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Case

• Mr J, 52 Male, referred in June 2015

• DM type 2 (4 years), HTN, diabetic retinopathy, diabetic neuropathy, 
PVD, BMI 38, OSA, no gout.

• Rx: ACEi, nondihydropyridine CCB, thiazide, statin+ezetimibe, 
sulfonylurea+metformin

2012 2013 2015 2016 2017

eGFR (mL/min/1.73 m2) 90 73 58 48 40

Urine ACR (mg/mmol) 37 114 393 556 590

HbA1c (%) 5.8 5.7 5.6 - 6.6

Urate (mmol/L) - 0.55 0.56 *** ***



Question 1

• Has hyperuricaemia played a causative role in the progression of CKD 
in this patient?

• Answer:

1. Certainly yes.

2. Possibly yes.

3. No.

4. I don’t know.



Question 2

• Will you prescribe a uric-acid lowering medication to this patient to 
slow the progression of CKD?

• Answer:

1. I always prescribe a uric-acid lowering medication for asymptomatic 
hyperuricaemia.

2. I sometimes prescribe if other measures are not effective.

3. I am not convinced and need more data.

4. Never.



Question 3

• What is the highest daily dose of allopurinol that you prescribe in 
patients with eGFR <30 mL/min/1.73 m2?

• Answer:

1. 100 mg.

2. 200 mg.

3. 300 mg.

4. I am comfortable with doses >300 mg/day.



Hyperuricaemia in humans

Rheumatology (Oxford). 2010;49:2010-5 Nature Reviews Rheumatology 2014;10:271–83



Evolutionary advantages of the loss of uricase

1. Uric acid is one of the most potent antioxidant

2. Greater longevity- antioxidant action

3. To maintain blood pressure during low salt ingestion

4. Intelligence

5. Neuroprotection

Nature 2002;417:393-5 Rheumatology (Oxford). 2010;49:2010-5 Adv Chronic Kidney Dis 2012;19: 358–71



Hyperuricemia: consequences

General

• Gout

• Asymptomatic monosodium 
urate crystal deposition

• Non-crystal deposition 
disorders: hypertension, obesity, 
dyslipidemia, hypertension, 
insulin resistance, endothelial 
dysfunction, possibly 
cardiovascular diseases

Renal
• Acute uric acid nephropathy: uric acid 

precipitation within the tubules

• Chronic uric acid nephropathy: 
deposition of sodium urate crystals in 
the medullary interstitium

• Uric acid nephrolithiasis: increased 
urinary uric acid excretion

• Uromodulin kidney disease (familial 
juvenile nephropathy): hyperuricemia, 
gout and by progressive renal 
impairment



Observational study: #1

• 3,499 apparently healthy adults (aged 35–54 years) from Thailand

• Follow-up for 12 years

• Outcome: incident CKD (GFR <60 ml/min/1.73 m2)

J Am Soc Nephrol 2005,16:791-99

mmol/L
0.09 – 0.27
0.28 – 0.32
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0.37 – 0.86



Observational study: #2

• 177,570 individuals from Northern California (1964-1973)

• Initiation of ESRD treatment: through December 31, 2000.

• Outcome: incident ESKD= 842 cases

Arch Int Med 2009,169:342-50

mmol/L 
>0.36
0.30-0.35
0.25-0.29
<0.24



Observational study: #3

• 13,338 patients from the Atherosclerosis Risk in Communities and 
Cardiovascular Health Studies, follow-up: 8.5 years

• Outcome: incident CKD (GFR <60 ml/min/1.73 m2)

J Am Soc Nephrol 2008,19:1204-111 mg/dL = 0.059 mmol/L



Observational study: #4

• 5,899 healthy individuals from Japan, 68% women, Follow-up 5 years

• Outcome: incident CKD (GFR <60 ml/min/1.73 m2); HTN (≥ 140 or ≥90)

Hypertension 2017;69:1036-1044
Hyperuricemia: >7.0 mg/dL (0.42 mmol/L) of SUA in men 
and ≥6.0 mg/dL (0.36 mmol/L) in women



Observational study: #5

• 13,070 individuals from Japan, Follow-up 5 years

• Outcome: the highest quartile of change in eGFR (>20.56 ml/min/1.73 
m2 over 5 years)

Am J Nephrol 2017;45:330–337

mmol/L
<0.25
0.26 – 0.30
0.31 – 0.37
>0.38

1 mg/dL = 0.059 mmol/L



Observational study: #6 (post-hoc MDRD)

• 838 CKD patients, baseline GFR 33±12 ml/min/1.73 m2, follow-up: 
10 years, outcome: dialysis or transplantation 

Am J Kidney Dis 2009,53:796-803

0.10-0.41 mmol/L 0.42-0.49 mmol/L 0.50-0.93 mmol/L



Observational study: #6 (post-hoc MDRD)

Outcome Adjusted HR

All-cause mortality 1.17 (95% CI 1.07 – 1.30)

Cardiovascular mortality 1.16 (95% CI 1.01 – 1.33)

Kidney failure 1.02 (95% CI 0.97 – 1.07)

Am J Kidney Dis 2009,53:796-803

For each 1 mg/dL increase in serum uric acid:

1 mg/dL = 0.059 mmol/L



Meta-analysis: #1 Outcome: CKD

PLOS ONE 9(6): e100801

RR for the association 
between SUA (for 
each 1 mg/dL
increase) and the 
incidence of CKD

1 mg/dL = 0.059 mmol/L



Meta-analysis: #2 Outcome: Mortality in CKD

Highest vs lowest SUA level For each 1 mg/dL increase in SUA

Metabolism 2016; 65:1326-41
1 mg/dL = 0.059 mmol/L



Interim summary

• Epidemiological studies: asymptomatic hyperuricaemia may be 
associated with CKD and progression of CKD.



Pre-clinical studies

Oxanic 
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Hypertension 2001,38:1101-6; J Am Soc Nephrol 2002,13:2888-97;  
Am J Physiol Renal Physiol 2008,294:F710-8 



Interim summary

• Epidemiological studies: asymptomatic hyperuricaemia may be 
associated with CKD and progression of CKD.

• Pre-clinical studies: uric acid may play a causative role. 



Mendelian randomisation

Nature Reviews Rheumatology 2010;6: 30-8 Kidney International 2010;78: 446–52



Mendelian randomisation 1

• 7979 patients of the 
Atherosclerosis Risk in 
Communities and Framingham 
Heart studies.

• Instrumental variable: uric acid 
transporter genetic risk score, 5 
SNPs 

• Risk factor: serum urate

• Outcomes: serum creatinine and 
eGFR

Kidney International 2014; 85:344–51



Mendelian randomisation 1

• There was evidence for a causal role for 
SU in determining SCr and eGFR in males.

• Each unit increase in SU attributable to 
the genetic risk score was associated with 
45.06 µmmol/L decrease in SCr (P=0.02) 
and 39.26 ml/min/1.73m2 increase in 
eGFR (P=0.045). 

• Using a uric acid transporter genetic risk 
score as an instrumental variable, there 
was evidence that increased SU caused by 
genetic variation in uric acid transporters 
improved renal function in males.

Kidney International 2014; 85:344–51



Mendelian randomisation 2

• rs734553 single-nucleotide 
polymorphism (SNP) of the GLUT9 
urate transporter gene

• 755 CKD patients, baseline GFR 
36±13 ml/min/1.73 m2

• Follow-up: 23 months 

• Renal outcome: composite of >30% 
decrease in the GFR, dialysis or 
transplantation 

• Homozygotes (TT) and heterozygotes 
(GT) for the T allele [vs. patients 
without such an allele (GG)] was 
associated with 2.35 times higher risk 
of CKD progression.

HR 2.35; 95% CI, 1.25 – 4.42

Clin J Am Soc Nephrol 2014;9:1059-65



Mendelian randomisation 3

• 2720 patients with type 1 diabetes mellitus from the FinnDiane Study

Kidney International 2017; 91:1178–85

Normal AER  miA maA ESRD

CKD stage

Genetic risk score based on 
23 SNPs

No causal effect of serum uric 
acid on the renal outcomes



Interim summary

• Epidemiological studies: asymptomatic hyperuricaemia may be 
associated with CKD and progression of CKD.

• Pre-clinical studies: uric acid may play a causative role. 

• Mendelian randomisation studies: conflicting results on causative role 
of uric acid and renal outcomes.



Hyperuricaemia: a ubiquitous finding in CKD

Nephrol Dial Transplant. 2014;30:613-21.



NDT 2014;29:406-13
Review updated in 2016- not yet published.



Urate-lowering therapy and renal outcomes

• Trials with follow-up >3 months 
were included.

• 12 trials involving 870 
participants (median sample size 
63; median follow-up 8 months)

• 9 trials in 592 CKD patients; 3 
trials in 278 patients with 
normal or mildly decreased 
kidney function

• Allopurinol- 9 trials; febuxostat-
2 trials; 1 trial- allopurinol vs 
febuxostat

• Allopurinol dose: 100-300 mg 
daily

• Febuxostat dose: 10-60 mg daily

• Only 3 trials were placebo-
controlled studies.



Risk of bias assessment
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Effect of uric acid-lowering therapy on change 
in GFR (mL/min/1.73 m2) from baseline



Effect of uric acid-lowering therapy on change 
in serum creatinine (mg/dL) from baseline



Effect of uric acid-lowering therapy on change 
in proteinuria from baseline



Summary estimates of other outcomes #1

Outcome Number of 

trials

MD, 95% CI; P

SBP (mm Hg) 7 -3.11, (-5.79, -0.42); 0.023

DBP (mm Hg) 7 -2.42 (-4.41, -0.44); 0.017

Uric acid (mg/dL) 11 -2.38 (-2.86, -1.91); 0.001



Summary estimates of other outcomes #2

Outcome Number of 

trials

RR (95% CI); P

Progression to ESKD 2 0.56 (0.25, 1.25); 0.159

Death 1 0.88 (0.51, 1.51); 0.640

Medication 

discontinuation

9 0.91 (0.61, 1.36); 0.648

Any adverse event 8 2.73 (1.25,  5.97); 0.012



Systematic review: Conclusion

• The available RCT evidence evaluating the safety and 
efficacy of uric-acid lowering therapy as a renoprotective
agent in patients with CKD is limited to a small number of 
single-centre studies with suboptimal methodology.

• There is insufficient evidence to currently recommend 
widespread use of uric acid-lowering therapy to slow the 
progression of CKD. 

• Adequately powered randomised trials are required to 
evaluate the benefits and risks of uric acid-lowering 
therapy in CKD.

NDT 2014;29:406-13



Trial 1: The CKD-FIX Study

• Controlled trial of slowing of 
Kidney Disease progression 
From the Inhibition of Xanthine 
oxidase

• Investigator-initiated, 
international, multicentre, 
prospective, randomised, 
double-blind, 1:1 placebo-
controlled, parallel group 
superiority trial

Australian New Zealand Clinical Trials Registry ANZCTRN12611000791932



Current status
• Funding: NHMRC project grant 

APP1043203 and NZ HRC grant
• Recruitment: March 2014 to 

December 2016
• Patients screened: 10,485
• Total randomised: 368 (only 

3.5% of screened)!
• Planned follow-up: December 

2018.
• Results expected in 2019.



Trial 2: The PERL Consortium

• Pilot international (USA, Canada, Denmark), placebo-controlled RCT 
(NIH sponsored)

• Study population (n=400): age 18-70 years, type 1 DM ≥8 years, 
micro- or macroalbuminuria, eGFR 45-100 mL/min/1.73 m2, SUA ≥4.5 
mg/dL

• Comparators: Allopurinol vs. placebo 100-400 mg/d → target SUA 
2.5-4.5 mg/dL, with reduction ≥30% from baseline

• Duration: 3 years

• Primary outcome: Measured GFR (plasma clearance of non-labelled 
iohexol)

Curr Diab Rep 2013;13:550-9



Trial 3: The FEATHER Study

• Japanese placebo-controlled RCT (Teijin Pharma)

• Study population (n=400): age ≥20 years, SUA 7.1-10 mg/dL, eGFR 30-
59 mL/min/1.73 m2

• Comparators: Febuxostat vs. placebo 10 mg/d 1-4 weeks → 20 mg/d 
5-8 weeks → 40 mg/d

• SUA checked in central lab, SUA ≥12 mg/dL → discontinue study  

• Duration: 108 weeks

• Primary outcome: Annual rate of eGFR decline (eGFR slope)

Trials 2014;15:26


