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ABSTRACT

Background

Non-randomised data have shown a link between hyperuricaemia and the progression or development of chronic kidney disease (CKD).
If this is correct, urate lowering therapy might form an important part of chronic kidney disease care, reducing risks for cardiovascular
outcomes and end-stage kidney disease.

Objectives

This review aims to study the benefits and harms of uric acid lowering therapy on the progression of CKD and other cardiovascular
endpoints.

Search methods

We searched the Cochrane Kidney and Transplant Specialised Register to 20 July 2017 through contact with the Information Specialist
using search terms relevant to this review. Studies contained in the Specialised Register are identified through search strategies specifically
designed for CENTRAL, MEDLINE, and EMBASE; handsearching conference proceedings; and searching the International Clinical Trials
Register (ICTRP) Search Portal and ClinicalTrials.gov.

Selection criteria

All randomised controlled trials testing primary urate lowering therapy in patients with or without CKD.

Data collection and analysis

Two authors independently assessed study quality and extracted data. Statistical analyses were performed using a random effects
model and results expressed as risk ratio (RR) with 95% confidence intervals (Cl) for dichotomous outcomes or mean difference (MD) for
continuous outcomes, or standardised mean difference (SMD) if different scales were used.

Main results

Twelve studies (1187 participants) were included in the review. Risk of bias was unclear for the majority of domains in each study.

Uric acid lowering therapy may make little or no difference in death at six months (2 studies, 498 participants: RR 1.66,95% Cl 0.61 to 4.48)
ortwo years (2 studies, 220 participants): RR0.13,95% CI 0.02 to 1.06) (low certainty evidence). Uric acid lowering therapy may make little of
no difference (low certainty evidence) in the incidence of ESKD at one or two years. Kidney function may be improved by uric acid lowering
therapy at one year with a reduction in serum creatinine (2 studies, 83 participants: MD -73.35 pmol/L, 95% CI -107.28 to -39.41) and a rise
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in eGFR (1 study, 113 participants: MD 5.50 mL/min/1.73 m2, 95% Cl 0.59 to 10.41). However it probably makes little or no difference to
eGFR at two years (2 studies, 164 participants: MD 4.00 mL/min, 95% Cl -3.28 to 11.28). Uric acid lowering therapy reduced uric acid levels
at all time points (3, 4, 6, 12 and 24 months) (high certainty evidence).

There is insufficient evidence to support an effect on blood pressure, proteinuria or other cardiovascular markers by uric acid lowering
therapy. It should be noted that the apparent benefits of treatment were not apparent at all time points, introducing the potential for bias.

Authors' conclusions

There is limited data which suggests uric acid lowering therapy may prevent progression of chronic kidney disease but the conclusion is
very uncertain. Benefits were not observed at all time points and study quality was generally low. Larger studies are required to study the
effect of uric acid lowering therapy on CKD progression. Three ongoing studies will hopefully provide much needed high quality data.

PLAIN LANGUAGE SUMMARY

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease
What is the issue?

There is some evidence to suggest that patients with higher uric acid levels in the blood may be more at risk for either developing kidney
damage or for kidney damage that they already have getting worse. This study is designed to answer the question "if we reduce uric acid
levels in the blood with specific treatments, will that protect the patient from worsening kidney damage or from developing kidney damage
in the first place?"

Long-term damage to the kidney (chronic kidney disease) is an increasing problem across the world. With worse damage to the kidney,
there are increasing risks of heart disease and death, as well as the increased need for dialysis treatment when kidneys finally fail. There is
a great deal of research being performed aimed at reducing both the occurrence of kidney damage and the gradual worsening of damage
that is present. This is aimed at reducing death, heart disease, and the need for dialysis treatment.

Uric acid, or urate, is an end product of the breakdown of DNA and is present in everyone. Increasing levels of urate are thought to be
potentially damaging to the heart and blood vessels and possibly also the kidney. In kidney patients, itis well known that as kidney damage
worsens, the level of urate in the blood tends to rise. There is increasing suspicion that this rise in urate levels in kidney patients is not just
the result of kidney damage but may be actually making the situation worse.

What did we do?

We collected all the data from studies that consider patients treated with urate lowering medications for more than 3 months and that
report data on death, blood pressure and kidney function in their outcomes.

Twelve studies comprising 1187 participants were included in the review. Duration of the studies was between four months and two years.
The types of patients included varied across the studies including diabetes, heart failure, and chronic kidney disease.

What did we find?
The quality of the included studies was difficult to grade due to a lack of information. These are not, therefore, high quality studies.

We found a small amount of evidence that reducing uric acid levels may slow down damage to kidneys but no evidence that it improves
blood pressure or any of the other cardiovascular markers that were investigated. The number of patients requiring dialysis treatment
for complete kidney failure appears unchanged. Two measures of kidney failure (serum creatinine and glomerular filtration rate) were
improved at six and 12 months but not at two years. The amount of protein in the urine was also reduced by treatment. We found no clear
effect on death, blood pressure, rates of hospitalisation, or side effects of treatment.

Conclusions

There is limited data which suggests urate lowering therapy may slow down damage to the kidneys but the conclusion is very uncertain.
Benefits were not observed at all time points and study quality was generally low. Larger studies are required to study the effect of uric
acid lowering therapy on CKD progression.

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Uric acid lowering therapies (UAR) versus placebo, no treatment or usual care for preventing or
delaying the progression of chronic kidney disease (CKD)

UAR versus to placebo, no treatment or usual care for preventing or delaying the progression of CKD

Patient or population: CKD patients
Intervention: UAR
Comparison: placebo, no treatment or usual care

Outcomes Anticipated absolute effects” (95% Cl) Relative effect No. of partici- Quality of the evi-
(95% Cl) pants dence
Risk with placebo, no treatment or Risk with UAR (studies) (GRADE)
usual care
Death at 6 months Study population RR 1.66 498 (2) DBOO
(0.61 to0 4.48) LOW 12
24 per 1,000 40 per 1,000
(15 to 108)
Death at 2 years Study population RR0.13 220 (2) lloC]
(0.02 to 1.06) Low 3
63 per 1,000 9 per 1,000
(1to 68)
Dialysis at 2 years Study population RR 0.40 220 (2) SPOO
(0.05 to 3.00) LOW 45
36 per 1,000 15 per 1,000
(2 to 110)
Serum creatinine Mean serum creatinine in the intervention group was 73.35 pmol/L lower (39.14 - 83 (2) ®POO
at 1year to 107.28 lower) than the control group Lowé7
eGFR at 2 years Mean eGFR in the intervention group was 4 mL/min higher (3.28 lower to 11.28 - 164 (2) ODDO
higher) than the control group MODERATE 8
Cardiovascular Study population RR 0.46 113 (1) lloC]
events (0.20 to 1.04) LOw 910

268 per 1,000 123 per 1,000

(54 to 279)
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Uric acid at 1 year The mean uric acid level in the intervention group was 173.88 pumol/L lower 253 (4) 00
(79.35 to 268.42 lower) than the control group HIGH

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: confidence interval; eGFR: estimated glomerular filtration rate; RR: risk ratio

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Poorly reported unblinded study with multiple post hoc analyses

2 One study with a high mortality

3 One unblinded study with low event rate

4 Single small unblinded study

5 Low event rate

6 Unblinded studies with poor reporting of allocation concealment, incomplete outcome data and potential reporting bias
7 High effect heterogeneity across the studies

8 Small effect with wide CI

9 Single unblinded study

10 Single study with large effect on a high event rate
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BACKGROUND

Description of the condition

There is increasing recognition of the links between
hyperuricaemia, chronic kidney disease (CKD) and cardiovascular
disease (Feig 2008). It is very difficult to disentangle association
and causality. Rigorous evaluation of the evidence for the impact
of lowering uric acid levels on the development and progression
of CKD is essential because there could potentially be major
implications for the prevention and treatment of CKD in the future.

Chronic kidney disease

Estimates from the USA suggest that the prevalence of CKD stages
1 to 4 increased from 10% (95% confidence interval (Cl); 9.2% to
10.9%) in 1988 to 1994, to 13.1% (95% Cl; 12% to 14.1%) in 1999 to
2004 (Coresh 2007). More recent data suggests that more than 5%
of the USA population has CKD stage 3 (Levey 2012). The number
of individuals worldwide undergoing renal replacement therapy
(RRT) has increased very considerably over recent years, with a
consequent increase in demand on health funding. In the UK, 2%
of the National Health Service budget is spent on RRT (dialysis and
transplantation) for 0.01% of the population (Winearls 2010). There
is an increase in cardiovascular disease and all-cause mortality
associated with falling glomerular filtration rate (GFR) (Matsushita
2010). Individuals with CKD are at high risk of cardiovascular
disease.

Hyperuricaemia

Uric acid is the end product of the metabolism of purine
compounds. Elevated uric acid levels can result from excessive
urate production and diminished kidney uric acid excretion or
both. Hyperuricaemia is generally defined from the concentration
at which a state of supersaturation for urate is reached in the
serum (the solubility limit of urate in body fluids). There is variation
between men and women in levels: the generally quoted levels are
> 7 mg/dL (420 pmol/L) for men and > 6 mg/dL (360 umol/L) for
women.

The prevalence of hyperuricaemia varies considerably among
populations. Historical data for white males in the USA suggests
a prevalence of 4.8% (Hall 1967). More recent studies in Taiwan
Chinese males gave a prevalence of 25.8% (Lin 2000), and in
Thai males prevalence was 59% (Uaratanawong 2011). Significant
proportions of some populations are therefore suggested as having
asymptomatic hyperuricaemia. When symptoms associated with
elevated uric acid levels develop they may manifest as gout, uric
acid nephrolithiasis or urate nephropathy.

In patients with CKD it is well recognised that a decline in kidney
function and GFR is accompanied by an increase in serum uric
acid levels as a result of reduced kidney clearance (Cameron
2005) There is increasing suspicion that rising uric acid levels
may be more than just a marker of kidney disease, and may be
involved in the pathogenesis of CKD and its progression. A recent
study has shown that serum uric acid levels are an independent
risk factor for decreased kidney function in healthy normotensive
individuals (Bellomo 2010). Data from animal models have
demonstrated that hyperuricaemia accelerates the progression of
kidney disease via mechanisms linked to high systemic blood
pressure and vascular disease (Kang 2002). Other studies in rats
have confirmed that hyperuricaemia is associated with both the

development of glomerulosclerosis and tubulointerstitial fibrosis,
and exacerbation of kidney disease in animals with remnant
kidneys or chronic cyclosporin toxicity (Nakagawa 2006). In
addition, lowering uric acid with allopurinol in diabetic (db/db)
mice reduced albuminuria and ameliorated tubulointerstitial injury
(Kosugi 2009). Therapies that reduce uric acid may therefore slow
CKD progression and reduce cardiovascular morbidity.

Description of the intervention

There are a number of mechanistically different interventions that
can be used to lower uric acid levels. These include xanthine
oxidase inhibitors, uricosuric agents and uricase agents. These
agents are classically used to lower urate levels in the treatment of
gout, but the use of at least some of these agents would be viable
for high urate levels in kidney patients.

The potential urate lowering therapies available (allopurinol,
febuxostat, probenecid, sulfinpyrazone, benzbromarone,
pegloticase and rasburicase; see Table 1) will be included for
evaluation in this review according to available data.

How the intervention might work

Reducing urate levels using drug treatment may reduce the
ongoing damage to the kidney and allow the kidney to function fora
longer period of time. The reduction in urate levels in the blood may
also affect other parameters other than kidney function; the blood
pressure may be reduced, and there may be other direct effects on
blood vessels which help the patient and reduce other risks.

Why it is important to do this review

Given the increasing prevalence of CKD, and the associated
morbidity and mortality in an aging population with increasing
levels of obesity and diabetes, it is imperative that we find
therapeutic ways of delaying the onset and progression of kidney
disease to improve patient outcomes and reduce the global impact
of CKD. This review will evaluate the accumulating evidence on
the use of uric acid lowering therapy in CKD, and provide direction
towards areas for further research.

OBJECTIVES

This review aims to study the benefits and harms of uric
acid lowering therapy on the progression of CKD and other
cardiovascular endpoints.

METHODS

Criteria for considering studies for this review
Types of studies

All randomised controlled trials (RCTs) and quasi-RCTs (RCTs in
which allocation to treatment was obtained by alternation, use
of alternate medical records, date of birth or other predictable
methods) looking at the use of uric acid lowering therapy in
individuals with both normal and impaired kidney function (CKD).
Cross-over studies were not included in the review.

Types of participants

Individuals receiving uric acid lowering therapy with either normal
kidney function or CKD as defined by the studies (most commonly
by eGFR) of all ages and both male and female.

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 5
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Patients already receiving RRT via haemodialysis or peritoneal
dialysis were to be considered as separate subgroups of the study
population. They were to be assessed for cardiovascular endpoints
and mortality dependent on the data available.

Types of interventions

Any therapy given primarily for lowering uric acid was considered
for inclusion. This included allopurinol, febuxostat, probenecid,
sulfinpyrazone, benzbromarone, pegloticase and rasburicase.
Comparison was made between intervention and placebo or
standard care. There is good evidence that other agents, such as
atorvastatin and losartan may have the effect of lowering uric acid
levels in addition to their primary effects on lipid metabolism and
the renin/angiotensin system respectively (Daskalopoulou 2005).
For the purposes of this systematic review, however, it would be
impossible to disentangle the effects of these drugs on kidney and
cardiovascular outcomes mediated via effects on uric acid and their
primary mechanisms of action. Therefore, these agents were to
be included in the review analysis, although relevant data may be
reviewed in the discussion. Follow-up for more than three months
duration was considered appropriate for an effect on CKD, shorter
studies were excluded.

Types of outcome measures
Primary outcomes

Development or progression of kidney disease as defined by
changein serum creatinine (SCr), change in eGFR or start of dialysis.

1. End-stage kidney disease (ESKD) as defined by study
(commencement of dialysis, transplantation)

2. SCrlevel
3. GFR

Secondary outcomes

1. Mortality

Blood pressure (diastolic and systolic)

Major adverse events.

Cardiovascular events

Markers of inflammation (i.e. C-reactive protein levels)
Cardiovascular status (surrogate measure as defined by study)
Proteinuria

NSO R WN

Serum uric acid

Search methods for identification of studies
Electronic searches

We searched the Cochrane Kidney and Transplant Specialised
Register to 20 July 2017 through contact with the Information
Specialist using search terms relevant to this review. The
Specialised Register contains studies identified from the following
sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL)

2. Weekly searches of MEDLINE OVID SP

3. Handsearching of kidney-related journals and the proceedings
of major kidney conferences

4. Searching of the current year of EMBASE OVID SP

5. Weekly current awareness alerts for selected kidney and
transplant journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov.

Studies contained in the Specialised Register are identified through
search strategies for CENTRAL, MEDLINE, and EMBASE based on
the scope of Cochrane Kidney and Transplant. Details of these
strategies, as well as a list of handsearched journals, conference
proceedings and current awareness alerts, are available in the
Specialised Register section of information about Cochrane Kidney
and Transplant.

See Appendix 1 for search terms used in strategies for this review.

Searching other resources

1. Reference lists of clinical practice guidelines, review articles and
relevant studies.

2. Letters seeking information about unpublished or incomplete
studies to investigators known to be involved in previous
studies.

Data collection and analysis
Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that might be relevant to the review. The
titles and abstracts were screened independently by two authors,
who discarded studies that were not applicable; however studies
and reviews that might include relevant data or information on
studies were retained initially. The authors independently assessed
retrieved abstracts and, if necessary the full text, of these studies to
determine which studies satisfied the inclusion criteria.

Data extraction and management

Data extraction was carried out independently by two authors
using standard data extraction forms. Studies reported in non-
English language journals were to be translated before assessment.
Where more than one publication of one study existed, reports were
grouped together and the publication with the most complete data
was included. Disagreements were resolved by consultation with
all authors.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
using the risk of bias assessment tool (Higgins 2011) (see Appendix
2).

« Was there adequate sequence generation (selection bias)?

« Was allocation adequately concealed (selection bias)?

« Was knowledge of the allocated interventions adequately
prevented during the study?
* Participants and personnel (performance bias)
* Qutcome assessors (detection bias)

« Were incomplete outcome data adequately addressed (attrition
bias)?

« Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

« Was the study apparently free of other problems that could put
it at a risk of bias?

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 6
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Measures of treatment effect

For dichotomous outcomes (mortality, commencement of RRT,
transplantation) results have been expressed as risk ratios (RR)
with 95% Cl. Where continuous scales of measurement are used to
assess the effects of treatment (blood pressure, SCr, eGFR, serum
uric acid level, proteinuria), the mean difference (MD) has been
used, or the standardised mean difference (SMD) if different scales
have been used.

Unit of analysis issues

Any data from studies with non-standard designs such as cross-
over studies will be reviewed, but these data are unlikely to be
suitable for inclusion because the cross-over design is not suitable
for assessing delayed treatment effects. Studies with multiple
intervention groups were reviewed. Groups were separated and
outcomes analysed individually if data were available.

Dealing with missing data

Wherever possible, we attempted to contact original investigators
to request missing data. Intention-to-treat analysis or available
case analysis were conducted, if applicable, to address issues of
missing participants. We addressed issues regarding missing data
in our discussion and attempt to minimise imputation of data.

Assessment of heterogeneity

We first assessed the heterogeneity by visual inspection of the
forest plot. Heterogeneity was then analysed using a Chi? test on
N-1 degrees of freedom, with an alpha of 0.05 used for statistical
significance and with the 12 test (Higgins 2003). A guide to the
interpretation of 12 values is as follows.

« 0% to 40%: might not be important

« 30% to 60%: may represent moderate heterogeneity
« 50% to 90%: may represent substantial heterogeneity
« 75% to 100%: considerable heterogeneity.

The importance of the observed value of 12 depends on the
magnitude and direction of treatment effects and the strength of
evidence for heterogeneity (e.g. P-value from the Chi2 test, or a
confidence interval for I12) (Higgins 2011).

Assessment of reporting biases

Sufficient RCTs were not identified; therefore an attempt was not
made to address publication bias by the use of funnel plots (Higgins
2011).

Data synthesis

Data was pooled using the random-effects model but the fixed-
effect model was also used to ensure robustness of the model
chosen and susceptibility to outliers.

Subgroup analysis and investigation of heterogeneity

Subgroup analysis was used to explore possible sources of
heterogeneity (such as participants, interventions and study
quality). Heterogeneity among participants could be related to
levels of CKD, racial group, dialysis modality and transplantation.
Heterogeneity in treatments could be related to prior agent(s) used

and the agent, dose and duration of therapy. Adverse effects were
to be tabulated and assessed using descriptive techniques because
they were likely to differ among the various agents used. Where
possible, the risk difference (RD) with 95% Cl was to be calculated
for each adverse effect, either compared with no treatment or
another agent.

Sensitivity analysis

We planned to perform sensitivity analyses to explore the influence
of the following factors on effect size:

« Repeating the analysis excluding unpublished studies

« Repeatingthe analysis taking account of risk of bias, as specified
above

» Repeating the analysis excluding any very long or large studies
to establish how much they dominate the results

Due to the lack of appropriate data, these sensitivity analyses have
not been performed.

'Summary of findings' tables

We presented the main results of the review in 'Summary of
findings' tables. These tables present key information concerning
the quality of the evidence, the magnitude of the effects of
the interventions examined, and the sum of the available data
for the main outcomes (Schiinemann 2011a). The 'Summary of
findings' tables also include an overall grading of the evidence
related to each of the main outcomes using the GRADE (Grades
of Recommendation, Assessment, Development and Evaluation)
approach (GRADE 2008). The GRADE approach defines the quality
of a body of evidence as the extent to which one can be confident
that an estimate of effect or association is close to the true quantity
of specific interest. The quality of a body of evidence involves
consideration of within-trial risk of bias (methodological quality),
directness of evidence, heterogeneity, precision of effect estimates
and risk of publication bias (Schiinemann 2011b). We presented the
following outcomes in the 'Summary of findings' tables.

» Death at six months and two years
« Dialysis at two years

« SCr

« GFRattwo years

o CVS (cardiovascular system) events
+ Uricacid

RESULTS

Description of studies
Results of the search

After searching electronic databases we identified 1306 records.
After duplicates were removed and titles and abstracts screened we
retrieved 39 full-text articles for further assessment. Of these, 12
studies (17 records) were included and six studies (13 records) were
excluded. Three ongoing studies (CKD-FIX Study 2011; FEATHER
Study 2014; PERL Study 2013) were identified and four new
potential studies were identified prior to publication (Hosoya 2014;
Saag 2013; Tani 2015; Tuta 2014). These seven studies will be
assessed in a future update of this review (Figure 1).

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 7
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Figure 1. Study flow diagram.
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Included studies

Twelve studies (1187 participants) were eligible for inclusion in this
review (see Characteristics of included studies).

o Four studies (Goicoechea 2010; OPT-CHF Study 2004; Sircar
2015; Siu 2006) reported data on mortality

« Three studies reported need for dialysis (Goicoechea 2010; Siu
2006; Tuta 2006)

« Eight studies (Gibson 1980; Goicoechea 2010; Kanbay 2011,
Momeni 2010; Sarris 2007; Shi 2012; Siu 2006: Sircar 2015)
included data on kidney outcomes, such as SCr, eGFR and
proteinuria

« Five studies (Bergamini 2010; Dogan 2011; Goicoechea
2010; Kanbay 2011; OPT-CHF Study 2004) included data on
cardiovascular outcomes

« Eight studies (Dogan 2011; Gibson 1980; Goicoechea 2010;
Kanbay 2011; Sarris 2007; Shi 2012; Sircar 2015; Siu 2006)
included data on the effect on serum uric acid

« Three studies (Goicoechea 2010; Sarris 2007; Siu 2006) included
specific data on other side effects.

Study design

All studies were randomised, parallel group design.

Sample sizes

Samples sizes ranged from 36 to 405 patients, five studies including
100 or more patients (Dogan 2011; Goicoechea 2010; OPT-CHF
Study 2004; Sircar 2015; Tuta 2006).

Setting

Studies were mainly conducted in single centres. Several reports
were not specific as to the source of patient recruitment.

Participants

Different types of patients were included in different studies
including heart failure, normotensive diabetics, diabetics with
microvascular complications, gout, stable CKD, asymptomatic
hyperuricaemia, and IgA nephropathy with hyperuricaemia.

Interventions

Allopurinol was the intervention in all studies except OPT-CHF
Study 2004, which used oxypurinol.

Outcomes

Kidney outcomes such as GFR, SCr and proteinuria were assessed
in seven studies. Cardiovascular outcomes such as blood pressure,
flow mediated dilatation and nitrate induced vascular dilatation
were measured in four studies.

Excluded studies

Six studies were excluded (Characteristics of excluded studies).

Two studies were in patients with gout only (CONFIRMS Study
2012; Sundy 2011), two studies compared active treatments
(NCT00174915; NU-FLASH Study 2013), and two studies were of
short duration (less than three months) (Tanaka 2015; Tausche
2014).

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review)
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Risk of bias in included studies

Risk of bias data is summarised for the included studies in Figure
2. In general there was little or no data by which to assess the risk
of bias.

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 9
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation
Random sequence generation

Randomisation was categorised as low risk in four studies
(Goicoechea 2010; Kanbay 2011; Sircar 2015; Siu 2006), all of
which documented the use of computer generated lists for
randomisation. The other studies gave no indication or stated
"simple random allocation" as their method and were categorised
as unclear.

Allocation concealment

Shi 2012 and Sircar 2015 stated methods for allocation
concealment, which were opaque envelopes, and were judged to
be at low risk of bias. All other studies were categorised as unclear.

Blinding

For participants and investigators (performance bias), six studies
were open-label and were classified as high risk (Goicoechea 2010;
Kanbay 2011; Sarris 2007; Shi 2012; Siu 2006; Tuta 2006). Two
studies reported blinding (Momeni 2010; Sircar 2015) and were
classified as low risk; all other studies were unclear. Some of these
included placebo treatment, but blinding remained unstated.

For outcome assessment, blinding was classified as low risk for
two studies (Goicoechea 2010; Kanbay 2011). All other studies were
classified as unclear.

Incomplete outcome data

Three studies were categorised as high risk for incomplete
outcomes due exclusion of participants from the final analysis
(Momeni 2010; Siu 2006) or more than 10% were lost to follow-
up (Sircar 2015). Seven studies were classified as low risk (Dogan
2011; Gibson 1980; Goicoechea 2010; Kanbay 2011; OPT-CHF Study
2004; Shi2012; Tuta 2006) as they accounted for all outcomes on all
patients. Two studies were categorised as unclear (Bergamini 2010;
Sarris 2007).

Selective reporting

Five studies were classified as low risk (Dogan 2011; Gibson 1980;
Momeni 2010; Sircar 2015; Siu 2006). Four studies were at high
risk of reporting bias; two were abstract-only publications with no
full text publication 10 years after abstracts were presented (Sarris
2007; Tuta 2006), and two did not report all data in a way that could
be meta-analysed (Goicoechea 2010; Shi 2012 ). The remaining
three studies were classified as unclear.

Other potential sources of bias

Two studies were classified as high risk; one study was funded
by Pharma (OPT-CHF Study 2004) and one study author had
patent pending applications related to the treatment under
investigation (Shi 2012). One study clearly stated that there was
no influence by Pharma on design, data collection, decision to
publish or preparation of the manuscript (Sircar 2015) (low risk).
The remaining nine studies were classified as unclear.

Effects of interventions

See: Summary of findings for the main comparison Uric acid
lowering therapies (UAR) versus placebo, no treatment or usual
care for preventing or delaying the progression of chronic kidney
disease (CKD)

Primary outcomes
End-stage kidney failure (need for dialysis)

Uric acid lowering therapy may make little of no difference (low
certainty evidence) in the incidence of ESKD at one year (Analysis
1.1.1 (1 study, 51 participants): RR 1.04, 95% CI 0.07 to 15.74), two
years (Analysis 1.1.2 (2 studies, 220 participants): RR 0.40, 95% CI
0.05 to 3.00; 12 = 0%), or seven years (Analysis 1.1.3 (1 study, 116
participants): RR 0.56, 95% Cl 0.24 to 1.30).

Serum creatinine

Uric acid lowering therapy may reduce SCr at one year (Analysis
1.2 (2 studies, 83 participants) MD -73.35 umol/L, 95% CI -107.28 to

-39.41; 12 = 0%; low certainty evidence).

Glomerular filtration rate

GFR was probably increased with uric acid lowering therapy at six
months (Analysis 1.3.2 (3 studies, 246 participants): MD 4.91 mL/
min, 95% Cl 1.06 to 8.76; 12 = 0%) and one year (Analysis 1.3.3 (1
study, 113 participants): MD 5.50 mL/min, 95% Cl 0.59 to 10.41),
but probably makes little or no difference at two (Analysis 1.3.4 (2
studies, 164 participants): MD 4.00 mL/min, 95% Cl -3.28 to 11.28;
12 =39%) or five years (Analysis 1.3.5 (1 study, 107 participants): MD
2.70 mL/min, 95% CI -2.55 to 7.95) (moderated certainty evidence).

Secondary outcomes
Death

Uric acid lowering therapy may make little or no difference in death
at six months (Analysis 1.4.1 (2 studies, 498 participants): RR 1.66,
95% C1 0.61 to 4.48; 12=0%), two years (Analysis 1.4.2 (2 studies, 220
participants): RR 0.13, 95% Cl 0.02 to 1.06; 12 = 0%), or seven years
(Analysis 1.4.3 (1 study, 113 participants): RR 0.88, 95% Cl 0.51 to
1.51) (low certainty evidence).

Blood pressure

Uric acid lowering therapy may make little or no difference blood
pressure (both systolic and diastolic) at all time points (Analysis 1.5;
Analysis 1.6) (low certainty evidence).

Shi 2012 reported more patients reduced antihypertensive therapy
in the allopurinol group (7/9) compared to the control group (0/9)
(P =0.0007).

Hospitalisation

Hospitalisation may be slightly decreased with uric acid lowering
therapy at two years (Analysis 1.7.2 (1 study, 113 participants): RR
0.54,95% Cl 0.29 to 0.98) but may make little of no difference at six
months (Analysis 1.7.1 (1 study, 405 participants): RR 1.17, 95% ClI
0.85 to 1.62) (low certainty evidence).

Adverse events

Uric acid lowering therapy may make little or no difference
in the occurrence of adverse events, including cardiovascular
events, gastrointestinal upset, heart failure hospitalisation, and
rash (Analysis 1.8) (low certainty evidence).

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 11
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C-reactive protein

Uric acid lowering therapy may increase CRP at one year (Analysis
1.9.3 (1 study, 51 participants): MD 7.20 mg/L, 95% Cl 2.27 to 12.13)
but not at three of four months (low certainty evidence).

Cardiovascular markers

Uric acid lowering therapy may make little or no difference to
CV markers with the exception of nitrate-induced dilatation which
improved in Dogan 2011 (Analysis 1.10.5 (100 participants): MD
4.00,95% Cl 2.47 to 5.53).

The CV marker results are difficult to interpret. Nitrate-induced
dilatation appears to be improved in a single study; however
baseline measures differed between the groups with the control
group starting with a higher value at 12, compared to the urate
lowering therapy group's 10. During the study the results then
crossed over with the urate lowering therapy group rising to 14
and the control falling to 10. With a SD of 7.5 in the uric acid
lowering therapy group and 9.5 in the control group at baseline,
it seems highly unlikely that there was a significant change from
baseline in the subsequent results. None of the other markers gave
a significant result. There were several studies whose data in this
area were poorly reported giving only changes in means within
groups. This limited the available data which could be analysed in
this review.

Proteinuria

Uric acid lowering therapy may make little or no difference in
proteinuria across all the studies and time points (Analysis 1.11 (4
studies, 147 participants): MD -0.08 g/d, 95% Cl -0.59 to 0.43; 12 =
39%) (low certainty evidence).

Uric acid

Uric acid lowering therapy reduced uric acid levels at all time points
(Analysis 1.12 (2 years, 2 studies, 163 participants): MD -89.49 umol/
L, 95% Cl-115.62 to -63.36; 12 = 0%) (high certainty evidence).

DISCUSSION

Summary of main results

There is currently limited low quality evidence that uric acid
lowering therapies prevent or delay progression of CKD. After one
year of therapy SCr may be reduced by an average of 73 umol/L
and eGFR increased by approximately 5.5 mL/min. These results
are based on only a small number of studies and the magnitude of
the apparent benefit was clinically small. There is no evidence for
an increasing effect over time with all analyses showing a similar
magnitude of effect.

There is no randomised evidence suggesting uric acid lowering
therapy reduces blood pressure. The data may have been
compromised by the reduction of antihypertensive agents during
studies. Shi2012 medications were reduced in a significant number
of patients over time but the measured blood pressures in other
studies did not reflect better controlled blood pressure while on
treatment.

Other measures of inflammation and cardiovascular endpoints did
not reveal any therapeutic impact. The CV endpoints such as flow-
mediated dilatation are often poorly standardised tests with high

variability in measurements. Several studies reported only changes
in these measurements with no report of primary data to enable
their comparison across studies. Several studies showed baseline
data which differed markedly between the groups, with very high
SD within each group (e.g. NT-ProBNP in Bergamini 2010 and NID
in Dogan 2011).

Overall completeness and applicability of evidence

This review gives a complete picture of current RCT data in the
area of CKD progression and uric acid lowering therapy. There is
a very limited amount of data and the applicability of the data is
currently open to question. The populations included in the studies
are highly varied with some studies including only patients with
kidney failure, others excluding them. Uric acid lowering therapy is
tests in heart failure patients to prevent hospital admission and in
proteinuric patients without kidney failure to prevent progression.
The data available therefore represents a range of included patients
and indications for urate lowering therapy. The data represented in
the review can therefore not be said to apply to a single population
or clinical situation. It does however represent the current best
available data to answer the current question.

Quality of the evidence

None of the studies were classified as high quality in all
areas of assessment. Multiple studies appear to have at least
omitted reporting the design of their study, including allocation
concealment and randomisation processes. The inclusion of a
placebo was evident in some studies but who was blinded and to
what was not apparentin the report. In many cases the studies may
have been of high quality but the report was not.

Reporting bias was evident some studies which compared
outcomes within a group at the start and the end of a study. This
appears to have been an attempt to show a significant result when
none was otherwise apparent. These are negative studies which
have managed to be reported, reducing the alternative publication
bias.

Potential biases in the review process

We have not identified any major bias in our process. There is
clearly the risk of publication bias, with negative studies remaining
unpublished unless they selectively report a positive outcome.
Other standard sources of bias in a systematic review remain a
possibility including the difficulty identifying studies published in
languages other than English.

Agreements and disagreements with other studies or
reviews

Our conclusions are in agreement with the systematic review
carried out by Bose 2013, which concluded that allopurinol
treatment abrogated a rise in SCr over time in treated patients with
no impact on death, ESKD, blood pressure or proteinuria.

AUTHORS' CONCLUSIONS

Implications for practice

Currently there is no evidence supporting a change in practice
in treating asymptomatic hyperuricaemia for prevention of
progression of CKD.
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Implications for research

This question needs to be the subject of large high quality RCTs
such as the recently launched CKD-FIX Study 2011 from the
Australian Kidney Trials Network, the PERL Study 2013 in the USA
and the FEATHER Study 2014. CKD-FIX Study 2011 is enrolling
patients considered at high risk of CKD progression whilst PERL

Study 2013 focuses on type | diabetes and CKD progression. The
FEATHER Study 2014 is randomising CKD class Ill patients with
hyperuricaemia but no gout.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]
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* Indicates the major publication for the study

Methods « Study design: double-blind, parallel RCT

« Study duration: not reported

« Duration of follow-up: 3 months

Participants « Country: Italy
 Setting: outpatient clinic

« Stable congestive heart failure patients from a single clinic
« Number: treatment group (26); control group (27)

» Mean age +SD: 66.1 +10.3 years

« Sex (M/F): not reported

 Exclusion criteria: not reported

Interventions Treatment group

« Allopurinol: 300 mg/d for 3 months

Control group
+ Placebo

Co-interventions: not reported

Outcomes « Ewave velocity
« E-E'
« NT-proBNP
Notes + Abstract-only publication

« Funding source: not reported

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-
tion (selection bias) ed
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 17

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Bergamini 2010 (Continued)

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Unclear risk

Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk

Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

Insufficient information to permit judgement

Selective reporting (re-
porting bias)

Unclear risk

Insufficient information to permit judgement

Other bias

Unclear risk

Insufficient information to permit judgement

Dogan 2011

Methods

Study design: single-blind, parallel RCT
Study duration: not reported
Duration of follow-up: 12 weeks

Participants

Country: Turkey

Setting: single centre

Diabetic normotensive patients

Number: treatment group (50); control group (50)

Mean age + SD (years): treatment group (50 + 5.0); control group (50.0 + 6.0)
Sex (M/F): treatment group (25/25); control group (26/24)

Exclusion criteria: hypertension; smoking; known heart disease; presence of congestive heart failure;
history of coronary artery disease; other comorbid situations

Interventions

Treatment group
« Allopurinol: 900 mg/d for 12 weeks

Control group

Placebo: for 12 weeks

Co-interventions

All patients continued to use initial medical therapy including same anti-diabetic treatment during12
weeks observation

Outcomes BP
Uric acid (mg/dL)
SCr (mg/dL)
CRP (mg/L)
Flow-mediated dilatation (%)
Nitrate-induced dilatation (%)

Notes Funding source: not reported
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Dogan 2011 (Continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-
tion (selection bias) ed

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Stated single-blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Stated-single-blinded

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All patient outcome data reported

(attrition bias)
All outcomes

Selective reporting (re- Low risk All expected outcomes reported
porting bias)

Other bias Unclear risk Insufficient information to permit judgement
Gibson 1980
Methods « Study design: parallel RCT

« Study duration: not reported
« Duration of follow-up: all for at least 1 year; 55 for 2 years

Participants « Country: UK
» Setting: single centre
« Patients with gout for > 1 year; not on hypouricaemic agents
« Number (randomised/analysed): treatment group (26/25); control group (33/32)
« Mean age + SD (years): treatment group (49 + 12); control group (49 + 12)
« Sex (M/F): treatment group (25/1); control group (33)
« Exclusion criteria: not reported

Interventions Treatment group

« Allopurinol: 200 mg/d
+ Colchicine: 1 mg/d
+ Treatment duration: 2 years

Control group
+ Colchicine: 1 mg/d for 2 years

Co-interventions: not reported

Outcomes  Uricacid (mmol/L)
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Gibson 1980 (continued)

SCr (umol/L)

CrEDTA-GFR (mL/min/1.73 m2)

Urine osmolality after 15 h fluid deprivation
Proteinuria (g/24 h)

Notes A later paper (1982) contains identical data, but with 3 additional subjects. That paper indicates that
3 subjects were not randomised, suggesting that at least one participant in Gibson 1980 was also non-
randomised
Funding source: support provided by the Arthritis and Rheumatism Council

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-

tion (selection bias) ed

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Insufficient information to permit judgement

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk One patient was withdrawn from the randomisation schedule and given allop-

(attrition bias) urinol because he had large tophi - all other patient data reported

All outcomes

Selective reporting (re- Low risk All expected outcomes reported

porting bias)

Other bias Unclear risk Insufficient information to permit judgement

Goicoechea 2010

Methods

Study design: parallel RCT
Study duration (recruitment): January 2007 to May 2007
Duration of follow-up: 2 years

Participants

Country: Spain
Setting: single centre

Adults with presence of kidney disease (eGFR < 60 mL/min); stable clinical condition in terms of no
hospitalisations nor CV events within the 3 months before screening; 3 stable kidney function (SCr had
not increased by 50% in the 3 months before screening)

Number: treatment group (57); control group (56)
Mean age + SD (years): treatment group (72.1 + 7.9); control group (71.4 £ 9.5)
Sex (M/F): not reported
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Goicoechea 2010 (continued)

+ Exclusion criteria: history of allopurinol intolerance; already on allopurinol treatment; active infec-
tions or inflammatory diseases; HIV infection; chronic hepatopathy; received immunosuppressive
therapy

Interventions Treatment group
« Allopurinol: 100 mg/d for 2 years
Control group
+ Usual therapy

Co-interventions: not reported

Outcomes » Progression of kidney disease (eGFR, SCr)
« CVevents
+ Hospitalisation for any cause
+ Uricacid (mg/dL)
« CRP(mg/L)
» ESKD requiring dialysis

+ Death

Notes » Funding source: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer generated list
tion (selection bias)
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants High risk Open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk The laboratory researcher was unaware of the baseline clinical status of the
sessment (detection bias) patients
All outcomes
Incomplete outcome data  Low risk All patient data reported
(attrition bias)
All outcomes
Selective reporting (re- High risk All expected outcomes reported; SD not reported for CRP
porting bias)
Other bias Unclear risk Insufficient information to permit judgement

Kanbay 2011
Methods « Study design: parallel RCT

« Study duration (recruitment): December 2009 to June 2010
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Kanbay 2011 (continued)

+ Duration of follow-up: 4 months

Participants

« Country: Turkey

« Setting: single centre

« Adults <18 years with asymptomatic hyperuricaemia without the presence of diabetes, hypertension,
heart failure, gout, or overt CV disease;

« Number (randomised/analysed): treatment group (32/30); control group (40/37)
« Mean age + SD (years): treatment group (54.4 + 8.0); control group (50.4 + 11.2)
« Sex (M/F): treatment group (16/14); control group (18/19)

« Exclusion criteria: history of coronary artery disease; active smokers; patients receiving ACEi, ARB,
statins, or supplemental vitamin pills; diabetes

Interventions

Treatment group

« Allopurinol: 300 mg/d for 4 months

Control group

¢ No treatment

Co-interventions: not reported

Outcomes » Flow-mediated dilatation
* eGFR (mL/min/1.73 m2)
« Ambulatory BP monitor
« Urinary protein:creatinine ratio
« CRP(mg/L)

Notes « Fundingsource: "Dr. Johnson has patent applications related to lowering uric acid as a means to treat
hypertension, reduce the frequency of diabetes, and treat fatty liver. The other authors have no rela-
tionships or financial interests with companies related to the findings of this work."

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer generated random numbers

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants High risk Open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Flow-mediated dilatation technician blinded

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All patients accounted for

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Not clear why the study has 4 month outcomes when they introduced itasa 7

porting bias) month study
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Kanbay 2011 (continued)

Other bias Unclear risk Insufficient information to permit judgement
Momeni 2010
Methods « Study design: parallel RCT

o Study duration (recruitment): August 2006 to May 2008
« Duration of follow-up: 4 months

Participants « Country: Iran
« Setting: single centre

« Age > 18 years; proteinuria > 500 mg/24 h; bilateral normal-size kidney on ultrasonography (9 cm to
12 cm); existence of diabetic retinopathy; absence of systemic diseases or other causes of proteinuria
based on physical examination and history

« Number: treatment group (20); control group (20)

« Mean age + SD (years): treatment group (56.3 + 10.6); control group (59.1 + 10.6)

« Sex (M/F): treatment group (9/11); control group (9/11)

« Exclusion criteria: administration of allopurinol for another reason; significant kidney insufficiency

(SCr>3mg/dL (265.2 umol/L) or GFR <25 mL/min); development of allopurinol side effects (elevated
liver enzymes, cytopenia, and dermatitis); uncooperativeness during the study

Interventions Treatment group
« Allopurinol: 100 mg/d for 4 months
Control group
+ Placebo for 4 months
Co-interventions

« All of the participants were using renoprotective drugs such as ACEi, ARB or both. Hyperglycaemia
treatment consisted of oral hypoglycaemic agents and/or insulin, which continued during the study
with the same dose

Outcomes « BP
« Proteinuria
+ Kidney function (SCr)

Notes « Funding source: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk "simple random allocation" so that there were 20 patients in each group

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)

Blinding of participants Low risk "Double-blinded"
and personnel (perfor-
mance bias)
All outcomes
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Momeni 2010 (Continued)

Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk 4 patients (2 in each group) were excluded due to non-compliance
(attrition bias)
All outcomes

Selective reporting (re- Low risk All expected outcomes reported
porting bias)

Other bias Unclear risk Insufficient information to permit judgement

OPT-CHF Study 2004

Methods « Study design: parallel RCT
« Study duration (recruitment): March 2003 to December 2004
« Duration of follow-up: 24 weeks

Participants « Country: USA, Canada
 Setting: multicentre

« Patients aged 18 to 85 years; NYHA Il or IV, hospitalised for heart failure in the last 18 months or ED
visit or new treatment for heart failure

« Number: treatment group (203); control group (202)

« Mean age + SD (years): treatment group (64 + 13); control group (65 + 13)
« Sex (M/F): treatment group (154/49); control group (141/61)

« Exclusion criteria: SCr>3 mg//dL

Interventions Treatment group
« Oxypurinol: 100 mg for first week; 600 mg/d for 24 weeks (dose reduced for kidney failure)
Control group
+ Placebo for 24 weeks

Co-interventions

Outcomes « Composite clinical endpoint
* CVdeath

* Hospitalisation/ED visit/urgent clinic visit for heart failure
* Withdrawal of study drug due to worse heart failure, NYHA class
* Clinical status questionnaire

Notes « Funding source: "This study was funded by Cardiome Pharma Corp., Vancouver, British Columbia,
Canada. Brian Mangal, Joanne Brown, and Dr. Fisher are employees of Cardiome Pharma Corp. Dr.
Hare is a consultant to Cardiome Pharma Corp"

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-
tion (selection bias) ed
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OPT-CHF Study 2004 (continued)

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Placebo used but otherwise blinding not reported

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Last entry carried forward; "51 patients did not complete the study through to

the 24-week visit, 22 withdrew consent, 15 died, and 14 discontinued for other
reasons. Where possible, every effort was made to determine the 24-week sta-
tus of all patients who withdrew from the study"

Selective reporting (re- Unclear risk All expected outcomes reported

porting bias)

Other bias High risk Multiple analyses performed with post hoc analyses; funded by Pharma
Sarris 2007

Methods Study design: parallel RCT

Study duration: not reported
Duration of follow-up: 12 months

Participants

Country: Greece

Setting: Single centre

Patients with SCr> 1.5 mg/dL and < 3.0 mg/dL; uric acid > 7 mg/dL

Number: treatment group (18); control group (18)

Mean age + SD (years): treatment group (49.2 + 17.3); control group (50.4 + 15.8)
Sex (M/F): treatment group (10/8); control group (7/11)

Exclusion criteria: gouty arthritis; obstructive uropathy; presence of kidney stone by ultrasonography;
known hypersensitivity in allopurinol; congestive heart failure; malignancy

Interventions

Treatment group
« Allopurinol: 150 mg for 12 months

Control group

No treatment

Co-interventions

Usual antihypertensive drugs, lipid lowering agents and phosphorus binders

Outcomes Uric acid (mg/dL)
SCr (mg/dL)
BP mentioned but no data
Notes Abstract-only publication
Funding source: not reported
Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 25

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Cpchrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Sarris 2007 (Continued)

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk Patients "randomly assigned", method of randomisation was not reported
tion (selection bias)
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants High risk Open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Insufficient information to permit judgement
(attrition bias)
All outcomes
Selective reporting (re- High risk No protocol published; no full text publication 10 years after abstract present-
porting bias) ed
Other bias Unclear risk Insufficient information to permit judgement
Shi2012
Methods « Study design: parallel, open-label RCT

« Study duration: 24 months
« Duration of follow-up: 6 months

Participants

« Country: China

» Setting: Single centre

« Patients aged 18 to 70 years with hyperuricaemia; biopsy-proven IgA nephropathy patients; protein-
uria 0.15t0 2.0 g/d; SCr <3 mg/dL; BP <180/100

« Number: treatment group (21); control group (19)
« Mean age + SD (years): treatment group (39.7 + 10); control group (40.1 + 10.8)
« Sex (M/F): treatment group (13/8); control group (9/10)

« Exclusion criteria: prednisolone orimmunosuppression within 2 months of randomisation; on ACEi or
ARB; allergy to allopurinol; active gout in last 4 weeks; pregnant or not willing to use contraception

Interventions

Treatment group

« Allopurinol: 100 to 300 mg/d for 6 months
* 1f SCr<1.5 mg/dL given 100 mg 3 times/d and when serum uric acid deceased to the normal range
(serum uric acid = 6 mg/dL in females and <7 mg/dL in males), allopurinol was changed to 100 mg

twice daily.

* IfSCr=1.5mg/dL at baseline, allopurinol was initiated at 100 mg twice daily and was decreased to
100 mg daily when uric acid decreased into the normal range

Control group
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Shi 2012 (continued)

Usual care

Co-interventions

Patients diagnosed with hypertension received antihypertensive drugs with titration during the fol-
low-up

Outcomes « eGFR
« Uricacid (mg/dL)
« Proteinuria
. BP
Notes « BP measures were not extractable since they separated out patients with and without hypertension
for reporting. Graph shown of MAP but no numbers given
« Funding source: "This study was supported by grants from the Scientific and Technologic Commit-
tee of Guangdong Province (No. 2006A36001002, 2005B30701002), Guangdong Province Health Office
(A2005189), and Guangdong Natural Science Foundation (6021368). This work has been made possi-
ble through Dr. Wei Chen’s ISN Fellowship. Dr. Xueqging Yu was supported by Sun Yatsen University
Clinical Research 5010 Program, the grant (No. 2010-76) from Guangdong Province University acade-
mic and discipline development and the 973 project (2011CB50400050). Dr. Johnson was supported
by NIH grants HL-68607 and DK-52121"
« "Dr. Johnson has patent applications pending with the University of Florida and University of Wash-
ington related to lowering uric acid for subjects with hypertension or metabolic syndrome."

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-

tion (selection bias) ed

Allocation concealment Low risk Sequentially numbered opaque closed envelopes

(selection bias)

Blinding of participants High risk Open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All patient accounted for and included in the analyses

(attrition bias)

All outcomes

Selective reporting (re- High risk Unable to meta-analysed blood pressure data

porting bias)

Other bias High risk "Dr. Johnson has patent applications pending with the University of Florida
and University of Washington related to lowering uric acid for subjects with hy-
pertension or metabolic syndrome."
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Sircar 2015

Methods

Study design: parallel RCT
Study duration: recruitment from February 2012 to January 2013; last follow-up July 2013
Duration of follow-up: 6 months

Participants

Country: India
Setting: single centre

patients of both sexes aged 18 to 65 years with eGFR of 15 to 60 mL/min/1.73 m2 (as calculated with
serum uric acid levels > 7 mg/dL

Number (randomised/analysed): treatment group (54/45); control group (54/48)

Mean age + SD (years): treatment group (56.2 + 10.9); control group (58.4 + 14.5)

Sex (M/F): treatment group (29/16); control group (37/11)

Exclusion criteria: requirement of medication (excluding diuretics) or conditions that may increase
uric acid levels; autosomal dominant polycystic kidney disease; pregnant or lactating women; symp-
tomatic hyperuricaemia or gout

Interventions Treatment group
« Febuxostat: 40 mg/d for 6 months
Control group

« Placebo

Co-interventions

Both groups received antihypertensive medication, including ACEi or ARB unless there was a specific
contraindication. Diuretics were administered as clinically indicated

Outcomes

>10% decline in GFR at 6 months

Change in eGFR

CV events (MI, stroke, or heart failure)

Death due to any cause

Development of CKD stage 5 (eGFR decreased to 15 mL/min/1.73 m2)
Changes in uric acid (mg/dL)

Any drug-related adverse events

Notes

15 patients either withdrew consent or were lost to follow-up

Funding source: "The drugs and placebo used for conducting the study were provided by Intas Phar-
maceuticals, which had no other role in funding, study design, data collection and analysis, decision
to publish, or preparation of the manuscript"

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "A computer-generated random-number table was used for allocation of indi-

viduals to the study drug and placebo in a 1:1 ratio"

Allocation concealment
(selection bias)

Low risk "Allocation concealment was done by sealed sequentially numbered opaque

envelopes. They were consecutively numbered and bottles were given out ac-
cording to the number allocated to the participant"

Blinding of participants
and personnel (perfor-

Low risk "...given out according to the number allocated to the participant. The investi-

gator was blinded to the allotment as the procedure was carried out by a third

mance bias) person"
All outcomes
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Sircar 2015 (continued)

Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk More than 10% of patients either withdrew or were lost to follow-up
(attrition bias)
All outcomes

Selective reporting (re- Low risk All outcome data reported
porting bias)

Other bias Low risk Study appears free of other biases
Siu 2006
Methods « Study design: parallel, open-label RCT

« Study duration (recruitment): April 2003 to April 2004
« Duration of follow-up: 12 months

Participants + Country: Hong Kong

« Setting: single centre

« Presence of kidney disease (proteinuria > 0.5 g/d and/or SCr > 1.35 mg/dL); stable clinical condition
in terms of general health and kidney function (baseline serum Cr level and daily proteinuria had not
increased by > 40% within the 3 months before screening); hyperuricaemia >7.6 mg/dL

« Number: treatment group (25); control group (26)

« Mean age + SD (years): treatment group (47.7 + 12.9); control group (48.8 + 16.8)

o Sex (M/F): Treatment group (4/9); control group (15/13). Note these are not physically possible

« Exclusion criteria: history of gouty arthritis; kidney stones; advanced CKD (SCr > 4.50 mg/dL); al-
ready on allopurinol or AZA treatment for any reason; known history of allopurinol hypersensitivity;
women of childbearing age and unwilling to use effective means of contraception; pregnant or lactat-
ing women

Interventions Treatment group

« Allopurinol: 100 to 300 mg/d for 12 months
* Administered a starting allopurinol dose of 100 mg/d or 200 mg/d, depending on baseline kidney
function (200 mg/d if SCr < 1.70 mg/dL; 100 mg/d, if SCr > 1.70 mg/dL). The dose was adjusted
according to serum uric acid level, aiming to maintain uric acid levels within the normal range

Control group
o Usual treatment
Co-interventions

« Dosages of antihypertensive drugs, lipid-lowering agents, and steroid or cytotoxic drugs were contin-
ued and adjusted according to the individual patient’s clinical conditions

Outcomes « Stable kidney function with less than 40% increase in SCr level
« Impaired kidney function with SCr level increase > than 40% of baseline value
« Initiation of dialysis
+ Death

Notes « Notintention to treat. 3 patients left out of baseline assessment
« Funding source: not reported

Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 29
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Siu 2006 (Continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer generated list

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)

Blinding of participants High risk Open-label study
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Three patients excluded

(attrition bias)
All outcomes

Selective reporting (re- Low risk All outcome data reported
porting bias)

Other bias Unclear risk Insufficient information to permit judgement
Tuta 2006
Methods « Study design: parallel RCT

« Study duration: not reported
« Duration of follow-up: 24 months

Participants « Country: Romania
 Setting: not reported
+ Non-diabetic patients with eGFR 30 to 89 mL/min/1.73 m2 with hyperuricaemia
« Number (randomised/analysed): treatment group (55/52); control group (55/55)
« Mean age + SD: 55 * 12 years
« Sex (M/F): 68/42
« Exclusion criteria: not reported

Interventions Treatment group
« Allopurinol: 100 to 300 mg/d for 24 months
Control group

o Usual treatment

Outcomes « Death
« Dialysis
« BP
« GFR
« Number with decline in kidney function
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Tuta 2006 (Continued)

« SCr
 Uricacid (mg/dL)

Notes » Abstract-only data
+ Death and dialysis reported; no extractable data for SCr, uric acid, GFR. BP
« Funding source: not reported

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Insufficient information to permit judgement

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)

Blinding of participants High risk Open-label study
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All patients accounted for

(attrition bias)
All outcomes

Selective reporting (re- High risk No extractable data reported for BP, SCr, GFR, uric acid; no full text publication
porting bias) 10 years after abstract presented
Other bias Unclear risk Insufficient information to permit judgement

ACEi - angiotensin converting enzyme inhibitor(s); ARB - angiotensin receptor blockers; AZA - azathioprine; BP - blood pressure; CKD
- chronic kidney disease; CRP - C-reactive protein; CV - cardiovascular; (e)GFR - (estimated) glomerular filtration rate; ED - emergency
department; ESKD - end-stage kidney disease; HIV - human immunodeficiency virus; M/F - male/female; NT-proBNP - N-terminal pro b-
type natriuretic peptide; RCT - randomised controlled trial; SCr - serum creatinine; SD - standard deviation

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

CONFIRMS Study 2012 Wrong population: patients with gout; no outcomes of interest

NCT00174915 Wrong intervention: comparison of allopurinol and febuxostat for gout; no outcomes related to our
review

NU-FLASH Study 2013 Wrong intervention: comparison between two urate lowering therapies, not usual therapy or place-
bo

Sundy 2011 Wrong population: patients with gout

Tanaka 2015 Treatment for less than 3 months
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Study Reason for exclusion
Tausche 2014 Treatment for less than 3 months
Whelton 2007 This is an analysis of patients on urate lowering therapy, not a RCT of urate lowering therapy

RCT - randomised controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

Hosoya 2014

Methods « Study design: parallel RCT
o Study duration: not reported
« Duration of follow-up: 22 weeks

Participants « Country: Japan

« Setting: multicentre

* Adults aged 20 to 75 years with hyperuricaemia; eGFR 30 to 60mL/min/1.72 m2 in the preceding
3 months

« Number (randomised/analysed): treatment group (62/62); control group (61/60)

« Mean age + SD (years): treatment group (62.5 + 8.8); control group (64.4 + 8.1)

« Sex (M/F): treatment group (53/9); control group (56/4)

o Exclusion criteria: onset of gouty arthritis within 2 weeks prior to the start of the study; nephrotic
syndrome; kidney function impairment associated with nephrolithiasis or urolithiasis; change of
the SCr by more than 44.2 pmol/L/month within the 8-week run-in period; hyperuricaemia possi-
bly secondary to a malignant tumour or other diseases; HbAlc = 8.0 %; severe hypertension (SBP
=180 mm Hgor DBP =110 mm Hg); hepatic dysfunction (AST or ALT = 100 IU/L); cancer; pregnancy;

breastfeeding; serious hepatic disease; serious heart disease; any other significant medical con-
ditions

Interventions Treatment group
« Topiroxostat: 160 mg/d
Control group
« Matching placebo
Co-interventions

« When gouty arthritis occurred during the study, colchicine, NSAIDs, or corticosteroids were used
to treat the gouty arthritis at the investigator’s discretion. Using antihypertensive agents and an-
tihyperlipidaemic agents were restricted during the study. The dose and type of these drugs were
maintained as far as possible after randomisation

Outcomes « Percent change of serum urate from baseline to final visit
o Changein eGFR
« Change in albumin:creatinine ratio
« Changeinblood pressure
« Percentage of patients with serum urate <356.88 umol/L
« Change in serum adiponectin

Notes
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Saag 2013
Methods o Study design: parallel, double blind phase 2 RCT
« Study duration: not reported
« Duration of follow-up: 12 months
Participants « Country: not reported
o Setting: multicentre
« Eligible patients fulfilled ARA criteria for gout, serum urate > 7.0 mg/dL and eGFR 15 to 50mL/min
« Number: 96 enrolled
« Mean age + SD (years): not reported
« Sex (M/F): 80% male
o Exclusion criteria: not reported
Interventions Treatment group
« Febuxostat: 30 mg twice/d or 80 mg/d
Control group
« Placebo
Co-interventions: not reported
Outcomes « Proportion of patients with serum urate < 6.0 mg/dL
o Changein baseline serum urate
+ MDRD eGFR
Notes « Abstract-only publication
« Outcomes reported as change in eGFR
Tani 2015
Methods « Study design: open-label, parallel RCT
o Study duration: not reported
« Duration of follow-up: 6 months
Participants « Hypertensive, hyperuricaemic patients without gout
Interventions Treatment group
« Febuxostat: treatment to urate <6.0 mg/dL
Control group
» No treatment
Outcomes o Change in serum urate, plasma renin and aldosterone, eGFR and SCr
Notes « Abstract-only publication
Tuta 2014
Methods « Study design: parallel RCT

« Study duration: not reported
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Tuta 2014 (Continued)

« Duration of follow-up: 12 months

Participants « Country: Romania
o Setting: single centre
« Patients with eGFR 30 to 59 mL/min
« Number: treatment group (52); control group (63)
« Mean age + SD (years): not reported
o Sex (M/F): 80% male
« Exclusion criteria: not reported

Interventions Treatment group
« Allopurinol: 100 mg/d
Control group

o Usual therapy

Outcomes « Uricacid
« CRP
. -6
*« eGFR
« Cardiovascular events
« Side effects

Notes « Abstract-only publication

ALT - alanine aminotransferase; AST - aspartate aminotransferase; DBP - diastolic blood pressure; CRP - C-reactive protein; (¢)GFR -
(estimated) glomerular filtration rate; HbAlc - haemoglobin Alc; MDRD - Modification of Diet in Renal Disease; NSAID - non-steroidal anti-
inflammatory drug(s); SBP - systolic blood pressure; SCr - serum creatinine; RCT - randomised controlled trial

Characteristics of ongoing studies [ordered by study ID]

CKD-FIX Study 2011

Trial name or title The CKD-FIX Trial: controlled trial of slowing of kidney disease progression from the inhibition of
zanthine oxidase

Methods Multicentre parallel, placebo-controlled RCT

Participants Adult (= 18 years); CKD stage 3 or 4 (eGFR 15 to 59 mL/min/1.73 m2); random urine albumin:Cr ra-
tio = 30 mg/mmol OR evidence of progression of CKD (decrease in eGFR = 3.0 mL/min/1.73 m2 dur-
ing the preceding 12 months, calculated as the difference between the first and last tests, based on
minimum of 3 blood tests with each test done at least 4 weeks apart)

Exclusion criteria: Past history of clinically established gout; history of hypersensitivity to allop-
urinol; Kidney transplant recipients; concurrent treatment with azathioprine, 6-mercaptopurine,
theophylline, cyclophosphamide, cyclosporine, probenecid, phenytoin or chlorpropamide; indi-
cation for allopurinol, including history of frequent attacks of gout, tophus or tophi on clinical ex-
amination or imaging study, uric acid nephropathy, uric acid nephrolithiasis or urolithiasis; current
non-skin cancer malignancy; unresolved acute kidney injury in last 3 months; current pregnancy,
breast feeding; any psychological illness or condition which interferes with their ability to under-
stand or comply with the requirements of the study; elective or imminent initiation of maintenance
dialysis or kidney transplantation expected in the next 6 months

Interventions Participants will be randomised to either allopurinol or matching placebo after informed consent.
The starting dose will be 1 tablet daily of allopurinol (100mg) for 4 weeks. If tolerated, the dose will
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be increased to 2 tablets daily for another 4 weeks. If tolerated the dose will be further increased to
3 tablets daily thereafter. The maximally tolerated dose (1 or 2 or 3 tablets daily will be continued
during the remaining follow up period (total follow up of 104 weeks).

Outcomes

Primary outcome: change in eGFR

Secondary outcomes: reduction in GFR >30% from baseline; progression to ESKD requiring dialysis
or kidney transplantation; change in Cystatin C-based eGFR; all-cause mortality; composite of re-
duction in GFR > 30% from baseline, ESKD, and death from any cause; blood pressure; proteinuria;
fatal or non-fatal cardiovascular events; all-cause hospitalisation; QoL; uric acid; cost effectiveness
and economic analyses; adverse events

Starting date

21 March 2014

Contact information

Correspondence: Miss Laura Robison (ckdfix@ug.edu.au); Australasian Kidney Trials Network (UQ)
Level 4, Bldg 1 Princess Alexandra Hospital, 199 Ipswich Road, WOOLLOONGABBA QLD 4102; +61 7
31767716

Notes

FEATHER Study 2014

Trial name or title

FEATHER Study

Methods

Prospective, multicentre, double-blind, randomised, placebo-controlled trial of febuxostat

Participants

400 Japanese patients aged 20 years or older who have hyperuricaemia without gouty arthritis,
who present CKD stage 3, and whose serum uric acid concentration is 7.1 to 10.0 mg/dL (424 to 598
umol/L)

Interventions

Febuxostat: 40 mg daily for 2 years

Outcomes

Primary: eGFR slope

Secondary: amount and percent rate of change in eGFR from baseline to week 108, the amount and
percent rate of change in serum uric acid concentration from baseline to week 108, the proportion
of patients who achieved a serum uric acid concentration < 6.0 mg/dL (358 umol/L)

Starting date

2014

Contact information

Correspondence: Tatsuo Hosoya (t-hosoya@jikei.ac.jp); Division of Nephrology and Hypertension,
the Jikei University School of Medicine, 3-25-8, Nishishinbashi, Minato-ku, Tokyo 105-8461, Japan

Notes

PERL Study 2013

Trial name or title

PERL Study

Methods

International multi-centre, stratified, double-blind, placebo-controlled, parallel-group randomised
clinical trial
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PERL Study 2013 (Continued)

Participants Four hundred type 1 diabetes subjects at high risk for GFR loss because of the presence of micro- or
macroalbuminuria and a relatively high serum uric acid (= 4.5 mg/dL), who still have only mildly or
moderately decreased kidney function (GFR 45 to 100 mL/min/1.73 m2)

Interventions Allopurinol 100 to 400 mg/d reducing uric acid to 2.5 to 4.5 mg/dL with at least a 30% reduction
from baseline for 3 years

Outcomes GFR at the end of intervention measured by plasma clearance of non-radioactive iohexol, adjusted
for GFR at randomisation

Secondary: GFR at end of washout period, eGFR time trajectory estimated from quarterly SCr and
cystatin C measurements using the CKD-EPI SCr and the CKD-EPI SCr-SCysC equations, time to
doubling of baseline SCr value or ESKD, time to doubling of baseline SCr value or ESKD, median uri-
nary AER during the last 3 months of the intervention period, adjusted for the median urinary AER
at baseline, time to fatal or non-fatal serious cardiovascular events.

Starting date February 2014

Contact information Correspondence: Alessandro Doria (alessandro.doria@joslin.harvard.edu); Section on Ge-
netics and Epidemiology, Joslin Diabetes Center, One Joslin Place, Boston, MA 02215, Phone:
617-309-2406, Fax: 617-309-2667

Notes

AER - albumin excretion ratio; CKD - chronic kidney disease; (e)GFR - (estimated) glomerular filtration rate; ESKD - end-stage kidney disease;
SCr - serum creatinine

DATA AND ANALYSES

Comparison 1. Uric acid lowering therapies (UAR) versus placebo/no treatment

Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
1 Dialysis 3 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
1.11year 1 51 Risk Ratio (M-H, Random, 95% Cl) 1.04[0.07, 15.74]
1.2 2 years 2 218 Risk Ratio (M-H, Random, 95% Cl) 0.40 [0.05, 3.00]
1.3 7 years 1 116 Risk Ratio (M-H, Random, 95% Cl) 0.56[0.24, 1.30]
2 Serum creatinine 3 Mean Difference (IV, Random, 95% Cl) Subtotals only
2.14 months 1 40 Mean Difference (IV, Random, 95% Cl) -26.52 [-56.78, 3.74]
2.2 1year 2 83 Mean Difference (IV, Random, 95% Cl) -73.35[-107.28,-39.41]
3eGFR 5 Mean Difference (IV, Random, 95% Cl) Subtotals only
3.14 months 1 67 Mean Difference (IV, Random, 95% Cl) 5.20[-1.72,12.12]
3.2 6 months 3 246 Mean Difference (IV, Random, 95% Cl) 4.91[1.06, 8.76]
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Outcome or sub-

No. of studies

No. of partici-

Statistical method

Effect size

group title pants

3.3 1year 1 113 Mean Difference (IV, Random, 95% Cl) 5.5[0.59,10.41]
3.42 years 2 164 Mean Difference (IV, Random, 95% Cl) 4.00 [-3.28,11.28]
3.55years 1 107 Mean Difference (IV, Random, 95% Cl) 2.70 [-2.55,7.95]
4 Death 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
4.1 6 months 2 498 Risk Ratio (M-H, Random, 95% Cl) 1.66 [0.61, 4.48]
4.2 2 years 2 218 Risk Ratio (M-H, Random, 95% Cl) 0.13[0.02, 1.06]
4.3 7years 1 113 Risk Ratio (M-H, Random, 95% Cl) 0.88[0.51,1.51]
5 Systolic BP 5 Mean Difference (IV, Random, 95% Cl) Subtotals only
5.1 1 month 0 0 Mean Difference (IV, Random, 95% Cl) 0.0[0.0, 0.0]

5.2 3 months 1 100 Mean Difference (IV, Random, 95% Cl) 2.0[-3.83,7.83]
5.34 months 2 107 Mean Difference (IV, Random, 95% Cl) -1.22 [-5.47, 3.04]
5.4 6 months 1 113 Mean Difference (IV, Random, 95% Cl) 1.0 [-5.09, 7.09]
5.51year 2 164 Mean Difference (IV, Random, 95% Cl) -0.80[-7.87,6.26]
5.6 2 years 1 113 Mean Difference (IV, Random, 95% Cl) 1.0[-4.17,6.17]

6 Diastolic BP 5 Mean Difference (IV, Random, 95% Cl) Subtotals only
6.1 1 month 0 0 Mean Difference (IV, Random, 95% Cl) 0.0[0.0, 0.0]

6.2 3 months 1 100 Mean Difference (IV, Random, 95% Cl) -2.0[-6.77,2.77]
6.3 4 months 2 107 Mean Difference (IV, Random, 95% Cl) 0.51[-3.42,4.44]
6.4 6 months 1 113 Mean Difference (IV, Random, 95% Cl) -1.0[-4.32,2.32]
6.5 1 year 2 164 Mean Difference (IV, Random, 95% Cl) 0.71[-3.94, 5.35]
6.6 2 years 1 113 Mean Difference (IV, Random, 95% Cl) -1.0[-4.69, 2.69]
7 Hospitalisation 2 Risk Ratio (M-H, Random, 95% Cl) Totals not selected
7.1 6 months 1 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0,0.0]

7.2 2 years 1 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0,0.0]

8 Adverse events 4 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
8.1 Cardiovascular 1 405 Risk Ratio (M-H, Random, 95% Cl) 1.99[0.61, 6.50]

death
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Outcome or sub- No. of studies No. of partici- Statistical method Effect size

group title pants

8.2 Cardiovascular 1 113 Risk Ratio (M-H, Random, 95% Cl) 0.46[0.20, 1.04]

events

8.3 Gl upset 2 206 Risk Ratio (M-H, Random, 95% Cl) 5.12[0.61, 43.04]

8.4 Heart failure 1 405 Risk Ratio (M-H, Random, 95% Cl) 1.72[0.94, 3.16]

hospitalisation

8.5 Rash 1 51 Risk Ratio (M-H, Random, 95% Cl) 3.12[0.13, 73.06]

9 C-reactive protein 3 Mean Difference (IV, Random, 95% Cl) Totals not selected

9.1 3 months 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]

9.2 4 months 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0, 0.0]

9.3 1lyear 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]

10 Cardiovascular 3 Std. Mean Difference (IV, Random, 95% CI)  Subtotals only

markers

10.1 E wave velocity 1 53 Std. Mean Difference (IV, Random, 95% Cl)  -0.13 [-0.67, 0.41]

10.2 E-E' 1 53 Std. Mean Difference (IV, Random, 95% Cl)  0.11[-0.43, 0.65]

10.3 Flow-mediated 2 167 Std. Mean Difference (IV, Random, 95% Cl)  1.79[-1.17,4.75]

dilatation

10.4 Nitrate-in- 1 100 Std. Mean Difference (IV, Random, 95% Cl)  1.02 [0.60, 1.43]

duced dilatation

10.5 NT-proBNP 1 53 Std. Mean Difference (IV, Random, 95% Cl)  0.15[-0.39, 0.69]

11 Proteinuria 4 147 Mean Difference (IV, Random, 95% Cl) -0.08 [-0.59, 0.43]

11.1 4 months 1 40 Mean Difference (IV, Random, 95% Cl) -0.60[-1.16, -0.04]

11.2 6 months 1 40 Mean Difference (IV, Random, 95% Cl) 0.05[-0.57, 0.67]

11.3 1year 1 51 Mean Difference (IV, Random, 95% Cl) 0.37[-1.67,2.41]

11.4 2 years 1 16 Mean Difference (IV, Random, 95% Cl) 0.42 [-0.40, 1.24]

12 Uric acid 8 Mean Difference (IV, Random, 95% Cl) Subtotals only

12.1 3 months 1 100 Mean Difference (IV, Random, 95% Cl) -196.28 [-211.83,
-180.73]

12.2 4 months 1 67 Mean Difference (IV, Random, 95% Cl) -83.28 [-111.59, -54.97]

12.3 6 months 3 246 Mean Difference (IV, Random, 95% Cl) -100.73 [-166.80, -34.65]

12.4 1 year 4 253 Mean Difference (IV, Random, 95% Cl) -173.88 [-268.42,-79.35]
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Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
12.5 2 years 2 163 Mean Difference (IV, Random, 95% Cl) -89.49 [-115.62, -63.36]

Analysis 1.1. Comparison 1 Uric acid lowering therapies (UAR) versus placebo/no treatment, Outcome 1 Dialysis.

Study or subgroup UAR Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.1.11year ‘
Siu 2006 1/25 1/26 B 100% 1.04{0.07,15.74]
Subtotal (95% ClI) 25 26 ‘ 100% 1.04[0.07,15.74]

Total events: 1 (UAR), 1 (Control)

Heterogeneity: Not applicable
Test for overall effect: Z=0.03(P=0.98)

1.1.2 2 years
Tuta 2006 0/52 3/53 i 46.63% 0.15[0.01,2.75]
Goicoechea 2010 1/57 1/56 — 53.37% 0.98[0.06,15.32]

Subtotal (95% Cl) 109 109 i 100% 0.4[0.05,3]
Total events: 1 (UAR), 4 (Control)

Heterogeneity: Tau?=0; Chi*=0.9, df=1(P=0.34); I>=0%
Test for overall effect: Z=0.89(P=0.38)

1.1.3 7 years
Goicoechea 2010 7/57 13/59 —.'- 100% 0.56[0.24,1.3]
Subtotal (95% Cl) 57 59 - 100% 0.56[0.24,1.3]
Total events: 7 (UAR), 13 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.36(P=0.17)
Test for subgroup differences: Chi?=0.3, df=1 (P=0.86), I*=0%
Less with UAR ~ 0.005 0.1 1 10 200 | ess with control

Analysis 1.2. Comparison 1 Uric acid lowering therapies (UAR)
versus placebo/no treatment, Outcome 2 Serum creatinine.

Study or subgroup UAR Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.2.1 4 months
Momeni 2010 20 114.9 (44.2) 20 141.4 (53) —.— 100% -26.52[-56.78,3.74]
Subtotal *** 20 20 - 100% -26.52[-56.78,3.74]
Heterogeneity: Not applicable
Test for overall effect: Z=1.72(P=0.09)
1.2.21year
Sarris 2007 15 167.1(68.1) 17 233.4 (78.7) —— 44.51% -66.3[-117.17,-15.43]
Siu 2006 25 176 (81) 26 255 (85) —— 55.49% -79[-124.56,-33.44]
Subtotal *** 40 43 - 100% -73.35[-107.28,-39.41]
Heterogeneity: Tau?=0; Chi*=0.13, df=1(P=0.72); I*=0%

Lower with UAR 200 -100 0 100 200 Lower with control
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Study or subgroup UAR Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Test for overall effect: Z=4.24(P<0.0001)
Test for subgroup differences: Chi*=4.07, df=1 (P=0.04), 1’=75.46%
Lower with UAR ~ -200 -100 0 100 200 [ ower with control

Analysis 1.3. Comparison 1 Uric acid lowering therapies (UAR) versus placebo/no treatment, Outcome 3 eGFR.

Study or subgroup UAR Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.3.14 months ‘
Kanbay 2011 30 89.6 (12.6) 37 84.4(16.3) +.— 100% 5.2[-1.72,12.12]
Subtotal *** 30 37 - 100% 5.2[-1.72,12.12]
Heterogeneity: Not applicable
Test for overall effect: Z=1.47(P=0.14)
1.3.2 6 months
Shi2012 21 73.2(34.8) 19 68.9 (36.6) e e — 3.01% 4.3[-17.89,26.49]
Sircar 2015 45 34.7(18.1) 48 28.2 (11.5) —— 38.38% 6.5[0.29,12.71]
Goicoechea 2010 57 41.1(12.9) 56 37.2(14.3) - 58.61% 3.9[-1.12,8.92]
Subtotal *** 123 123 < 100% 4.91[1.06,8.76]
Heterogeneity: Tau?=0; Chi*=0.41, df=2(P=0.81); 1>=0%
Test for overall effect: Z=2.5(P=0.01)
1.3.31year
Goicoechea 2010 57 41.1(13.2) 56 35.6 (13.4) . 100% 5.5[0.59,10.41]
Subtotal *** 57 56 L 2 100% 5.5[0.59,10.41]
Heterogeneity: Not applicable
Test for overall effect: Z=2.2(P=0.03)
1.3.4 2 years
Gibson 1980 21 89 (24) 30 91 (16.5) — 27.69% -2[-13.84,9.84]
Goicoechea 2010 57 42.2(13.2) 56 35.9(12.3) l 72.31% 6.3[1.6,11]
Subtotal *** 78 86 o 100% 4[-3.28,11.28]
Heterogeneity: Tau?=13.31; Chi*=1.63, df=1(P=0.2); 1>=38.65%
Test for overall effect: Z=1.08(P=0.28)
1.3.55years
Goicoechea 2010 56 33.2(12.7) 51 30.5(14.8) . 100% 2.7[-2.55,7.95]
Subtotal *** 56 51 b 100% 2.7[-2.55,7.95]
Heterogeneity: Not applicable
Test for overall effect: Z=1.01(P=0.31)
Test for subgroup differences: Chi*=0.71, df=1 (P=0.95), 1>=0%

Higher with control ~ -50

-25

25 50

Higher with UAR
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Analysis 1.4. Comparison 1 Uric acid lowering therapies (UAR) versus placebo/no treatment, Outcome 4 Death.

Study or subgroup UAR Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.4.1 6 months
Sircar 2015 0/45 0/48 Not estimable
OPT-CHF Study 2004 10/203 6/202 —‘.— 100% 1.66[0.61,4.48]
Subtotal (95% Cl) 248 250 ‘ 100% 1.66[0.61,4.48]
Total events: 10 (UAR), 6 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1(P=0.32)
1.4.22 years
Goicoechea 2010 0/57 2/56 L 47.55% 0.2[0.01,4]
Tuta 2006 0/52 553 —l——— 52.45% 0.09[0.01,1.63]
Subtotal (95% Cl) 109 109 ——— 100% 0.13[0.02,1.06]
Total events: 0 (UAR), 7 (Control)
Heterogeneity: Tau?=0; Chi*=0.13, df=1(P=0.72); 1>=0%
Test for overall effect: Z=1.91(P=0.06)
1.4.37 years
Goicoechea 2010 17/57 19/56 . 100% 0.88[0.51,1.51]
Subtotal (95% Cl) 57 56 ‘ 100% 0.88[0.51,1.51]
Total events: 17 (UAR), 19 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.47(P=0.64)
Test for subgroup differences: Chi*=4.72, df=1 (P=0.09), 1’=57.62% ‘ ‘ ‘ ‘

Less with UAR ~ 0.005 0.1 1 10 200 | ess with control

Analysis 1.5. Comparison 1 Uric acid lowering therapies (UAR) versus placebo/no treatment, Outcome 5 Systolic BP.

Study or subgroup UAR Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

1.5.1 1 month
Subtotal *** 0 0 Not estimable
Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.5.2 3 months
Dogan 2011 50 120 (19) 50 118 (9)
Subtotal *** 50 50

100% 2[-3.83,7.83]
100% 2[-3.83,7.83]

‘u

Heterogeneity: Not applicable
Test for overall effect: Z=0.67(P=0.5)

1.5.3 4 months

Momeni 2010 20 138.3(9.5) 20 142 (13.5)
Kanbay 2011 30 116.9 (11.7) 37 116.8 (9.9)
Subtotal *** 50 57

Heterogeneity: Tau?=0; Chi*=0.69, df=1(P=0.41); 1>=0%

Test for overall effect: Z=0.56(P=0.58)

34.61% -3.7[-10.93,3.53]
65.39% 0.1[-5.16,5.36]
100% -1.22[-5.47,3.04]

out

1.5.4 6 months

Lower with UAR  -50 -25 0 25 50 Lower with control
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Study or subgroup UAR Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Goicoechea 2010 57 145 (17) 56 144 (16) .— 100% 1[-5.09,7.09]
Subtotal *** 57 56 > 100% 1[-5.09,7.09]
Heterogeneity: Not applicable
Test for overall effect: Z=0.32(P=0.75)
1.5.51year
Siu 2006 25 127 (21) 26 135(32) —— 20.05% -8[-22.8,6.8]
Goicoechea 2010 57 142 (16) 56 141 (15) -.' 79.95% 1[-4.72,6.72]
Subtotal *** 82 82 ‘ 100% -0.8[-7.87,6.26]
Heterogeneity: Tau?=7.73; Chi*=1.24, df=1(P=0.27); 1>=19.09%
Test for overall effect: Z=0.22(P=0.82)
1.5.6 2 years
Goicoechea 2010 57 144 (15) 56 143 (13) . 100% 1[-4.17,6.17]
Subtotal *** 57 56 ‘ 100% 1[-4.17,6.17]
Heterogeneity: Not applicable
Test for overall effect: Z=0.38(P=0.7)
Test for subgroup differences: Chi*=1.03, df=1 (P=0.91), I>=0% ‘ ‘ ‘ ‘

Lower with UAR 50 25 0 25 50 Lower with control
Analysis 1.6. Comparison 1 Uric acid lowering therapies
(UAR) versus placebo/no treatment, Outcome 6 Diastolic BP.

Study or subgroup UAR Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

1.6.1 1 month
Subtotal *** 0 0
Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.6.2 3 months

Dogan 2011 50 73(14) 50 75 (10) —."— 100%

Subtotal *** 50 50 100%
Heterogeneity: Not applicable
Test for overall effect: Z=0.82(P=0.41)

1.6.3 4 months

Kanbay 2011 30 74.9 (12.4) 37 73.9(13.9) — 38.82%
Momeni 2010 20 85.5(7.9) 20 85.3(8.3) ——— 61.18%
Subtotal *** 50 57 ‘ 100%

Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0%
Test for overall effect: Z=0.25(P=0.8)

1.6.4 6 months

Not estimable

-2[-6.77,2.77]
-2[-6.77,2.77]

1[-5.3,7.3]
0.2[-4.82,5.22]
0.51[-3.42,4.44]

Goicoechea 2010 57 76 (9) 56 77(9) —.— 100% -1[-4.32,2.32]
Subtotal *** 57 56 ‘ 100% -1[-4.32,2.32]
Heterogeneity: Not applicable
Test for overall effect: Z=0.59(P=0.55)

Lower with UAR 20 -10 0 10 20 Lower with control
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Study or subgroup UAR Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

1.6.51year
Siu 2006 25 75 (10) 26 71(13) —T— 34.13% 4[-2.35,10.35]
Goicoechea 2010 57 74(9) 56 75(8) - 65.87% -1[-4.14,2.14]
Subtotal *** 82 82 ‘ 100% 0.71[-3.94,5.35]
Heterogeneity: Tau?=5.97; Chi*=1.91, df=1(P=0.17); 1>=47.74%
Test for overall effect: Z=0.3(P=0.77)
1.6.6 2 years
Goicoechea 2010 57 73100 56 74 (10) B 100% -1[-4.69,2.69]
Subtotal *** 57 56 - 100% -1[-4.69,2.69]

Heterogeneity: Not applicable

Test for overall effect: Z=0.53(P=0.6)
Test for subgroup differences: Chi*>=1.04, df=1 (P=0.9), I*=0%

Analysis 1.7. Comparison 1 Uric acid lowering therapies (UAR)

Lower with UAR

-20

-10 0 10 20

versus placebo/no treatment, Outcome 7 Hospitalisation.

Lower with control

Study or subgroup UAR Control Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 6 months
OPT-CHF Study 2004 59/203 50/202 T+ 1.17[0.85,1.62]
1.7.2 2 years
Goicoechea 2010 12/57 22/56 S e— 0.54[0.29,0.98]
Lesswith UAR 01 0.2 0.5 1 2 5 10 Lesswith control
Analysis 1.8. Comparison 1 Uric acid lowering therapies (UAR)
versus placebo/no treatment, Outcome 8 Adverse events.
Study or subgroup UAR Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.8.1 Cardiovascular death
OPT-CHF Study 2004 8/203 4/202 —-.— 100% 1.99[0.61,6.5]
Subtotal (95% Cl) 203 202 - 100% 1.99[0.61,6.5]
Total events: 8 (UAR), 4 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.14(P=0.25)
1.8.2 Cardiovascular events
Goicoechea 2010 7/57 15/56 —.— 100% 0.46[0.2,1.04]
Subtotal (95% Cl) 57 56 e o 100% 0.46[0.2,1.04]
Total events: 7 (UAR), 15 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.87(P=0.06)
1.8.3 Gl upset

Less with UAR ~ 0.005

0.1

200

Less with control
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Study or subgroup UAR Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Goicoechea 2010 2/57 0/56 i 49.92% 4.91[0.24,100.12]
Sircar 2015 2/45 0/48 i 50.08% 5.33[0.26,108.01]
Subtotal (95% Cl) 102 104 — 100% 5.12[0.61,43.04]
Total events: 4 (UAR), 0 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.97); 1>=0%
Test for overall effect: Z=1.5(P=0.13)
1.8.4 Heart failure hospitalisation
OPT-CHF Study 2004 26/203 15/202 _ 100% 1.72[0.94,3.16]
Subtotal (95% Cl) 203 202 . 100% 1.72[0.94,3.16]
Total events: 26 (UAR), 15 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.77(P=0.08)
1.8.5 Rash
Siu 2006 1/25 0/26 . 100% 3.12[0.13,73.06]
Subtotal (95% Cl) 25 26 e — 100% 3.12[0.13,73.06]
Total events: 1 (UAR), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.71(P=0.48)
Test for subgroup differences: Chi*=9.45, df=1 (P=0.05), 1’=57.68% ‘ ‘ ‘
Less with UAR  0.005 0.1 1 10 200 | ess with control

Analysis 1.9. Comparison 1 Uric acid lowering therapies (UAR)
versus placebo/no treatment, Outcome 9 C-reactive protein.

Study or subgroup UAR Control Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.9.1 3 months
Dogan 2011 50 6.9 (4.5) 50 7.1(16.3) s m— -0.2[-4.89,4.49]
1.9.2 4 months
Kanbay 2011 30 46(3.7) 37 5.9(3.8) — -1.3[-3.1,0.5]
1.9.31year
Siu 2006 25 8.8(12.4) 26 1.6(2.1) I e 7.2[2.27,12.13]

Lower with UAR 20 -10 0 10 20 |ower with control
Analysis 1.10. Comparison 1 Uric acid lowering therapies (UAR)
versus placebo/no treatment, Outcome 10 Cardiovascular markers.

Study or subgroup UAR Control Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.10.1 E wave velocity ‘
Bergamini 2010 26 0.6(0.2) 27 0.6 (0.4) . 100% -0.13[-0.67,0.41]
Subtotal *** 26 27 + 100% -0.13[-0.67,0.41]
Heterogeneity: Not applicable ‘

Favours UAR 10 -5 0 5 10 Favours control
Uric acid lowering therapies for preventing or delaying the progression of chronic kidney disease (Review) 44

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= § Cochrane
é) Library

Trusted evidence.

Informed decisions.

Better health. Cochrane Database of Systematic Reviews
Study or subgroup UAR Control Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Test for overall effect: Z=0.48(P=0.63)
1.10.2 E-E'
Bergamini 2010 26 10.6 (6.6) 27 9.9 (5.8) . 100% 0.11[-0.43,0.65]
Subtotal *** 26 27 * 100% 0.11[-0.43,0.65]
Heterogeneity: Not applicable
Test for overall effect: Z=0.4(P=0.69)
1.10.3 Flow-mediated dilatation
Dogan 2011 50 9.5(1.2 50 6.1(0.8 L 49.8% 3.31[2.7,3.92]
Kanbay 2011 30 8.1(1.6) 37 7.8(0.9) | ] 50.2% 0.28[-0.2,0.77]
Subtotal *** 80 87 —~al— 100% 1.79[-1.17,4.75]
Heterogeneity: Tau?=4.5; Chi*=57.91, df=1(P<0.0001); 1>=98.27%
Test for overall effect: Z=1.18(P=0.24)
1.10.4 Nitrate-induced dilatation
Dogan 2011 50 14 (4) 50 10 (3.8) . 100% 1.02[0.6,1.43]
Subtotal *** 50 50 ¢ 100% 1.02[0.6,1.43]
Heterogeneity: Not applicable
Test for overall effect: Z=4.78(P<0.0001)
1.10.5 NT-proBNP
Bergamini 2010 26 1376 (2152) 27 1111 (1350) . 100% 0.15[-0.39,0.69]
Subtotal *** 26 27 ‘ 100% 0.15[-0.39,0.69]
Heterogeneity: Not applicable
Test for overall effect: Z=0.53(P=0.6)
Test for subgroup differences: Chi*=14.95, df=1 (P=0), 1>=73.24% ‘ ‘ ‘ ‘
Favours UAR 5 0 5 10 Favours control

Analysis 1.11. Comparison 1 Uric acid lowering therapies

(UAR) versus placebo/no treatment, Outcome 11 Proteinuria.

Study or subgroup UAR Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.11.1 4 months
Momeni 2010 20 1(0.8) 20 1.6(1) —— 36.84% -0.6[-1.16,-0.04]
Subtotal *** 20 20 L 2 36.84% -0.6[-1.16,-0.04]
Heterogeneity: Not applicable
Test for overall effect: Z=2.1(P=0.04)
1.11.2 6 months
Shi2012 21 1.2(1.1) 19 1.2(1) —F— 33.16% 0.05[-0.57,0.67]
Subtotal *** 21 19 ‘ 33.16% 0.05[-0.57,0.67]
Heterogeneity: Not applicable
Test for overall effect: Z=0.16(P=0.88)
1.11.3 1year
Siu 2006 25 2.5(4.9) 26 2.2(1.9) A — 5.72% 0.37[-1.67,2.41]
Subtotal *** 25 26 5.72% 0.37[-1.67,2.41]

Lower with UAR

4

Lower with control
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Study or subgroup UAR Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

Heterogeneity: Not applicable
Test for overall effect: Z=0.36(P=0.72)

1.11.4 2 years
Gibson 1980 8 0.8(1.1) 8 0.3(0.5) e 24.28% 0.42[-0.4,1.24]
Subtotal *** 8 8 - 24.28% 0.42[-0.4,1.24]

Heterogeneity: Not applicable
Test for overall effect: Z=1(P=0.32)

Total *** 74 73 4 100% -0.08[-0.59,0.43]
Heterogeneity: Tau?=0.1; Chi*=4.96, df=3(P=0.18); 1’=39.47%

Test for overall effect: Z=0.31(P=0.76)

Test for subgroup differences: Chi*=4.96, df=1 (P=0.18), 1’=39.47%

Lower with UAR -4 -2 0 2 4 Lower with control

Analysis 1.12. Comparison 1 Uric acid lowering therapies (UAR) versus placebo/no treatment, Outcome 12 Uric acid.

Study or subgroup UAR Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.12.1 3 months
Dogan 2011 50 136.8 (29.7) 50 333.1(47.6) . 100% -196.28[-211.83,-180.73]
Subtotal *** 50 50 ¢ 100% -196.28[-211.83,-180.73]

Heterogeneity: Not applicable
Test for overall effect: Z=24.74(P<0.0001)

1.12.2 4 months
Kanbay 2011 30 345 (65.4) 37 428.3 (49.4) . 100% -83.28[-111.59,-54.97]
Subtotal *** 30 37 L 2 100% -83.28[-111.59,-54.97]
Heterogeneity: Not applicable

Test for overall effect: Z=5.77(P<0.0001)

1.12.3 6 months

Shi2012 21 336.3(41.3) 19  436.6(88.8) — 31.92% -100.3[-143.96,-56.64]
Goicoechea 2010 57  368.8(89.2) 56  416.4(95.2) - 33.76% -47.58[-81.61,-13.55]
Sircar 2015 45  306.8(88.5) 48 460.2 (59) = 34.32% -153.4[-184.18,-122.62]
Subtotal *** 123 123 g 100% -100.73[-166.8,-34.65]

Heterogeneity: Tau?=3064.31; Chi?=20.48, df=2(P<0.0001); 1*=90.24%
Test for overall effect: Z=2.99(P=0)

1.12.4 1 year
Sarris 2007 15 319.8 (60.2) 17 585.9 —— 24.25% -266.09[-325.53,-206.65]
(107.4)
Gibson 1980 25 270 (90) 32 370 (100) —— 24.99% -100[-149.45,-50.55]
Siu 2006 25 349.7 (60.1) 26 599.6 (99.9) —— 25.28% -249.82[-294.87,-204.77]
Goicoechea 2010 57 356.9 56 440.2 (119) —— 25.49% -83.27[-125.02,-41.52]
(107.1)
Subtotal *** 122 131 e 100%  -173.88[-268.42,-79.35]
Heterogeneity: Tau?=8673.68; Chi*=46.06, df=3(P<0.0001); 1*=93.49%
Test for overall effect: Z=3.61(P=0)
Lower with UAR ~ -500 -250 0 250 500 |ower with control
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Study or subgroup UAR Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.12.52 years
Gibson 1980 21 280 (70) 29 370(90) - 34.66% -90[-134.38,-45.62]
Goicoechea 2010 57  356.9 (71.4) 56 446.1 B 65.34% -89.22[-121.54,-56.9]
(101.1)
Subtotal *** 78 85 L 2 100%  -89.49[-115.62,-63.36]
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.98); 1>=0%
Test for overall effect: Z=6.71(P<0.0001)
Test for subgroup differences: Chi*>=78.28, df=1 (P<0.0001), 1?=94.89%
Lower with UAR ~ -500 -250 0 250 500 |ower with control
ADDITIONAL TABLES
Table 1. Uric acid lowering therapies
Uric acid lowering  Mechanism of ac- Dosage Considerations
therapy tion
Allopurinol Xanthine oxidase Starting dose 50 to 100 mg/d, Use with caution in kidney disease, concern about
inhibitor up to as much as 800 mg/d increased sensitivity

Mild rash 2% patients

Hypersensitivity 0.1% patients
Benzbromarone Uricosuric agent 50 to 200 mg/d Monitor liver function: can cause fulminant liver fail-

ure
Febuxostat Xanthine oxidase Starting dose 40 mg orally dai-  Insufficient data for use in patients with CrCl <30

inhibitor ly, increase to 80 mgoncedai- mL/min
ly after 2 to 4 weeks

Pegloticase Uricase IV administration Infusion reactions common
Probenecid Uricosuric agent Starting dose 250 mg once/d, Avoid in patients with history of nephrolithiasis or

CrCl <30 mL/min

Rasburicase

Uricase

IV administration

Used in prevention of tumour lysis syndrome, gen-
erally considered inappropriate for gout due to im-
munogenicity and short half-life

Sulfinpyrazone

Uricosuric agent

100 to 200 mg once/d, maxi-
mum dose 600 to 800 mg

No longer available in USA. Uricosuric action lost
when GFR <10 mL/min

CrCl - creatinine clearance; GFR - glomerular filtration rate; IV - intravenous

APPENDICES

Appendix 1. Electronic search strategies
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Database

Search terms

CENTRAL

W RN WDN

hyperuric*emi*:ti,ab,kw
"uric acid":kw

("uric acid" or urate near/3 (elevat™ or high or raise* or rise or rising)):ti,ab

#1 OR#2 OR #3
allopurinol:ti,ab,kw
febuxostat:ti,ab,kw
probenecid:ti,ab,kw
sulfinpyrazone:ti,ab,kw
benzbromarone:ti,ab,kw

10.pegloticase:ti,ab,kw
11.rasburicase:ti,ab,kw

12.(xanthine next oxidase next inhibit*):ti,ab,kw
13.(uricosuric next agent*):ti,ab,kw

14.uricase:ti,ab,kw
15.apazone:ti,ab,kw
16.halofenate:ti,ab,kw
17.zoxazolamine:ti,ab,kw
18.(#5 OR#6 OR #7 OR#8 OR#9 OR #10 OR#11 OR #12 OR#13 OR #14 OR #15 OR #16 OR #17)
19.(#4 OR #18)

MEDLINE

© ® NV A WN

Hyperuricemia/

. UricAcid/
. hyperuric?emi*.tw.

or/1-4

. Gout Suppressants/
. Allopurinol/

. Uricosuric Agents/
. Urate Oxidase/

10.Apazone/
11.Benzbromarone/
12.Halofenate/
13.Probenecid/
14.Sulfinpyrazone/
15.Zoxazolamine/

16.xanthine oxidase inhibit*.tw.

17.uricase.tw.

18.urate oxidase.tw.

19.allopurinol.tw.
20.apazone.tw.
21.azapropazone.tw.

22.benzbromarone.tw.
23.febuxostat.tw.
24.halofenate.tw.

25.pegloticase.tw.
26.probenecid.tw.
27.rasburicase.tw.

28.sulfinpyrazone.tw.

29.zoxazolamine.tw.

. ((uric acid or urate) adj3 (elevat* or high or raise* or rise or rising)).tw.
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(Continued)

30.0r/6-29
31.50r30

EMBASE Hyperuricemia/

Uric Acid/
hyperuric?emi*.tw.

((uric acid or urate) adj3 (elevat* or high or raise* or rise or rising)).tw.
or/1-4

xanthine oxidase inhibitor/
allopurinol/

febuxostat/

uricosuric agent/
10.antigout agent/
11.benzbromarone/
12.probenecid/
13.sulfinpyrazone/
14.zoxazolamine/
15.azapropazone/
16.pegloticase/
17.rasburicase/

18.urate oxidase/
19.halofenate/

20.xanthine oxidase inhibit*.tw.
21.uricase.tw.

PN WN

22.urate oxidase.tw.
23.allopurinol.tw.
24.apazone.tw.
25.azapropazone.tw.
26.benzbromarone.tw.
27.febuxostat.tw.
28.halofenate.tw.
29.pegloticase.tw.
30.probenecid.tw.
3l.rasburicase.tw.
32.sulfinpyrazone.tw.
33.zoxazolamine.tw.
34.uricosuric agent*.tw.
35.0r/6-34

36.50r 35

Appendix 2. Risk of bias assessment tool

Potential source of bias Assessment criteria
Random sequence genera- Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
tion fling cards or envelopes; throwing dice; drawing of lots; minimisation (minimisation may be imple-

mented without a random element, and this is considered to be equivalent to being random)
Selection bias (biased alloca-

tion to interventions) due to
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inadequate generation of a
randomised sequence

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention

Unclear: Insufficient information about the sequence generation process to permit judgement

Allocation concealment

Selection bias (biased alloca-
tion to interventions) due to
inadequate concealment of al-
locations prior to assignment

Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central
allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-
ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-
velopes)

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure

Unclear: Randomisation stated but no information on method used is available

Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants
and personnel during the
study

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding

Unclear: Insufficient information to permit judgement

Blinding of outcome assess-
ment

Detection bias due to knowl-
edge of the allocated interven-
tions by outcome assessors.

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding

Unclear: Insufficient information to permit judgement

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardised dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardised difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation
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Unclear: Insufficient information to permit judgement

Selective reporting Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;

Reporting bias d_UQ toselective  the study protocol is not available but it is clear that the published reports include all expected out-

outcome reporting comes, including those that were pre-specified (convincing text of this nature may be uncommon)

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. subscales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study

Unclear: Insufficient information to permit judgement

Other bias Low risk of bias: The study appears to be free of other sources of bias

Bias due to problems not cov-

” High risk of bias: Had a potential source of bias related to the specific study design used; stopped
ered elsewhere in the table

early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem

Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The search strategies were amended to increase their sensitivity, as a potentially relevant study was not retrieved using those in the
protocol.

Summary findings table has been incorporated.
INDEX TERMS

Medical Subject Headings (MeSH)

Cardiovascular Diseases [epidemiology] [prevention & control]; Creatinine [blood]; Disease Progression; Glomerular Filtration Rate;
Hyperuricemia [mortality] [*therapy]; Incidence; Kidney Failure, Chronic [epidemiology] [prevention & control]; Randomized
Controlled Trials as Topic; Renal Insufficiency, Chronic [mortality] [*prevention & control]; Time Factors; Uric Acid [blood]

MeSH check words

Humans
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