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Introduction: 
Stroke is classically characterized by a neurological decit attributed 
to an acute focal injury of the central nervous system (CNS) by a 
vascular cause, including cerebral infarction, intracerebral 
hemorrhage (ICH), and subarachnoid hemorrhage (SAH), and is a 

1major cause of disability and death worldwide.

Functional outcome after stroke is subject to complex interactions with 
multiple factors, including age, gender, ethnicity, pre-existing 
morbidity, stroke severity, acute interventions, and post stroke care. 
Other important predictors of outcome include causal type of stroke, 
sedentary lifestyles, alcoholism and cigarette smoking, hypertension, 
diabetes, dyslipidemia, coronary artery disease, atrial brillation, and 
previous history of stroke or TIA. 

A direct relationship between the levels of the natural antioxidant uric 
acid and the risk of coronary or cerebrovascular ischemic events has 
been suggested. Several studies have provided conicting results 
about the relationship of high or low serum uric acid levels with good 
functional outcome after ischemic stroke. The exact association 
between stroke outcomes and serum uric acid levels remains to be 

2,3elucidated.  

This study was intended to study the prognostic signicance of blood 
levels of serum uric acid in patients of acute ischemic stroke.

Materials and methods: This study was undertaken in the 
Department of Medicine, Jawaharlal Nehru Medical College and 
Hospital, AMU, Aligarh. 102 patients who were admitted with the 
diagnosis of acute ischemic stroke on clinical as well as radiological 
grounds were recruited in the study.

Inclusion criteria: All patients age ≥ 18 years presenting with acute 
ischemic stroke.

Exclusion criteria:  Patients age < 18 years, Hemorrhagic stroke, 
Previous TIA/ ischemic attack, Hyperuricemia, known patients of 
gout, Fever at presentation, Patients who had surgery within last 3 
weeks, Patients on immunosuppressive agents or steroids were 
excluded from the study.

Methodology: For the purpose of accuracy and consistency; the WHO 
denition of stroke was adapted. To qualify as an acute stroke; only 
patients who presented with a focal or global disturbance of cerebral 
function within 48 hours were considered. A detailed clinical history 
was taken and examination ndings were recorded.

Complete blood counts, RFT, Blood sugar levels, lipid prole, ESR, 

TSH, serum uric acid, chest X-ray, ECG and brain imaging (NCCT 
head/ MRI brain) were done in all the patients. 

Measurement of Outcome: Neurological and functional outcome 
was assessed by Modied Rankin Scale at day 90. We dened poor 
outcome as mRS 2 or more (m RS >2), because it was suggested that 

4using this cutoff point makes it easier to dene poor outcome . 

Biochemical parameters:
Complete blood counts: By automated machine (NIKOH KOHDEN 
Celltac hematology analyser)

Serum uric acid: By VITROS 4600 chemistry analyser

Principle:  The VITROS URIC Slide is a multilayered, analytical 
element coated on a polyester support. A drop of patient sample is 
deposited on the slide and is evenly distributed by the spreading layer 
to the underlying layers. Uric acid from the sample migrates to the 
reagent layer, where it is oxidized in the presence of uricase to form 
allantoin and hydrogen peroxide. Hydrogen peroxide oxidizes a leuco 
dye in the presence of peroxidase to generate a coloured dye. The 
reection density of the dye is measured by reectance 
spectrophotometry.

Specimen collection:  Using standard laboratory procedure, sample 
should be centrifuged to separate serum within 4 hours of collection.
Normal values:  Male 3.5-8.5 mg/dl, Female 2.5-6.2 mg/dl

CT scan head: was done by SOMATOM Emotion eco (16-slice 
conguration) which has increased efcacy with linked database, fast 
reconstruction, workstream 4D, and dose reduction with CARE Dose 
4D. 
MRI Brain: was done by the Magnetom Avanto with Tim+ Dot Fit 
model of Siemens with 48 channels, the most updated of 1.5 Tesla MRI 
scanners. A Tim+ Dot System is the landmark in 1.5T imaging. In 
combination with a dramatic reduction in acoustic noise and a 
comprehensive application range upto 205cm, whole body imaging 
offers a high level of exibility with high diagnostic condence due to 
exceptional magnet homogeneity for excellent fat saturation.

Statistical Analyses:
Statistical analysis was done using SPSS version 20. Results were 
expressed as mean ± standard deviation and percentage. Univariate 
analysis was performed using Independent T test for continuous 
variables and Chi Square test for categorical variables. Spearman's 
correlation coefcient (r) was used to show correlation between 
variables. Logistic regression analysis was used to assess the 
independent contribution of variables statistically signicant on 
univariate analysis in the prediction of outcome. 
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ABSTRACT
Background: Functional outcome after stroke is subject to complex interactions with multiple factors. A direct relationship between the levels of 
the natural antioxidant uric acid and the risk of coronary or cerebrovascular ischemic events has been suggested. The exact association between 
stroke outcomes and serum uric acid levels remains to be elucidated. Materials and methods: This study was undertaken in the Department of 
Medicine, Jawaharlal Nehru Medical College and Hospital, AMU, Aligarh, over a period of two years.102 patients who were admitted with the 
diagnosis of acute ischemic stroke on clinical as well as radiological grounds were recruited in the study. Results: Mean serum uric acid was 4.733 ± 
1.511 mg/dl. Minimum uric acid 2.1 mg/dl and maximum uric acid was 7.2 mg/dl. The (mean ± SD) of serum uric acid was higher in patients with 
good outcome (6.20 ± 0.91mg/dl) and lower in patients with poor outcome (3.70 ± 0.82mg/dl). The difference between the two groups was 
statistically signicant (p<0.01).Conclusion: Our study concluded that serum uric acid levels are independent predictors of good outcome in acute 
ischemic stroke and can be used as prognostic indicators of functional outcome at 3 months in patients of acute ischemic stroke.
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Results: 
Mean age of the patients was 64.69 ± 8.735 years, minimum age was 
43 years and maximum age was 82 years. Out of 102 patients, 60 (59%) 
were males and 42 (41%) were females. 

TOAST Classification: When patients were classied according to 
TOAST subtype, maximum number of patients were found to be of 
large vessel disease stroke (n =28). There were 24 patients each in the 
small vessel disease and undetermined etiology group. 22 patients 
suffered from cardio embolic stroke and 4 patients were classied as 
having other subtype of stroke.

Figure 1: Distribution according to TOAST classification in study 
group

OCSP Classification: When patients were classied according to 
OCSP classication, maximum number of patients were found to be 
having PACS subtype of stroke (n=38). There were 22 patients each of 
TACS and POCS subtype and 20 patients of LACS  subtype.

Figure 2: Distribution according to OCSP classication in study 
group.

Serum uric acid: Mean serum uric acid was 4.733 ± 1.511 mg/dl. 
Minimum uric acid 2.1 mg/dl and maximum uric acid was 7.2 mg/dl.

Table 1: Mean uric acid in study group.

Figure 3: Mean uric acid in study group.

Modified rankin scale (m RS):
Out of 102 patients, 60 patients had poor outcome (m RS >2) and 42 
patients had good outcome (m RS ≤ 2). 

Figure 4: Distribution of poor and good outcome in study group.

For the purpose of correlation of various variables with outcome, 
patients were divided into 2 groups: Good outcome: m RS ≤ 2, Poor 

outcome: m RS > 2

TOAST Classification:
As shown in table 2, amongst patients with LVD, majority had poor 
outcome (n=24) and 4 had good outcome. Similarly, greater number of 
patients of cardio embolic stroke had poor outcome (n=16). Amongst 
patients of SVD, greater number (n=18) had good outcome and 6 had 
poor outcome. There were 4 patients of other subtype and all had good 
outcome. 10 patients of undetermined etiology subtype had good 
outcome and 14 patients had poor outcome.

The difference between the 2 outcome groups with respect to TOAST 
classication was statistically signicant (p<0.05).

Table 2: Distribution of TOAST stroke subtypes in the 2 outcome 
groups.

Figure 5: Distribution of TOAST stroke subtypes in the 2 outcome 
groups.

Serum uric acid:
As shown in table 3, the (mean ± SD) of serum uric acid was higher in 
patients with good outcome (6.20 ± 0.91mg/dl) and lower in patients 
with poor outcome (3.70 ± 0.82mg/dl). The difference between the two 
groups was statistically signicant (p<0.01).

Table 3: Difference in mean serum uric acid in the 2 outcome 
groups.

Figure 6: Difference in mean serum uric acid in the 2 outcome groups.
Also, as depicted in table 4, there was a negative correlation between 
serum uric acid and functional outcome according to m RS. As serum 
uric acid increased, m RS grade decreased with a correlation 
coefcient of -0.768 and the result was statistically signicant (p 
<0.01)

Table 4: Correlation between serum uric acid and functional 
outcome according to m RS.
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MEAN
STANDARD 
DEVIATION

MINIMUM MAXIMUM

S. URIC ACID 4.733 1.511 2.1 7.2

m RS ≤ 2 m RS > 2 X² p value

LVD 4(14%) 24(86%) 27.167 <0.05

SVD 18(75%) 6(25%)

CE 6(27%) 16(73%)

OTHER 4(100%) 0

UE 10(41%) 14(59%)

Serum Uric acid (mean ± SD ) p value

m RS ≤ 2 6.20 ± 0.91 <0.01

m RS > 2 3.70 ± 0.82

SPEARMAN CORRELATION 
COEFFICIENT (r)

p value

m RS -0.768 <0.01



Figure 7: Box plot showing correlation between serum uric acid and 
functional outcome according to m RS.

Figure 8: Scatter plot showing correlation between serum uric acid 
and functional outcome according to m RS.

Discussion 
Studying long term stroke outcomes regarding neurological 
impairments as well as activity limitations, and the factors affecting 
them is important to guide further improvements in treatment protocol. 
A number of clinical variables like age, sex, initial stroke severity, 
subtype of stroke, smoking, alcoholism, diabetes mellitus, 
hypertension, CAD, and atrial brillation are associated with stroke. 
Biochemical variables like dyslipidemia, raised ESR, deranged TSH, 
and uncontrolled blood sugar also affect stroke outcome. 

Serum uric acid, an end product of purine metabolism, has recently 
been studied for its anti-oxidant properties as well as a risk factor for 
cardiovascular and cerebrovascular atherothrombotic events.

In our study, mean age of the patients was 64.69 ± 8.735 years, 
minimum age was 43 years and maximum age was 82 years. Maximum 
patients were in the age group 60-69 years. Ginsberg et al (2013) 
conducted a study on 841 subjects and the mean age was 64.1 ± 12.9 

5years .

The TOAST (Trial of Org 10 172 in Acute Stroke Treatment) 
classication was based on clinical ndings detected by history and 
examination, the results of brain imaging, and the ndings of ancillary 
testing including vascular and cardiac imaging. Given in 1993, this 
classication system is important in determining the cause of stroke 
which helps in guiding further treatment. In our study, amongst 
patients with LVD, majority had poor outcome (n=24, 85%) and 4 had 
good outcome. Similarly, greater number of patients of cardio embolic 
stroke had poor outcome (n=16, 72%). Amongst patients of SVD, 
greater number (n=18, 75%) had good outcome and 6 had poor 
outcome. There were 4 patients of other subtype and all had good 
outcome. 10 (41%) patients of undetermined etiology subtype had 
good outcome and 14 (59%) patients had poor outcome. The difference 
between the 2 outcome groups with respect to TOAST classication 
was statistically signicant (p<0.05). Also, on application of 
regression analysis, LVD was found to be an independent predictor of 
poor outcome and SVD was found to be an independent predictor of 
good outcome. Shuolin wu (2017) conducted a study on 2907 patients 
and found that subtype of stroke according to TOAST classication 
signicantly affected long term functional outcomes. It was reported 
that 67% patients of cardio embolic stroke had poor outcomes, 59% 
patients of LVD had poor outcomes, and 65% patients of SVD had 
good outcomes. In the Tinzaparin in Acute Ischemic Stroke Trial 
(TAIST) trial conducted by (Sprigg et al., 2007), it was found that 
recovery differs amongst stroke subtypes, with SVD stroke improving 
most and CE the least.6 Consistent with other work, it was shown that 
most recovery occurs early and early recovery was associated with 
good functional outcome. Omori et al (2012) conducted a study on 
2052 patients and found that statistically signicant difference was 
found in m RS grades according to causal subtypes. Poor outcomes 
were seen the most in CE stroke (41%), and LVD (36.7%) and least in 

7  SVD stroke (20%).

In our study, the (mean ± SD) of serum uric acid was higher in patients 
with good outcome (6.20 ± 0.91mg/dl) and lower in patients with poor 
outcome (3.70 ± 0.82mg/dl). The difference between the two groups 
was statistically signicant (p<0.01). High uric acid levels at baseline 
were found to be an independent predictor of good outcome on 
regression analysis. Chamorro et al (2002) studied 881 subjects and 
found that the mean serum uric acid levels were higher in patients with 
no/mild disability (5.30 mg/dl) and signicantly lower in patients with 

moderate/severe disability (4.84 mg/dl). It was also found that there 
was a 12% increase in the odds of good clinical outcome for each 

8milligram per decilitre increase of uric acid.  Wu et al (2014) studied 
1452 patients and found similar results. Wu et al (2017) conducted a 
study on 2907 patients and concluded that those with serum uric acid 

9,10levels <3.71 mg/dl had poor functional outcome.  Wang et al(2018) 
divided a cohort of 1167 patients into 4 quartiles according to uric acid 
levels and showed that patients with uric acid levels >6.2mg/dl had the 
best neurological outcomes and those with serum uric acid levels 

11<3.98 mg/dl had the worst neurological outcomes. Aditya et al (2016) 
studied 193 ischemic stroke patients and found that higher serum uric 
acid level was associated with good clinical outcome.12 Similar 

13ndings were also reported by Bandyopadhyay et al (2015) . 

However, conicting results were reported by Weir et al (2003) who 
studied 3731 patients and found that higher serum uric acid levels 
predicted poor outcome14. Behera et al (2017) also reported same 

15results.  Regarding the role of uric acid as a risk factor of 
cardiovascular and cerebrovascular diseases, it has been found that 
uric acid was an independent predictor of stroke or excess mortality in 
patients with non–insulin-dependent diabetes mellitus, isolated 
systolic hypertension, or essential hypertension. The Atherosclerosis 
Risk in Communities (ARIC) Study observed that the level of uric acid 
was directly and signicantly associated with B-mode ultrasound 

16carotid intimal-medial thickness . The Framingham cohort also found 
a greater risk for developing cardiovascular disease in male subjects 

17with gout . Contrarily, the Framingham Heart Study did not nd uric 
18acid to be an independent risk factor for cardiovascular disease . 

Therefore, it has been argued that hyperuricemia could be a 
compensatory mechanism to counteract oxidative damage related to 
atherosclerosis and aging in humans. Our ndings further suggest that 
increased uric acid concentration provides a more efcient antioxidant 
capacity that decreases the adverse effects of brain ischemia. 

Assuming the importance of oxidative stress in patients with brain 
ischemia, antioxidant property of uric acid is recently being evaluated 
as therapeutic intervention in ischemic stroke. Romanos et al (2007) 
reported that urate exerts additive neuroprotection to the benets of 
recombinant tissue plasminogen activator in a rat model of 

19thromboembolic stroke . Waring et al (2003) showed that high UA 
concentrations are associated with increased serum antioxidant 
capacity and reduced oxidative stress during acute physical exercise in 

20healthy subjects . These ndings indicate that the antioxidant 
properties of UA are of biological importance in vivo. Llull et al (2015) 
conducted a study which showed that in women with acute ischemic 
stroke treated with alteplase, the administration of UA reduced infarct 
growth in selected patients and was better than placebo to reach 

21excellent outcome . Chamorro et al (2017) showed in a cohort of 45 
patients that uric acid therapy was safe and improved outcomes in 
stroke patients receiving intravenous thrombolysis followed by 

22thrombectomy . With even more emerging evidence, it is quite 
probable that uric acid can be used as a potential future therapy for 
ischemic stroke patients.

Conclusion 
Our study concludes that serum uric acid levels are independent 
predictors of good outcome in acute ischemic stroke and can be used as 
prognostic indicators of functional outcome at 3 months in patients of 
acute ischemic stroke. 
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