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ABSTRACT

INTRODUCTION

Background: Stroke is a neurological deﬁcit due to acute
focal injury of the central nervous system due to any vascular
cause. The role of serum uric acid as a risk factor for acute
stroke is an area of importance to many researchers. We
in the current study tried to determine the levels of serum
uric acid in cases of acute ischemic stroke and compare them
with those in age and sex-matched controls.

Stroke is commonly distributed across the world. It is
an important cause of morbidity, mortality, and disability
in developed as well as developing countries. There is a
substan al diﬀerence in stroke incidence in diﬀerent parts
of the world. The higheststroke incidence is found in the
’stroke belt’ region i.e. South Eastern states of the UnitedStates with stroke mortality of 29-42 deaths per 1 lakh popula on. A WHO collabora ve study in 12 countries showed
a stroke incidence rate of 0.2-2.5 per thousand popula on
years. Age-standardized rates for men were 2 per 1000 in
Colombo and 4-8 per 1000 in European countries. [1] Analysis
of the data from major urban hospitals in India suggests that
nearly 2% of all hospital cases, 4.5% of Medical and 20% of
Neurology unit admissions are from a stroke. [2] The prevalence rate of hemiplegia in South India is reported to be 56.9
per 1 lac popula on as compared to150-186 per 1 lac popula on in USA and Europe. The number of stroke pa ents
is likely to increase as the popula on ages. It is es mated
that, by the year 2025 in the USA, the por on of people
above 65 years of age will increase to 18.4% as compared
to 12.6% in 1995. [3] Most stroke deaths occur in low- and
middle-income countries and middle-income countries and
among non–western popula ons. [4] Black, Chinese, South
Asian, and Japanese popula ons have a higher incidence of
stroke compared with Caucasians. [5] In some Asian popula ons, the burden of cerebrovascular disease exceeds that
of coronary heart disease. In China, for example, stroke
is the second leading cause of death in urban areas [6] and
it is es mated that three mes as many Asian people die
from stroke than from coronary heart disease [4] The impact
of stroke on morbidity is also quite large. It seems prudent to view preven on as the most eﬀec ve strategy to
reduce the health and the economic consequences of stroke.
Preven on is facilitated bya be er understanding of predisposing host and the environmental factors. The rela ve
impact of each of these factors must be studied for eﬀec ve
risk factor modiﬁca on. Several large studies have provided
conﬂic ng results regarding the clinical signiﬁcance of elevated serum uric acid levels in cardiovascular or cerebrovascular diseases. Many studies including the NHANES [7] study

Methods: This hospital-based case-control study was performed in the Department of General Medicine, Prathima
Ins tute of Medical Sciences, Naganoor, Karimnagar. All the
subjects were interviewed, examined, and inves gated as
per the predesigned and pre-tested proforma. Biochemical
inves ga ons included es ma on of serum uric acid, serum
triglycerides, fas ng blood glucose, Renal func on tests, and
Liver func on tests.
Results: Mean Serum Uric Acid level was lower in the
pa ents with lacunar stroke as compared to the pa ents
with larger infarcts (6.16 ± 1.68 mg/dl vs. 6.73 ± 2.07
mg/dl). Bu hisdiﬀerence was not sta s cally signiﬁcant
as the p-value is >0.05.The correla on between SUA and
NIHSS score was studied with the help of Spearman rank
correla on. It was found that there was a signiﬁcant posi ve
correla on between SUA and NIH stroke scale score on
admission as well as at the me of discharge (p<0.05 for
both).
Conclusion: Elevated serum uric acid level is independently associated with acute ischemic stroke. It was
observed that serum uric acid levels were correlated with
hypertension, diabetes mellitus, smoking, obesity, and
metabolic syndrome. It was found that cases with elevated
serum acid levels had poor prognosis and overall mortality
rate.
KEYWORDS: Serum uric acid, ischemic stroke, risk factors,
metabolic syndrome
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concluded that uric acid is an independent risk factor for
the development of cardiovascular and cerebrovascular diseases. In contrast, the Framingham Heart Study [8] concluded
that an associa on between hyperuricemia and cardiovascular diseases merely reﬂects the link between serum uric
acid and other risk factors, including hypertension, renal disease, elevated lipoprotein levels, and the use of diure cs.
Therefore, it is unclear whether uric acid promotes or protects against the development of cerebrovascular disease or
simply acts as a passive marker of increased risk. Amidst this
controversy and lack of Indian data, it was decided to carry
out the present aimed to study uric acid levels in pa ents
with acute ischemic stroke.
MATERIAL AND METHODS
This hospital-based case-control study was performed in
the Department of General Medicine, Prathima Ins tute
of Medical Sciences, Naganoor, Karimnagar. Ins tu onal
Ethical commi ee permission was obtained for the study.
Inclusion criteria were Cases of acute ischemic stroke
admi ed to Medicine wards ,Conﬁrmed cases with Computed Tomography (CT) brain or Magne c Resonance Imaging (MRI) brain proved cases of acute ischemic stroke,
Healthy age and sex-matched cases were included as controls.
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SUA with acute ischemic stroke in a mul variate context.
Ischemic stroke was taken as the dichotomous independent
outcome variable and conven onal risk factors(e.g. hypertension, diabetes mellitus, etc.) as dependent predictor variables. P-value less than 0.05 was taken as signiﬁcant.
RESULT
Out of n=100 pa ents studied, n=63 were males and n=37
were females. Thus, there was a male preponderance in the
present study. Male: female ra o was 1.7: 1. The controls
were appropriately age and sex matched. The mean age of
cases was 60.05 ± 9.98 and the range was 36 to 86, whereas
the mean age of controls was 60.32 ± 10.11 (with the range
from 36 to 87 years). The diﬀerence between the two groups
was not sta s cally signiﬁcant (p = 0.85).
In this study, on univariate analysis, there was a signiﬁcant correla on between systemic hypertension and stroke
(X2 = 37.40, OR = 8.42, 95% C.I.=4.02-17.63, p=0.00).N=23
pa ents were diabe c whereas N=77 were non-diabe c
among cases. In the controls group, n=11 people were diabe c and the remaining 89 were non-diabe c. On univariate
analysis there was signiﬁcant associa on between diabetes
and ischemic stroke (X2 = 5.103, OR = 2.41, 95% C.I.= 1.10 –
5.27, p = 0.023)Table 1

Exclusion criteria were Pa ents with a known or possible cardiac source of emboli like atrial ﬁbrilla on ,valvular heart disease, pa ents receiving an coagulant treatment, Dura on of symptoms more than 48 hours, History of vascular disease (previous stroke, angina, myocardial infarc on, revasculariza ons, peripheral artery disease),
Pa ents receiving drugs aﬀec ng Serum Uric Acid (SUA) levels (diure cs, losartan, allopurinol, probenecid, atorvasta n,
fenoﬁbrate), Ac ve infec ons, malignancy, Endocrine diseases , Renal or liver disease

Risk Factors present

Cases

Controls

P value

Age (Mean±SD)

60.1±10

60.3±10

0.85

Hypertension

51

11

0.00*

Diabetes mellitus

23

11

0.023*

Metabolic syndrome

40

8

0.00*

Smoking

2

8

0.014*

Obesity

44

6

0.000*

Based on the inclusion and exclusion and sample size
calcula on using formula n=Z2 pq/E2 if 5% of the popula on
is aﬀected and the approximate popula on size is 500,000
then the sample size was n=73 we have included n=100
cases.
N=100 age and sex-matched healthy controls
selected randomly were also enrolled in the study. All the
subjects were interviewed, examined, and inves gated as
per the predesigned and pre-tested proforma.Biochemical
inves ga ons included es ma on of serum uric acid, serum
triglycerides, fas ng blood glucose, Renal func on tests, and
Liver func on tests.

BMI (Mean±SD)

25.1±3.1

22.9±2.9

0.00*

Sta s cal analysis: Sta s cal analysis was performed
with the help of SPSS19.0 so ware on Windows format. Stas cal analysis included the usualdescrip ve and univariate
analysis. Student t-test was used to compare con nuousvariables and the test was used to compare categorical variables. Unadjusted odds ra o with 95% conﬁdence interval
and p-value were calculated.In addi on to this, mul variate analysis was also performed to study the associa on of

* signiﬁcant

Table 1: Comparison of conven onal risk factors for
ischemic stroke (confounding variables) between cases and
controls
Among cases, n=20 pa ents were smokers and n=80
were non-smokers. In the controls group, the number
of smokers was n=8, and the remaining 92 controls were
nonsmokers. On univariate analysis there was signiﬁcant
associa on between smoking and ischemic stroke (X2 = 5.98,
OR = 2.87, 95% C.I. = 1.20 -6.88, p =0.014) given in Table 1
. In the present study, the mean serum uric acid (SUA)
level in cases was 6.48 ± 1.92 mg/dl whereas it was 5.09
± 1.07 mg/dl for controls. This shows that the mean serum
uric acid level was signiﬁcantly higher in cases as compared
to controls and this diﬀerence was sta s cally signiﬁcant
depicted in Table 2 .
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Serum Uric Acid
(SUA)

Cases

Controls

Mean±SD

6.5±1.9

5.1±1.1

Range

2.1 - 12

2.1 – 8

Median

6.55

4.9

Pvalue

<0.001

Table 2: Comparison of serum uric acid levels in cases and
controls
Table 3 Shows the associa on of various risk factors with
ischemic stroke in the mul ple logis c regression analysis.
This analysis shows that hypertension (OR= 0.152, 95% C.I.
= -2.82 to -0.947, z = -3.39, p = 0.00), smoking (OR = 0.405,
95%C.I. = -1.80 to -0.003, z = -1.966, p = 0.049), and obesity
(OR = 0.116, 95% C.I. = -3.321 to -0.995, z = -3.63, p = 0.00)
were found to be independently associated with ischemic
stroke. It was also found that serum uric acid was also
independently associated with ischemic stroke (OR = 1.487,
95% C.I. = 0.182 to 0.611, z = -3.625,p = 0.00).
Risk Factor

Odds
Ra o

95% CI of OR*

Pvalue

Hypertension

0.15

-2.82

-0.95

0.000

Diabetes Mellitus

0.96

-1.34

1.26

0.951

Metabolic
drome

0.66

-1.74

0.90

0.530

Smoking

0.41

-1.81

-0.03

0.049

SUA

1.49

0.18

0.61

0.000

Obesity

0.12

-3.32

-0.99

0.000

syn-

* 95% CI of OR= 95% Conﬁdence Interval of Odds Ra oe.

Table 3: Mul ple logis c regression analysis showing
associa on of various risk factors with ischemic stroke
Mean Serum Uric Acid level was lower in the pa ents
with lacunar stroke as compared to the pa ents with larger
infarcts (6.16 ± 1.68 mg/dl vs. 6.73 ± 2.07 mg/dl). But this
diﬀerence was not sta s cally signiﬁcant as the p-value is
>0.05.
Size of Infarct

Lacunar
Infarct
(N=44)

Large vessel infarct
(n = 56)

SUA (Mean±SD)

6.16±1.7

6.73 ±2.1

Range

2.3 mg/dl

9.9

2.1 mg/dl

Pvalue

0.15

12

Table 4: Rela onship between Serum Uric Acid and size of
the infarct
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The correla on between SUA and NIHSS score was studied
with the help of Spearman rank correla on. It was found
that there was a signiﬁcant posi ve correla on between SUA
and NIH stroke scale score on admission as well as at the
me of discharge (p<0.05 for both). Out of n=13 deaths,
the mean SUA for discharged pa ents was 6.16±1.68 mg/dl
and it was 8.60 ±2.16 mg/dlfor the pa ents who died in the
hospital. SUA levels were signiﬁcantly higher in the pa ents
who succumbed as compared to those who were discharged
from the hospital (p = 0.00)Table 4
DISCUSSION
Stroke is a major cause of mortality and morbidity in developed as well as developing countries. The well-recognized
risk factors like age, smoking, diabetes, hypertension, and
metabolic syndrome explain only a part of the cases.In this
study, there were n=63 male and n=37 female pa ents.
The male to female ra o was 1.7:1. The mean age of the
cases was 60.05+ 9.98 years with the range of 36 to86
years. These ﬁndings are consistent with the ﬁndings of
D Arjundaset al., [8] They observed a male: female ra o of
1.9:1 and the mean age of stroke pa ents as 61.7 ± 13.4
years. In the present study, the serum uric acid (SUA) levels
increased with increasing age with a correla on coeﬃcient
of r = 0.059 but this diﬀerence was not sta s cally signiﬁcant. The mean SUA levels were higher among males as compared to females but this diﬀerence did not a ain sta s cal
signiﬁcance (5.94 ± 1.72 vs. 5.51 ±1.64 mg/dl).Pearce et
al., [9] observed higher SUA values in males as comparedto
females (5.28 ± 0.66 vs. 4.47 ± 0.78 mg/dl). B. LongoMbenza et al., [10] found signiﬁcantly higher SUA levels in
males (6.6 ± 7 vs. 5.8 ± 6 mg/dl,). Similar results were
obtained in the study by Milionis et al., [11] the Study by
Karagiannis et al., [12] also showed signiﬁcantly higher levels
of SUA among males as compared to females (5.8 mg/dl
vs. 5.2 mg/dl, p<0.05). Higher SUA levels in males were
also observed by TuhinaNeogi et al., [13] In our study, out
of n=100, n=51 cases were hypertensive as compared to
n=11hypertensive pa ents among controls. This diﬀerence
was sta s cally signiﬁcant on univariate analysis. In the
mul ple regression analysis also, there was a signiﬁcant
correla on between stroke and hypertension. These ﬁndings are following the ﬁndings by D Arjundaset al., [8] of 72%
hypertensives among stroke pa ents in the Chennai popula on. Per Harmeson et al., [14] who studied the diﬀerent
risk factors in the Swedish popula on noted that systemic
hypertension is a risk factor for stroke. In our study, there
were n=23 diabe c subjects among cases. In the controls
group, n=11 subjects were found to be suﬀering from diabetes.Karagiannis et al., [12] observed lower SUA levels in diabe c subjects as compared to those without it. This discrepancy between our and other studies maybe because of
the diﬀerent ethnicity of the study popula on.In this study,
there were n=20 smokers and n=80 non-smokers in the cases
group while N=8 subjects in the controls group were smokers. These ﬁndings are following the observa ons made by
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D Arjundaset al., [8] who found a prevalence of 23.6% smokers among stroke pa ents. PerHarmeson et al., [14] noted
that smoking is a risk factor for stroke. In our study, we
found a signiﬁcant inverse correla on between SUA levels
and HDL cholesterol and a posi ve correla on between SUA
and serum triglyceridelevels. Lehto et al., [15] concluded that
SUA was signiﬁcantly associated with HDL cholesterol and
triglyceride levels.Bansal et al. [16] found a signiﬁcant correlaon between SUA and triglyceride(p<0.05). Results from the
PIUMA study [17] showed that mean HDL cholesterol levels
were signiﬁcantly lower and triglyceride levels were higher
in the pa ents in the highest uric acid quar le as compared
to those in the lowest quar le. In our study, we used the
Na onal Ins tute of Health Stroke Scale (NIHSS) to quan fy
stroke severity. It has been proved in earlier studies that
a higher NIHSS score portends a poor prognosis following
stroke. [18, 19] In the present study there was a signiﬁcant correla on between SUA level and NIHSS score on admission.
NIHSS. Scores on discharge also correlated signiﬁcantly with
SUA levels.SUA levels were also higher in pa ents with large
artery stroke as compared to those with lacunar stroke but
this diﬀerence was not found to be sta s cally signiﬁcant.
Limita ons of the study: It is diﬃcult to determine the
cause and eﬀect of serum uric acid in stroke pa ents. We
cannot determine whether the pa ents who suﬀered a
stroke had higher levels of serum uric acid before stroke
because such samples were out of scope in this study
therefore, it will be diﬃcult to determine whether higher
levels of uric acid were the result of the stroke. The results
of this study must be applied keeping in mind the above
limita ons.
CONCLUSION
Elevated serum uric acid level is independently associated
with acute ischemic stroke. It was observed that serum
uric acid levels were correlated with hypertension, diabetes
mellitus, smoking, obesity, and metabolic syndrome. It was
found that cases with elevated serum acid levels had poor
prognosis and overall mortality rate.
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