efficacious or safest.
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4.1mL/min/1.73m2 significantly higher eGFR than
using placebo in short-term/long-term follow-up.
Although the differences are small, they may be of
great significance for patients who already have kid-
ney disease. In addition, the results were similar to
previous research.42,43

Our result showed that febuxostat yielded a non-
significant increase in eGFR compared with pla-
cebo. This was similar to a meta-analysis by Li et al
which included symptomatic and asymptomatic
CKD patients.44 As only 3 trials were included in
their meta-analysis and 5 trials included in ours;
these nonsignificant benefits may become signifi-
cant if the number of subjects increases.

We did not find any trial of uricosuric agents report-
ing renal function of asymptomatic patients, so we can-
not distinguish the possibly different effect between
xanthin oxidase inhibitors and uricosuric agents.

Blood Pressure

The meta-analysis by Qu et al found allopurinol
found a greater reduction in systolic BP and dia-
stolic BP.45 They included patients with hyperuri-
cemia with or without symptoms, so the dose of
allopurinol (100mg/day to 900mg/day) was rela-
tively larger than our studies. This may explain why
allopurinol showed smaller effects on BP in our
analysis. We found a decreasing trend of systolic
BP under treatment of allopurinol and febuxostat in
the long-term follow-up, but the effect of ULT on
BP needs more research.

Safety

White et al found that in patients with gout and
major CV coexisting conditions, using febuxostat
showed higher all-cause mortality and CV mortal-
ity than using allopurinol in a median of 32months
in 6190 patients.17 Five trials, totaling 1195
patients, were recruited in our NMA reporting CV
events.32,34,36,37,40 The result showed patients using
febuxostat did not have a higher risk than those
using placebo. However, no allopurinol-related trial
was included in our analysis, so we could not com-
pare the effects of these 2 drugs on CV events. The
longest follow-up period in these trials was
27months, but CV events may require more time
and more patients to observe.

Allopurinol is frequently associated with Stevens-
Johnson syndrome (SJS) or toxic epidermal necrolysis
(TEN).15 Three trials in our NMA, totaling 1009
patients, reported skin reaction and did not show a

higher risk of skin reaction in patients using allopuri-
nal.35,36,40 Previous reports showed that the incidence
rates of SJS/TEN range from 1.4 to 12.7 cases per mil-
lion person-years.46,47 Therefore, such serious skin reac-
tion is rare if the patient number is not large enough.

Strengths and Limitations

The strength of our NMA was that we focused on
patients with AH and compared the efficacy of indi-
vidual drugs. We also divided the treatment dura-
tion into short-term and long-term. However, this
study has some limitations. First, only 3 drugs, allo-
purinol, febuxostat, and benzbromarone, were
included in our analyses, while probenecid, lesi-
nurad, and other urate-lowering drugs were not
because these drugs had not been studied among
AH patients. Second, no head-to-head trials that
compared allopurinol and febuxostat were included
in our analysis. Although it is the advantage of
NMA that an indirect comparison can still be
undertaken for these 2 treatments as both have
been compared with placebo, we cannot verify the
results because we do not have data from a direct
comparison.48 Thirdly, the number of the included
studies was too few to undertake subgroup analysis.
For instance, only 1 trial focusing on CKD popula-
tion was included in the analysis of long-term renal
function, so we could not compare the efficacy of
those drugs on renal function among CKD
patients. In our NMA, the included trials
recruited patients of different comorbidities.
However, considering the kidney plays a major
role in uric acid homeostasis, we felt that renal
function was the most important factor, and we
noted that the average eGFR of each trial in our
analysis was different. Febuxostat undergoes he-
patic metabolism, and its dose adjustment and
effects are less affected by patients’ renal func-
tion.49 Trials on allopurinol used similar doses,
200 to 300 mg/day, 50 and this range of dose is
considered suitable for CKD patients included in
our NMA.51 Although the heterogeneous popu-
lations should be considered in the interpretation
of our results, we felt that the assumption of
transitivity was not seriously violated. Fourthly,
our results showed Allopurinol has a renoprotec-
tive effect, and this finding seems quite robust in
Asian population as our results were mainly
derived from Asian studies. More randomized
controlled trials from non-Asian countries are
required to verify the protective effect.
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Conclusions
Our result showed that in AH patients, benzbro-
marone and allopurinol have the best urate-lower-
ing effect in the short-term and long-term follow-
up. Allopurinol has a significant renoprotective
effect. Febuxostat has a significant effect on lower-
ing diastolic BP in long-term follow-up. ULT does
not result in a higher risk of impaired liver function,
gastrointestinal event, CV event, skin reaction, and
musculoskeletal event. According to the above
results, patients with AH may be treated with ULT
to benefit from renal protection, and the use of
allopurinol should be considered a priority.

To see this article online, please go to: http://jabfm.org/content/
35/1/140.full.
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Appendix 1. Literature search strategy

Impaired liver function 
Liver dysfunction 
Abnormal liver function test results  
Gastrointestinal events 
Vomiting 
Diarrhea 
Gastroenteritis 
Loss of appetite 
Melena 
Nausea 
Other gastrointestinal symptom or sign  
CV events  
Arrhythmia 
Angina 
Aortic aneurysm 
Myocardial infarction 
Heart failure 
Other events related to CV system 
Skin reactions  
Skin eruption 

Rash 

Hypersensitivity 

Dermatologic events  

Musculoskeletal events 

Joint pain 

Fracture 

Pain in back 

Any musculoskeletal events 
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Appendix 2. Data extraction from included trials: Details of secondary outcomes
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Appendix 3. Summary of the risks of bias in every included trial
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Appendix 4. Network plot for effect of urate-lowering therapy. Each node represents a
treatment group, and an edge indicates at least 1 trial comparing the 2 treatments on the
ends of the edge. The node size in the network plot is proportional to the number of
patients randomized to the treatment group, and the width of an edge is proportional to the
number of studies making the pairwise comparison

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 
 

Impaired liver func�on 
Allopurinol - 1.14 (0.09; 15.25) 

0.75 (0.03; 18.30) Febuxostat  1.53 (0.23; 9.92) 
1.14 (0.09; 15.25) 1.53 (0.23; 9.92) Placebo 

Gastrointes�nal events 

Allopurinol - 2.65 (0.53; 13.25) 

0.87 (0.10; 7.66) Febuxostat  3.05 (0.70; 13.24) 

2.65 (0.53; 13.25) 3.05 (0.70; 13.24) Placebo 

Cardiovascular events 
Febuxostat  0.78 (0.29; 2.07) 

0.78 (0.29; 2.07) Placebo 

Skin reac�on 
Allopurinol - 0.14 (0.00; 6.55) 

0.06 (0.00; 4.94) Febuxostat  2.24 (0.28; 17.98) 
0.14 (0.00; 6.55) 2.24 (0.28; 17.98) Placebo 

Musculoskeletal events 
Febuxostat  2.08 (0.69; 6.25) 

2.08 (0.69; 6.25) Placebo 

Appendix 5. League table of the network meta-analysis comparing the events of secondary
outcomes of all drugs, including odds ratios and 95% confidence intervals

DBP, diastolic blood pressure; GFR, glomerular filtration rate; SBP, systemic blood
pressure.
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Result of pairwise meta-analyses of all directly compared interventions
Appendix 6.1 Results of pairwise meta-analyses of all directly compared interventions of
short-term results. P value is obtained from the Cochrane Q test for heterogeneity.

Appendix 6.2 Results of pairwise meta-analyses of all directly compared interventions of
long-term results. P value is obtained from the Cochrane Q test for heterogeneity.
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