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Abstract
Higher levels of uric acid in men as compared to women can be a reason behind greater incidence of stroke in men. The
objective of the present study was to evaluate the levels of uric acid in men with acute stroke and correlate with stroke
severity.For the purpose of the study ,50 male patients of acute stroke admitted to the hospital and 50 age matched healthy
controls were included in the study. Routine biochemical parameters including fasting blood glucose, uric acid and lipid
profile were assessed in serum obtained from 5 ml of fasting blood sample. Patients with kidney or liver diseases,
malignancies, diuretic use, alcohol intake, on iron or antioxidant therapy were excluded from the study. Initial stroke
severity was measured by the National Institute of Health Stroke (NIHS) scale. It was found that , among the 50 cases,
38(76%) had ischemic stroke and 12(24%) had hemorrhagic stroke. Serum uric acid levels were very significantly higher in
cases (p<0.001) than controls. There was strong positive correlation between uric acid levels and initial stroke severity
(p=0.006, r=0.386). Also, serum uric acid showed a statistically significant correlation with fasting blood glucose, TG and
VLDL and an inverse association with HDL in both cases and controls. The conclusion drawn was that the significantly
higher levels of uric acid in men with stroke and the positive association of uric acid with stroke severity suggest a possible
role of uric acid as a risk factor for stroke in men.
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Introduction
Stroke is one of the leading causes of mortality and morbidity worldwide, afflicting approximately 20 million people each
year and causing 5 million deaths. [1] Although the etiopathogenesis and risk factors have been elucidated to a great extent,
one intriguing aspect of stroke is its higher incidence in men than women, suggesting that male sex is an important risk
factor. Uric acid, which has higher levels in men as compared to women, may have an important role in this.
However, studies regarding role of uric acid in stroke have produced inconsistent results so far. Increased uric acid levels
have been found to be associated with established risk factors of stroke such as hypertension, dyslipidemia, obesity and
diabetes.[2] Also, significantly higher risk of stroke incidence and mortality was reported in cases of hyperuricemia.[3] In the
general elderly population too, high uric acid levels were independently associated with increased incidence of fatal
stroke.[4] But, contrary to this, other studies have advocated uric acid to be neuroprotective due to its antioxidant
action.[5,6]There is also disagreement regarding the role of uric acid in stroke severity and outcome. While Weir et al
reported that increased serum urate levels predicted poorer outcome in patients of stroke, other studies found higher levels
of serum urate to be associated with better outcomes following stroke.

[6,7,8]

Considering these conflicting findings, our
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study was undertaken to evaluate the serum uric acid levels in men with stroke and to correlate the levels with stroke
severity.

Materials and methods
A case control study was carried out between December 2013 and May 2014 on 50 adult male patients (>18 years) of acute
stroke admitted to the hospital and 50 age matched healthy controls. A stroke, or cerebrovascular accident, was defined by
the abrupt onset of a neurologic deficit that is attributable to a focal vascular cause. [9] Patients with kidney or liver diseases,
malignancies, diuretic use, alcohol intake, on iron or antioxidant therapy were excluded from the study. Patients with onset
of stroke more than 72 hours before admission were also excluded. An informed written consent was obtained for each
participant of the study. The study was approved by institutional ethics committee. Complete history and physical
examination was done in cases and controls according to standardized procedure. In patients, these risk factors were taken
into account: age, atrial fibrillation (if present on electrocardiogram obtained on admission), smoking (smoking of any kind
of tobacco), hypertension (known or under treatment with antihypertensive drugs), diabetes (already known, taking
hypoglycemic drugs, or fasting blood glucose on admission >126 mg/dL), dyslipidemia, history of ischemic heart disease
and previous stroke. Information about the risk factors was obtained from health records or by asking the patients or
relatives. Initial severity of stroke in cases was measured by the NIHS Scale which evaluates level of consciousness,
orientation, best gaze, visual fields, facial motor function, upper-extremity motor function, lower-extremity motor function,
limb ataxia, sensory function, language, articulation, extinction or inattention. [10] The level of stroke severity is measured as
0(no stroke); 1-4(minor stroke); 5-15(moderate stroke); 15-20(moderate to severe stroke) and 21-42(severe stroke).
Computed tomography (CT) scan of brain and electrocardiography (ECG) was performed on patient’s admission to
hospital. 5 ml of fasting venous blood sample was collected under all aseptic conditions on the day after admission. . All
samples were taken between 10 am and 4 pm. Serum separation was done by centrifugation and the sample was analyzed in
Erba XL30i autoanalyzer for routine biochemical parameters including fasting blood glucose, uric acid and lipid profile.
Uric acid was estimated by the enzymatic uricase method. [11]
Statistical analysis
Assumption of normal distribution for continuous variables was tested by the Kolmogorov-Smirnov statistics. Data was
expressed as mean ± SD or median and interquartile range. Comparison between two groups was done by independent
samples T-test in normally distributed variables and Mann-Whitney U test in non-normally distributed variables. Pearson
and Spearman’s test were used for correlation as applicable. r was reported for correlation tests. Level of significance was
considered as P< 0.05.

Results
Among the 50 cases, 38(76%) had ischemic stroke and 12(24%) had hemorrhagic stroke. No significant difference in uric
acid level was found between cases of ischemic and hemorrhagic stroke. The percentages of cases having mild, moderate,
moderate to severe and severe strokes according to NIHS scale were 8%, 32%, 42% and 18% respectively. The
demographic and clinical characteristics of cases and controls are shown in Table 1.
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Table 1:Comparison of demographic and clinical characteristics of cases and controls
Characteristic
Case
Control
P value
Age, years, mean(SD)
59.28(12.31)
59.88(12.06)
0.806
Systolic

blood

pressure,

mm

Hg,

130(33)

120(10)

0.018

median(IQR)
Diastolic
blood

pressure,

mm

Hg,

84(20)

80(7)

0.124

89.5(26)
102.06(31.32)
123.4(39.56)
36.93(9.16)
81.9(33.12)
20.32(6.23)
3.72( 0.96)

<0.001
<0.001
<0.001
0.257
<0.001
<0.001
<0.001

median(IQR)
Fasting blood glucose, mg/dL, median(IQR)
119.5(58)
Triglyceride, mg/dL, mean(SD)
191.9(67.31)
Total cholesterol, mg/dL, mean(SD)
173.03(50.85)
HDL, mg/dL, mean(SD)
34.89(8.7)
LDL, mg/dL, mean(SD)
131.31(46.83)
VLDL, mg/dL, mean(SD)
37.72(13.57)
Uric acid, mg/dL, mean(SD)
5.68(1.94)
*SD indicates standard deviation; IQR indicates interquartile range

Some of the patients had more than one risk factor for stroke. 38(76%) patients had smoking history while 24(48%) had
diabetes. Hypertension was present in 24(48%) patients. 15(30%) had history of previous stroke. Ischemic heart disease
and atrial fibrillation was present in 9(18%) and 2(4%) respectively. No significant difference in uric acid levels was found
between patients with or without these risk factors. But serum uric acid showed statistically significant correlations with
fasting blood glucose, triglycerides (TG), HDL and VLDL in both cases and controls (Table 2).

Table 2:Correlation of serum uric acid with various parameters in cases and controls
Fasting

blood

TG

HDL

VLDL

glucose

Coefficient(r)

P value

Case

0.299

0.998

-0.290

0.965

Control

0.807

0.869

-0.474

0.856

Case

0.035

0.000

0.041

0.000

Control

0.000

0.000

0.001

0.000

A significant association was found between serum uric acid levels and initial stroke severity as assessed by the NIHS
scale(r=0.386, P=0.006).

Discussion
Our study results suggest a significant association between serum uric acid levels and stroke in men. Also higher uric acid
levels lead to increased initial stroke severity, as assessed by the NIHS scale. These findings are in agreement to those of
Mehrpour et al who found a higher prevalence of hyperuricemia in patients of acute stroke as compared to the normal
population.[12]A large scale population-based, prospective survey of the general population of Tromsø, Norway also found
that increase in serum uric acid was significantly associated with increased risk for ischemic stroke in men.[13] Similar
conclusion was drawn by Kim et al in their systematic review and meta-analysis of 16 prospective cohort studies. The study
included 238449 adults and evaluated the association between hyperuricemia and risk of stroke incidence and mortality.
They found that high uric acid levels cause a modest but statistically significant increase in the risk of both stroke incidence
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and mortality even after adjusting for known risk factors of stroke like age, hypertension, diabetes mellitus, and
cholesterol.[14] The AMORIS study suggested uric acid as an important marker of cardiovascular risk in general population.
Higher levels of uric acid were found to be associated with an increased incidence of stroke in middle-aged subjects without
prior cardiovascular disease. Also, these associations rose gradually from lower to higher levels of uric acid.[15] Weir et al
found an independent relation between urate levels and poor outcomes in stroke patients. This relation was true even after
correction for the presence of established cardiovascular and cerebrovascular risk factors such as hypertension, diabetes
mellitus, and hyperlipidemia.[7] Similar results of worse outcomes with high uric acid levels are described by other
studies.[16,17]
Contrary to these reports, the Syst-Eur trial found no significant relationship between serum uric acid levels and fatal and
non fatal strokes after proper adjustments for confounding variables. [18] Other studies have also postulated absence of any
role for urate in vascular disease.[19] Chen et al followed up 226 patients on hemodialysis for 18 months out of which 43
patients experienced acute ischemic stroke. Serum uric acid was found to have an weak but significant inverse relation with
risk of ischemic stroke.[20]Also in a prospective study done on 317 stroke patients, an inverse correlation was found between
the levels of uric acid and the volume of the infarction at follow-up brain CT scan while lower UA levels were associated
with a greater incidence of malignant MCA infarctions and hemorrhagic transformation.[6]Similarly Chamorro et al in their
study found that for each milligram per deciliter increase of uric acid there was 12% increase in the chances of better
clinical outcome. [8]
In our study, serum uric acid showed a significant correlation with fasting blood glucose, TG and VLDL. An inverse
association between HDL and uric acid levels was also found. Chammaro et al had also reported an association between
serum uric acid level and amount of serum triglyceride.[8] Bonora et al studied 957 young men and demonstrated that there
was a significant positive correlation between serum uric acid levels and levels of serum triglycerides and fasting insulin
levels.[21] Derangements in lipid profile and blood glucose levels have been implicated in development of atherosclerosis.[9]
Since a major factor in development of stroke is atherosclerosis of blood vessels, it can be postulated that high uric acid
levels in men can predispose to stroke.
In addition to the interactions between uric acid and surrogate markers of stroke, uric acid may have a direct affect on
atherogenesis or the clinical course of cerebrovascular disease by various other possible mechanisms.
Uric acid is the breakdown product of purines. In this process hypoxanthine is converted by the enzyme xanthine oxidase to
xanthine and further to uric acid. Both steps induce the release of free radicals.

[22]

Increased uric acid levels promote

[23]

oxygenation of low-density lipoprotein cholesterol and facilitate lipid peroxidation.
smooth cell proliferation, and reduce vascular nitric oxide production.

[24]

Uric acid may stimulate vascular

Moreover, higher uric acid levels may be

associated with increased platelet adhesiveness predisposing to thrombus formation.[25] UA has also been found to stimulate
the synthesis of pro-inflammatory factors like monocyte chemoattractant protein-1, interleukin-lβ, interleukin-6, and tumor
necrosis factor-α.[26] Experimental findings indicate that uric acid might have a role in the development of hypertension
through stimulation of the renin-angiotensin system and induction of sodium sensitivity.[27,28] In rats, uric acid has been
shown to mediate renal disease development by causing glomerular hypertension and hence renal hypertrophy,
glomerulosclerosis, and interstitial fibrosis.[29,30] Uric acid also induces renal arteriolar thickening independently of its effect
on blood pressure.[31]
Each of these factors can play a pivotal role in the progression of atherosclerosis. As compared to control coronery artery
walls, urate crystals are more abundant in diseased atherosclerotic plaques.[32]
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It has been suggested that serum uric acid may cause endothelial dysfunction. Vannorsdall et al. reported that even a mild
elevation of serum uric acid was associated with cerebral ischemia among community-dwelling adults. It was suggested that
impaired vascular tone and endothelial dysfunction could contribute to ischemic changes, because they permit cerebrospinal
fluid to cross the blood-brain barrier and cause areas of edema. [33] Certain intervention studies have shown that the xanthine
oxidase inhibitor Allopurinol lowered blood pressure in hypertensive adolescents and had anti-ischemic effects in patients
with angina pectoris.[34,35] Allopurinol also reduced cardiovascular and hospitalization risk in a small study of patients with
renal failure.[36]Although the precise role of uric acid in each of these mechanisms has yet to be established, it is clear that
these effects provide a potential basis for uric acid as a primary cardiovascular risk factor.
Our study has certain limitations. Firstly, we could only observe the prevalence and temporarily associated factors. Second
limitation was the small sample size which limited the ability of the study to draw any strong conclusions regarding role of
uric acid in stroke. As such further large scale prospective studies are warranted to support the concept of involvement of
uric acid in pathogenesis of stroke in men and its contribution to stroke severity.
In conclusion, our study shows significantly higher levels of uric acid in men with stroke as compared to control population.
Also, serum uric acid showed a significant correlation with fasting blood glucose, TG and VLDL and an inverse association
with HDL. Uric acid levels also correlated significantly with stroke severity, with increased uric acid levels being associated
with greater initial stroke severity. Higher uric acid levels in men can thus be considered as a contributor to stroke but more
large scale scientific and clinical research is needed before the role of uric acid as a risk factor in stroke can be established.

References
1. Dalal P, Bhattacharjee M, Vairale J, Bhat P. UN millennium development goals: can we halt the stroke epidemic in
India? Ann Indian Acad Neurol. 2007;10: 130-6
2. Hariklia VD, Apostolos H, Haralambosk The Role of Uric Acid in Stroke. The lssue Remains Unresolved. The
Neurologist. 2008;14:238–242.
3. Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia and risk of stroke: a systematic review
and meta-analysis. Arthritis Rheum. 2009;13:885–892.
4. Mazza A, Pessina AC, Pavei A, Scarpa R, Tikhonoff V, Casiglia E. Predictors of stroke mortality in elderly people from
the general population. The Cardiovascular Study in the Elderly. Eur J Epidemiol. 2001; 17: 1097–1104.
5. Heo SH, Lee SH. High levels of serum Uric acid are associated with silent brain infarctivn. Jaurnal of the Neurol Scien.
2010;297:6–15.
6. Amaro S, Urra X, Gomez-Choco M. Uric Acid Levels Are Relevant in Patients With Stroke Treated with Thrombolysis.
Stroke. 2011;42:28–32.
7. Weir CJ, Muir SW, Walters MR, et al. Serum Urate as an independent predictor of poor outcome and future vascular
events after acute ischemic stroke. Stroke. 2003;34:1951–1956.
8. Chamorro A, Obach V, Cerrera A, et al. Prognostic significance of uric acid serum concentration in patients with acute
ischemic stroke. Stroke. 2002;33:1048–1052.
9. Smith WS, English JD, Johnston SC.Cerebrovascular diseases. In: Lippman ME. Harrison’s principle of internal
medicine. Eighteenth Edition. New York: McGraw Hill;2011.P.3270-99.
10. Brott T, Adams HP, Olinger CP et al. Measurements of acute cerebral infarction: A clinical examination scale. Stroke.
1989;20:864-70.

International Journal of Interdisciplinary and Multidisciplinary Studies (IJIMS), 2015, Vol 2, No.5, 146-152.

151

11. Fossati P, Prencipe L, Berti G. Use of 3,5- dichloro-2-hydroxybenzenesulfonic acid/4-aminophena-zone chromogenic
system in direct enzymic assay of uric acid in serum and urine. Clinical Chemistry. 1980;26:227-31.
12.Mehrpour M, Khuzan M, Najimi N, Motamed MR, Fereshtehnejad S-M. Serum uric acid level in acute stroke patients.
Medical Journal of the Islamic Republic of Iran 2012;26(2):66-72.
13.. Storhaug HM, Norvik JV, Toft I, et al. Uric acid is a risk factor for ischemic stroke and all-cause mortality in the
general population: a gender specific analysis from The Tromsø Study. BMC Cardiovascular Disorders 2013;13:115.
14. Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia and risk of stroke: a systematic
review and meta-analysis. Arthritis Rheum. 2009;13:885–892.
15. Holme I, Aastveit AH, Hammar N, Jungner I, Walldius G. Uric acid and risk of myocardial infarction, stroke and
congestive heart failure in 417734 men and women in the Apolipoprotein Mortality RISK study (AMORIS) J Intern Med.
2009;13:558–570.
16. Wong KY, MacWalter RS, Fraser HW, Crombie I, Ogston SA, Struthers AD. Urate predicts subsequent cardiac death in
stroke survivors. Eur Heart J. 2002;23:788–793.
17. Seet RC,Kasiman K, Gruber J, Tang SY, Wong MC, Chang HM et al. Is uric acid protective or deleterious in acute
ischemic stroke? A prospective cohort study. Atherosclerosis. 2010;209:215–219.
18. De Leeum PW, Thijs L, Birkenhager WH, et al. systolic hypertension in Europe (Syst-Eur) trial investigators,
Prognostic significance of renal function in elderly patients with isolated systolic hypertension, results from the Syst-Eur
trial. Am Soc Nephrol. 2002;13:2213–2221.
19. Staessen J, for the European Working Party on High Blood Pressure in the Elderly. The determinants and prognostic
significance of serum uric acid in elderly patients of the European Working Party on High Blood Pressure in the Elderly
trial. Am J Med. 1991; 90 (suppl 3A): 50S–54S.
20. Chen Y, Ding X, Teng J, et al. Serum uric acid is inversely relate to acute ischemic stroke morbidity in hemodialysis
patients. Am J Nephrol. 2011;33(2):97–104.
21. Bonora E, Targher G, Zenere MB, et al. Relationship of uric acid concentration to cardiovascular risk factors in young
men, Role of obesity and central fat distribution, The Verona Young Men Atherosclerosis Risk Factors Study. Int J Obes
Relat Metab Disord. 1996;20(11):975–80.
22.

Berry C, Hamilton CA, Brosnan MJ, Magill FG, Berg GA, McMurray JJ, Dominiczak AF. Investigation into the

sources of superoxide in human blood vessels: Angiotensin II increases superoxide production in human internal mammary
arteries. Circulation. 2000;13:2206–2212.
23. DeScheeder IK, van de Kraay AM, Lamers JM, Koster JF, deJong JW, Serruys PW. Myocardial malondialdehyde and
uric acid release after short-lasting coronary occlusions during angioplasty: potential mechanisms for free radical
generation. Am J Cardiol. 1991; 68: 392–395.
24. Kang DH, Park SK, Lee IK, Johnson RJ. Uric acid-induced C-reactive protein expression: implication on cell
proliferation and nitric oxide production of human vascular cells. J Am Soc Nephrol. 2005;13:3553–3562.
25. Ginsberg MH, Kozin F, O’Malley M, McCarty DJ. Release of platelet constituents by monosodium urate crystals. J Clin
Invest. 1997; 60: 999–1007.
26. Netea MG, Kullberg BJ, Block WL, Netea RT, van der Meer JW. The role of hyperuricemia in the increased cytokine
production after lipopolysaccharide challenge in neutropenic mice. Blood. 1997;89:577–582.

International Journal of Interdisciplinary and Multidisciplinary Studies (IJIMS), 2015, Vol 2, No.5, 146-152.

152

27. Mazzali M, Hughes J, Kim YG, Jefferson JA, Kang D-H, Gordon KL, Lan HY, Kivlighn S, Johnson RJ. Elevated uric
acid increases blood pressure in the rat by a novel crystal-independent mechanism. Hypertension. 2001; 38: 1101–1106.
28. Watanabe S, Kang D-H, Feng L, Nakagawa T, Kanellis J, Lan H, Mazzali M, Johnson RJ. Uric acid, hominoid
evolution, and the pathogenesis of salt-sensitivity. Hypertension. 2002; 40: 356–360.
29. Sanchez-Lozada LG, Tapia E, Avila-Casado C, Soto V, Franco M, Santamaria J, Nakagawa T, Rodriguez-Iturbe B,
Johnson RJ, Herrera-Acosta J. Mild hyperuricemia induces glomerular hypertension in normal rats. Am J Physiol Renal
Physiol. 2002; 283: F1105–F1110
30.Kang D-H, Nakagawa T, Feng L, Watanabe S, Han L, Mazzali M, Truong L, Harris R, Johnson RJ. A role for uric acid
in the progression of renal disease. J Am Soc Nephrol. 2002; 13: 2888–2897.
31.Mazzali M, Kanellis J, Han L, Feng L, Xia Y-Y, Chen Q, Kang D-H, Gordon KL, Watanabe S, Nakagawa T, et al.
Hyperuricemia induces a primary renal arteriolopathy in rats by a blood pressure-independent mechanism. Am J Physiol
Renal Physiol. 2002; 282: F991–F997.
32. Suarna C, Dean RT, May J, Stocker R. Human atherosclerotic plaque contains both oxidized lipids and relatively large
amounts of alpha-tocopherol and ascorbate. Arterioscler Thromb Vasc Biol. 1995; 15: 1616–1624.
33. Vannorsdall TD, Jinnah HA, Gordon B, Kraut M, Schretlen DJ. Cerebral ischemia mediates the effect of serum uric acid
on cognitive function. Stroke. 2008;13:3418–3420.
34. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on blood pressure of adolescents with newly diagnosed essential
hypertension: a randomized trial. JAMA. 2008;13:924–932.
35. Noman A, Ang DS, Ogston S, Lang CC, Struthers AD. Effect of high-dose allopurinol on exercise in patients with
chronic stable angina: a randomised, placebo controlled crossover trial. Lancet. 2010;13:2161–2167.
36. Goicoechea M, de Vinuesa SG, Verdalles U, Ruiz-Caro C, Amphuero J, Rinchon A, Arroyo D, Luro J. Effect of
allopurinol in chronic kidney disease progression and cardiovascular risk. Clin J Am Soc Nephrol. 2010;13:1388–1393.

.

