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Background-—Hyperuricemia is associated with hypertension, with elevated serum uric acid levels postulated to have a causal role
in the development of hypertension. Consequently, serum uric acid reduction may help lower blood pressure (BP). A Phase 2,
double-blind, placebo-controlled trial was conducted to assess the potential BP-lowering effects of the xanthine oxidase inhibitor
febuxostat in subjects with hypertension and hyperuricemia (serum uric acid ≥0.42 mmol/L [≥7.0 mg/dL]).

Methods and Results-—Subjects (n=121) were randomized 1:1 to febuxostat 80 mg once daily or to placebo. The primary end
point was change from baseline to Week 6 in 24-hour mean ambulatory systolic BP (SBP). Additional end points included the
following: change from baseline to Week 3 in 24-hour mean SBP and changes from baseline to Weeks 3 and 6 in 24-hour mean
ambulatory diastolic BP, serum uric acid, mean daytime and nighttime ambulatory SBP/diastolic BP, and clinic SBP/diastolic BP.
For the overall study population, there were no significant differences between febuxostat and placebo for changes from baseline
to Weeks 3 or 6 in ambulatory, daytime or nighttime, or clinic SBP or diastolic BP. However, in a preplanned subgroup analysis,
there was a significant decrease in SBP from baseline to Week 6 in subjects with normal renal function (estimated glomerular
filtration rate ≥90 mL/min) treated with febuxostat versus placebo; least squares mean difference, �6.7; 95% confidence interval
�13.3 to �0.0; P=0.049.

Conclusions-—This study suggests that febuxostat may lower BP in hyperuricemic patients with hypertension and normal renal
function; further studies should be conducted to confirm this finding.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01496469. ( J Am Heart Assoc. 2017;6:
e006683. DOI: 10.1161/JAHA.117.006683.)
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T he key precursor to gout is hyperuricemia, which leads
to the deposition of monosodium urate crystals in the

joints or soft tissues. Xanthine oxidase inhibitors effectively
treat gout through the inhibition of urate synthesis, and by
impairing the conversion of hypoxanthine and xanthine to uric
acid.

Febuxostat is a xanthine oxidase inhibitor indicated for the
long-term management of hyperuricemia in patients with
gout.1 Febuxostat can be used in patients with reduced renal

function, as mild-to-moderate renal impairment does not
reduce its effect on serum uric acid (sUA).2

Experimental evidence suggests that sUA could be impor-
tant in the pathogenesis and progression of renal disease.3

Preclinical and clinical data show that hyperuricemia induces
endothelial dysfunction, which is associated with end-stage
renal disease.4,5 Febuxostat contributed to improvements in
endothelial dysfunction by attenuating oxidative stress in a
diabetic rat model.6 In addition, preclinical data suggest that
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febuxostat may also protect the kidneys from acute renal
ischemic reperfusion injury and contribute to preservation of
kidney function.7 Febuxostat has also been shown to slow the
decline in estimated glomerular filtration rate in subjects with
chronic kidney disease stages 3 and 4 compared with
placebo, although the sample was small and follow-up was
limited to 6 months.8 Furthermore, an analysis of subjects
receiving febuxostat in Phase 3 studies demonstrated that
greater sustained decreases in sUA levels were associated
with less renal function decline.9

There is a growing interest in sUA as an independent risk
factor for hypertension because of the strong association
between hyperuricemia and arterial hypertension, which
appears to have a complex association with endothelial
dysfunction.10 A meta-analysis of 25 studies (n=97 824)
demonstrated that hyperuricemia was associated with a higher
risk of incident hypertension.11 Furthermore, a review of
several epidemiologic studies reported a relationship between
sUA levels and a wide variety of cardiovascular conditions.12

The mechanism for the association between hyperuricemia
and arterial hypertension remains unclear. It is also unclear
whether endothelial dysfunction is a cause or an effect of
hypertension. Soluble urate may have a direct pathogenic
role.13,14 Small clinical trials have demonstrated that urate-
lowering therapy with allopurinol and probenecid lowers blood
pressure (BP) in adolescents with hypertension.15,16 In a
retrospective analysis of febuxostat Phase 3 studies, febux-
ostat significantly improved systolic (SBP) and diastolic BP
(DBP) over 28 weeks in subjects with untreated hypertension
and gout.17 The reductions in SBP and DBP were �10 and
8 mm Hg, respectively.

The potential benefit of urate-lowering therapy on BP in
subjects with hyperuricemia and stable hypertension remains
to be fully elucidated, as does the impact of renal impairment
on these treatment effects. Consequently, the present study
was conducted to test the hypothesis that febuxostat
significantly reduced BP compared with placebo in patients
with hyperuricemia and stable hypertension, and evaluate any
treatment effects across patient subgroups based on baseline
renal function. To our knowledge, this was the first prospec-
tive placebo-controlled study to investigate the effect of
febuxostat therapy on the BP of adult patients with hyper-
uricemia and stable hypertension.

Methods

Study Design
This was a Phase 2 double-blind, placebo-controlled, multi-
center, proof-of-concept study conducted at 29 sites in North
America (NCT01496469). The study consisted of a screening
visit (Day �21), a 2-week single-blind placebo run-in period
(Days �14 to �1), and a 6-week treatment period (Figure S1).
Subjects were required to complete 3 clinic visits for BP
measurements during the placebo run-in on Days �14, �7,
and �1 to ensure that only subjects who met the criteria for
stable BP were randomized into the study. The study also
included a safety follow-up visit 1 week following the last
dose of study drug.

Study investigators were selected based on qualifications
and experience, the adequacy of the facilities to perform
study-related procedures, and the adequacy of the site to
manage study-related activities and requirements. Each
investigator conducted the study according to the Declaration
of Helsinki and the International Conference on Harmonisa-
tion Harmonised Tripartite Guideline for good clinical prac-
tices and Food and Drug Administration regulatory
requirements. The study protocol was approved by the
Institutional Review Boards of each participating site. All
subjects provided written informed consent.

Subjects
Male or female subjects ≥18 years old who were taking ≤2
baseline (Day 1) BP medications were eligible for enrollment.
Subjects enrolled also had to have documented and stable
hypertension, defined as average clinic SBP of ≥145 and
≤165 mm Hg or average clinic DBP of ≥90 and ≤105 mm Hg,
at the Day �21 screening visit.

Subjects also had to demonstrate SBP ≥130 and
≤165 mm Hg, as measured by 24-hour ambulatory blood
pressure monitoring (ABPM). Baseline ABPM measurements
were conducted for 24 hours starting at 8:00 AM (�2 hours)

Clinical Perspective

What Is New?

• The present study demonstrated that intervention with
febuxostat in hyperuricemic subjects with normal renal
function could have additional benefit related to the blood
pressure response to urate-lowering therapy.

• However, febuxostat appeared to have less effect on blood
pressure–lowering in subjects with impaired renal function.

What Are the Clinical Implications?

• Patients with kidney disease and long-standing hypertension
may not be as responsive to urate-lowering therapy because
of the association of hypertension and uric acid with
vascular damage.

• Therefore, early intervention with xanthine oxidase therapy
in patients with elevated serum uric acid, before the onset
of kidney disease, may be beneficial based on the current
evidence.
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on Day �1 until Day 1. If the ABPM measurement was
unsuccessful (documented equipment failure or failed quality
reading), it was to be repeated within 72 hours of the
completion of the unsuccessful ABPM measurement, and the
subject continued taking the single-blind placebo medication
until the day of the repeat ABPM. If the ABPM was
unsuccessful the second time, the subject was considered a
run-in failure. In addition, subjects were required to have a
sUA level of ≥0.42 mmol/L not associated with gout at the
screening visit.

Subjects were excluded if they had an average clinic SBP
>165 mm Hg or DBP >105 mm Hg at 1 or more visits during
the placebo run-in period (Days �14 to �1). Similarly,
subjects with secondary causes of high BP or high sUA, a
history within 6 months before screening of cardiovascular
events, type 1 or inadequately controlled type 2 diabetes
mellitus, or other major medical conditions that may have
interfered with treatment safety or compliance were excluded.

Subjects who met the BP criteria described above at 2 of
the 3 placebo run-in visits, and who did not have increases or
decreases of >10 mm Hg in either clinic SBP or DBP
measurements between visits (Day �14 to �7, Day �7 to
�1, or Day �14 to �1), were considered to have stable BP
and were then eligible for randomization in the study.

Subjects were recruited via a central advertising campaign
conducted by Blue Chip Marketing Worldwide (Chicago, IL)
and local advertising campaigns carried out by individual
participating sites. In addition, individual sites screened and
included subjects from their own databases, where appropri-
ate.

Randomization
Subjects were randomized to 1 of 2 arms in a 1:1 ratio at Day
1 (baseline randomization visit) via an interactive voice
response system in the order in which they were enrolled.
Randomization was stratified using 2 strata: subjects taking
an angiotensin-converting enzyme inhibitor (ACEi) or an
angiotensin receptor blocker (ARB) at baseline versus sub-
jects not taking these drugs at baseline. Randomization was
stratified according to baseline ACEi/ARB use in case the BP
benefit of urate lowering was limited to subjects with an intact
renin–angiotensin–aldosterone system, as suggested by prior
clinical and nonclinical data.14 At least 50% of subjects
enrolled were not to be taking an ACEi or an ARB. Once 60
subjects taking an ACEi or an ARB were randomized, no
additional subjects taking these drugs were allowed to enroll.

Treatments
During the 14-day placebo run-in period, subjects orally self-
administered 1 placebo capsule every day. Medication was

dispensed and managed via the interactive voice response
system. After completion of the single-blind placebo run-in
period, subjects with stable clinic BP, and a mean 24-hour
ambulatory SBP of ≥130 and ≤165 mm Hg at the Day 1 visit
and who continued to meet the inclusion criteria, received
either febuxostat 80 mg once daily or placebo on Day 1.
Concomitant medications, including up to 2 previous BP
medications, were continued at stable doses throughout the
study. Treatment compliance (%) was calculated as (number of
capsules dispensed�number of capsules returned)/(number
of days on drug)9100.

Efficacy Assessments
The primary efficacy end point was change from baseline to
Week 6 in 24-hour mean ambulatory SBP. Secondary efficacy
end points were change from baseline to Week 6 in 24-hour
mean ambulatory DBP and sUA. Additional BP end points
were change from baseline to Week 3 in 24-hour mean
ambulatory SBP and DBP, and change from baseline to Weeks
3 and 6 in mean daytime and nighttime ambulatory SBP and
DBP, and clinic SBP and DBP.

Twenty-four-hour ABPM was recorded using an automated,
lightweight device (Spacelabs 90207 ambulatory blood pres-
sure monitor, Snoqualmie, WA) that did not interfere with daily
activities and was preprogrammed with a 24-hour cuff-
inflation schedule. Twenty-four-hour ABPM was measured at
baseline (between Days �1 and 1) and from the end of the
Weeks 3 and 6 visits (Figure S1). The daytime and nighttime
periods for ABPM were defined as 06:00 to 22:00 and 22:01
to 05:59, respectively.

Planned subgroup analyses for the primary efficacy end
point were summarized according to baseline renal function.
Categorically, renal function was defined as moderately
impaired (estimated glomerular filtration rate 30 to
<60 mL/min), mildly impaired (60 to <90 mL/min), or normal
(≥90 mL/min) renal function. The estimated glomerular
filtration rate was calculated using the Modification of Diet
in Renal Disease formula as follows: when serum creatinine
(Scr) is in lmol/L, glomerular filtration rate =30 8499stan-
dardized Scr

�1.1549age�0.20391.212 (if black)90.742 (if
female).18,19

Additional planned analyses included BP response in
subgroups according to use of a concomitant ACEi or ARB.

Analyses of soluble and expression-based inflammation
and cardiovascular biomarkers were exploratory end points
that will be presented separately.

Safety Assessments
Safety assessments included a physical examination, 12-lead
ECG, vital signs, hematologic/serum chemistries, and
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urinalysis at baseline and at the end of Weeks 3 and/or 6. A
safety follow-up visit was scheduled �1 week after the last
dose of study medication for all subjects, including those who
had discontinued prematurely.

Statistical Analyses
The full analysis set was used for efficacy analyses and
included all subjects who were randomized and received at
least 1 dose of double-blind study medication. A subject was
included in the analysis of a specific variable only when
there was both a baseline value and at least 1 value during
the double-blind treatment period; missing data for all
efficacy analyses were imputed using the last available
postbaseline observation carried forward. Subjects were
analyzed according to the treatment group to which they
were randomized. The safety analysis set included all
subjects who received at least 1 dose of double-blind study
medication. All routine safety analyses were based on the
safety analysis set.

The HP-Unix-UX SAS v9.2 operating system was used for
statistical analyses. Unless otherwise specified, all statistical
tests and confidence intervals (CIs) were 2-sided and
conducted at the 0.05 significance level with no adjustment
for multiple comparisons. The primary analysis was based on
an ANCOVA model for change from baseline to Week 6 (or
last on-treatment visit) in 24-hour mean ambulatory SBP. The
model included treatment and prior use of an ACEi or ARB
(yes/no) as factors and baseline 24-hour mean ambulatory
SBP as a covariate. The least squares (LS) mean, P value, and
2-sided 95% CI of treatment differences were calculated.
Similar ANCOVA analyses were performed on the 2 secondary
end points: change from baseline to Week 6 in 24-hour mean
ambulatory DBP and sUA. Additional end points analyzed by
ANCOVA included the following: change from baseline to
Weeks 3 and 6 in mean daytime and nighttime ambulatory
SBP and DBP and clinic SBP and DBP; change from baseline to
Week 3 in 24-hour mean ambulatory SBP, DBP, and sUA; and
post hoc analysis of change from baseline to Week 6 in body
weight. The Cochran–Mantel–Haenszel test was used to
compare the percentage of subjects in each treatment group
who demonstrated a decrease from baseline to Weeks 3 and
6 in mean ambulatory SBP ≥4 mm Hg and DBP ≥3 mm Hg.
Prior use of an ACEi or ARB at baseline was a stratification
variable. Safety and tolerability were assessed by evaluating
the incidence of treatment-emergent adverse events (TEAEs),
cardiovascular adverse events, 12-lead ECG findings, clinical
laboratory tests, and vital signs. A TEAE was defined as any
adverse event, regardless of relationship to study drug, which
occurred from Day 1 through to 30 days after the last dose of
the double-blind study drug and summarized using the
Medical Dictionary for Regulatory Activities (Version 17.0)

terminology. No statistical inference was performed for safety
end points.

Sample size was based on a total of 120 enrolled subjects
(60 subjects per treatment group) and was sufficient to
achieve 80% power to detect a difference of 6.0 mm Hg
between the placebo and febuxostat treatment groups. This
calculation assumed a dropout rate of 20% and a common SD
of 10 mm Hg for the change from baseline in 24-hour mean
ambulatory SBP for both treatment groups.

Results

Subjects
Overall, 1034 subjects were screened and 121 subjects
(placebo, n=60; febuxostat, n=61) were randomized. The
majority of screened subjects did not meet entry criteria
(Figure 1). The most common reason for discontinuation was
voluntary withdrawal of consent and included 4 subjects in
each treatment group who did not want to perform study
procedures (ie, ABPM) or cited work/job conflicts, and 1
subject who withdrew at the request of his physician for a
required surgical procedure. The mean treatment compliance
over the double-blind treatment period in the placebo and
febuxostat groups was 100% and 99%, respectively, and the
proportion of subjects who were ≥90% compliant was 97%
and 95%, respectively.

The baseline demographic characteristics for the febux-
ostat and placebo treatment groups (and overall population)
are presented in the Table (please see Table S1 for baseline
demographic characteristics of treatment groups stratified by
baseline renal function); baseline demographics were well
balanced across treatment groups. The study population was
predominantly male, white, and balanced for racial origin
between treatment groups; mean age was 54 years. Inci-
dences of concurrent medical conditions were similar
between treatment groups, with a low concurrent incidence
of clinically relevant conditions such as cardiac conditions
(n=2) and stroke (n=0). The mean baseline sUA was similar
between the placebo and febuxostat treatment groups (0.46
and 0.45 mmol/L, respectively); 71.9% (87/121) of subjects
had sUA <0.48 mmol/L and 28.1% (34/121) had sUA
≥0.48 mmol/L. A total of 37.2% (45/121) of subjects had
normal renal function and 62.8% (76/121) had mild-to-
moderate renal impairment. Among the overall population,
42.1% (51/121) were treated with an ACEi/ARB; other
concomitant BP medications included b-blockers (12.4%),
calcium channel blockers (12.4%), and diuretics (13.2%).
ACEi/ARB treatment in the renal function subgroups was
44.4% (20/45), 39.7% (25/63), and 46.2% (6/13) in subjects
with normal, mildly impaired, and moderately impaired renal
function, respectively. Overall, 28.1% (34/121) of subjects

DOI: 10.1161/JAHA.117.006683 Journal of the American Heart Association 4

Effect of Febuxostat on Ambulatory BP Gunawardhana et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



were not treated with any BP medication: 26.7% (12/45),
31.7% (20/63), and 15.4% (2/13) in the subgroups with
normal, mildly impaired, and moderately impaired renal
function, respectively.

Efficacy

Analysis of BP

For the primary 24-hour ABPM end point, there was no
statistically significant difference between placebo and
febuxostat in change from baseline to Week 6 SBP (Fig-
ure 2A). Results were similar for secondary (Week 6) and
additional (Week 3) 24-hour ABPM end points, with no
significant differences observed between placebo and febux-
ostat for change from baseline to Weeks 3 or 6 DBP or Week
3 SBP. There was no significant difference between placebo
and febuxostat in the analysis of daytime or nighttime mean
SBP or DBP (Figure 2B). Clinic BP assessments also showed

no significant difference between placebo and febuxostat at
Weeks 3 or 6 (Figure 2C).

Analysis of change from baseline in sUA and weight

As expected, febuxostat significantly reduced sUA compared
with placebo over the treatment period. The LS mean change
from baseline to Week 3 in sUA was 0.0 and �0.19 mmol/L
for placebo and febuxostat, respectively (LS mean difference
�0.19; 95% CI, �0.22 to �0.16; P<0.001). At Week 6, the LS
mean change from baseline was 0.01 and �0.19 mmol/L for
placebo and febuxostat, respectively (LS mean difference
�0.20; 95% CI, �0.23 to �0.17; P<0.001). An exploratory,
post hoc analysis of LS mean (SE) change in weight from
baseline to Week 6 showed that there was no weight change
(0.0 [0.49] kg) in the placebo group and a reduction of �0.9
(0.47) kg in the febuxostat group. The difference between the
treatment groups was not significant (LS mean difference
�0.8; 95% CI, �2.2 to 0.5; P=0.223).

Subjects screened
N=1034

Subjects randomized
n=121

Subjects not randomized n=913
Screen failure n=765
   Did not meet entry criteria 755 (98.7%)
   Lost to follow-up     4 (0.5%)
   Voluntary withdrawal     3 (0.4%)
   Other      2 (0.3%)
   PTE     1 (0.1%)
Run-in failure n=148

Early termination

Voluntary withdrawal  4 (6.7%)
Major protocol deviation  2 (3.3%)
Lost to follow-up  1 (1.7%)
PTE  1 (1.7%)
Other*  1 (1.7%)
SBP or DBP exceeds
protocol limits  1  (1.7%)

Early termination

Voluntary withdrawal  4 (6.6%)
SBP or DBP exceeds
protocol limits  2 (3.3%)
Lost to follow-up  1 (1.6%)
Other*  1 (1.6%)

Febuxostat
n=61

53 (86.9%) completed study

Placebo
n=60

50 (83.3%) completed study

Figure 1. Disposition of subjects. *Reasons for other included subject who did not want to perform study procedures. DBP indicates diastolic
blood pressure; PTE, pretreatment adverse event; SBP, systolic blood pressure.
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Table. Baseline Characteristics of Study Population

Characteristic
Overall Study
Population (N=121)

Placebo
(n=60)

Febuxostat
(n=61)

Male sex, n (%) 98 (81.0) 48 (80.0) 50 (82.0)

Age, y

Mean (SD) 53.6 (10.6) 55.1 (10.6) 52.2 (10.5)

Range 26 to 77 26 to 77 27 to 76

Race, n (%)

American Indian or Alaska Native 1 (0.8) 0 1 (1.6)*

Asian 15 (12.4) 7 (11.7) 8 (13.1)

Black 21 (17.4) 11 (18.3) 10 (16.4)

White 83 (68.6) 42 (70.0) 41 (67.2)

Other 1 (0.8) 0 1 (1.6)

Ethnicity, n (%)

Hispanic or Latino 23 (19.0) 9 (15.0) 14 (23.0)

Not Hispanic or Latino 98 (81.0) 51 (85.0) 47 (77.0)

Height (cm), mean (SD) 172.72 (8.88) 172.10 (8.56) 173.33 (9.21)

Weight (kg), mean (SD) 98.14 (20.46) 95.35 (21.20) 100.88 (19.49)

BMI (kg/m2), mean (SD) 32.78 (5.57) 31.99 (5.13) 33.55 (5.91)

Smoking history, n (%)

Never smoked 62 (51.2) 32 (53.3) 30 (49.2)

Ex-smoker 41 (33.9) 20 (33.3) 21 (34.4)

Current smoker 18 (14.9) 8 (13.3) 10 (16.4)

Alcohol history, n (%)

Never drank 46 (38.0) 26 (43.3)* 20 (32.8)*

Ex-drinker 6 (5.0) 2 (3.3) 4 (6.6)

Current drinker 69 (57.0) 32 (53.3) 37 (60.7)

Renal function,† n (%)

Moderately impaired 13 (10.7) 8 (13.3) 5 (8.2)

Mildly impaired 63 (52.1) 33 (55.0) 30 (49.2)

Normal 45 (37.2) 19 (31.7) 26 (42.6)

Baseline sUA, n (%)

<0.48 mmol/L 87 (71.9) 40 (66.7) 47 (77.0)

≥0.48 mmol/L 34 (28.1) 20 (33.3) 14 (23.0)

BP medication, n (%)

None 34 (28.1) 16 (26.7)* 18 (29.5)

1 BP medication 76 (62.8) 37 (61.7) 39 (63.9)

2 BP medications 11 (9.1) 7 (11.7) 4 (6.6)

BP medication type, n (%)

ACEi/ARB 51 (42.1) 25 (41.7) 26 (42.6)

b-blockers 15 (12.4) 8 (13.3) 7 (11.5)

Ca++ channel blockers 15 (12.4) 7 (11.7) 8 (13.1)

Diuretics 16 (13.2) 10 (16.7) 6 (9.8)

Other 1 (0.8) 1 (1.7) 0

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate;
sUA, serum uric acid.
*Total proportion does not add up to 100% because of rounding.
†Renal function was defined as moderately impaired (eGFR 30 to <60 mL/min), mildly impaired (60 to <90 mL/min), or normal (≥90 mL/min); eGFR was calculated using the Modification
of Diet in Renal Disease formula.
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Planned subgroup analyses by renal function

The 24-hour ABPM change from baseline to Week 3 or 6 by
renal function subgroups is shown in Figure 3. There was a
small, statistically significant difference between placebo and
febuxostat in change from baseline SBP in the subgroup with
normal renal function at Week 6 (LS mean difference �6.7;
95% CI, �13.3 to 0.0; P=0.049). No significant differences
between placebo and febuxostat in change from baseline SBP
to Weeks 3 or 6 were observed in the subgroups with mildly

or moderately impaired renal function. Irrespective of renal
function, febuxostat significantly reduced sUA versus placebo
at Weeks 3 and 6 (Tables S2 and S3).

Additional subgroup and BP analyses

Tables S4 and S5 summarize the analysis of change from
baseline at Week 6 in 24-hour ambulatory SBP and DBP,
respectively, by use of an ACEi/ARB. There was no significant
difference between placebo and febuxostat in change from
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Figure 2. Mean change from baseline in (A) overall, (B) daytime and nighttime, and (C) clinic ambulatory
SBP and DBP at Wks 3 and 6. DBP indicates diastolic blood pressure; LS, least squares; SBP, systolic blood
pressure.
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baseline SBP or DBP by use of an ACEi/ARB. However,
febuxostat significantly reduced sUA versus placebo at Weeks
3 and 6 (P<0.001 for both time points), irrespective of ACEi/
ARB use at baseline (Tables S6 and S7).

The analysis of the percentage of subjects who demon-
strated a change from baseline to Week 3 or 6 in mean
ambulatory SBP of ≥4 mm Hg and mean ambulatory DBP of
≥3 mm Hg is shown in Table S8. No significant differences
between placebo and febuxostat were observed in the
percentage of subjects with changes in ambulatory SBP
≥4 mm Hg or DBP ≥3 mm Hg at Week 3 or 6.

Safety
Treatment with febuxostat was well tolerated. The incidence
of TEAEs was similar between the febuxostat and placebo
groups (30.0% versus 24.6%, respectively). There were 2
nonfatal serious TEAEs during the study: 1 patient in the
febuxostat group who was a current consumer of alcohol, had
a body mass index of 35.3, and had a history of hypertension,
hyperlipidemia, diabetes mellitus, and asthma, experienced a
serious TEAE of coronary artery insufficiency and required
hospitalization; 1 patient in the placebo group who had a body
mass index of 28.9 and a history of hypertension experienced
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Figure 3. Mean change from baseline in ambulatory (A) SBP and (B) DBP at Wks 3 and 6 by renal function
subgroups. DBP indicates diastolic blood pressure; eGFR, estimated glomerular filtration rate; LS, least
squares; SBP, systolic blood pressure.
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a serious TEAE of increased BP that was considered life
threatening and required hospitalization.

Discussion
This proof-of-concept trial was conducted to evaluate the
potential for any BP-lowering effects of febuxostat, using
ABPM measurements, in hypertensive subjects with hyper-
uricemia; most subjects (71.9%) were treated with at least 1
antihypertensive medication and 28.1% were not treated with
any antihypertensive medication. The use of 24-hour ABPM
has the advantage of measuring BP during normal activities of
daily living. It can be used to assess differences in BP between
daytime and nighttime, and avoids the potential “white-coat
effect” of clinic readings.

Overall, treatment with febuxostat in subjects with con-
firmed hypertension, treated with up to 2 antihypertensive
medications, and hyperuricemia showed no significant differ-
ences from placebo in change in ambulatory SBP or DBP from
baseline to Week 3 or 6. Additionally, no significant differences
between placebo and febuxostat were observed for other BP
analyses for the overall population: changes in mean ambu-
latory daytime or nighttime SBP or DBP from baseline to
Weeks 3 and 6, clinic BP assessments, and percentage of
subjects with changes in ambulatory SBP ≥4 mm Hg or DBP
≥3 mm Hg at Weeks 3 and 6. As expected, febuxostat
significantly reduced sUA at Weeks 3 and 6 versus placebo,
and was well tolerated over the 6 weeks of treatment.

In the overall study population, 62.8% (76/121) of
subjects had mild-to-moderate renal impairment; 40.8%
(31/76) of these subjects were treated with an ACEi or
ARB; 28.9% (22/76) with mild-to-moderate renal impairment
were not taking any antihypertensive medication. In sub-
group analyses, no statistically significant differences
between placebo and febuxostat were observed for changes
in ambulatory SBP or DBP from baseline to Week 3 or 6 in
subgroups with impaired renal function, or those treated
with an ACEi or ARB. Compared with placebo, a significant
reduction from baseline sUA was observed in the febuxostat
group at Weeks 3 and 6, regardless of renal function status or
use of an ACEi or ARB. Of note, animal model data suggest
that some of the effects of sUA on BP may be mediated
through the activation of the renin–angiotensin system.20,21

The high rate of ACEi/ARB use in the subjects with chronic
kidney disease may significantly blunt BP response to urate-
lowering therapy. Alternatively, the animal models also
suggest the development, over time, of uric-acid-induced
changes in vascular geometry and reactivity that do not revert
with urate-lowering therapy.21 Patients with established
chronic kidney disease would be expected to have longer-
standing disease and be more likely to have had vascular
progression leading to a resistance to sUA reduction.

The key finding of this study was a small, but significant,
decrease in SBP from baseline to Week 6 in subjects with
normal renal function treated with febuxostat compared with
placebo. A progressive improvement in SBP from the begin-
ning of the study to Weeks 3 and 6 in the febuxostat subgroup
was observed in subjects with normal renal function. While
not reaching statistical significance, the magnitude of change
from baseline DBP in the normal renal function group showed
the same trend. Furthermore, the baseline to Week 6 changes
of SBP 6.6 mm Hg and DBP 3.3 mm Hg in this normal renal
function subgroup may be clinically significant.22–25

There is a strong association between sUA and arterial
hypertension, although the mechanism for this remains
unclear. Experimental models that have investigated the
relationship between uric acid and hypertension suggest 2
phases in the development of hypertension.20,26 First, uric
acid can induce acute vasoconstriction by activation of the
renin–angiotensin–aldosterone system. Second, uptake of
uric acid into vascular smooth muscle cells leads to cellular
proliferation and secondary arteriolosclerosis that impairs
compliance of resistance vessels and BP-induced natriuresis.
Recent experimental and clinical studies suggest that uric
acid could play a contributory role in the pathogenesis of
elevated BP.27 Chronic elevation of sUA not only sustains an
elevated BP but also may cause irreversible vascular and
glomerular changes that are associated with a form of salt-
sensitive hypertension. Patients with chronic hypertension
and chronic kidney disease are likely to fall into this category,
and therefore may not respond to urate-lowering treatment.

The weight of the evidence suggests that uric acid could be
a true modifying and possibly causal factor for human primary
hypertension.27 Early treatment of hyperuricemia, therefore,
might delay the development of essential hypertension,
whereas years of hyperuricemia along with the emergence
of renal impairment and hypertension might be a setting in
which lowering of sUA would be expected to have less effect
on BP. The reason for this may be attributed to the
association of both hypertension and hyperuricemia with
vascular damage. Consequently, sUA in an adult population
with established hypertension may differ from sUA in early-
stage hypertension. Although more research is clearly neces-
sary, the available data suggest that in some cases uric acid is
the likely cause of early-onset hypertension.28

The findings of our study provide further support to earlier
observations with allopurinol and probenecid in antihyperten-
sive-treatment-na€ıve adolescent subjects; the antihyperten-
sive effect of urate-lowering therapy was demonstrated in a
randomized interventional study in adolescents with newly
diagnosed essential hypertension as well as in a study in
prehypertensive adolescents treated with allopurinol and
probenecid.15,16 Subjects were not treated with antihyper-
tensive therapy in these studies, and abnormal serum
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creatinine or renal impairment were the exclusion criteria.
Taking these studies and the present one into account, the
results suggest that the reduction of sUA may lower BP in the
context of normal renal function and in the early stages of
hypertension, and that BP lowering may be less urate
dependent in later stages of the disease.

While results from the current study suggest that
febuxostat may improve SBP in hyperuricemic patients with
hypertension and normal renal function, it should be noted
that this study did not assess the ability of febuxostat to
prevent BP increases. The primary steps in the prevention
and management of hypertension are lifestyle measures
including cessation of smoking, reduced alcohol consump-
tion, weight loss, regular exercise, and diet modification. The
Dietary Approaches to Stop Hypertension (DASH) diet has
been shown to effectively reduce BP and substantially
reduce sUA levels (compared with a typical American diet) in
patients with hyperuricemia.29–31 Where appropriate, these
preventative lifestyle strategies should be incorporated into
the management of hypertension in patients with hyper-
uricemia.

A limitation of the present study is that the results are not
generalizable beyond a study population that was not
antihypertensive treatment na€ıve, had established hyperten-
sion, and included a subset with renal impairment. The mean
(SD) age of the study population (53.6 [10.6] years) should
also be taken into consideration; the study findings may not
be applicable to subjects with hyperuricemia and hyperten-
sion falling outside of this age range. In addition, the BP
cutoffs used in this study may have been too restrictive based
on the literature; the BP response to febuxostat may have
been greater if the upper limit of SBP and/or DBP had been
higher. Furthermore, a hyperuricemic, hypertensive, antihy-
pertensive-treatment-na€ıve adult population may have a
different BP response profile in the setting of monotherapy
with urate-lowering treatment. Although the definition of
hyperuricemia used in this study is in line with that used in the
literature, it is important to recognize that the use of such a
generic definition does not take into consideration the
variable contribution of xanthine oxidase to cumulative levels
of sUA seen in individuals and subpopulations. Another study
limitation was the use of enrollment criteria that required sUA
>0.42 mmol/L not associated with gout, so most subjects
had baseline sUA within a relatively narrow band. Serum urate
levels >0.36 or >0.42 mmol/L are well-established cutoffs in
the context of gout, but there is no established cutoff for the
cardiovascular associations in the “normal” sUA range. Other
limitations include the short study duration and small sample
size: this was only a 6-week study, and the low numbers of
subjects in the subgroup analyses may be inadequate as the
power estimations were for the primary end point. In addition,
the small sample size meant that it was not possible to

examine any potential differences in study outcomes across
the multiple study sites. Furthermore, any missing data for
efficacy analyses were imputed using the last available
postbaseline observation carried forward, which may have
overestimated the treatment effect. However, as <10% of
subjects had missing data for the primary end point, the
potential impact is considered minimal.

In conclusion, findings from this small Phase 2 study
suggest that febuxostat may reduce 24-hour ambulatory SBP
from baseline in subjects with hypertension, hyperuricemia,
and normal renal function. Further studies should be
conducted to confirm this finding and better characterize
the potential antihypertensive effects of febuxostat. It is
important to recognize that these beneficial effects are
unlikely to be achieved in all subjects with hyperuricemia and
hypertension, and more studies are needed to identify those
who are most likely to respond to febuxostat therapy.
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Table S1. Baseline Characteristics of Patient Subgroups with Normal or Impaired Renal Function  

 Normal Renal Function Mildly Impaired Renal Function Moderately Impaired Renal 

Function 

Characteristic* Placebo  

n=19 

Febuxostat 

n=26 

Placebo 

n=33 

Febuxostat 

n=30 

Placebo 

n=8 

Febuxostat 

n=5 

Male sex, n (%) 18 (94.7) 23 (88.5) 29 (87.9) 25 (83.3) 1 (12.5) 2 (40.0) 

Age, years 

Mean (SD) 

Range 

<45 years, n (%) 

45–<65 years, n (%) 

≥65 years, n (%) 

 

51.42 (11.05) 

32–64 

5 (26.3) 

14 (73.7) 

0 

 

47.58 (10.40) 

27–64 

9 (34.6) 

17 (65.4) 

0 

 

56.48 (10.93) 

26–77 

3 (9.1) 

22 (66.7) 

8 (24.2) 

 

55.10 (7.62) 

40–70 

4 (13.3) 

24 (80.0) 

2 (6.7) 

 

58.00 (5.73) 

49–64 

0 

8 (100.0) 

0 

 

58.20 (17.31) 

33–76 

1 (20.0) 

2 (40.0) 

2 (40.0) 

Race, n (%)* 

American Indian or Alaska 

Native 

Asian 

Black 

White 

Other 

 

0 

 

1 (5.3) 

4 (21.1) 

14 (73.7) 

0 

 

1 (3.8) 

 

4 (15.4) 

4 (15.4) 

17 (65.4) 

0 

 

0 

 

6 (18.2) 

6 (18.2) 

21 (63.6) 

0 

 

0 

 

4 (13.3) 

5 (16.7) 

20 (66.7) 

1 (3.3) 

 

0 

 

0 

1 (12.5) 

7 (87.5) 

0 

 

0 

 

0 

1 (20.0) 

4 (80.0) 

0 



Ethnicity, n (%) 

Hispanic or Latino 

Not Hispanic or Latino 

 

1 (5.3) 

18 (94.7) 

 

6 (23.1) 

20 (76.9) 

 

6 (18.2) 

27 (81.8) 

 

6 (20.0) 

24 (80.0) 

 

2 (25.0) 

6 (75.0) 

 

2 (40.0) 

3 (60.0) 

Height (cm), mean (SD) 174.16 (10.53) 173.96 (7.63) 172.45 (7.06) 173.17 (9.30) 165.75 (6.88) 171.00 (16.51) 

Weight (kg), mean (SD) 104.74 (25.98) 99.93 (18.64) 92.51 (18.43) 101.78 (19.34) 84.78 (9.73) 100.40 (28.35) 

BMI (kg/m2), mean (SD) 

18.5–≤25 kg/m², n (%) 

25–≤30 kg/m², n (%) 

≥30 kg/m², n (%) 

34.18 (5.35) 

1 (5.3) 

1 (5.3) 

17 (89.5) 

33.06 (6.13) 

3 (11.5) 

6 (23.1) 

17 (65.4) 

30.98 (4.96) 

2 (6.1) 

13 (39.4) 

18 (54.5) 

33.88 (5.51) 

0 

9 (30.0) 

21 (70.0) 

30.95 (4.10) 

0 

4 (50.0) 

4 (50.0) 

34.13 (8.17) 

0 

2 (40.0) 

3 (60.0) 

Smoking history, n (%) 

Never smoked 

Ex-smoker 

Current smoker 

 

7 (36.8)  

9 (47.4)  

3 (15.8)  

 

11 (42.3)  

9 (34.6)  

6 (23.1) 

 

21 (63.6)  

10 (30.3)  

2 (6.1)  

 

17 (56.7)  

9 (30.0)  

4 (13.3) 

 

4 (50.0)  

1 (12.5)  

3 (37.5) 

 

2 (40.0)  

3 (60.0)  

0 

Alcohol history, n (%) 

Never drank 

Ex-drinker 

Current drinker 

 

4 (21.1) 

2 (10.5) 

13 (68.4)  

 

9 (34.6)  

2 (7.7)  

15 (57.7) 

 

15 (45.5)  

0  

18 (54.5)  

 

9 (30.0)  

2 (6.7)  

19 (63.3) 

 

7 (87.5)  

0 

1 (12.5) 

 

2 (40.0)  

0 

3 (60.0) 



Baseline sUA, n (%) 

<0.48 mmol/L 

≥0.48 mmol/L 

 

13 (68.4) 

6 (31.6) 

 

22 (84.6) 

4 (15.4) 

 

20 (60.6) 

13 (39.4) 

 

21 (70.0) 

9 (30.0) 

 

7 (87.5) 

1 (12.5) 

 

4 (80.0) 

1 (20.0) 

BP medication, n (%) 

None  

1 BP medication 

2 BP medications 

 

5 (26.3) 

12 (63.2) 

2 (10.5) 

 

7 (26.9) 

17 (65.4) 

2 (7.7) 

 

10 (30.3) 

20 (60.6) 

3 (9.1) 

 

10 (33.3) 

19 (63.3) 

1 (3.3) 

 

1 (12.5) 

5 (62.5) 

2 (25.0) 

 

1 (20.0) 

3 (60.0) 

1 (20.0) 

BP medication type, n (%) 

ACEi/ARB 

Beta blockers 

Ca++ channel blockers 

Diuretics 

Other 

 

8 (42.1) 

2 (10.5)  

3 (15.8) 

3 (15.8) 

0 

 

12 (46.2) 

1 (3.8) 

5 (19.2) 

3 (11.5) 

0 

 

13 (39.4) 

4 (12.1) 

3 (9.1) 

5 (15.2) 

1 (3.0) 

 

12 (40.0) 

5 (16.7) 

2 (6.7) 

2 (6.7) 

0 

 

4 (50.0) 

2 (25.0) 

1 (12.5) 

2 (25.0) 

0 

 

2 (40.0) 

1 (20.0) 

1 (20.0) 

1 (20.0) 

0 

*Percentages are based on the number of subjects within each baseline characteristic category for each of the renal subgroups 

divided by the total number of patients receiving placebo or febuxostat within that subgroup. 

 

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; SD, 

standard deviation; sUA, serum uric acid.



Table S2. Change from Baseline at Week 3 in sUA (mmol/L) by Renal Function 
Subgroup  
 

Renal Function Category 

at Baseline 

Placebo 

(n=60) 

Febuxostat 

(n=61) 

eGFR ≥90 mL/min 

Baseline N 17 23 

Mean (SD) 0.48 (0.07) 0.43 (0.06) 

Week 3/ET  

LS mean change (SE) 0.01 (0.02) −0.18 (0.02) 

LS mean difference from placebo −0.19 

<0.001 

−0.25, −0.14 

p-value 

95% CI 

eGFR 60 to <90 mL/min 

Baseline N 28 25 

Mean (SD) 0.45 (0.05) 0.46 (0.05) 

Week 3/ET  

LS mean change (SE) −0.01 (0.02) −0.19 (0.02) 

LS mean difference from placebo −0.18 

<0.001 

−0.23, −0.14 

p-value  

95% CI 

eGFR 30 to <60 mL/min 

Baseline N 7 3 

Mean (SD) 0.44 (0.05) 0.51 (0.13) 

Week 3/ET 

LS mean change (SE) −0.02 (0.02) −0.23 (0.04) 



LS mean difference from placebo −0.20* 

0.003 

−0.30, −0.10 

p-value  

95% CI 

*Minor discrepancy in mean difference from placebo due to rounding of original 

mean change from baseline values. 

CI, confidence interval; eGFR, estimated glomerular filtration rate; ET, end of 

treatment; LS, least squares; SD, standard deviation; SE, standard error; sUA serum 

uric acid. 

 

  



Table S3. Change from Baseline at Week 6 in sUA (mmol/L) by Renal Function 

Subgroup  

Renal Function Category 

at Baseline 

Placebo 

(n=60) 

Febuxostat 

(n=61) 

eGFR ≥90 mL/min 

Baseline N 17 23 

Mean (SD) 0.48 (0.07) 0.43 (0.06) 

Week 6/ET  

LS mean change (SE) 0.02 (0.02) −0.17 (0.01) 

LS mean difference from placebo −0.19 

<0.001 

−0.24, −0.15 

p-value 

95% CI 

eGFR 60 to <90 mL/min 

Baseline N 28 25 

Mean (SD) 0.45 (0.05) 0.46 (0.05) 

Week 6/ET  

LS mean change (SE) 0.01 (0.01) −0.21 (0.01) 

LS mean difference from placebo −0.21* 

<0.001 

−0.25, −0.17 

p-value 

95% CI 

eGFR 30 to <60 mL/min 

Baseline N 7 3 

Mean (SD) 0.44 (0.05) 0.51 (0.13) 



Week 6/ET 

LS change mean (SE) −0.04 (0.03) −0.18 (0.05) 

LS mean difference from placebo −0.15* 

0.034 

−0.29, −0.02 

p-value 

95% CI 

*Minor discrepancy in mean difference from placebo due to rounding of original 

mean change from baseline values. 

CI, confidence interval; eGFR, estimated glomerular filtration rate; ET, end of 

treatment; LS, least squares; SD, standard deviation; SE, standard error; sUA, 

serum uric acid. 

 

  



Table S4. Change from Baseline at Week 6 in 24-Hour Ambulatory SBP (mmHg) 

by Use of ACEi/ARB Subgroups  

Baseline Use of an ACEi/ARB 

Visit 

Placebo 

(n=60) 

Febuxostat 

(n=61) 

ACEi/ARB 

Baseline N 23 26 

Mean (SD) 142.7 (7.74) 139.1 (9.43) 

Week 6/ET 

LS mean change (SE) −4.4 (1.87) −4.4 (1.76) 

LS mean difference from placebo 

p-value 

95% CI 

0 

0.988 

−5.3, 5.2 

No ACEi/ARB 

Baseline N 30 30 

Mean (SD) 142.0 (9.76) 139.8 (8.06) 

Week 6/ET 

LS mean change (SE) −2.5 (1.83) −3.0 (1.83) 

LS mean difference from placebo −0.6* 

0.828 

−5.8, 4.6 

p-value 

95% CI 

*Minor discrepancy in mean difference from placebo due to rounding of original 

mean change from baseline values. 

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 

CI, confidence interval; ET, end of treatment; LS, least squares; SBP, systolic blood 

pressure; SD, standard deviation; SE, standard error. 



Table S5. Change from Baseline at Week 6 in 24-Hour Ambulatory DBP 

(mmHg) by Use of ACEi/ARB Subgroups 

Baseline Use of an ACEi/ARB 

Visit 

Placebo 

(n=60) 

Febuxostat 

(n=61) 

ACEi/ARB 

Baseline N 23 26 

Mean (SD) 85.9 (8.29) 82.1 (10.50) 

Week 6/ET 

LS mean change (SE) −3.5 (1.30) −3.2 (1.22) 

LS mean difference from placebo 0.4* 

0.835 

−3.3, 4.0 

p-value 

95% CI 

No ACEi/ARB 

Baseline N 30 30 

Mean (SD) 86.0 (5.81) 83.8 (8.33) 

Week 6/ET 

LS mean change (SE) −1.8 (1.22) −0.9 (1.22) 

LS mean difference from placebo 0.9 

0.607 

−2.6, 4.4 

p-value 

95% CI 

*Minor discrepancy in mean difference from placebo due to rounding of original 

mean change from baseline values. 

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 

CI, confidence interval; DBP, diastolic blood pressure; ET, end of treatment; 

LS, least squares; SD, standard deviation; SE, standard error.  



Table S6. Change in sUA (mmol/L) at Week 3 by Use of ACEi/ARB Subgroups 

Baseline Use of an ACEi/ARB 

Visit 

Placebo 

(n=60) 

Febuxostat 

(n=61) 

ACEi/ARB 

Baseline N 24 23 

Mean (SD) 0.46 (0.04) 0.45 (0.07) 

Week 3/ET 

LS mean change (SE) 0.0 (0.02) −0.21 (0.01) 

LS mean difference from placebo −0.21 

<0.001 

−0.25, −0.16 

p-value 

95% CI 

No ACEi/ARB 

Baseline N 28 28 

Mean (SD) 0.45 (0.07) 0.45 (0.06) 

Week 3/ET 

LS mean change (SE) 0.0 (0.02) −0.17 (0.01) 

LS mean difference from placebo −0.18* 

<0.001 

−0.22, −0.14 

p-value 

95% CI 

*Minor discrepancy in mean difference from placebo due to rounding of original 

mean change from baseline values. 

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 

CI, confidence interval; ET, end of treatment; LS, least squares; SD, standard 

deviation; SE, standard error; sUA, serum uric acid.  



Table S7. Change in sUA (mmol/L) at Week 6 by Use of ACEi/ARB Subgroups 

Baseline Use of ACEi/ARB 

Visit 

Placebo 

(n=60) 

Febuxostat 

(n=61) 

ACEi/ARB 

Baseline N 24 23 

Mean (SD) 0.46 (0.04) 0.45 (0.07) 

Week 6/ET 

LS mean change (SE) 0.01 (0.01) −0.21 (0.02) 

LS mean difference from placebo −0.22 

<0.001 

−0.27, −0.18 

p-value  

95% CI 

No ACEi/ARB 

Baseline N 28 28 

Mean (SD) 0.45 (0.07) 0.45 (0.06) 

Week 6/ET 

LS mean change (SE) 0.0 (0.01) −0.18 (0.01) 

LS mean difference from placebo −0.18 

<0.001 

−0.23, −0.15 

p-value  

95% CI 

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 

CI, confidence interval; ET, end of treatment; LS, least squares; SD, standard 

deviation; SE, standard error; sUA, serum uric acid. 

 

 



Table S8. The Percentage of Subjects who Demonstrated a Change from 

Baseline to Week 3 and to Week 6 in Mean Ambulatory SBP of ≥4 mmHg and 

Mean Ambulatory DBP of ≥3 mmHg  

Parameter 

Study Visit 

Placebo 

(n=60) 

% n (n/N) 

Febuxostat 80 mg QD 

(n=61) 

% n (n/N) 

 

 

p-value 

Change in SBP 

≥4 mmHg 

   

Week 3 51.0 (26/51) 45.5 (25/55) 0.526 

Week 6/ET 50.9 (27/53) 44.6 (25/56) 0.517 

Change in DBP 

≥3 mmHg 

   

Week 3 45.1 (23/51) 43.6 (24/55) 0.804 

Week 6/ET 50.9 (27/53) 35.7 (20/56) 0.109 

DBP, diastolic blood pressure; ET, end of treatment; QD, once daily; SBP, systolic 

blood pressure. 

 



Figure S1. Study design. 

 

 

ABPM, ambulatory blood pressure monitoring; QD, once daily.


