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Blood Pressure Variability (BPV) is associated with cardiovascular risk and serum uric acid level. We investigated whether BPV was
lowered by allopurinol and whether it was related to neuroimaging markers of cerebral small vessel disease (CSVD) and cognition.
We used data from a randomised, double-blind, placebo-controlled trial of two years allopurinol treatment after recent ischemic
stroke or transient ischemic attack. Visit-to-visit BPV was assessed using brachial blood pressure (BP) recordings. Short-term BPV was
assessed using ambulatory BP monitoring (ABPM) performed at 4 weeks and 2 years. Brain MRI was performed at baseline and 2
years. BPV measures were compared between the allopurinol and placebo groups, and with CSVD and cognition. 409 participants
(205 allopurinol; 204 placebo) were included in the visit-to-visit BPV analyses. There were no significant differences found between
placebo and allopurinol groups for any measure of visit-to-visit BPV. 196 participants were included in analyses of short-term BPV at
week 4. Two measures were reduced by allopurinol: the standard deviation (SD) of systolic BP (by 1.30 mmHg (95% confidence
interval (CI) 0.18–2.42, p= 0.023)); and the average real variability (ARV) of systolic BP (by 1.31 mmHg (95% CI 0.31–2.32, p= 0.011)).
There were no differences in other measures at week 4 or in any measure at 2 years, and BPV was not associated with CSVD or
cognition. Allopurinol treatment did not affect visit-to-visit BPV in people with recent ischemic stroke or TIA. Two BPV measures
were reduced at week 4 by allopurinol but not at 2 years.
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INTRODUCTION
Blood pressure variability (BPV) is a strong independent predictor
of cardiovascular morbidity and mortality, even after adjustment
for the mean level of blood pressure (BP) [1–5]. The relationship is
strongest for cerebrovascular events [1], with high BPV being
associated with both first and recurrent ischemic stroke [3, 5], as

well as worse neurologic outcome following stroke [6]. In addition,
higher BPV may be associated with accelerated cognitive decline
[7–9]. Elevated BPV has also been associated with the progression
of imaging markers of cerebral small vessel disease, independent
of mean BP [10]. Therefore, raised BPV could be a potential
target for pharmacological intervention after stroke. Despite this
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prognostic significance of BPV, how best to target it to improve
clinical outcomes is unclear. The effect of antihypertensive drugs
on BPV varies amongst drug classes, with calcium channel
blockers being shown to reduce BPV most effectively compared
to placebo [11], doing so either as monotherapy or combined with
other drugs [12].
Hyperuricaemia is associated with an increased risk of

cardiovascular morbidity and mortality [13]. A recent Mendelian
randomisation analysis revealed that genetically predicted serum
uric acid was associated with an increased risk of stroke, with 45%
of this risk mediated through blood pressure [14]. The underlying
mechanisms by which hyperuricaemia may cause hypertension
include upregulation of the renin-angiotensin-aldosterone system
[15], endothelial dysfunction [16], oxidative stress [17], and
increased arterial stiffness [18]. High serum uric acid levels have
also been independently associated with increased BPV [19, 20].
Allopurinol inhibits xanthine oxidase, resulting in reduced uric

acid synthesis and serum uric acid levels. In a recent systematic
review and meta-analysis, uric acid lowering treatment reduced
the risk of major adverse cardiovascular events in those with prior
cardiovascular disease [14]. In a recent trial, allopurinol use led to a
reduction in systolic BP [21]. In addition, allopurinol may have
additional effects on BP and BPV independent of urate lowering. It
has previously been shown to improve cerebral nitric oxide
bioavailability, reduce oxidative stress, and to improve measures
of arterial stiffness [22, 23]. These factors are all related to BPV.
However, the effects of allopurinol on BPV remain unclear. This
study aimed to investigate the effect of allopurinol on measures of
BPV in people with recent ischemic stroke or transient ischemic
attack (TIA) using data from the Xanthine oxidase inhibition for the
Improvement of Long-term Outcomes Following Ischemic Stroke
and Transient ischemic attack (XILO-FIST) trial [21]. We also aimed
to assess whether there was a relationship between BPV and white
matter hyperintensity (WMH) progression, brain atrophy, and
cognitive function.

METHODS
XILO-FIST was a multicentre, prospective, randomised, double-blind,
placebo-controlled, clinical trial of the effect of allopurinol versus placebo
on cerebral WMH progression and BP in people with recent ischemic
stroke or TIA. XILO-FIST was approved by the UK MHRA and NHS Research
Ethics Committee (REC number 14/WS/0113) and is registered with
clinicaltrials.gov (identifier: NCT02122718). All participants gave written
informed consent. The trial protocol [24] and main results [21] have been
published.

Participant eligibility criteria
Participants were aged greater than 50 years and had suffered an ischemic
stroke or TIA within the past 4 weeks. Full inclusion and exclusion criteria
are provided in Table S1. Between May 2015 and December 2018, 464
participants across 22 UK sites were enrolled. Based on prior studies [4, 8],
participants were only included in the analyses for this study if they had ≥5
clinic BP readings after randomisation.

Study procedures
The study consisted of a 4-week run-in phase and 104-week treatment
phase. Completion of the run-in phase was followed by 1:1 randomisation
of participants to oral allopurinol 300mg twice daily or matching placebo
for 104 weeks. Participants were reviewed at weeks 4, 13, 26, 52, 78, and
104 [24].

BP measurement
Brachial sphygmomanometer BP was measured at baseline and all study
visits throughout the treatment phase. 24-hour ambulatory blood pressure
monitoring (ABPM) was performed at baseline, and at week 4 and week
104 after randomisation unless contraindicated. Using a Spacelabs
Ultralight Ambulatory Blood Pressure Monitor, readings were taken every
30minutes during daytime (08:00–21:59) and every hour overnight

(22:00–07:59). ABPM was contraindicated in participants with substantial
arm weakness who would be unable to remove the device in the event of
discomfort or other issues. Following the “stay-at-home” order issued by
the UK government in response to the emerging COVID-19 pandemic, the
XILO-FIST protocol was amended, and ABPM was no longer required at
week 104.

Brain MRI assessment
Brain MRI was performed at baseline and week 104 using 1.5 or 3 T MRI.
WMHs of presumed vascular origin were defined as hyperintense lesions in
the white matter on T2-FLAIR images [25]. Additional information
regarding the brain MRI review process has been previously described
[24]. Changes in WMH and total brain volumes were calculated as the
follow-up volume minus the baseline volume.

Cognitive function
A Montreal Cognitive Assessment (MoCA) was performed at baseline and
week 104. Change in MoCA was calculated as the visit score minus the
baseline score.

Study outcomes
There is no current consensus on the optimal measure to estimate BPV.
With substantial heterogeneity in selected measures evident between
studies, the use of multiple indices is suggested [4, 6]. Visit-to-visit BPV,
based on clinic BP measures, and short-term BPV, based on ABPM
measures at week 4 and week 104, were assessed by 5 indices: range,
standard deviation (SD), average real variability (ARV), coefficient of
variation (CV), and variation independent of the mean (VIM) [26]. Table S2
provides further details. For analysis of short-term BPV, the difference
between the baseline and week 4 or 104 ABPM readings were used.
Measures of short-term BPV were only calculated if the ABPM recording
included ≥10 daytime and ≥5 night-time readings [27, 28].

Statistical analysis
Baseline characteristics were summarised. Categorical data were presented
as frequency and percentages, and continuous data as mean and SD.
Baseline differences were assessed using 2-sample t-tests for continuous
data and chi-square tests for association for categorical data.
All analyses were conducted by intention-to-treat. 2-sample t-tests were

used to determine unadjusted between group comparisons of the effect of
allopurinol on visit-to-visit BPV measures. A general linear model was used
to adjust for the on-treatment mean BP. The changes in short-term BPV
were assessed using the same approach. We also assessed visit-to-visit BPV
according to presence of hyperuricaemia at baseline (defined as serum uric
acid concentration >7mg/dL (416 μmol/L) in males and >6mg/dL (357
μmol/L) in females [29]).
Pairwise Pearson correlation analysis was performed to examine the

relationship between visit-to-visit BPV indices and changes in WMH
volume, total brain volume, and MoCA.
All treatment effect estimates and correlation coefficients were reported

alongside 95% confidence intervals and p values. Tests were two-sided and
a p value of <0.05 was used for statistical significance. Analyses were
conducted using SPSS 28.0 (IBM Corp., Armonk, NY) or Minitab 20.3
(Minitab Inc., State College, PA).

RESULTS
The trial profile is shown in Fig. 1. 540 participants consented to
participation in the trial. There were 76 withdrawals during the
run-in phase and 464 participants were randomised (232 per
group). Of these, 409 participants were included in the present
study (205 assigned allopurinol; 204 assigned placebo—55
participants were excluded for having <5 clinic BP measurements
after randomisation). Baseline and week 4 ABPM data were
available for 196 participants (96 assigned allopurinol; 100
assigned placebo). ABPM data were unavailable from 12 sites
(120 participants), 43 participants did not undergo ABPM at
baseline and week 4, and 50 participants had insufficient baseline
and/or week 4 ABPM recordings. ABPM data were available for 115
participants at week 104 (22 recordings were missing due to the
COVID-19-related protocol amendment).
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Baseline characteristics
Baseline demographics are shown in Table 1. Participants were
predominantly white males (99.3% white, 69.4% male), with a
mean age of 65.9 ± 8.7 years. The qualifying event was mainly
ischemic stroke (93.6%; median NIHSS at enrollment = 1 (IQR: 2)).
There were no significant between group differences at baseline
for any measure of short-term BPV at baseline (Table S3). Baseline
serum uric acid levels were recorded for 315 participants: 62
(19.7%) had hyperuricaemia at baseline. Table S4 shows the
baseline characteristics of participants included in this analysis
and those who were excluded. Excluded participants had more
severe stroke, higher BP, and greater time from index event to
randomisation.

Visit-to-visit BPV
Included participants had a mean of 5.9 ± 0.3 clinic BP measure-
ments after randomisation. No significant differences were
observed between treatment groups for any measure of visit-to-
visit BPV (Table 2). There was also no significant difference in the
on-treatment mean BP between the groups. Furthermore, there
were no significant differences between treatment groups for

visit-to-visit BPV measures in people with and without hyperur-
icaemia at baseline (Table S5, Table S6).

Short-term (ABPM) BPV outcomes
Participants had a mean of 29.6 ± 6.4 (21.2 ± 6.1 daytime and
8.4 ± 1.8 night-time) BP readings taken during week 4 ABPM. The
changes in measures of short-term (ABPM) BPV from baseline to
week 4 are shown in Table 3. At week 4, there were no significant
differences in the change of mean BP or diastolic BPV between
treatment groups. There were no differences in the change in the
range, CV, and VIM of systolic BP (SBP) between groups. The
change in SD of SBP was lower with allopurinol compared to
placebo, with a between group difference of 1.30 mmHg (95% CI
0.18–2.42, p= 0.023, p= 0.051 after adjustment for change in
mean SBP). The change in ARV of SBP was also lower with
allopurinol, with a difference between groups of 1.31 mmHg (95%)
CI 0.31–2.32, p= 0.011, p= 0.028 after adjustment for change in
mean SBP (p= 0.028).
At week 104, participants had a mean of 27.7 ± 5.2 (19.7 ± 4.8

daytime and 8.2 ± 1.5 night-time) BP readings taken during ABPM.
There were no significant differences between treatment groups

Fig. 1 Trial profile. XILO-FIST Xanthine oxidase inhibition for the Improvement of Long-term Outcomes Following Ischemic Stroke and
Transient ischemic attack, MRI Magnetic Resonance Imaging, BP Blood Pressure, ABPM Ambulatory Blood Pressure Monitoring. * ABPM data
was not received from 12 sites (120 participants). † ABPM was not performed at baseline and week 4 in participants, e.g., due to
contraindications or failure to attend. ‡ ABPM readings were excluded if either baseline or week 4 readings were insufficient (<10 wake or
<5 sleep readings). § Of the 196 participants with sufficient baseline and week 4 ABPM readings, 115 participants had sufficient week 104
readings (54 allopurinol: 61 placebo).
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for the change in any measure of systolic or diastolic short-term
BPV at week 104 (Table S7).

BPV, white matter hyperintensity progression, brain atrophy
and cognition
A total of 367 participants (181 assigned allopurinol; 186 assigned
placebo) had visit-to-visit BPV data and WMH volume assessments
performed at baseline and week 104. The median change in WMH
volume was a 1.02 cm3 increase (IQR: 3.66). Visit-to-visit BPV was
not significantly associated with change in WMH volume across
any measure of BPV (Table S8). Brain volume measurements could
be performed on 359 participants (179 assigned allopurinol; 180
assigned placebo). The median change in total brain volume was a
17.29cm3 decrease (IQR: 28.13). Visit-to-visit BPV was not
significantly associated with change in brain volume across any
measure of BPV (Table S9).
A total of 368 participants (180 assigned allopurinol; 188

assigned placebo) had visit-to-visit BPV data and MoCA performed
at baseline and week 104. 34.0% experienced a decline in their
MoCA score from baseline. Visit-to-visit BPV was not significantly
associated with change in MoCA across any measure of BPV
(Table S10).

DISCUSSION
In this exploratory analysis of the XILO-FIST trial, we investigated
the effect of allopurinol on BPV in people with recent ischemic
stroke or TIA. The main findings were as follows: (i) 2-year
treatment with allopurinol did not significantly affect any measure
of clinic visit-to-visit BPV compared to placebo; (ii) allopurinol
treatment reduced the SD and ARV of SBP from baseline to follow-
up at week 4, and the change in ARV remained significant after
adjusting for the change in mean SBP; (iii) there were no
significant differences for the change in any other measure of
systolic or diastolic short-term BPV from baseline to week 4
between treatment groups; and (iv) there were no significant
differences between groups for the change in short-term BPV
from baseline to study end at week 104. Furthermore, we
investigated the relationship between BPV and WMH progression,
brain atrophy, and cognitive function. No visit-to-visit BPV
measure was associated with progression of WMH volume, brain
atrophy, or cognitive decline in this study.
Despite previously reported associations between hyperuricae-

mia and BPV [19, 20], we conclude that allopurinol does not affect
clinic visit-to-visit BPV in people with recent stroke or TIA. Where
an association has been seen between hyperuricaemia and BPV,
the population studied has typically been younger and healthier
than those in our study [19, 20]. Although BP was lowered by
allopurinol in the XILO-FIST trial, prior clinical trials suggest greater
effect of uric acid lowering therapy on BP in younger, pre- or
newly-hypertensive populations [30, 31], compared with older
adults, especially when people are already receiving anti-
hypertensive treatment [32]. This is in-keeping with experimental
data which postulates that hyperuricaemia-induced hypertension
is initially reversible with uric acid lowering agents [15], but with
time the hypertension becomes salt-sensitive and resistant to uric
acid lowering therapy [33]. The relationship between uric acid and
BPV may follow a similar pattern.
Compared to placebo, allopurinol treatment reduced short-term

BPV measured by the SD and ARV of SBP from baseline to week 4
by 1.3 mmHg. The absolute magnitude of this difference is greater
than the differences observed in the X-CELLENT study [34], where
amlodipine reduced SBP SD by 1.0 mmHg and ARV by 0.6 mmHg
versus placebo. However, after adjusting for the change in mean
SBP, the effect of allopurinol on the change in SD of SBP was not

Table 1. Baseline characteristics.

Placebo Allopurinol P value

(N (%); Mean
± 1 SD)

(N (%); Mean
± 1 SD)

Participants 204 (49.9%) 205 (50.1%)

Age (years) 65.7 ± 8.7 66.1 ± 8.7 0.667

Sex (male) 144 (70.6%) 140 (68.3%) 0.614

Race (white) 201 (98.5%) 205 (100%)

BMI (kg/m2) 28.8 ± 5.3 27.9 ± 4.7 0.080

Current Smoker 38 (18.6%) 44 (21.5%) 0.702

Prior History

Stroke 21 (10.3%) 16 (7.8%) 0.380

TIA 22 (10.8%) 16(7.8%) 0.299

Hypertension 107 (52.5%) 104 (50.7%) 0.728

Diabetes Mellitus 42 (20.6%) 40 (19.5%) 0.786

Dyslipidaemia 70 (34.3%) 71 (34.6%) 0.946

MI 19 (9.3%) 19 (9.3%) 0.987

Heart Failure 4 (2.0%) 6 (2.9%) 0.527

PAD 12 (5.9%) 10 (4.9%) 0.653

Gout 0 (0.0%) 4 (2.0%)

Qualifying Event

Ischemic Stroke 192 (94.1%) 191 (93.2%) 0.695

TIA 12 (5.9%) 14 (6.8%)

NIHSS Score 1.5 ± 1.9 1.4 ± 1.6 0.441

MRS Score 0–1 121 (59.3%) 117 (57.1%) 0.646

eGFR (ml/min/
1.73m2)

85.7 ± 19.7 85.5 ± 20.0 0.908

Antihypertensive
use

145 (71.1%) 150 (73.2%) 0.637

Clinic SBP
(mmHg)

136.3 ± 17.6 135.0 ± 16.8 0.443

Clinic DBP
(mmHg)

79.5 ± 10.6 78.0 ± 10.7 0.133

ABPM SBP
(mmHg)

126.0 ± 12.6 124.7 ± 15.0 0.351

ABPM DBP
(mmHg)

74.3 ± 8.0 73.3 ± 8.6 0.283

Serum Uric Acid
(μmol/L)

329.7 ± 83.6 342.0 ± 84.5 0.197

MoCA Score 26.2 ± 2.7 26.3 ± 3.2 0.662

White Matter
Hyperintensity
Volume (cm3)

17.9 ± 18.1 17.2 ± 15.3 0.681

Whole Brain
Volume (cm3)

1062.1 ± 106.2 1061.7 ± 115.7 0.973

Time to
Randomisation
from Index Event
(days)

40.8 ± 8.6 40.2 ± 9.7 0.495

Baseline demographics were compared by treatment allocation within the
included cohort. A bold p value indicates statistical significance (p < 0.05).
N number, SD standard deviation, BMI body mass index, TIA transient
ischemic attack, MI myocardial infarction, PAD peripheral arterial disease,
NIHSS National Institute of Health Stroke Scale, MRS Modified Rankin Scale,
SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, ABPM Ambula-
tory Blood Pressure Monitoring, eGFR Estimated Glomerular Filtration Rate,
MoCA Montreal Cognitive Assessment.
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significant. In contrast, the change in ARV remained significant.
This may be explained by the fact that ARV is more sensitive to the
sequential order of BP measurements and less sensitive to the
influence of low sampling frequency or day-to-night differences
(e.g., the nocturnal BP fall which can confound SD) [2, 26, 35]. In
addition, ARV has been shown to offer greater prognostic value to
ABPM than SD [2] and closer correlations have been identified
between markers of arterial stiffness and ARV than SD [2]. This

may perhaps explain the greater effect of allopurinol on the ARV
of short-term BPV compared to the SD.
There were no differences in any measure of BPV at week 104

between treatment groups. The difference in findings in some
measures between weeks 4 and 104 could be explained by type 2
error, meaning the smaller sample size at week 104 could not
reliably detect a difference in BPV. However, the FEATHER study
[36] showed a short-term effect of xanthine oxidase inhibitors on

Table 2. Visit-to-visit (clinic) blood pressure variability outcomes.

BP parameter Placebo Allopurinol Unadjusted between group
difference

P value Adjusted between group
difference

P value

n= 204, n= 205, (95% CI) (95% CI)

mean ± SD mean ± SD

SBPMean (mmHg) 137.4 ± 12.4 135.7 ± 13.0 1.71 (–0.76, 4.17) 0.174

SBPRange (mmHg) 30.5 ± 14.0 30.7 ± 13.1 –0.18 (–2.82, 2.46) 0.893 –0.86 (–3.31, 1.60) 0.494

SBPSD (mmHg) 11.5 ± 5.3 11.7 ± 5.0 –0.12 (–1.12, 0.88) 0.808 –0.38 (–1.31, 0.53) 0.424

SBPARV (mmHg) 12.7 ± 6.2 12.9 ± 6.0 –0.20 (–1.40, 0.99) 0.746 –0.46 (–1.59, 0.69) 0.423

SBPCV (%) 8.3 ± 3.6 8.5 ± 3.4 –0.20 (–0.88, 0.48) 0.562 –0.28 (–0.96, 0.39) 0.407

SBPVIM (units) 11.3 ± 4.8 11.7 ± 4.6 –0.40 (–1.31, 0.52) 0.398 –0.41 (–1.33, 0.52) 0.387

DBPMean (mmHg) 79.9 ± 7.9 79.1 ± 7.6 0.79 (–0.72, 2.29) 0.305

DBPRange
(mmHg)

18.4 ± 8.3 18.3 ± 7.6 0.14 (–1.41, 1.68) 0.863 0.05 (–1.49, 1.60) 0.946

DBPSD (mmHg) 7.0 ± 3.1 6.9 ± 2.8 0.05 (–0.52, 0.62) 0.862 0.02 (–0.54, 0.59) 0.934

DBPARV (mmHg) 7.8 ± 3.8 7.9 ± 3.4 –0.15 (–0.85, 0.54) 0.663 –0.18 (–0.88, 0.51) 0.601

DBPCV (%) 8.8 ± 3.9 8.8 ± 3.6 –0.01 (–0.74, 0.72) 0.977 0.04 (–0.68, 0.77) 0.905

DBPVIM (units) 7.0 ± 3.1 6.9 ± 2.8 0.03 (–0.54, 0.60) 0.923 0.03 (–0.54, 0.60) 0.922

N= 409. Differences are given as placebo subtract allopurinol (a positive difference denotes a change in favor of allopurinol). Analyses were adjusted for on-
treatment mean systolic or diastolic BP.
BP Blood Pressure, SBP Systolic BP, DBP Diastolic BP, n number, SD Standard Deviation, CI Confidence Interval, ARV Average Real Variability, CV Coefficient of
Variation, VIM Variation Independent of Mean.

Table 3. Change in short-term (ABPM) blood pressure variability from baseline to week 4.

BP Parameter Change with
placebo

Change with
allopurinol

Unadjusted between
group difference

P value Adjusted between
group difference

P value

n= 100, n= 96, (95% CI) (95% CI)

mean ± SD mean ± SD

SBPMean

(mmHg)
0.4 ± 9.5 –1.8 ± 11.2 2.20 (–0.73, 5.13) 0.141

SBPRange
(mmHg)

2.3 ± 18.6 –1.5 ± 17.1 3.72 (–1.31, 8.75) 0.147 2.54 (–2.28, 7.36) 0.301

SBPSD (mmHg) 0.8 ± 3.9 –0.5 ± 4.0 1.30 (0.18, 2.42) 0.023 1.09 (–0.01, 2.19) 0.051

SBPARV (mmHg) 0.8 ± 3.1 –0.5 ± 3.4 1.31 (0.31, 2.32) 0.011 1.09 (0.12, 2.05) 0.028

SBPCV (%) 0.5 ± 3.1 –0.2 ± 3.1 0.72 (–0.15, 1.59) 0.106 0.78 (–0.10, 1.65) 0.084

SBPVIM (units) 0.6 ± 3.7 –0.4 ± 3.9 0.95 (–0.13, 2.03) 0.083 0.95 (–0.14, 2.03) 0.087

DBPMean

(mmHg)
–0.2 ± 3.9 –0.8 ± 5.9 0.61 (–0.80, 2.03) 0.392

DBPRange
(mmHg)

0.1 ± 13.6 –0.8 ± 14.6 0.94 (–3.03, 4.92) 0.641 0.82 (–3.17, 4.80) 0.686

DBPSD (mmHg) –0.1 ± 2.7 –0.1 ± 2.9 0.01 (–0.79, 2.01) 0.984 0.00 (–0.80. 0.79) 0.992

DBPARV (mmHg) 0.1 ± 2.3 –0.2 ± 2.6 0.25 (–0.51, 1.01) 0.514 0.23 (–0.53, 0.99) 0.550

DBPCV (%) –0.1 ± 3.7 0.0 ± 4.2 –0.17 (–1.28, 0.95) 0.771 –0.08 (–1.19, 1.02) 0.881

DBPVIM (units) –0.2 ± 2.7 –0.1 ± 3.0 –0.11 (0.91, 0.69) 0.782 –0.08 (–0.88, 0.73) 0.853

N= 196. Changes were calculated as visit subtract baseline. Between group differences are given as placebo subtract allopurinol (a positive difference denotes
a change in favor of allopurinol). Analyses were adjusted for the change in mean systolic or diastolic BP. A bold p value indicates statistical significance
(p < 0.05).
BP Blood Pressure, SBP Systolic BP, DBP Diastolic BP, n number, SD Standard Deviation, CI Confidence Interval, ARV Average Real Variability, CV Coefficient of
Variation, VIM Variation Independent of Mean.
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BP, which was less apparent with long-term use. This raises the
possibility that any BP and BPV changes with allopurinol may wear
off over time. Alternatively, the differences seen at week 4 could
be due to type 1 error, because of the multiple comparisons made.
We investigated the relationship between BPV, WMH progres-

sion, brain atrophy, and cognitive function. Visit-to-visit BPV was
not associated with change in WMH volume in our study. This
contrasts with the findings of a recent systematic review and
meta-analysis which linked BPV with WMH burden [10]. However,
this meta-analysis did not include studies with high numbers of
people with stroke. Consistent with our findings, Liu et al. [37]
found that no visit-to-visit BPV parameter predicted WMH
progression in people with a history of ischemic stroke. Likewise,
despite previously documented links between elevated BPV, brain
atrophy and cognitive decline [7–9, 38, 39], we found no
relationship between measures of visit-to-visit BPV and change
in brain volume or cognitive decline in this post-stroke population.
As an exploratory analysis, a key strength of our study is the

multicentre, randomised, double-blind, placebo-controlled design
of XILO-FIST. However, our study has important limitations. First,
ABPM data was not received for 120 participants. We required
access to the raw data for this analysis and this was not possible
due to COVID-19 restrictions which prevented us from traveling to
each individual health board to extract the data. This cannot be
done now as the study is complete. Second, participants were
predominantly white males which may limit the generalisability of
our findings. Third, only 52% of participants had a history of
hypertension and BPV is usually negligible in normotensive
patients. Fourth, the issue of multiplicity must be considered.
Since this analysis was hypothesis generating, we did not adjust
for multiple testing.

CONCLUSIONS
Allopurinol treatment did not affect visit-to-visit BPV in people
with recent ischemic stroke or TIA. Allopurinol may reduce short-
term BPV measured by the SD and ARV of systolic BPV over a
short-term time horizon, although it is unlikely to lead to a
sustained clinically important change in BPV.

SUMMARY

What is known about the topic

● People with stroke and TIA are at high risk of recurrent events.
● High serum uric acid levels are associated with increased risk,

which is partially mediated via higher blood pressure. It may
also be associated with blood pressure variability.

● Allopurinol has been shown to lower blood pressure and
might have an effect on blood pressure variability.

What this study adds

● We did not find evidence of an effect of high dose allopurinol
on blood pressure variability in people with previous stroke or
transient ischemic attack.

● Our data provide further evidence that urate lowering therapy
with allopurinol is unlikely to reduce recurrence risk in people
with ischemic stroke or TIA.

DATA AVAILABILITY
The datasets analysed that support the findings of the present study are available
from the corresponding author upon reasonable request.

REFERENCES
1. Stevens SL, Wood S, Koshiaris C, Law K, Glasziou P, Stevens RJ, et al. Blood

pressure variability and cardiovascular disease: systematic review and meta-
analysis. BMJ. 2016;354:i4098.

2. Mena LJ, Felix VG, Melgarejo JD, Maestre GE. 24-hour blood pressure variability
assessed by average real variability: a systematic review and meta-analysis. J Am
Heart Assoc. 2017;6:e006895.

3. Webb AJS, Mazzucco S, Li L, Rothwell PM. Prognostic significance of blood
pressure variability on beat-to-beat monitoring after transient ischemic attack
and stroke. Stroke. 2018;49:62–7.

4. Rothwell PM, Howard SC, Dolan E, O’Brien E, Dobson JE, Dahlof B, et al. Prognostic
significance of visit-to-visit variability, maximum systolic blood pressure, and
episodic hypertension. Lancet. 2010;375:895–905.

5. de Havenon A, Fino NF, Johnson B, Wong KH, Majersik JJ, Tirschwell D, et al.
Blood pressure variability and cardiovascular outcomes in patients with prior
stroke: a secondary analysis of PRoFESS. Stroke. 2019;50:3170–6.

6. Mistry EA, Mehta T, Mistry A, Arora N, Starosciak AK, De Los Rios La Rosa F, et al.
Blood pressure variability and neurologic outcome after endovascular throm-
bectomy: a secondary analysis of the BEST study. Stroke. 2020;51:511–8.

7. Chiu TJ, Yeh JT, Huang CJ, Chiang CE, Sung SH, Chen CH, et al. Blood pressure
variability and cognitive dysfunction: a systematic review and meta-analysis of
longitudinal cohort studies. J Clin Hypertens (Greenwich). 2021;23:1463–82.

8. Kim Y, Lim JS, Oh MS, Yu KH, Lee JS, Park JH, et al. Blood pressure variability is
related to faster cognitive decline in ischemic stroke patients: PICASSO sub-
analysis. Sci Rep. 2021;11:5049.

9. Jia P, Lee HWY, Chan JYC, Yiu KKL, Tsoi KKF. Long-term blood pressure variability
increases risks of dementia and cognitive decline: a meta-analysis of longitudinal
studies. Hypertension. 2021;78:996–1004.

10. Ma Y, Song A, Viswanathan A, Blacker D, Vernooij MW, Hofman A, et al. Blood
pressure variability and cerebral small vessel disease: a systematic review and
meta-analysis of population-based cohorts. Stroke. 2020;51:82–9.

11. Webb AJ, Fischer U, Mehta Z, Rothwell PM. Effects of antihypertensive-drug class
on interindividual variation in blood pressure and risk of stroke: a systematic
review and meta-analysis. Lancet. 2010;375:906–15.

12. Nardin C, Rattazzi M, Pauletto P. Blood pressure variability and therapeutic
implications in hypertension and cardiovascular diseases. High Blood Press Car-
diovasc Prev. 2019;26:353–9.

13. Dawson J, Quinn T, Walters M. Uric acid reduction: a new paradigm in the
management of cardiovascular risk? Curr Med Chem. 2007;14:1879–86.

14. Gill D, Cameron AC, Burgess S, Li X, Doherty DJ, Karhunen V, et al. Urate, blood
pressure, and cardiovascular disease: evidence from mendelian randomization
and meta-analysis of clinical trials. Hypertension. 2021;77:383–92.

15. Mazzali M, Hughes J, Kim YG, Jefferson JA, Kang DH, Gordon KL, et al. Elevated
uric acid increases blood pressure in the rat by a novel crystal-independent
mechanism. Hypertension. 2001;38:1101–6.

16. Mishima M, Hamada T, Maharani N, Ikeda N, Onohara T, Notsu T, et al. Effects of
uric acid on the no production of HUVECs and its restoration by urate lowering
agents. Drug Res (Stuttg). 2016;66:270–4.

17. Sautin YY, Nakagawa T, Zharikov S, Johnson RJ. Adverse effects of the classic
antioxidant uric acid in adipocytes: NADPH oxidase-mediated oxidative/nitrosa-
tive stress. Am J Physiol Cell Physiol. 2007;293:C584–96.

18. Kuwabara M, Kanbay M, Hisatome I. Uric acid and hypertension because of
arterial stiffness. Hypertension. 2018;72:582–4.

19. Cagli K, Turak O, Canpolat U, Ozcan F, Tok D, Mendi MA, et al. Association of
serum uric acid level with blood pressure variability in newly diagnosed essential
hypertension. J Clin Hypertens (Greenwich). 2015;17:929–35.

20. Grassi G, Vanoli J, Facchetti R, Mancia G. Uric acid, hypertensive phenotypes, and
organ damage: data from the pamela study. Curr Hypertens Rep. 2022;24:29–35.

21. Dawson J, Robertson M, Dickie DA, Bath P, Forbes K, Quinn T, et al. Xanthine
oxidase inhibition and white matter hyperintensity progression following
ischaemic stroke and transient ischaemic attack (XILO-FIST): a multicentre, double-
blinded, randomised, placebo-controlled trial. EClinicalMedicine. 2023;57:101863.

22. Dawson J, Quinn T, Harrow C, Lees KR, Weir CJ, Cleland SJ, et al. Allopurinol and
nitric oxide activity in the cerebral circulation of those with diabetes: a rando-
mized trial. Diabetes Care. 2009;32:135–7.

23. Higgins P, Dawson J, Lees KR, McArthur K, Quinn TJ, Walters MR. Xanthine oxidase
inhibition for the treatment of cardiovascular disease: a systematic review and
meta-analysis. Cardiovasc Ther. 2012;30:217–26.

24. Dawson J, Broomfield N, Dani K, Dickie DA, Doney A, Forbes K, et al. Xanthine
oxidase inhibition for the improvement of long-term outcomes following
ischaemic stroke and transient ischaemic attack (XILO-FIST) - Protocol for a ran-
domised double blind placebo-controlled clinical trial. Eur Stroke J. 2018;3:281–90.

25. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F, Frayne R, et al.
Neuroimaging standards for research into small vessel disease and its con-
tribution to ageing and neurodegeneration. Lancet Neurol. 2013;12:822–38.

A.S. MACDONALD et al.

6

Journal of Human Hypertension



26. Parati G, Stergiou GS, Dolan E, Bilo G. Blood pressure variability: clinical relevance
and application. J Clin Hypertens (Greenwich). 2018;20:1133–7.

27. Anstey DE, Muntner P, Bello NA, Pugliese DN, Yano Y, Kronish IM, et al. Diag-
nosing masked hypertension using ambulatory blood pressure monitoring, home
blood pressure monitoring, or both? Hypertension. 2018;72:1200–7.

28. Thijs L, Hansen TW, Kikuya M, Bjorklund-Bodegard K, Li Y, Dolan E, et al. The
international database of ambulatory blood pressure in relation to cardiovascular
outcome (IDACO): protocol and research perspectives. Blood Press Monit.
2007;12:255–62.

29. Dai C, Wang C, Xia F, Liu Z, Mo Y, Shan X, et al. Age and gender-specific reference
intervals for uric acid level in children aged 5-14 years in southeast zhejiang
province of china: hyperuricemia in children may need redefinition. Front Pediatr.
2021;9:560720.

30. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on blood pressure of ado-
lescents with newly diagnosed essential hypertension: a randomized trial. JAMA.
2008;300:924–32.

31. Soletsky B, Feig DI. Uric acid reduction rectifies prehypertension in obese ado-
lescents. Hypertension. 2012;60:1148–56.

32. Segal MS, Srinivas TR, Mohandas R, Shuster JJ, Wen X, Whidden E, et al. The effect
of the addition of allopurinol on blood pressure control in African Americans
treated with a thiazide-like diuretic. J Am Soc Hypertens. 2015;9:610–9.e1.

33. Feig DI. The role of uric acid in the pathogenesis of hypertension in the young. J
Clin Hypertens (Greenwich). 2012;14:346–52.

34. Zhang Y, Agnoletti D, Safar ME, Blacher J. Effect of antihypertensive agents on
blood pressure variability: the Natrilix SR versus candesartan and amlodipine in
the reduction of systolic blood pressure in hypertensive patients (X-CELLENT)
study. Hypertension. 2011;58:155–60.

35. Chadachan VM, Ye MT, Tay JC, Subramaniam K, Setia S. Understanding short-term
blood-pressure-variability phenotypes: from concept to clinical practice. Int J Gen
Med. 2018;11:241–54.

36. Kimura K, Hosoya T, Uchida S, Inaba M, Makino H, Maruyama S, et al. Febuxostat
therapy for patients with stage 3 CKD and asymptomatic hyperuricemia: a ran-
domized trial. Am J Kidney Dis. 2018;72:798–810.

37. Liu W, Liu R, Sun W, Peng Q, Zhang W, Xu E, et al. Different impacts of blood
pressure variability on the progression of cerebral microbleeds and white matter
lesions. Stroke. 2012;43:2916–22.

38. Sabayan B, Wijsman LW, Foster-Dingley JC, Stott DJ, Ford I, Buckley BM, et al.
Association of visit-to-visit variability in blood pressure with cognitive function in
old age: prospective cohort study. BMJ. 2013;347:f4600.

39. Havlik RJ, Foley DJ, Sayer B, Masaki K, White L, Launer LJ. Variability in midlife
systolic blood pressure is related to late-life brain white matter lesions: the
Honolulu-Asia Aging study. Stroke. 2002;33:26–30.

ACKNOWLEDGEMENTS
We would like to thank all the XILO-FIST investigators, study staff, and participants.

AUTHOR CONTRIBUTIONS
JD, NMB, MW, KD, KWM, AD, SK, AM, TQ, MK, and AS were involved in design of the
study. JD, DAD, KF, KD, TQ, MB, DW, AB, AD, AC, AH, MJM, BK, LS, GS, PG and SL

acquired study data. ASM performed statistical analysis and drafted the manuscript.
All authors provided critical comment.

FUNDING
XILO-FIST was financially supported by a joint Stroke Association and British Heart
Foundation Programme Grant (ref: TSA BHF 2013/01).

COMPETING INTERESTS
DAD received payment for image analysis in this study. PMB is a Stroke Association
Professor of Stroke Medicine and an Emeritus NIHR Senior Investigator. AS holds a
patent for the use of xanthine oxidase inhibition for the treatment of angina pectoris.
The other authors declare they have no competing interests.

ETHICAL
XILO-FIST was approved by the UK MHRA and NHS Research Ethics Committee (REC
number 14/WS/0113).

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41371-024-00906-5.

Correspondence and requests for materials should be addressed to Jesse DAWSON.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

A.S. MACDONALD et al.

7

Journal of Human Hypertension

https://doi.org/10.1038/s41371-024-00906-5
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Allopurinol and blood pressure variability following ischemic stroke and transient ischemic attack: a secondary analysis of XILO-FIST
	Introduction
	Methods
	Participant eligibility criteria
	Study procedures
	BP measurement
	Brain MRI assessment
	Cognitive function
	Study outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Visit-to-visit�BPV
	Short-term (ABPM) BPV outcomes
	BPV, white matter hyperintensity progression, brain atrophy and cognition

	Discussion
	Conclusions
	Summary
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethical
	ADDITIONAL INFORMATION




