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Abstract
Background: In observational studies, higher uric acid levels are associated with metabolic syndrome, diabetes, and kidney 
disease.
Objective: The objective of this study is to examine whether reduction of plasma uric acid with febuxostat, a xanthine oxido 
reductase inhibitor, impacts adipose tissue oxidative stress, adipokines, and markers of systemic inflammation or kidney 
fibrosis.
Design: This was a double-blinded randomized controlled trial.
Setting: Academic university setting was used.
Patients: Overweight or obese adults with hyperuricemia and type 2 diabetic nephropathy were included.
Measurements: Adipose tissue thiobarbituric acid reducing substances (TBARS) and adiponectin concentrations and 
urinary transforming growth factor–β (TGF-β) were primary endpoints. Plasma C-reactive protein, high molecular 
weight–adiponectin, interleukin–6, tumor necrosis factor–α, and TBARS and albuminuria were among predefined 
secondary endpoints.
Methods: Participants were randomly assigned to febuxostat (n = 40) or matching placebo (n = 40) and followed for 24 
weeks.
Results: Baseline plasma uric acid levels were 426 ± 83 µmol/L; 95% completed the study. Estimated glomerular filtration 
rate (eGFR) declined from 54 ± 17 mL/min/1.73 m2 at baseline to 51 ± 17 mL/min/1.73 m2 at 24 weeks (P = .05). In separate 
mixed-effects models, compared with placebo, febuxostat reduced uric acid by 50% (P < .001) but had no significant effects 
on subcutaneous adipose tissue TBARS (−7.4%, 95% confidence interval [CI], 57.4%-101.4%) or adiponectin (6.7%, 95% CI, 
26.0%-53.8%) levels or urinary TGF-β/creatinine ratio (18.0%, 95% CI, 10.0%-54.8%) or secondary endpoints.
Limitations: Relatively modest sample size and short duration of follow-up.
Conclusions: In this population with progressive diabetic nephropathy, febuxostat effectively reduced plasma uric acid. 
However, no detectable effects were observed for the prespecified primary or secondary endpoints.
Trial Registration: The study was registered in clinicaltrials.gov (NCT01350388).
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Abrégé 
Mise en contexte: Dans les études observationnelles, des taux élevés d’acide urique sont associés à un syndrome 
métabolique, au diabète et à l’insuffisance rénale.
Objectifs de l’étude: Cette étude visait à déterminer si l’utilisation de febuxostat, un inhibiteur de la xanthine oxydoréductase, 
pour réduire le taux d’acide urique dans le plasma avait une incidence sur le stress oxydatif du tissu adipeux, les adipokines, 
les marqueurs de l’inflammation systémique ou sur la fibrose kystique.
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Type d’étude: Il s’agit d’un essai à double insu, randomisé et contrôlé.
Cadre: L’étude s’est effectuée en contexte universitaire.
Patients: Les participants à cette étude étaient des adultes obèses ou en surpoids, présentant une hyperuricémie ainsi 
qu’une néphropathie diabétique de type 2.
Mesures: Les critères principaux incluaient la concentration d’adiponectine et de substances réagissant avec l’acide 
thiobarbiturique (TBARS) dans les tissus adipeux, de même que le facteur de croissance transformant urinaire (TGF-β). Les 
critères secondaires incluaient les protéines C-réactives du plasma, l’adiponectine de poids moléculaire élevé, l’interleukine-6, 
le facteur de nécrose tumorale alpha, les TBARS ainsi que l’albuminurie.
Méthodologie: On a prescrit, de façon aléatoire, du febuxostat (n = 40) ou un placebo (n = 40) aux participants, et ces 
derniers ont été suivis sur une période de 24 semaines.
Résultats: Les valeurs initiales d’acide urique dans le plasma se situaient à 426 ± 83 µmol/L. La grande majorité des 
participants (95%) a complété l’étude. Le débit de filtration glomérulaire estimé a chuté de 54 ± 17 mL/min/1,73 m2, sa 
valeur moyenne au début de l’étude, à 51 ± 17 mL/min/1,73 m2 au bout des 24 semaines (P = 0,05). Dans les modèles à 
effet fixe séparés, lorsque comparé au placebo, le fébuxostat a réduit l’acide urique de 50% (P < 0,001), mais n’a eu aucun 
effet significatif sur les TBARS des tissus adipeux sous-cutanés (−7,4%, I.C. à 95% entre −57,4 et 101,4%), ni sur le niveau 
d’adiponectine (6,7%, I.C. à 95% entre −26,0% et 53,8%) ou sur le ratio TGF-β/créatinine (18,0%, I.C. à 95% entre −10,0% et 
54,8%). Il n’a pas non plus eu d’effets significatifs sur les critères secondaires.
Limites de l’étude: La taille relativement modeste de l’échantillon, de même que la courte durée du suivi constituent les 
limites de l’étude.
Conclusions: Dans la population observée, soit des patients atteints de néphropathie diabétique progressive, l’administration 
de fébuxostat a réduit de façon efficace les taux plasmatiques d’acide urique. Par ailleurs, aucun effet apparent n’a été observé 
sur les critères primaires et secondaires préétablis.
Enregistrement de l’essai: Cette étude a été enregistrée sur clinicaltrials.gov (NCT01350388).
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What Was Known Before

Observational data suggest that high uric acid level might be 
a risk factor for metabolic syndrome, diabetes, and kidney 
disease.

What This Adds

Lowering uric acid with febuxostat for 24 weeks did not 
affect adipokines or markers of adipose tissue oxidative 
stress, systemic inflammation, or kidney fibrosis.

Background

Uric acid is considered an independent risk factor for  
cardiovascular disease,1-4 kidney disease,5-9 diabetes,10  
hypertension,11 and metabolic syndrome12; however, it remains 
controversial whether uric acid is playing a pathogenic role or 
is just an epiphenomenon associated with those metabolic 

abnormalities. The notion that uric acid might play a caus-
ative role in the metabolic effects of obesity such as diabetes 
is supported by experimental data.13-16 Adipokines, the pro-
tein hormones produced by the adipocytes, include tumor 
necrosis factor–α (TNF-α), interleukin–6 (IL-6), plasminogen 
activator inhibitor (PAI-1), leptin, angiotensinogen, and adi-
ponectin. In obesity, the production of TNF-α, IL-6, PAI-1, 
leptin, and angiotensinogen increases, whereas the produc-
tion of adiponectin decreases. Increased expression of pro-
inflammatory TNF-α and IL-6 and decreased expression of 
anti-inflammatory adiponectin by adipocytes result in insulin 
resistance and inflammation.

Oxidative stress in adipose tissue is considered to play a 
critical role in dysregulation of adipokines production in 
obesity,17,18 and high uric acid levels induce oxidative stress 
in adipocytes.13 Furthermore, experimental data suggest that 
intervention with uric acid lowering therapy might amelio-
rate adipose tissue oxidative stress and adipokine dysregula-
tion in obesity.13-16
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In contrast to allopurinol, febuxostat provides more selec-
tive and potent inhibition of xanthine oxidase and greater 
hypouricemic activity.19-21 In addition, febuxostat is excreted 
primarily through the liver, whereas allopurinol is renally 
excreted. Hence, febuxostat is well suited as a hypouricemic 
agent in chronic kidney disease (CKD).

Therefore, we hypothesized that febuxostat therapy will 
decrease hyperuricemia and thereby have beneficial effects 
on adipokine production in adipose tissue, decrease plasma 
levels of markers of inflammation and oxidative stress, 
and, as a result of the above, urinary markers of kidney 
fibrosis and albuminuria will improve. We examined in  
a placebo-controlled, double-blinded study in diabetic 
patients with CKD and hyperuricemia the effects of febux-
ostat therapy on the primary endpoints of adipose tissue 
thiobarbituric acid reducing substances (TBARS) and adi-
ponectin concentrations and urinary transforming growth 
factor–β (TGF-β).

Methods

Study Design

This was a double-blinded randomized controlled trial (RCT) 
approved by the University of Utah Institutional Review 
Board. All participants gave written informed consent. The 
study was monitored by a 3-member Data Safety Monitoring 
Board. The study was registered in clinicaltrials.gov 
(NCT01350388). The study was investigator-initiated and 
funded by a grant from Takeda Pharmaceuticals USA, Inc. 
The sponsor had no role in the design and conduct of the 
study or analysis and interpretation of results or preparation 
of the manuscript.

Inclusion criteria.  Serum uric acid levels ≥327 µmol/L in men 
and ≥274 µmol/L in women were associated with increased 
risk of incident metabolic syndrome in a large epidemiologi-
cal study.12 Hence, we adopted these levels for inclusion cri-
teria in the current study. The other inclusion criteria were 
adults with diagnosis of type 2 diabetes and kidney disease 
defined as estimated glomerular filtration rate (eGFR) 30 to 
<60 mL/min/1.73 m2 by 4-variable Modification of Diet in 
Renal Disease (MDRD) or eGFR ≥60 mL/min/1.73 m2 with 
urine dipstick ≥1+ protienuria or urine albumin/creatinine 
≥3.4mg/mmol.

Exclusion criteria.  Absolute exclusion criteria included age 
less than 18 years; history of gout; concurrent use of aza-
thioprine, mercaptopurine, theophylline, allopurinol, or 
warfarin; current antibiotic therapy; pregnant women and 
prisoners; known noncompliance; current active malig-
nancy (excluding squamous and basal cell skin cancers); 
active AIDS; chronic lung disease requiring supplemental 
oxygen therapy; and patients enrolled in interventional  
trials using drugs or devices. In addition, to minimize the 

risks of febuxostat, patients with active liver disease trans-
aminases (>2.5 times the upper limit of normal at baseline) 
were excluded.

Recruitment and Screening

Potential participants were recruited from December 19, 
2011, until May 9, 2013, at the University of Utah Health 
Sciences Clinics and the affiliated Department of Veterans 
Affairs Medical Center. All potential participants underwent a 
screening visit conducted by trained study coordinators using 
standardized questionnaires to assess above inclusion and 
exclusion criteria. Proteinuria, serum creatinine, uric acid, 
and liver function tests were measured as screening tests.

Baseline study visit and data collection.  Trained study coordi-
nators obtained demographic and comorbidity information 
using standardized questionnaires. Anthropometric measure-
ments and vitals were obtained following standardized pro-
tocols. Thirty milliliter of blood was drawn in serum separator 
and lithium-heparin tubes. The blood samples were centri-
fuged within 15 minutes and then divided into multiple ali-
quots of 1 mL each and frozen immediately with dry ice and 
transferred to a −80°C freezer. Ten milliliter samples of urine 
were collected, centrifuged, divided into multiple 1 mL ali-
quots and frozen immediately using dry ice, and then trans-
ferred to a −80°C freezer. Under sterile aseptic precautions, 
using local anesthesia, percutaneous fat biopsies were col-
lected from the lateral abdomen wall using 5-mm diameter 
side-cutting needle at baseline and 24 weeks. Biopsy sam-
ples were flash frozen immediately after collection and trans-
ferred to a −80°C freezer.

Intervention.  Participants were randomly allocated to oral 
febuxostat 80 mg/d or matching placebo for 24 weeks by 
blocks of 4 using a random number generator and monitored 
for adverse events. Study stopping points included elevated 
liver enzymes (twice the upper limit of normal) or eGFR 
decline (below 20 mL/min/1.73 m2 or 50% decline below 
baseline).

The investigators, study staff, and participants were 
blinded to the treatment assignment. The University of Utah 
Hospital Investigational Drug Service Pharmacy procured 
febuxostat and matching placebo from the sponsor, random-
ized the patients, and maintained the double-blind.

Follow-up visits occurred at weeks 2, 4, 12, and 24. 
During these visits, standardized clinical assessment was 
performed for the assessment of side effects. Data on adher-
ence were obtained with pill count. Hospitalizations and 
emergency room (ER) visits were ascertained. Blood and 
urine samples were collected, processed, and stored as above. 
Renal and liver function tests were measured at each visit for 
safety assessment. Percutaneous fat biopsies were performed 
at 24 weeks.
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Assays.  Plasma uric acid, high-sensitivity C-reactive 
protein (CRP), high molecular weight (HMW) adiponec-
tin, IL-6, TNF-α, leptin and malondialdehyde (MDA) also 
known as thiobarbituric acid-reactive substances (TBARS), 
urine TGFβ1, adipose tissue adiponectin, and leptin and 
TBARS concentrations were measured following standard-
ized protocols. The details of the assays are provided in the 
supplement.

Statistical Methods

Descriptive statistics for continuous variables were presented 
by mean ± standard deviation or medians and 25th and 75th 
percentiles as appropriate. Categorical variables were pre-
sented by frequencies and proportions. Baseline characteris-
tics were compared between the febuxostat and placebo 
groups by 2-sample t tests for continuous variables and by 
chi-square or Fisher’s exact tests for categorical variables. 
Skewed variables were log-transformed prior to statistical 
analyses.

The predefined primary endpoints were adipose tissue 
TBARS and adiponectin concentrations and urinary excre-
tion of TGF-β. Plasma HMW adiponectin, leptin, CRP, 
TBARS, TNF-α and IL-6, eGFR, and urine albumin/creati-
nine ratio (ACR) were the secondary endpoints.

Treatment effects on the primary and secondary out-
comes at weeks 12 and 24 were estimated using mixed-
effects models with fixed effects for treatment, visit and the 
treatment by visit interaction, and an unstructured covari-
ance matrix to account for serial correlation in the outcome 
over time.22 The levels of the outcome were assumed to be 
equal between the treatment and placebo groups at baseline, 
so that treatment effects were effectively estimated with 
adjustment for the baseline levels of the outcome. Results of 
log-transformed outcomes were exponentiated, so that esti-
mates of treatment effects were expressed as percent differ-
ences in geometric means. The primary analyses evaluated 
the average of the comparisons between the treatment and 
placebo groups across the 12-week and 24-week visits. 
Under the mixed modeling approach, outcome measure-
ments obtained prior to the time a patient was lost to follow-
up were retained in the analysis, and the reported results can 
be assumed to be approximately unbiased if missing data are 
missing at random.

In additional sensitivity analyses, factors that were imbal-
anced between the febuxostat and placebo groups at an alpha 
of .2 level were adjusted for in the above models. These vari-
ables were cancer, body mass index (BMI), diastolic blood 
pressure (BP), use of angiotensinogen converting enzyme 
inhibitor (ACE-I)/angiotensin receptor blocker (ARB), and 
other antihypertensives and statins.

Power calculations for the 3 co-primary endpoints are 
described in the supplemental materials. We performed  
analyses using Stata 12 and SAS version.

Results

Of the 152 individuals who completed the screening visit, 70 
individuals were excluded for the following reasons: refused 
to participate (n = 7), serum uric acid below the target range 
(n = 17), eGFR < 30 mL/min/1.73 m2 (n = 5), eGFR > 60 
mL/min/1.73 m2 without documented albuminuria (n =23), 
or met an absolute exclusion criteria (n = 18). Two partici-
pants who were randomized erroneously were dropped. 
Excluding these two participants, the randomization goal of 
40 participants in each group was met (Figure 1).

Baseline characteristics of the study population are sum-
marized in Table 1. The study population was older (68 ± 10 
years), predominantly Caucasian (87.5%) and male (65.0%) 
with high prevalence of comorbid conditions such as coro-
nary artery disease (18.8%). As expected, the mean baseline 
BMI (34.6 ± 6.8 kg/m2) was high. Mean eGFR was 53.5 ± 
17.2 mL/min/1.73 m2, and 35.4% had albuminuria (urine 
ACR > 3.4 mg/mmol). The intervention and placebo groups 
were generally well matched in their baseline clinical charac-
teristics (Table 1). However, compared with the placebo 
group, the intervention group also had higher BMI (P = .04) 
and lower use of antihypertensive medications (P = .04) and 
ACE-I/ARB (P = .04).

Figure 1.  Flowchart of study participants.
Note. eGFR = estimated glomerular filtration rate; LFT= liver enzymes.
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P values for comparisons of the listed baseline character-
istics between treatment groups were greater than .05 with 
the exception of BMI (P = .04), antihypertensive medica-
tions (P = .04), and ACE-I/ARB (P = .04).

Adipose tissue, plasma, and urine markers of the study 
population are summarized in Table 2. Compared with his-
toric healthy controls from previous publications,23-32 the 
study population was characterized by increased adipose tis-
sue and plasma markers of oxidative stress, lower plasma 
levels of anti-inflammatory adiponectin, higher plasma lev-
els of markers of inflammation, and urinary markers of fibro-
sis (Table 2).

As summarized in Figure 1, 76 (95%) participants com-
pleted the study. One participant in the placebo group and 3 
participants in the febuxostat group were nonadherent and 

withdrew from the study. All of these participants withdrew 
from the study within the first 12 weeks. Plasma and urine 
samples at week 4 visit were available in 3 (1 in placebo and 
2 in febuxostat group) of these patients, and these were 
included in the week 12 analyses. In addition, 1 participant in 
the placebo group (at week 4, for headaches) and 1 partici-
pant in the febuxostat group (at week 12, for elevated liver 
function tests) were withdrawn from the intervention but 
completed the study off the intervention. Data of these par-
ticipants were included in the analyses with the intent-to-
treat principle.

Plasma uric acid levels were high and not different 
between the febuxostat and placebo groups at baseline 
(Figure 2). Compared with placebo, febuxostat therapy 
reduced plasma uric acid levels by 49.9% ± 2.9% at week 12, 

Table 1.  Baseline Characteristics in the Study Population.

All Febuxostat group Placebo group

  N = 80 n = 40 n = 40

Demographic characteristics
  Age (years) 68 ± 10 67 ± 10 68 ± 11
  Male (%) 65.0% 60.0% 70.0%
  Black (%) 3.8% 2.5% 5.0%
  Hispanic (%) 5.0% 5.0% 5.0%
Clinical characteristics
  Coronary artery disease (%) 18.8% 20.0% 17.5%
  Congestive heart failure (%) 10.0% 10.0% 10.0%
  Hypertension (%) 77.5% 80.0% 75.0%
  Peripheral vascular disease (%) 3.8% 2.5% 5.0%
  Cerebrovascular disease (%) 3.8% 5.0% 2.5%
  Lung disease (%) 25.0% 30.0% 20.0%
  Previous cancer (%) 21.3% 12.5% 30.0%
  Smoking (%) 36.3% 35.0% 37.5%
  Alcohol use (%) 46.3% 47.5% 45.0%
  Body mass index (kg/m2) 34.6 ± 6.8 36.2 ± 7.0 33.1 ± 6.2
  Systolic BP (mm Hg) 127 ± 17 125 ± 18 128 ± 16
  Diastolic BP (mm Hg) 70 ± 12 68 ± 12 72 ± 12
Medications
  Insulin use (%) 26.2% 22.5% 30.0%
  Oral hypoglycemic agents (%) 42.5% 37.5% 47.5%
  Antihypertensive medications (%) 58.7% 47.5% 70.0%
  ACE-I/ARB use (%) 46.3% 35.0% 57.5%
  Statin use (%) 45.0% 37.5% 52.5%
Lab parameters
  Plasma uric acid (µmol/L) 426 ± 83 426 ± 89 422 ± 71
  eGFR (ml/min/1.73 m2) 53.5 ± 17.2 52.2 ± 15.3 54.8 ± 19.0
  Urine ACR groups
    <3.4 mg/mmol (%) 64.6% 64.1% 65.0%
    3.4-33.9 mg/mmol (%) 24.1% 25.6% 22.5%
    >33.9 mg/mmol (%) 11.4% 10.3% 12.5%
  Random plasma glucose (mmol/L) 9.40 ± 4.68 9.34 ± 4.46 9.55 ± 5.04

Note. Mean ± SD or median (25th-75th percentiles) are presented for continuous variables, N and percentage for categorical variables. BP = blood 
pressure; ACE-I = angiotensinogen converting enzyme inhibitor; ARB = angiotensin receptor blocker; eGFR = estimated glomerular filtration rate; ACR = 
albumin/creatinine ratio.
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and this was maintained at week 24 (Figure 2). Overall, 
febuxostat was well tolerated. There was 1 episode of ele-
vated liver enzymes in the febuxostat group at week 12 
which warranted cessation of the intervention. However, 
liver function tests returned to normal after cessation of ther-
apy. There were no differences in the adverse events between 
the 2 groups which are summarized in Supplement Tables 1 
and 2.

Raw data of the subcutaneous adipose tissue, plasma, and 
urinary parameters are summarized in Tables 3 to 5, and the 
effects of febuxostat on these parameters in mixed-effects 
models are summarized in Figure 3 and Table 6.

The predefined primary endpoints were adipose tissue 
TBARS and adiponectin concentrations and urinary excre-
tion of TGF-β. As shown in Figure 3, compared with pla-
cebo, with febuxostat therapy there were no significant 
differences in subcutaneous adipose tissue TBARS concen-
tration (−7.4%, 95% confidence interval [CI], 57.4%-
101.4%, P = .84) or adiponectin concentration (6.7%, 95% 
CI, 26.0%-53.8%, P = .73). There were also no significant 
differences in urinary TGF-β excretion (18.0%, 95% CI, 
10.0%-54.8%, P = .23). With additional adjustment for fac-
tors that were imbalanced between the two groups at baseline 
(cancer, BMI, diastolic BP, use of ACE-I/ARB, and other 
antihypertensives and statins), the results were consistent 
with the main model (subcutaneous adipose tissue TBARS 
concentration: −8.8%, 95% CI, 68.4%-162.9%, or adiponec-
tin concentration: −1.2%, 95% CI, 40.8%-64.9%). There 
were also no significant differences in urinary TGF-β excre-
tion (−13.2%, 95% CI, 8.3%-22.0%).

Plasma and urinary concentrations of various markers 
during the study are summarized in Tables 4 and 5. The 
effects of febuxostat compared with placebo on these mark-
ers in mixed-effects models are summarized in Table 6. 
Compared with the placebo group, in the adjusted model, 
febuxostat group had 25.7% reduction in IL-6 levels with a 
trend toward statistical significance (P = .06). However, 
none of the other markers were significantly different 
between febuxostat and placebo groups (Table 6).

The mean eGFR declined by ~3 mL/min/1.73 m2 over 
6 months for an annualized loss of 6 mL/min/1.73 m2 in 
both groups (Supplemental Table 3). However, no effects 
of febuxostat on eGFR, systolic or diastolic BP, or the 

Table 2.  Distribution of Adipose Tissue, Plasma, and Urine Markers at Baseline in the Study Population and Historic Controls.

Study population

Reference population  Mean ± SD Median (IQR)

Adipose tissue
  TBARS (nmol/mg of fat) 0.8 ± 1.3 Healthy adults: 0.097 ± 0.054 nmol/mg

ESRD: 1.223 ± 0.636 nmol/mg23

  Adiponectin (pg/mg of fat) 5.1 ± 4.4 Healthy adults: 18.3 ± 5 pg/100 ng total adipose tissue protein24

ESRD: 7.2 ± 0.8 pg/100 ng total adipose tissue protein24

Plasma
  HMW-A (µg/mL) 5.5 ± 4.8 4.4 (2.3-6.6) Lean: 16.7 ± 2.7

Diabetic: 9.0 ± 1.725

  Leptin (pg/mL) 28.6 ± 26.5 20.8 (10.0-40.3) Healthy men 2.8 ± 1.6 and women 7.6 ± 4.926

  Leptin/adiponectin ratio 4.3 ± 6.5 5.2 (1.9-13.0) Healthy adults: 0.6 ± 0.227

  CRP (nmol/L) 163 ± 105 22 (13-44) US general population: 3.8 (1.0-9.5)28

  TBARS (nmol/mL) 266 ± 538 13.9 (8.8-22.6) Healthy adults: 1.15 (1.04-1.28)29

  TNF-α (pg/mL) 37.8 ± 93.2 Healthy adults: 0.9 ± 0.4 pg/mL30

  IL-6 (pg/mL) 107.6 ± 119.4 4.8 (2.7-18.8) Healthy adults: 2.3 (0.8-2.4) pg/mL31

Urine
  TGF-β/creatinine ratio (pg/mg) 25.0 (17.5-43.7) Healthy adults: median 0.05 (range, 0.05-5.5)32

Diabetes: median 5.62 (range, 0.05-284.0)32

Note. ESRD=; End stage renal disease; IQR = interquartile range; TBARS = thiobarbituric acid reducing substances; HMW-A = high molecular weight–
adiponectin; CRP = C-reactive protein; TNF-α = tumor necrosis factor–α; IL-6 = interleukin–6; TGF-β = transforming growth factor–β.

Figure 2.  Description of mean ± SD of baseline and follow-up 
plasma uric acid levels in febuxostat and placebo groups.
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Table 3.  Description of Adipose Tissue Parameters at Baseline and End of the Study in Febuxostat and Placebo Groups.

 
Median  

(25th and 75th percentiles)
Natural log transformed 

Mean ± SD Adjusted geometric 
mean changea

% (95% CI)  Baseline Week 24 Baseline Week 24

TBARS concentration (nmol/mg of fat)
  Febuxostat group 0.29 (0.13, 0.65) 0.23 (0.11, 1.33) −1.3 ± 1.3 −0.9 ± 1.7 34.0 (−26.3 to 143.4)
  Placebo group 0.24 (0.12, 0.71) 0.45 (0.07, 1.81) −1.2 ± 1.4 −0.8 ± 1.8 44.6 (−19.3 to 159.2)
Adipose adiponectin concentration (pg/mg of fat)
  Febuxostat 4.0 (2.5, 6.8) 3.3 (2.2, 6.6) 1.4 ± 0.8 1.4 ± 0.8 2.3 (−23.4 to 36.7)
  Placebo 3.5 (2.3, 5.9) 3.1 (2.0, 5.9) 1.3 ± 0.7 1.3 ± 0.9 −4.1 (−27.7 to 27.4)

Note. CI = confidence interval; TBARS = thiobarbituric acid reducing substances.
aAdjusted geometric mean changes between baseline and week 24 estimated under a mixed-effects analysis.

Table 4.  Description of Plasma Adipokines and Markers of Inflammation and Oxidative Stress at Baseline, Week 12, and Week 24 in 
Febuxostat and Placebo Groups.

 
Median  

(25th and 75th percentiles)
Natural log transformed  

mean ± SD Adjusted geometric 
mean changea

% (95% CI)  Baseline Week 12 Week 24 Baseline Week 12 Week 24

Plasma HMW-A (µg/mL)
  Febuxostat 4.3 (2.0, 6.7) 5.6 (3.3, 8.8) 4.2 (3.1, 8.5) 1.3 ± 1.0 1.7 ± 0.7 1.6 ± 0.9 34.1 (16.5 to 54.2)
  Placebo 4.4 (2.4, 6.6) 6.3 (3.0, 7.2) 4.4 (2.7, 6.7) 1.3 ± 1.0 1.5 ± 0.8 1.4 ± 0.9 17.0 (1.9 to 34.4)
Plasma leptin (pg/mL)
  Febuxostat 25.0 (13.9, 48.4) 19.7 (14.1, 29.7) 31.3 (18.5, 49.6) 3.2 ± 0.8 3.0 ± 0.6 3.3 ± 0.9 7.5 (−10.6 to 29.3)
  Placebo 13.5 (7.8, 28.6) 16.8 (8.3, 33.0) 16.7 (8.9, 33.5) 2.8 ± 0.9 2.8 ± 0.8 2.8 ± 0.9 0.7 (−15.8 to 20.6)
Plasma leptin/HMW-A (pg/µg)
  Febuxostat 6.3 (3.4, 13.2) 3.3 (2.0, 6.7) 6.0 (2.8, 12.6) 1.9 ± 1.3 1.3 ± 0.9 1.8 ± 1.3 −22.7 (−38.8 to −2.4)
  Placebo 2.9 (1.5, 11.3) 2.7 (1.5, 8.3) 2.8 (1.5, 11.1) 1.5 ± 1.3 1.3 ± 1.3 1.5 ± 1.3 −11.2 (−29.3 to 11.5)
Plasma CRP (nmol/L)
  Febuxostat 26 (11, 47) 37 (11, 61) 39 (12, 69) 3.3 ± 1.1 3.4 ± 1.2 3.3 ± 1.3 12.2 (−16.3 to 50.3)
  Placebo 21 (13, 43) 23 (10, 48) 15 (9, 42) 3.2 ± 0.9 3.2 ± 1.3 3.0 ± 1.2 −7.2 (−30.5 to 23.8)
Plasma TBARS (nmol/mL)
  Febuxostat 15.7 (8.8, 22.6) 13.2 (10.5, 15.8) 14.6 (10.7, 18.6) 2.7 ± 0.6 2.7 ± 0.5 2.7 ± 0.5 7.0 (−7.7 to 24.1)
  Placebo 13.6 (7.4, 24.0) 13.8 (10.5, 19.8) 14.0 (9.4, 21.2) 2.6 ± 0.7 2.7 ± 0.6 2.6 ± 0.6 0.2 (−13.2 to 15.8)
Plasma TNF-α (pg/mL)
  Febuxostat 13.8 (6.1, 198.7) 15.9 (7.3, 139.4) 12.8 (6.0, 105.8) 3.6 ± 2.3 3.6 ± 2.1 3.5 ± 2.1 −9.9 (−30.6 to 16.8)
  Placebo 25.2 (8.3, 265.9) 23.7 (7.9, 226.8) 24.1 (8.1, 222.1) 3.7 ± 1.8 3.7 ± 1.8 3.7 ± 1.9 −7.4 (−28.3 to 19.7)
Plasma IL-6 (pg/mL)
  Febuxostat 4.2 (2.6, 24.9) 3.5 (2.5, 14.5) 3.8 (2.2, 9.1) 2.1 ± 1.5 1.8 ± 1.5 1.8 ± 1.6 −24.0 (−35.3 to −10.7)
  Placebo 4.9 (3.5, 18.8) 5.2 (2.6, 22.1) 4.4 (2.2, 19.6) 2.2 ± 1.5 2.1 ± 1.5 2.1 ± 1.6 −9.5 (−22.7 to 6.1)

Note. CI = confidence interval; HMW-A = high molecular weight–adiponectin; CRP = C-reactive protein; TBARS = thiobarbituric acid reducing 
substances; TNF-α = tumor necrosis factor–α; IL-6 = interleukin–6.
aAdjusted geometric mean changes between baseline and average of the week 12 and week 24 levels estimated under a mixed-effects analysis.

number of antihypertensive medications were noted (Sup-
plemental Table 3).

Discussion

In this RCT, febuxostat was effective in lowering serum uric 
acid. However, contrary to our research hypothesis, compared 

with placebo, febuxostat therapy did not affect the subcutane-
ous adipose tissue oxidative stress or adipokine concentra-
tions. It also did not significantly affect plasma levels of 
adipokines or markers of inflammation and oxidative stress. 
Similarly, we found no evidence of treatment effects on  
urinary markers of kidney fibrosis and inflammation as well 
as urinary albumin excretion.
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As discussed earlier, experimental studies of cell cultures 
and animal models suggest that uric acid per se and/or xan-
thine oxido reductase (XOR), the enzyme involved in the 
production of uric acid, could play a causal role in diabetes, 
cardiovascular disease, or kidney disease.13-16 As shown in 
Table 2, compared with historic healthy controls, the diabetic 
CKD population in the current study had elevated levels of 
markers of oxidative stress and/or inflammation in subcuta-
neous adipose tissue and/or plasma as well as increased uri-
nary markers of kidney fibrosis. Therefore, the current study 
population is well suited to examine whether decreasing uric 
acids levels with febuxostat improves metabolic milieu in 
stage III diabetic CKD.

Nonetheless, effective therapy for lowering serum uric 
acid did not ameliorate subcutaneous adipose tissue oxida-
tive stress or alter adiponectin concentrations. However, 

drugs such as thiazolidinediones that have been shown to 
affect plasma adiponectin levels have demonstrable effects 
on subcutaneous adipose tissue adiponectin production in 
studies with similar or smaller number of patients and similar 
or shorter duration.33-36

Epidemiological studies suggest that hyperuricemia is a 
risk factor for kidney disease progression.6 In animal models 
of hyperuricemia, therapy with allopurinol or febuxostat 
decreased kidney damage.7,9 In the current study, the mean 
eGFR declined by 3 mL/min/1.73 m2 over 6 months for an 
annualized loss of 6 mL/min/1.73 m2 (Supplemental Table 4) 
consistent with progressive nephropathy. As urinary TGF-β 
has been shown to be a marker of kidney fibrosis37 and pre-
dicts the progression of kidney disease,37-41 it was chosen as 
a predefined primary outcome in this study. We did not 
observe an effect of febuxostat on markers of urinary fibrosis 
or inflammation (Table 6). Furthermore, we did not observe 
an effect of febuxostat therapy on albuminuria (Table 6) or 
eGFR (Supplemental Table 3).In a meta-analysis of 8 RCTs 
that compared allopurinol with placebo/standard of care42-48 
with a follow-up duration of 4 to 24 months, there was no 
effect on proteinuria or BP or serum creatinine.49 In contrast, 
in a more recent RCT of stage 3 and 4 CKD patients50 treated 
with febuxostat 40 mg (n= 45) or placebo (n = 48) for 6 
months reported a nonsignificant increase in eGFR with 
febuxostat from 31.5 ± 13.6 to 34.7 ± 18.1 mL/min/1.73 m2 
and a significant decrease in eGFR with placebo from 32.6 
±11.6 to 28.2 ± 11.5 mL/min/1.73 m2. The biological plausi-
bility of febuxostat reversing kidney damage and improving 
kidney function is unclear. However, large RCTs are needed 
to definitively determine whether uric acid lowering thera-
pies could reduce CKD progression.

In animal models, higher serum uric acid levels result in 
elevated BP and reducing uric acid with either a xanthine 
oxidase inhibitor or a uricosuric agent reduced BP.51 
Epidemiological studies suggest that hyperuricemia is a risk 
factor developing hypertension in young adults.52,53 However, 
the strength of the relationship between uric acid level  
and hypertension decreases with increasing patient age and 

Table 5.  Description of Urinary TGF-β and Albumin at Baseline, Week 12, and Week 24 in Febuxostat and Placebo Groups.

 
Median  

(25th and 75th percentiles)
Natural log transformed  

mean ± SD Adjusted geometric 
mean changea

% (95% CI)  Baseline Week 12 Week 24 Baseline Week 12 Week 24

Urine TGF-β/creatinine (pg/mg)
  Febuxostat 27.4 (17.8, 44.0) 31.8 (22.3, 63.2) 26.8 (24.0, 53.3) 3.3 ± 0.6 3.6 ± 0.7 3.6 ± 0.7 29.8 (4.4 to 61.5)
  Placebo 22.6 (16.1, 40.5) 25.3 (20.7, 37.6) 28.3 (20.8, 44.5) 3.3 ± 0.6 3.4 ± 1.1 3.4 ± 0.5 10.0 (−10.8 to 35.6)
Urine albumin/creatinine (mg/mmol)
  Febuxostat 2.35 (0.35, 11.74) 2.05 (0.19, 6.68) 1.07 (0.46, 6.99) 0.9 ± 2.4 0.7 ± 2.3 0.6 ± 2.0 −24.0 (−49.9 to 15.4)
  Placebo 2.03 (0.76, 6.85) 1.27 (0.45, 7.25) 1.15 (0.42, 7.10) 0.9 ± 1.9 0.6 ± 2.0 0.6 ± 2.1 −27.6 (−51.7 to 8.5)

Note. TGF-β = transforming growth factor–β; CI = confidence interval.
aAdjusted geometric mean changes between baseline and average of the week 12 and week 24 levels estimated under a mixed-effects analysis.

Figure 3.  Mixed-effects models of between the groups 
comparisons of the primary endpoint.
Note. TBARS = thiobarbituric acid reducing substances; TGF-β = 
transforming growth factor–β; CI = confidence interval; BMI = body mass 
index; BP = blood pressure; ACE-I = angiotensinogen converting enzyme 
inhibitor; ARB = angiotensin receptor blocker.
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duration of hypertension.1 We did not observe an effect of 
febuxostat therapy on BP or number of BP medications in the 
current study (Supplemental Table 3).

It is conceivable that at even higher serum levels of uric 
acid, febuxostat might impact adipokines and kidney dis-
ease. However, it should be noted that despite higher levels 
of baseline uric acid, allopurinol did not affect eGFR or albu-
minuria in the above-mentioned studies4,42-45,47,48 with the 
exception of the Sircar et al. study.50

Febuxostat was well tolerated at 80 mg/d dose in this 
CKD population. There was 1 episode of increase in liver 
enzymes in the febuxostat group which warranted cessation 
of the intervention.

A strength of the study is a very high retention rate (95%), 
and the study population was adherent to the intervention as 
evidenced by pill count and the serum uric acid levels.

One of the limitations of the current study is the relatively 
modest sample size and short duration of follow-up. Hence, 
larger, longer term studies are needed to draw definitive con-
clusions. Other limitations of the current study include a 
single center study in a predominantly Caucasian population. 
We also did not measure glycated hemoglobin levels. As the 
current study was not designed to examine the effects of uric 
acid lowering therapies on cardiovascular parameters such as 
left ventricular hypertrophy, arterial stiffness, endothelial 
dysfunction, or atherosclerosis, no inferences on the effects 
of uric acid lowering therapies on cardiovascular disease in 
CKD could be drawn from this study.

Conclusions

In summary, in persons with diabetic CKD, febuxostat was 
well tolerated and was effective in reducing serum uric 
acid levels. However, in this study, no effects of febuxostat 

therapy were observed regarding subcutaneous adipose tis-
sue oxidative stress and adipokine production, and urinary 
markers of fibrosis. Larger RCTs are needed to determine 
the role of uric acid lowering therapy on kidney disease 
progression.
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Table 6.  Mixed-Effects Models of Between the Groups Comparisons of the Secondary Endpoints.

Model 1a Model 2b

Outcome Geometric mean changea (%) (95% CI) P values Geometric mean changeb (%) P values

Plasma HMW-A 14.6 (−3.7, 36.3) .12 19.1 (−6.1, 50.9) .15
Plasma leptin 6.7 (−14.3, 32.9) .56 14.4 (−12.9, 50.2) .33
Plasma leptin/HMW-A −13.0 (−35.3, 17.1) .35 −6.3 (−33.4, 31.8) .70
Plasma hsCRP 20.9 (−18.8, 80.0) .35 16.7 (−26.9, 86.3) .51
Plasma TBARS 6.8 (−10.1, 26.8) .45 3.5 (−15.9, 27.2) .74
Plasma TNF-α −2.8 (−31.8, 38.7) .88 −11.9 (−45.6, 42.5) .60
Plasma IL-6 −16.1 (−33.0, 5.2) .13 −25.7 (−45.1, 0.7) .06
Urine albumin/creatinine 5.0 (−39.5, 82.2) .86 −26.4 (−63.8, 49.6) .39
eGFR −4.3 (−37.0, 45.6) .84 5.8 (−2.5, 14.7) .17

Note. HMW-A = high molecular weight–adiponectin; hsCRP = high-sensitivity C-reactive protein; TBARS = thiobarbituric acid reducing substances;  
TNF-α = tumor necrosis factor–α; IL-6 = interleukin–6; eGFR = estimated glomerular filtration rate; CI = confidence interval; BMI = body mass index;  
BP = blood pressure; ACE-I = angiotensinogen converting enzyme inhibitor; ARB = angiotensin receptor blocker.
aAdjusted geometric mean changes (%) and 95% CI are estimated between treatment groups under a mixed-effects analysis.
bAdjusted geometric mean changes (%) and 95% CI are estimated between treatment groups under a mixed-effects analysis controlled for cancer, BMI, 
diastolic BP and use of ACE-I/ARB, and other antihypertensive medications and statins.



10	 Canadian Journal of Kidney Health and Disease

Acknowledgments

The Data Safety and Monitoring Board was chaired by Dr Mark 
Munger, and Dr Donald Kohan and Mr Gregory Stoddard were 
members.

Author Contributions

SB, TG and YH helped design the study. All authors were involved 
in the acquisition of data. SB, GW, XC, MM, GS, DK, TG, and YH 
helped analyze and interpret the data. All authors were involved in 
drafting and revising the manuscript. All authors read and approved 
the final manuscript.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication of  
this article: This study was supported by an investigator-initiated 
research (IIR) grant from Takeda Pharmaceuticals of North 
America.

Funding

The author(s) disclosed receipt of the following financial support for 
the research, authorship, and/or publication of this article: This  
project was supported by an unrestricted grant from Takeda  
North America. Dr. Beddhu was supported by R01-DK091437 and 
RO1-DK078112. University of Utah Study Design and Biostatistics 
Center is funded in part from the Public Health Services research grant 
numbers UL1-RR025764, 1UL-1RR024975, and C06-RR11234 from 
the National Center for Research Resources. The funding bodies 
had no role in the design, analysis, interpretation, or writing of the 
manuscript. This project was supported using resources and facilities 
at the VA Salt Lake City Health Care System and the VA Informatics 
and Computing Infrastructure (VINCI), VA HSR RES 13-457. 

References

	 1.	 Feig DI, Kang DH, Johnson RJ. Uric acid and cardiovascular 
risk. N Engl J Med. 2008;359(17):1811-1821.

	 2.	 Fang J, Alderman MH. Serum uric acid and cardiovascular 
mortality the NHANES I epidemiologic follow-up study, 1971-
1992. National Health and Nutrition Examination Survey. 
JAMA. 2000;283(18):2404-2410.

	 3.	 Liu WC, Hung CC, Chen SC, et al. Association of hyperurice-
mia with renal outcomes, cardiovascular disease, and mortal-
ity. Clin J Am Soc Nephrol. 2012;7(4):541-548.

	 4.	 Kanbay M, Segal M, Afsar B, Kang DH, Rodriguez-Iturbe B, 
Johnson RJ. The role of uric acid in the pathogenesis of human 
cardiovascular disease. Heart. 2013;99(11):759-766.

	 5.	 Badve SV, Brown F, Hawley CM, et  al. Challenges of con-
ducting a trial of uric-acid-lowering therapy in CKD. Nat Rev 
Nephrol. 2011;7(5):295-300.

	 6.	 Jalal DI, Chonchol M, Chen W, Targher G. Uric acid as a target 
of therapy in CKD. Am J Kidney Dis. 2013;61(1):134-146.

	 7.	 Kang DH, Nakagawa T, Feng L, et  al. A role for uric acid 
in the progression of renal disease. J Am Soc Nephrol. 
2002;13(12):2888-2897.

	 8.	 Mazzali M, Kanbay M, Segal MS, et al. Uric acid and hyper-
tension: cause or effect? Curr Rheumatol Rep. 2010;12(2): 
108-117.

	 9.	 Sanchez-Lozada LG, Tapia E, Soto V, et al. Effect of febux-
ostat on the progression of renal disease in 5/6 nephrectomy 
rats with and without hyperuricemia. Nephron Physiol. 
2008;108(4):69-78.

	10.	 Lv Q, Meng XF, He FF, et  al. High serum uric acid and 
increased risk of type 2 diabetes: a systemic review and 
meta-analysis of prospective cohort studies. PLoS One. 
2013;8(2):e56864.

	11.	 Forman JP, Choi H, Curhan GC. Plasma uric acid level and 
risk for incident hypertension among men. J Am Soc Nephrol. 
2007;18(1):287-292.

	12.	 Sui X, Church TS, Meriwether RA, Lobelo F, Blair SN. Uric 
acid and the development of metabolic syndrome in women 
and men. Metabolism. 2008;57(6):845-852.

	13.	 Sautin YY, Nakagawa T, Zharikov S, Johnson RJ. Adverse 
effects of the classic antioxidant uric acid in adipocytes: 
NADPH oxidase-mediated oxidative/nitrosative stress. Am J 
Physiol Cell Physiol. 2007;293(2):C584-C596.

	14.	 Baldwin W, McRae S, Marek G, et  al. Hyperuricemia as a 
mediator of the proinflammatory endocrine imbalance in the 
adipose tissue in a murine model of the metabolic syndrome. 
Diabetes. 2011;60(4):1258-1269.

	15.	 Nakagawa T, Hu H, Zharikov S, et al. A causal role for uric 
acid in fructose-induced metabolic syndrome. Am J Physiol 
Renal Physiol. 2006;290(3):F625-F631.

	16.	 Reungjui S, Roncal CA, Mu W, et al. Thiazide diuretics exacer-
bate fructose-induced metabolic syndrome. J Am Soc Nephrol. 
2007;18(10):2724-2731.

	17.	 Wellen KE, Hotamisligil GS. Inflammation, stress, and diabe-
tes. J Clin Invest. 2005;115(5):1111-1119.

	18.	 Furukawa S, Fujita T, Shimabukuro M, et al. Increased oxida-
tive stress in obesity and its impact on metabolic syndrome. J 
Clin Invest. 2004;114(12):1752-1761.

	19.	 Ye P, Yang S, Zhang W, et al. Efficacy and tolerability of 
febuxostat in hyperuricemic patients with or without gout: a 
systematic review and meta-analysis. Clin Ther. 2013;35(2): 
180-189.

	20.	 Becker MA, Schumacher HR, Espinoza LR, et al. The urate-
lowering efficacy and safety of febuxostat in the treatment of 
the hyperuricemia of gout: the CONFIRMS trial. Arthritis Res 
Ther. 2010;12(2):R63.

	21.	 Becker MA, Schumacher HR Jr, Wortmann RL, et  al. 
Febuxostat compared with allopurinol in patients with hyper-
uricemia and gout. N Engl J Med. 2005;353(23):2450-2461.

	22.	 Fitzmaurice G, Laird N, Ware J. Unstructured covariance. In: 
Applied Longitudinal Analysis. Section 7.3. New York: John 
Wiley; 2004:166-167.

	23.	 Gotoh M, Nagase S, Aoyagi K, et al. Thiobarbituric acid reac-
tive substances are increased in the subcutaneous fat tissue of 
patients with end-stage renal disease. Nephrol Dial Transplant. 
1997;12(4):713-717.

	24.	 Barazzoni R, Bernardi A, Biasia F, et al. Low fat adiponectin 
expression is associated with oxidative stress in nondiabetic 
humans with chronic kidney disease—impact on plasma adipo-
nectin concentration. Am J Physiol Regul Integr Comp Physiol. 
2007;293(1):R47-R54.

	25.	 Yu JG, Javorschi S, Hevener AL, et  al. The effect of thia-
zolidinediones on plasma adiponectin levels in normal, 
obese, and type 2 diabetic subjects. Diabetes. 2002;51(10): 
2968-2974.



Beddhu et al	 11

	26.	 Remer T, Dimitriou T, Maser-Gluth C. Renal net acid excre-
tion and plasma leptin are associated with potentially bio-
active free glucocorticoids in healthy lean women. J Nutr. 
2008;138(2):426S-430S.

	27.	 Norata GD, Raselli S, Grigore L, et al. Leptin:adiponectin ratio 
is an independent predictor of intima media thickness of the 
common carotid artery. Stroke. 2007;38(10):2844-2846.

	28.	 Ford ES. The metabolic syndrome and C-reactive protein,  
fibrinogen, and leukocyte count: findings from the Third National 
Health and Nutrition Examination Survey. Atherosclerosis. 
2003;168(2):351-358.

	29.	 Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean 
P. Plasma malondialdehyde as biomarker for oxidative stress: 
reference interval and effects of life-style factors. Clin Chem. 
1997;43(7):1209-1214.

	30.	 Pedersen M, Bruunsgaard H, Weis N, et al. Circulating levels 
of TNF-alpha and IL-6-relation to truncal fat mass and muscle 
mass in healthy elderly individuals and in patients with type-2 
diabetes. Mech Ageing Dev. 2003;124(4):495-502.

	31.	 Endler G, Marsik C, Joukhadar C, et  al. The interleukin-6 
G(−174)C promoter polymorphism does not determine plasma 
interleukin-6 concentrations in experimental endotoxemia in 
humans. Clin Chem. 2004;50(1):195-200.

	32.	 De Muro P, Faedda R, Fresu P, et  al. Urinary transforming 
growth factor-β1 in various types of nephropathy. Pharmacol 
Res. 2004;49(3):293-298.

	33.	 Hammarstedt A, Sopasakis VR, Gogg S, Jansson PA, Smith U. 
Improved insulin sensitivity and adipose tissue dysregulation 
after short-term treatment with pioglitazone in non-diabetic, 
insulin-resistant subjects. Diabetologia. 2005;48(1):96-104.

	34.	 Osei K, Gaillard T, Cook C, Kaplow J, Bullock M, Schuster 
D. Discrepancies in the regulation of plasma adiponectin and 
TNF-alpha levels and adipose tissue gene expression in obese 
African Americans with glucose intolerance: a pilot study 
using rosiglitazone. Ethn Dis. 2005;15(4):641-648.

	35.	 Phillips SA, Ciaraldi TP, Kong APS, et al. Modulation of cir-
culating and adipose tissue adiponectin levels by antidiabetic 
therapy. Diabetes. 2003;52(3):667-674.

	36.	 Tiikkainen M, Häkkinen A-M, Korsheninnikova E, Nyman T, 
Mäkimattila S, Yki-Järvinen H. Effects of rosiglitazone and 
metformin on liver fat content, hepatic insulin resistance, insu-
lin clearance, and gene expression in adipose tissue in patients 
with type 2 diabetes. Diabetes. 2004;53(8):2169-2176.

	37.	 Suthanthiran M, Li B, Song JO, et al. Transforming growth fac-
tor-beta 1 hyperexpression in African-American hypertensives: 
a novel mediator of hypertension and/or target organ damage. 
Proc Natl Acad Sci U S A. 2000;97(7):3479-3484.

	38.	 Suthanthiran M, Gerber LM, Schwartz JE, et  al. Circulating 
transforming growth factor-beta1 levels and the risk for kidney 
disease in African Americans. Kidney Int. 2009;76(1):72-80.

	39.	 Sharma K, Ziyadeh FN, Alzahabi B, et al. Increased renal pro-
duction of transforming growth factor-beta1 in patients with 
type II diabetes. Diabetes. 1997;46(5):854-859.

	40.	 Katavetin P, Eiam-Ong S, Suwanwalaikorn S. Pioglitazone 
reduces urinary protein and urinary transforming growth fac-
tor-beta excretion in patients with type 2 diabetes and overt 
nephropathy. J Med Assoc Thai. 2006;89(2):170-177.

	41.	 August P, Sharma V, Ding R, Schwartz JE, Suthanthiran 
M. Transforming growth factor beta and excess burden 
of renal disease. Trans Am Clin Climatol Assoc. 2009; 
120:61-72.

	42.	 Goicoechea M, de Vinuesa SG, Verdalles U, et  al. Effect 
of allopurinol in chronic kidney disease progression and 
cardiovascular risk. Clin J Am Soc Nephrol. 2010;5(8): 
1388-1393.

	43.	 Kao MP, Ang DS, Gandy SJ, et  al. Allopurinol benefits left 
ventricular mass and endothelial dysfunction in chronic kidney 
disease. J Am Soc Nephrol. 2011;22(7):1382-1389.

	44.	 Momeni A, Shahidi S, Seirafian S, Taheri S, Kheiri S. Effect of 
allopurinol in decreasing proteinuria in type 2 diabetic patients. 
Iran J Kidney Dis. 2010;4(2):128-132.

	45.	 Siu YP, Leung KT, Tong MK, Kwan TH. Use of allopurinol 
in slowing the progression of renal disease through its ability 
to lower serum uric acid level. Am J Kidney Dis. 2006;47(1): 
51-59.

	46.	 Kanbay M, Huddam B, Azak A, et  al. A randomized study 
of allopurinol on endothelial function and estimated glo-
mular filtration rate in asymptomatic hyperuricemic subjects  
with normal renal function. Clin J Am Soc Nephrol. 2011;6(8): 
1887-1894.

	47.	 Gibson T, Rodgers V, Potter C, Simmonds HA. Allopurinol 
treatment and its effect on renal function in gout: a controlled 
study. Ann Rheum Dis. 1982;41(1):59-65.

	48.	 Shi Y, Chen W, Jalal D, et  al. Clinical outcome of hyper-
uricemia in IgA nephropathy: a retrospective cohort study 
and randomized controlled trial. Kidney Blood Press Res. 
2012;35(3):153-160.

	49.	 Bose B, Badve SV, Hiremath SS, et  al. Effects of uric acid-
lowering therapy on renal outcomes: a systematic review and 
meta-analysis. Nephrol Dial Transplant. 2014;29:406-413.

	50.	 Sircar D, Chatterjee S, Waikhom R, et al. Efficacy of febuxostat 
for slowing the GFR decline in patients with CKD and asymp-
tomatic hyperuricemia: a 6-month, double-blind, random-
ized, placebo-controlled trial. Am J Kidney Dis. 2015;66(6): 
945-950.

	51.	 Mazzali M, Hughes J, Kim YG, et  al. Elevated uric acid 
increases blood pressure in the rat by a novel crystal- 
independent mechanism. Hypertension. 2001;38(5):1101-1106.

	52.	 Alper AB Jr, Chen W, Yau L, Srinivasan SR, Berenson GS, 
Hamm LL. Childhood uric acid predicts adult blood pres-
sure: the Bogalusa Heart Study. Hypertension. 2005;45(1): 
34-38.

	53.	 Dyer AR, Liu K, Walsh M, Kiefe C, Jacobs DR Jr, Bild DE. 
Ten-year incidence of elevated blood pressure and its predic-
tors: the CARDIA study. Coronary artery risk development in 
(young) adults. J Hum Hypertens. 1999;13(1):13-21.


