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treated ones (6; 17.2%; p = 0.278).  Conclusion:  Allopurinol 
treatment was well tolerated and improved the 3-month 
functional status of patients with acute ischemic stroke who 
had high levels of SUA without considering the decreasing 
effect of allopurinol on SUA.  © 2013 S. Karger AG, Basel 

 Introduction 

 Stroke-related morbidity and mortality is one of the 
main public health concerns, representing the main cause 
of long-term disability in the adult population, wide-
spread implementation of effective preventative therapy 
notwithstanding  [1–3] . Moreover, the treatment options 
for patients with acute stroke are limited. Accordingly, 
identification of new therapeutic approaches and treat-
ments to ameliorate the long-term outcomes of this high-
risk population are required. Some investigations have 
demonstrated that ischemia due to ischemic stroke in-
creases the activity of the xanthine oxidase (XO) enzyme, 
and this activity is a major source of production of free 
radicals during ischemia/reperfusion injury  [4, 5] . Thus 
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 Abstract 

  Objectives:  To assess the clinical relevance (functional out-
come) of a 3-month allopurinol regimen in patients with 
high serum uric acid (SUA) levels and acute ischemic stroke 
without considering the changes in SUA levels.  Materials 

and Methods:  In a randomized, double-blind, controlled 
study, 70 patients (45 females, 25 males) with acute ischemic 
stroke who had elevated levels of SUA were included. They 
were divided in two 35-patient groups to investigate the ef-
fect of 3 months of an allopurinol (200 mg/day) regimen ver-
sus placebo on their functional outcome, which was evalu-
ated using a modified Rankin scale.  Results:  The overall 
mean age was 68.9 ± 11.33 years (range 27–89). The final 
favorable functional status (mRS = 0–2) was 23 (65.7%) and 
14 (40.0%) in the treated and placebo groups, respectively, 
which was strongly associated with allopurinol consump-
tion (OR = 4.646, p = 0.014) and age  ≤ 70 years (OR = 0.139, 
p = 0.005) in patients with ischemic stroke after adjusting for 
confounders. There was no significant difference in death 
between allopurinol-treated cases (3; 8.6%) and placebo-
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treatment with XO inhibitors (XOI) such as allopurinol 
may be a potential adjunctive preventive strategy. Be-
sides, XOI inhibit uric acid (UA) production and can re-
duce serum UA (SUA) levels  [6] . However, there is no 
general agreement on whether or not high SUA improves 
the prognosis of ischemic strokes  [1, 2, 7–12] . XOI may 
also have supplementary action, such as oxidative stress 
reduction in the vasculature  [13] , thereby improving en-
dothelial and peripheral vascular function  [14]  and re-
ducing the expression of proinflammatory molecules 
 [15] . Therefore, these drugs appear to hold promise for 
the prevention of adverse events in the acute phase of 
stroke. Hence the objective of this study was to assess the 
XO inhibitory effect (other than SUA depletion) of 90-
day allopurinol consumption on improvement of the fi-
nal functional outcome of patients with high SUA levels 
who had acute ischemic stroke.

  Materials and Methods 

 A prospective randomized, double-blind, placebo-controlled 
study was carried out at the Division of Neurology of Imam Reza 
Hospital (an educational and health centre) of the Tabriz Univer-
sity of Medical Sciences from January 2009 to October 2011. Sev-
enty patients, i.e. 45 women and 25 men aged 27–89 years who were 
diagnosed with acute ischemic stroke during admission, were in-

cluded in this study. Inclusion criteria were: patients with high SUA 
levels (>6.5 mg/dl for females and >8.2 mg/dl for males) who did 
not receive thrombolytic agents or investigational drugs and were 
admitted within the first 24 h of symptom initiation. Exclusion
criteria were: severe poststroke disability [National Institutes of 
Health Stroke Scale (NIHSS) >20] (3 patients); significant comor-
bidity such as chronic disease of the liver or kidney, or hemato-
logic disease and cancers, or frailty likely to cause death within 3 
months; probability to make adherence to the study protocol dif-
ficult for patients; a previously documented adverse reaction to al-
lopurinol; a serum creatinine concentration >2.2 mg/dl; gout 
symptoms; a positive history of recent treatment with allopurinol; 
strokes secondary to spontaneous brain hemorrhage, trauma, neo-
plasm, coagulation disorders, aneurysms or arteriovenous malfor-
mations, and a positive history of regular consumption of iron or 
antioxidant vitamins during the 4 weeks preceding study involve-
ment. Blood samples of all study participants were taken during the 
first day of admission and their SUA was measured by standard 
laboratory procedures in the Department of Biochemistry. Non-
fasting blood samples were collected and centrifuged within 30 min 
of collection for 15 min at 3,000 rotations/min at room tempera-
ture. Subsequently, a Kone Diagnostica reagent kit and a Kone au-
toanalyzer were used for determination of the SUA activity. All 
patients signed a written informed consent form, and the study was 
approved by the Ethics Committee of the Tabriz University of Med-
ical Sciences and was conducted in accordance with the Declaration 
of Helsinki. Patients were randomly divided into 2 groups ( fig. 1 ) 
on a 1:   1 basis to receive either low-dose (200 mg once daily) allo-
purinol (case group) or placebo (control group). Randomization of 
patients was performed by an allocation sequence based on a block 
size of 5, generated with a computer random number generator. 

Follow-up

Analysis 

Analyzed (n = 35)
• Excluded from analysis (n = 0)  

Analyzed (n = 35)
• Excluded from analysis (n = 0) 

Allocation 

Allocated to intervention (n = 35)
• Received allocated intervention
 (n = 35)

 
 

Allocated to intervention (n = 35)
• Received allocated intervention
 (n = 35)

 

Excluded (n = 5)
• Did not meet the inclusion criteria
 (n = 5) 

Enrollment

Lost to follow-up (give reasons) (n = 0)

Discontinued intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Randomized (n = 70)

Assessed for eligibility
(n = 75)

  Fig. 1.  Randomization and patient flow-
chart. 
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Allocation was concealed by use of sequentially numbered black 
envelopes. Dosing began on the first day (after baseline assessment) 
and continued for 90 days, at which point the participants returned 
for further assessment of their functional status. Allopurinol tablets 
were manufactured by Jalinous Pharmaceutical Company, Tehran, 
Iran. Demographics, baseline risk factors, characteristics of pa-
tients, main workup findings, in-hospital events, primary modified 
Rankin scale (mRS) and NIHSS, as well as therapies administered 
before and during hospitalization were collected by stroke neurolo-
gists. Neurological impairment was measured at baseline and at 
hospital discharge using an mRS (normal = 0 to death = 6). All drug 
treatments remained unchanged throughout the study period. The 
schedule of the placebo-controlled study was assessed via question-
ing and pill counts during follow-up in both groups. All patients 
received the standard protocol of care ordered by an expert stroke 
care team. This study was considered double blind, meaning that 
the patients, all care unit staff and investigators were not informed 
of classification or assignment. All patients, excluding 9 who died, 
completed their clinical 90-day follow-up. A standard protocol was 
used for the evaluation of all patients. As our primary end point, 
the outcomes of cases and controls (considering final SUA levels 
and SUA level depletion) using functional status (mRS) and mor-
tality rates were compared. mRS scores of 0–2 were classified as a 
favorable functional status, and scores of 3–6 were categorized as 
an unfavorable functional status including mortality. Secondly, the 
effect of low-dose consumption of allopurinol on final favorable 
functional status in the presence of high SUA levels in patients with 
acute ischemic stroke was evaluated.

  Statistical Analysis 
 It was calculated that a sample size of 29 patients per group 

would enable the detection of a clinically meaningful 30% change 
in mRS following allopurinol treatment with more than 80% pow-
er (α = 5%, assumed SD = 10%). However, in order to guarantee a 
10–15% dropout rate and further losses due to mortality and fol-
low-up, 70 patients were recruited. Univariate analyses to compare 
the effect of allopurinol consumption on the final mRS between 
the two groups of patients were done. To highlight the XO inhibi-
tory effect (other than its effect on SUA depletion) of allopurinol 
on favorable functional status (mRS = 0–2) in the case group, a 
multivariable stepwise logistic regression model adjusted for con-
founders was constructed and the associations are presented as OR 
with 95% CI. Model discrimination was measured using the c sta-
tistic, which is equal to the area under the receiver operating char-
acteristic (ROC) curve. Model calibration was estimated using the 
Hosmer-Lemeshow (HL) goodness-of-fit statistic (higher p values 
imply that the model fits the observed data better). For statistical 
analysis, the statistical software SPSS version 13.0 for Windows 
(SPSS Inc., Chicago, Ill., USA) was used. All p values were 2-tailed, 
and p < 0.05 was considered statistically significant.

  Results 

 The mean baseline NIHSS score was 12.21 ± 2.1. The 
comparison of demographic and baseline variables in-
cluding laboratory findings, baseline UA and mRS is list-
ed in  table 1 . There were no significant differences be-

Table 1.  Comparison of demographic and baseline variables

Characteristics Allopurinol
(cases)

Placebo
(controls)

Total 35 (50) 35 (50)
Gender

Male
Female

14 (40.0)
21 (60.0)

11 (31.4)
24 (68.6)

Age, years 70.97 ± 12.89 66.97 ± 10.12
Vascular risk factors

Diabetes
Hypertension
Dyslipidemia
Cigarette smoking
Ischemic heart disease
Myocardial infarction

25 (71.4)
14 (40.0)

6 (17.1)
2 (5.7)

11 (31.4)
4 (11.4)

19 (54.3)
11 (31.4)

7 (20.0)
8 (22.9)
9 (25.7)
5 (14.3)

Nonfasting blood sugar, mg/dl 174.60 ± 14.82a 150.31 ± 12.25a

Stroke subtype
Lacunar
Cardioembolic
Atherothrombotic
Undetermined

12 (34.2)
8 (22.8)

12 (34.2)
3 (8.5)

11 (31.4)
7 (20.0)

14 (40)
3 (8.5)

Antidiabetic treatment
Insulin
Oral agents

12 (34.2)
13 (37.1)

10 (28.7)
9 (25.7)

Drugs that affect vascular func-
tion

ACE inhibitors 
Statins

14 (40.0)
35 (100)

11 (31.4)
35 (100)

Baseline functional status (initial mRS score)
2
3
4

4 (11.4)
21 (60.0)
10 (28.6)

4 (11.4)
17 (48.6)
14 (40.4)

Baseline NIHSS score 11.9 ± 2.3 12.5 ± 2.0
Cholesterol, mg/dl
Triglycerides, mg/dl
Baseline uric acid, mg/dl
Creatinine, mg/dl
Hb, mg/dl
WBC, ×1,000
Platelets, ×1,000
Urea, mg/dl
Na, mEq/dl
K, mEq/dl

197.60 ± 42.56
170.89 ± 19.71a

8.46 ± 1.01
0.94 ± 0.30

13.70 ± 2.16
9.77 ± 5.09

218.82 ± 67.52
41.57 ± 18.53

141.77 ± 3.43
4.43 ± 0.03

193.26 ± 73.98
158.59 ± 10.81a

8.70 ± 2.99
1.01 ± 0.34

13.96 ± 1.63
8.47 ± 2.96

226.51 ± 45.91
39.89 ± 14.51

144.09 ± 3.02
4.39 ± 0.32

ESR, mm in the 1st hour 32.01 ± 25.24 29.28 ± 14.76
HCT, % 43.10 ± 6.8 41.20 ± 6.2
Mean follow-up duration, days 82.91 ± 3.74a 87.51 ± 2.48a

 Values are presented as means ± SD or n (%). K = Potassium; 
Na = sodium; ESR = erythrocyte sedimentation rate; WBC = white 
blood cells; HCT = hematocrit; Hb = hemoglobin; ACE = angio-
tensin-converting enzyme. 

a Values are means ± SE.
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tween the two groups in terms of basic characteristics ( ta-
ble  1 ), follow-up time, baseline functional status (p = 
0.657) and baseline SUA (p = 0.663; all p values were 
>0.05). The final SUA level was significantly lower (p = 
0.045) and SUA depletion was significantly lower in the 
case group (p = 0.008); 23 (65.7%) of the allopurinol-
treated patients had final favorable functional status 
(mRS = 0–2) in comparison to 14 (40%) placebo-treated 
patients (p = 0.031). The mortality rate was 3 (8.6%) in 
cases and 6 (17.1%) in placebo-treated patients; the dif-
ference was not statistically significant (p = 0.278). Pre-
dictive factors associated with final favorable functional 
status by univariate analysis are given in  table  2 . Data 
showed that age (p = 0.001), allopurinol consumption
(p = 0.031), baseline mRS (<0.001) and final SUA level 
(0.028) were significantly associated with favorable func-
tional status (mRS = 0–2). After adjusting for the con-
founding effects of baseline mRS, final SUA level and 
SUA level depletion, final favorable functional status was 
significantly associated with allopurinol consumption 
(OR = 4.646, p = 0.014) and age  ≤ 70 years (OR = 0.139,
p = 0.005) (HL goodness of fit test, p = 0.717; area under 
the ROC curve, c = 0.631). The distribution of mRS scores 
in the treated and control groups is displayed in  figure 2 . 
The main adverse events were skin rashes, transient di-
gestive disorders (nausea, diarrhea and abdominal pain), 
hepatic enzyme disorders, drowsiness, paresthesia and 
headache. Skin rashes and transient digestive disorders 
were more frequent in the allopurinol group, but no seri-
ous adverse event was observed ( table 3 ).

  Discussion 

 Allopurinol-treated patients had a higher rate of final 
favorable functional status compared to placebo patients, 
but there were no significant differences in mortality rate 
between the two groups. The study of McCord  [16]  
showed that allopurinol acts like a free-radical inhibitor 
and prevents tissue damage during ischemia and reperfu-
sion. Betz  [17]  demonstrated that XO activity in an iso-
lated ischemic area of brain was 4 times higher than has 
been reported elsewhere. Martz et al.  [18]  showed that 
administration of allopurinol in a rat model reduced ce-
rebral infarct size after middle cerebral artery occlusion. 
Marro et al.  [19]  in their study on pigs showed that ad-
ministration of allopurinol inhibits hypoxia and brain cell 
damage. In their research, SUA levels and brain receptors 
in the allopurinol group were significantly lower than in 
the control group  [19] . Akdemir et al.  [20]  evaluated the 

Table 2.  Predictive factors associated with final favorable function-
al status by univariate analysis

Characteristics Final favorable
functional
status
(mRS = 0 – 2)

Final 
unfavorable 
functional status 
(mRS = 3 – 6)

p
value

Total 37 (52.9) 33 (47.1)
Gender

Male
Female

16 (43.2)
21 (56.8)

9 (27.3)
24 (72.7)

0.164

Age
≤70 years
>71 years

26 (70.3)
11 (29.7)

12 (36.4)
21 (63.6)

0.004

Vascular risk factors
Diabetes
Hypertension
Dyslipidemia
Cigarette smoking
Ischemic heart disease
Myocardial infarction

23 (62.2)
11 (29.7)

8 (21.6)
2 (5.4)
8 (21.6)
5 (13.5)

21 (63.6)
14 (42.4)

5 (15.2)
8 (24.2)

12 (36.4)
4 (12.1)

0.899
0.269
0.487
0.025
0.173
0.862

Groups 
Placebo-treated

patients (controls)
Allopurinol-treated

patients (cases)

14 (37.8)

23 (62.2)

21 (63.3)

12 (36.4)

0.031

Functional status (baseline mRS score) 0.011
2
3
4

7 (18.9)
25 (67.6)

5 (13.5)

1 (3.0)
13 (39.4)
19 (57.6)

White blood cells, ×1,000 9.00 ± 3.49 9.25 ± 4.90 0.806
Platelets, ×1,000 224.00 ± 66.81 221.18 ± 45.71 0.839
Initial UA, mg/dl 8.35 ± 1.27 8.84 ± 2.94 0.365
Final UA, mg/dl 7.65 ± 1.14 8.65 ± 2.43 0.028
SUA depletion 0.70 ± 1.24 0.18 ± 0.82 0.048

 Values are presented as means ± SD or n (%).

Table 3.  Adverse events in the groups

Event Intervention
group

Control
group 

Skin rashes or dermatitis 4 (11.4%) 0
Nausea 6 (17.1%) 5 (14.2%)
Abdominal pain 4 (11.4%) 2 (5.7%)
Diarrhea 4 (11.4%) 3 (8.5%)
Hepatic enzyme disorders 2 (5.7%) 1 (2.8%)
Drowsiness 4 (11.4%) 5 (14.2%)
Paresthesia 1 (2.8%) 1 (2.8%)
Headache 7 (20%) 9 (25.7%)
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effects of 150 mg/kg of allopurinol administration prior 
to cerebral ischemia in a rabbit model through middle 
cerebral artery occlusion. They demonstrated that early 
nerve injury and delayed brain damage, especially in the 
perifocal area, were significantly lower in the intervention 
group than in the control group  [20] . Khan et al.  [21]  as-
sessed the effect of oral consumption of 300 mg allopuri-
nol daily for about 8 weeks on cerebral artery function by 
using arterial wave reflection in 30 patients with ischemic 
stroke and high levels of SUA. Accordingly, their study 
revealed that cerebrovascular function was significantly 
better in the allopurinol-treated group compared to the 
controls  [21] . However, some studies were not in agree-
ment with these findings. Muir et al.  [22]  in another study 
evaluated the effect of high-dose (300 mg/day) and low-
dose (100 mg/day) allopurinol for 6 weeks after ischemic 
stroke. Patients were evaluated 7 days and 6 weeks after 
their stroke and it was demonstrated that the brain in-
flammatory factors in the intervention group were sig-
nificantly lower. However, no significant difference in 
neurological recovery was noted between the groups  [22] . 
In the work of Sánchez-Moreno et al.  [23] , ischemic 
stroke patients were treated with an oral dose of 300 mg 
of allopurinol/placebo once daily and SUA levels within 
these groups were compared. It was found that the SUA 
levels were not considerably lower in the intervention 
group compared to the control group after treatment 
 [23] . Dawson et al.  [24]  in a randomized, double-blind, 
controlled study investigated the effect of a 3-month 

course of 300 mg allopurinol once daily versus placebo on 
cerebrovascular reactivity in individuals with recent sub-
cortical stroke (between 2 weeks and 6 months after acute 
stroke). They assessed mean flow velocity in the internal 
carotid artery and middle cerebral artery, but they found 
no benefit in their study  [24] . In this investigation, to de-
termine either the dose of allopurinol consumption or 
whether SUA reduction improves final functional status, 
we first determined the predictive factors associated with 
final favorable functional status (mRS = 0–2) by univari-
ate analysis. The current study demonstrated that age  ≤ 70 
years, allopurinol consumption, baseline mRS score, final 
SUA level and SUA depletion were associated with final 
favorable functional status. Elevated SUA levels were as-
sociated with the development of subclinical atheroscle-
rosis  [25] . Brouns et al.  [26]  demonstrated that decreases 
in SUA during the first week after the onset of stroke cor-
relate with a more severe stroke, unfavorable stroke evo-
lution and poor long-term stroke outcomes  [26] . Seet et 
al.  [27]  revealed no significant relationship between SUA 
and vascular outcomes and found that, depending on the 
SUA level, it may exhibit protective and deleterious ef-
fects on stroke outcomes  [27] . Weir et al.  [2]  showed that 
higher SUA levels cause poor outcomes and higher vas-
cular event rates  [2] . In our study, after adjusting for con-
founders by logistic regression analysis, we found that age 
 ≤ 70 years and allopurinol consumption are associated 
with final favorable functional status (mRS = 0–2), and 
there was no association between the final SUA level and 

70 Controls
%

60

50

40

30

20

10

0
2

Cases

3
Baseline mRS

60
%

50

40

30

20

10

0
1 2 3 4 6

Final mRS
4

  Fig. 2.  Distribution of mRS scores in the 
treated and control groups. 

http://dx.doi.org/10.1159%2F000355621


 Allopurinol after Acute Ischemic Stroke  Med Princ Pract 2014;23:134–139 
DOI: 10.1159/000355621

139

SUA depletion and final favorable functional status. This 
result was in accordance with the study of George et al. 
 [28]  which revealed that SUA reduction is not a mecha-
nism of beneficial effects of allopurinol in chronic heart 
failure patients treated with allopurinol  [28] . 

  This study had a number of limitations including: the  
 small number of patients; that the treatment was stopped 
after 3 months, which did not allow long-term prognosis, 
and that a potential random error could not be eliminat-
ed completely.

  Conclusion 

 Administration of allopurinol in patients with acute 
ischemic stroke, who had high levels of SUA, significant-
ly increased the rate of favorable functional status without 
a decrease in the mortality rate, and it was well tolerated 
by patients. Therefore, this drug might help acute isch-
emic patients with high SUA levels if administered at the 
time of acute events.
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