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Effects of xanthine oxidase inhibitors on renal function
and blood pressure in hypertensive patients with
hyperuricemia

Kentaro Kohagura1,2, Takeshi Tana3, Akira Higa3, Masanobu Yamazato2, Akio Ishida2, Kazufumi Nagahama2,
Atsushi Sakima2, Kunitoshi Iseki4,5 and Yusuke Ohya1,2

Hyperuricemia may promote the progression of hypertension and renal dysfunction. However, the effects of hyperuricemia

treatment on blood pressure and renal function in adult hypertensive patients with hyperuricemia remain unclear. A total of 137

hypertensive patients with hyperuricemia (96 men and 41 women; mean age of 67 years) who recently started taking xanthine

oxidase inhibitors (allopurinol or febuxostat) as outpatients were recruited. Serum uric acid level, estimated glomerular filtration

rate (eGFR, ml min−1 per 1.73 m2) and blood pressure (mm Hg) were retrospectively compared immediately before and shortly

after starting treatment with xanthine oxidase inhibitors. The mean blood pressure and the eGFR immediately before starting

treatment were 128/71 mm Hg and 44.6 ml min−1 per 1.73 m2, respectively. Although the eGFR decreased from 46.6 to

44.6 ml min−1 per 1.73 m2 before starting treatment with xanthine oxidase inhibitors, it increased to 46.2 ml min−1 per

1.73 m2 (P=0.001, compared with immediately before treatment) without any significant changes in blood pressure after the

administration of xanthine oxidase inhibitors. Multiple regression analysis revealed that the increase in eGFR after starting

xanthine oxidase inhibitor treatment positively correlated with the changes in systolic blood pressure and negatively correlated

with the changes in uric acid levels and the use of renin–angiotensin system inhibitors. These results suggest that xanthine

oxidase inhibitors may delay the progression of renal dysfunction in adult hypertensive patients with hyperuricemia.
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INTRODUCTION

Many epidemiologic studies have suggested that hyperuricemia may
have a pathogenic role in the development of hypertension1–3 and the
progression of kidney disease.4–6 In accordance with this hypothesis,
urate-lowering drugs have been reported to reduce blood pressure in
adolescents with essential hypertension7 who are generally character-
ized by a short duration of hypertension, a lack of metabolic
abnormality and scarce organ damage such as renal dysfunction.
However, limited information is available regarding the effects of
urate-lowering drugs on blood pressure in adult patients. In contrast
to children, adults with hypertension often present with other
comorbidities, such as diabetes mellitus and dyslipidemia,8 and are
already undergoing treatment with antihypertensive agents. In hyper-
tensive patients with diabetes mellitus, a newly developed elevation of
uric acid has been associated with an increased risk for chronic kidney
disease (CKD) progression.9 Previous interventional studies suggest
that xanthine oxidase inhibitors may delay the progression of renal
dysfunction in patients with renal insufficiency.10,11 However, the

effects of xanthine oxidase inhibitors on blood pressure and renal
function in adult hypertensive patients with hyperuricemia are
not clear.
Thus, we conducted a historical cohort study among the hyperten-

sive patients with hyperuricemia who had recently started treatment
with xanthine oxidase inhibitors, including allopurinol and febuxostat,
in our outpatient clinic of internal medicine.

METHODS

Settings and participants
A total of 485 patients with hyperuricemia undergoing treatment with
allopurinol or febuxostat at the University of the Ryukyus Hospital and the
Shuri-Jokamachi Clinic, Okinawa, Japan, between 1 October 2013 and 30
September 2014 were considered for the present study (Figure 1). We excluded
70 patients whose serum uric acid level at the time point immediately before
treatment with xanthine oxidase inhibitors was o7.0 mg dl− 1. We also
excluded 79 patients without hypertension. Hypertension was defined as more
than two ambulatory blood pressure readings of ⩾ 140 mm Hg systolic and/or
90 mm Hg diastolic or treatment with antihypertensive agents. We further
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excluded 47 patients who switched to allopurinol or febuxostat from other
urate-lowering drugs. In addition, we excluded 129 patients who had any
changes in medication, either before or after starting allopurinol or febuxostat
treatment, and 23 patients who did not have data regarding serum uric acid,
serum creatinine or blood pressure levels before, immediately before and after
starting treatment with xanthine oxidase inhibitors. Finally, we recruited 137
hypertensive patients with hyperuricemia (uric acid 47 mg dl− 1) who had
recently started allopurinol or febuxostat treatment. The study protocol was
approved by the ethics review board of the University of the Ryukyus.

Procedure
Outpatient department nurses and physicians conducted a lifestyle and medical
history questionnaire, collected blood and urine samples and measured the
patients’ blood pressure. Although the serum urate level is known to exhibit a
circadian rhythm, because of the retrospective nature of this study, the timing of
the urate measurements could not be determined. However, most of the patients
appeared to visit the clinic for examination in the morning. Therefore, the timing
of each patient visit was relatively consistent. Diabetes mellitus was defined as at
least two measurements of a fasting plasma glucose level of ⩾126 mg dl−1, at least
two measurements of a 2-h plasma glucose level of ⩾200 mg dl−1 or treatment
with hypoglycemic agents. Dyslipidemia was defined as a low-density lipoprotein
cholesterol level of ⩾140 mg dl− 1, a high-density lipoprotein cholesterol level of
o40 mg dl− 1, a triglyceride level of ⩾150 mg dl−1 or treatment with specific
lipid-lowering agents, according to the criteria of the Japan Atherosclerosis
Society.12 Height and weight were recorded, and the patients’ body mass index
was calculated. Serum creatinine were measured using the enzymatic method, and
estimated glomerular filtration rate (eGFR) was calculated using the Japanese
Society of Nephrology formula:13

eGFR ðmlmin �1 per 1:73 m2Þ ¼ 194 ´ serum creatinine�1:094 ´ age�0:287 ´ 0:739 if femaleð Þ:

Outcomes
The primary outcomes considered in the analysis were the changes in blood
pressure and eGFR after treatment with xanthine oxidase inhibitors, defined as
the differences between the values on the day of initiating urate-lowering drug
treatment and the values at the next visit, without any changes in other
medication during this period. We also examined blood pressure levels, uric
acid levels and eGFRs during the visit immediately preceding treatment
initiation with xanthine oxidase inhibitors to compare the changes in these
parameters caused by treatment with xanthine oxidase inhibitors. For most
patients, the time interval either before or after treatment was ∼ 1–3 months.

Statistical analysis
Differences in longitudinal parameters were tested by repeated measures
analysis of variance. In the case of a P-value of ˂0.05, a post hoc analysis was
performed using Fisher’s test. A paired t-test was used to analyze differences in
percent (%) changes in each parameter before and after treatment with
xanthine oxidase inhibitors. Multiple regression analysis was performed to
identify factors associated with an increased eGFR (that is, age; conventional
risk factors for CKD, such as systolic blood pressure and diabetes mellitus (a
potential factor known to be associated with glomerular filtration rate) and
significant covariates in the nonadjusted model (Po0.2)) to avoid omitting
potential covariates due to a suppressor effect. In addition, we included gender
and eGFR (model 1) at the time point immediately preceding treatment
initiation with xanthine oxidase inhibitors because of gender difference in the
association between uric acid and CKD.4,5 A strong association between uric
acid and eGFR is known to exist. Moreover, we included the % change in uric
acid and % change in systolic blood pressure after starting xanthine oxidase
inhibitor treatment in model 2 to examine parameters associated with the
change in the eGFR. Covariates were as follows: age (continuous variable); male
gender (vs. female); factors such as systolic blood pressure, uric acid and eGFR
at the time point immediately preceding treatment, % change in systolic blood
pressure; % change in uric acid (all continuous variables); gout (yes vs. no);
diuretics use (yes vs. no); and renin–angiotensin system (RAS) inhibitor use
(yes vs. no). The data are expressed as median (interquartile range), mean (95%
confidence intervals) or number (%). P-values of o0.05 were considered
statistically significant. The statistical analysis was conducted using StatView 5.0
statistical software (SAS Institute, Cary, NC, USA).

RESULTS

The baseline characteristics, that is, at the time point immediately
before starting xanthine oxidase inhibitor administration, are sum-
marized in Table 1. The study population was characterized as middle
aged to aged, male dominant and obese. In addition, many patients
had achieved good blood pressure control with either calcium channel

Patients with allopurinol or febuxostat or
were screen for enrollment

(n=485)  

did not meet the hypertension criteria (n=79)

did not meet the antihypertensive drug criteria (n=129)

Patients for analyais (n=137)

did not meet hyperuricemia criteria (n=70) 

did not meet newly start of antihyperuricemic drugs
criteria (n=47) 

did not meet the laboratory criteria (n=23)

Figure 1 Flowchart of the study population.

Table 1 Basal characteristics at starting with xanthine oxidase

inhibitors

Median (interquartile range) or number (%)

Number 137

Age, years 68 (57–77)

Sex, male 96 (70)

Body mass index 25.4 (23.1–27.8)

Systolic blood pressure, mm Hg 130 (116–138)

Diastolic blood pressure, mm Hg 70 (62–80)

Creatinine, mg dl−1 1.3 (1.0–1.5)

Estimated GFR, ml min−1 per 1.73 m2 43.2 (31.2–59.0)

Uric acid, mg dl−1 8.9 (8.3–9.4)

Diabetes mellitus 42 (31)

Dyslipidemia 79 (58)

Gout 30 (22)

Alcohol consumption 61 (52)

Diuretics 50 (36)

Thiazide 31 (23)

Loop diuretics 23 (17)

Calcium channel blocker 95 (69)

RAS inhibitors 112 (82)

β-Blocker 45 (33)

α-Blocker 10 (7)

MR antagonist 28 (20)

Allopurinol/febuxostat 72 (53)/65 (47)

Abbreviations: GFR, glomerular filtration rate; MR, mineral corticoid receptor; RAS,
renin–angiotensin system.
Data are expressed as median (interquartile range) or number (%).
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blockers or RAS inhibitors and had CKD of stage 3 to 4. Approxi-
mately 30% of the patients had diabetes mellitus or a history of gout
or they used diuretics. The number of patients who were started on
either drug was comparable (allopurinol, N= 72; febuxostat, N= 65).
The doses of allopurinol were 50 mg per day (N= 8), 100 mg per day
(N= 62) or 200 mg per day (N= 2). The doses of febuxostat were
10 mg per day (N= 53) or 20 mg per day (N= 12).

Serial changes in uric acid level, eGFR and blood pressure before
and after treatment with xanthine oxidase inhibitors
Xanthine oxidase inhibitors significantly reduced serum uric acid
levels by 2.3 mg dl− 1, although there was an increase that was
accompanied by a reduction in blood pressure before starting
treatment (Figure 2). A uric acid level of o6 mg dl− 1 was achieved
in 29.9% of the total number of patients, in 32% of the patients taking
febuxostat and in 27.8% of the patients taking allopurinol. In addition,
eGFR decreased by 1.9 ml min− 1 per 1.73 m2 before initiating
xanthine oxidase inhibitors and conversely increased by 1.6 ml min− 1

per 1.73 m2 after treatment. Although it was not statistically signifi-
cant, the increase in the eGFR (%) after treatment was greater in
patients who achieved a uric acid level of o6 mg dl− 1 than in those

who did not (6.9 vs. 3.1, P= 0.20). The increase in the eGFR (%) was
smaller in patients who were taking RAS inhibitors than in those who
were not (3.2 vs. 8.9, P= 0.10), although, again, this increase was not
statistically significant. Furthermore, the changes in uric acid (%) were
comparable between the patients who were taking RAS inhibitors and
those who were not (−25.0 vs. − 25.4, P= 0.91). Patients taking
febuxostat had a greater improvement in eGFR (%) than those taking
allopurinol (6.7 vs. 2.0, P= 0.09), although this improvement was not
statistically significant. The urate-lowering effects were comparable
between febuxostat and allopurinol (−27.2 vs. − 23.1, P= 0.09). No
significant changes in blood pressure were observed after starting
xanthine oxidase inhibitors.

Comparison of the % changes in uric acid level, eGFR and blood
pressure before and after treatment with xanthine oxidase
inhibitors
A clear contrast in the % changes in the uric acid level and eGFR
before and after treatment with xanthine oxidase inhibitors was
observed (Table 2). After starting treatment, the % change in the
eGFR reversed, that is, became positive. There was no significant
change in blood pressure before and after starting the treatment.

42

44

46

48

50

6

7

8

9

P=0.07, ANOVAP=0.19, ANOVA

P<0.0001, ANOVA P=0.003, ANOVA

Uric acid eGFR

Systolic blood pressure Diastolic blood pressure

before just before after before just before after

before just before after before just before after

*

**

##
#

120

125

130

135

140

60

65

70

75

80

Figure 2 Serial changes in parameters before, immediately before and after starting xanthine oxidase inhibitor treatment. The circle markers represent the
mean value, and the error bars represent the 95% confidence intervals for the mean. *Po0.0001 vs. before treatment, **Po0.0001 vs. immediately before
treatment; #P=0.001 vs. before, ##P=001 vs. immediately before treatment. ANOVA, analysis of variance; eGFR, estimated glomerular filtration rate.

Table 2 Percent changes in parameters before and after treatment with xanthine oxidase inhibitors

Mean (5 to 95 percentile range)

Parameter Before treatment After treatment P-value

Duration, day 100 (28 to 287) 65 (27 to 141) 0.003

% Change in uric acid, % 10.0 (−12.0 to 39.5) −25.1 (−45.9 to −0.4) o0.0001

% Change in eGFR, % −3.1 (−23.8 to 22.0) 4.2 (−17.5 to 32.4) 0.0009

% Change in SBP, % −0.4 (−21.1 to 19.7) 0.09 (−18.6 to 16.9) 0.77

Abbreviations: eGFR, estimated glomerular filtration rate; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Factors associated with % change in eGFR
We examined the factors associated with changes in eGFR after starting
xanthine oxidase inhibitor treatment (Table 3). In the nonadjusted
model, the % change in uric acid was negatively associated with the %
change in the eGFR, whereas gout (β=0.14, P=0.15), RAS inhibitor use
(β=− 0.14, P= 0.10), diuretic use (β=− 0.16, P= 0.10) and febuxostat
use (β=0.15, P= 0.09) were marginal factors. In the multivariate
regression analysis of model 1, which included age, gender, diabetes
mellitus and factors such as eGFR, uric acid, systolic blood pressure
immediately before treatment and marginal factors, RAS inhibitor use
negatively correlated with the % change in the eGFR. In the multivariate
regression analysis of model 2 in which the % change in uric acid and
systolic blood pressure after starting treatment with xanthine oxidase
inhibitors were substituted for uric acid level and systolic blood pressure
at the time point immediately before treatment, the % change in the uric
acid level and RAS inhibitor use negatively correlated with the increase
in the eGFR, whereas the % change in the systolic blood pressure
positively correlated with the increase in the eGFR.

DISCUSSION

Previous interventional studies suggested that treatment with allopur-
inol may have a renoprotective effect in CKD patients.6,14 Similarly, in
the present study, treatment with xanthine oxidase inhibitors for a few
months was associated with a mild elevation of the eGFR, without any
significant effect on blood pressure in hypertensive patients with
hyperuricemia.

In the present study, the duration of treatment with xanthine oxidase
inhibitors was relatively short and may be insufficient to determine
whether the changes in renal function were derived from these drugs.
However, treatment with xanthine oxidase inhibitors led to a reversal of
the eGFR decline that was observed before starting treatment with these
drugs. Therefore, the change in the eGFR seemed to be due to the
treatment with xanthine oxidase inhibitors. Although a previous
randomized, controlled study conducted among adolescents had shown
that treatment with allopurinol for 4 to 8 weeks significantly decreased
blood pressure,7,15 we found no significant decrease in blood pressure
among adult hypertensive patients. Basal blood pressure was relatively
well controlled with antihypertensive medication. The methods for
assessing blood pressure in the clinic might not be sensitive enough to
detect relatively small differences in blood pressure. Alternatively, it was
proposed that uric acid might be associated with the early phase of
hypertension development, whereas salt-sensitive hypertension rather
than uric acid itself contributes to the maintenance of high blood
pressure in the late phase.16 The reduced renal function and higher rate
of comorbidity in the present study may therefore influence the effects
of xanthine oxidase inhibitors on blood pressure.
Although the mechanisms involved in the effects of xanthine oxidase

inhibitors on eGFR are not fully known, some mechanisms might be
surmised. Because the elevation of systolic blood pressure after treatment
was associated with an increase in the eGFR, the observed improvement
in renal function may be partially due to changes in systemic
hemodynamics. Before the administration of xanthine oxidase inhibitors,
serum uric acid levels increased as the blood pressure and the eGFR
decreased. Because these clinical observations suggested that hemody-
namic changes accompanied by decreases in blood pressure determined
by specific conditions, such as dehydration, cause a decrease in the eGFR
and an increase in the uric acid levels, patients might be advised to
increase their water intake and/or lighten their sodium restriction. These
measures might result in the recovery of the eGFR and blood pressure in
some patients. The negative association between the increase in the eGFR
and the use of RAS inhibitors also supported the involvement of
hemodynamic changes. Aside from the change in blood pressure, a
significant decrease in uric acid levels was also associated with an increase
in the eGFR, suggesting that a urate-lowering effect could be involved in
the mechanisms of eGFR increase. We reported that higher levels of uric
acid were associated with renal arteriolopathy among CKD patients who
underwent renal biopsy,17 as previously shown in an animal model.18 In
addition, an earlier study demonstrated that renal vascular resistance was
positively correlated with serum uric acid levels among patients with
essential hypertension,19 and short-term treatment with allopurinol
decreased peripheral vascular resistance.15 Because renal arterioles have
a pivotal role in the regulation of glomerular hemodynamics, enhance-
ment in renal microcirculation may be responsible for eGFR improve-
ment associated with the urate-lowering effect.
The findings of the present study are clinically significant in terms

of renal protection for hypertensive patients with hyperuricemia.
Increased serum uric acid levels have been shown to be associated
with an increase in the prevalence of hypertension.20 Moreover, a
previous epidemiological study demonstrated that the association
between hyperuricemia and the risk of developing renal dysfunction
was more prevalent in patients with hypertension than in normoten-
sive subjects.21 In many patients with CKD, adequate volume control
with diuretics would be essential to achieve target blood pressure
control.22,23 The use of diuretics is frequently associated with
hyperuricemia.24 It has been suggested that newly developed hyper-
uricemia may be associated with an earlier decline in eGFR and
increased risk of cardiovascular events in clinical studies conducted

Table 3 Factors associated with % changes in eGFR after starting

xanthine oxidase inhibitors

Multivariate

Unadjusted

Model 1

(R2=0.17,

P=0.04)

Model 2

(R2=0.25,

P=0.001)

Variable β P-value β P-value β P-value

Age, years −0.06 0.47 −0.07 0.50 −0.09 0.34

Sex, female −0.04 0.66 −0.02 0.86 −0.08 0.4

Diabetes mellitus 0.08 0.38 0.05 0.44 0.05 0.57

Gout 0.14 0.15 0.04 0.73 0.06 0.96

Renin–angiotensin

inhibitors

−0.14 0.10 −0.27 0.006 −0.27 0.004

Diuretics −0.16 0.10 −0.1 0.33 −0.07 0.94

Febuxostat 0.15 0.09 0.18 0.17 0.20 0.07

eGFR at just before Tx,

ml min−1 per 1.73 m2

−0.1 0.23 −0.13 0.22 −0.15 0.12

Uric acid at just before Tx,

mg dl−1
0.1 0.23 0.07 0.45

Systolic blood pressure at

just before Tx, mm Hg

0.05 0.53 −0.04 0.69

Change in uric acid, after

Tx, %

−0.23 0.008 −0.24 0.01

Change in systolic blood

pressure, after Tx, %

0.12 0.18 0.21 0.03

Abbreviations: eGFR, estimated glomerular filtration rate; Tx, treatment.
Multivariate regression analysis including the following explanatory variables using significant
factors in nonadjusted model (Po0.2) in addition to gender and eGFR.
Model 1: gender, eGFR (continuous)+basal significant variable including systolic blood pressure
(SBP) (continuous), basal uric acid(continuous) and diuretics.
Model 2: gender, eGFR (continuous)+significant % change in variables including % change in
diastolic blood pressure (DBP) and % change in uric acid+diuretics.
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among patients with hypertension that included many users of
diuretics.9,25 In such clinical settings, improvement in the eGFR by
xanthine oxidase inhibitors may delay the progression of CKD.
Moreover, febuxostat, which is a newly developed xanthine oxidase
inhibitor, was shown to be safe in patients with CKD at stages 3b to
5.26 Therefore, xanthine oxidase inhibitors have potential renoprotec-
tive benefits even in patients with advanced stages of CKD.
The present study has some limitations. First, because of the nature of

retrospective observational studies, we cannot determine whether the
increase in the eGFR could be solely attributed to the effects of xanthine
oxidase inhibitors. However, although it was not statistically significant,
febuxostat produced a greater improvement in eGFR (%) than
allopurinol. Because the urate-lowering effects of febuxostat and
allopurinol are comparable, xanthine oxidase inhibition and not urate
reduction may contribute more to the eGFR. Prospective, randomized,
controlled studies to elucidate the effects of xanthine oxidase inhibitors
on renal function and blood pressure in adult patients with established
hypertension are clearly indicated. Second, it is not clear whether the
effects of short-term treatment with xanthine oxidase inhibitors on the
eGFR would translate into a long-term renal outcome. Recently, an
extension study of a randomized controlled trial showed that improving
the eGFR by treatment with allopurinol for 1 year was associated with a
favorable long-term renal outcome among CKD patients.27 Similarly, we
need to determine the long-term clinical relevance of xanthine oxidase
inhibitors by conducting a prospective, randomized, controlled trial in
hypertensive patients with hyperuricemia. In particular, we intend to
assess proteinuria among patients with increased eGFRs. Unfortunately,
the available data regarding proteinuria were limited in the present study.
Third, blood pressure measurements obtained in the clinic might not be
adequate to detect relatively small changes in blood pressure in patients
with hypertension that is well controlled using medication. Thus, we
need more accurate methods, such as ambulatory blood pressure
monitoring, to detect an effect on blood pressure. Fourth, most of the
patients in the study had stage 3 to 4 CKD that corresponds to a
significant degree of renal dysfunction. We therefore cannot extrapolate
the results of the present study to all hypertensive patients with
hyperuricemia, especially those with normal kidney function. Serum
uric acid levels increased just before starting xanthine oxidase inhibitor
treatment, suggesting a short duration of hyperuricemia. The results of
the present study can therefore be applied to a limited group of
hypertensive patient with hyperuricemia.
In conclusion, treatment with xanthine oxidase inhibitors may

improve the eGFR among adult hypertensive patients with hyperur-
icemia. This additional effect may improve renal outcome, if it is
maintained long term.
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