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ABSTRACT

The role of serum uric acid (SUA) levels as an independent risk factor for vascular disease has been questioned
for decades. Evidence from epidemiological studies suggest that the elevated SUA levels may predict an increased
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risk for cerebrovascular (CV) events including stroke. SUA can work as pro-oxidant under certain circumstances, particularly if the levels
of other antioxidants like ascorbic acid are low. Various studies have shown that uric acid can result in endothelial dysfunction which can
lead to vascular disease. An association between SUA and inflammatory markers has also been discovered. Moreover therapeutic modali-
ties with a SUA lowering potential have been shown to reduce CV disease morbidity and mortality.

INTRODUCTION:

Stroke is defined as “neurological deficit of cerebrovascu-
lar cause that persists beyond 24 hours or is interrupted by
death within 24 hours” " was the second most frequent
cause of death worldwide in 2011, accounting for 6.2 mil-
lion deaths (~11% of the total) 2. Early identification of in-
dividuals at risk could be of help in primary prevention
strategies .

Uric Acid is the most abundant aqueous antioxidant in
humans, and contributes as much as two-thirds of all free
radical scavenging capacity in plasma. It is particularly
effective in quenching hydroxyl, superoxide and perox-
ynitrite radicals, and may serve a protective physiological
role by preventing lipid peroxidation®. In a variety of or-
gans and vascular beds, local uric acid concentrations in-
crease during acute oxidative stress and ischemia, and the
increased concentrations might be a compensatory mecha-
nism that confers protection against increased free radical
activity *.

Evidence from epidemiological studies suggests that the
elevated SUA levels may predict an increased risk for cere-
brovascular (CV) events including stroke °. Moreover thera-
peutic modalities with a SUA lowering potential have been
shown to reduce CV disease morbidity and mortality®.

AIMS AND OBJECTIVES OF THE STUDY

1. To analyze the association between Serum Uric Acid
(SUA) and acute ischemic stroke and to assess its risk
factor potential using statistical analysis.

2. To also study the association between Serum Uric
Acid (SUA) and other risk factors namely hyperten-
sion, Diabetes mellitus, CAD and adverse lipid profile.

The blood samples were taken within 24 hrs of onset of

stroke and sent for biochemical analysis. The patients were

further evaluated for presence of additional risk factors like

Hypertension, Diabetes, Coronary artery disease, adverse

lipid profile, smoking and alcoholism.

MATERIALS AND METHODS

INCLUSION CRITERIA:

1. Patients who were admitted in our hospital with first-
ever-in life time acute ischemic nonembolic stroke with CT
scan evidence of infarction within 24 hrs of onset of stroke.

EXCLUSION CRITERIA:

1.  Patients with previous history of TIA / CVA

2. Patients who are on thiazide diuretics

3.  Patients who are known cases of gout or show clinical
evidences of gout.

4.  Patients with chronic renal failure

5. Patients whose CT scan show haemorrhage or other
space occupying lesions other than infarct.

6. Patients who were of known cardiac diseases which
could be sources of emboli or whose echocardiogram
shown sources of emboli.

7.  Patients with haemotological abnormalities like leuke-
mia or other myeloproliferative disorders.

All subjects gave informed consent and the study protocol

was approved by the Ethical Committee.

The blood samples were taken within 24 hrs of onset of
stroke and sent for biochemical analysis. The patients were
further evaluated for the presence of additional risk factors
such as hypertension, diabetes mellitus, coronary artery
disease, dyslipdemia, smoking and alcoholism.

STATISTICAL TOOLS
The information collected regarding all the selected cases
were recorded in a Master Chart. Data analysis was done
with the help of computer using Epidemiological Informa-
tion Package (EPI 2002).

Using this software, frequencies, percentage, mean, stand-
ard deviation, x* and ‘p’ values were calculated. A ‘p’ value
less than 0.05 is taken to denote significant relationship.

RESULTS
The observations made in this study are categorized, ana-
lysed and tabulated as under:

1. AGE DISTRIBUTION :

In this prospective study, 41 to 84 yrs old patients are in-
cluded. Majority of this stroke population are between 50
to 69 yrs old, (61 % of the population) with 33 Males and
28 females. The elderly population, above 70 yrs old con-
stitute 20 % of the population with 9 males and 11 females.

The mean age of the male population is 59.1 yrs and of the
female population is 60.5 yrs. The overall mean age of the
study population is 59.8 yrs.
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2. RISK FACTORS:

Hypertension constitutes the major risk factor in this stroke
population as 65 % of the population is hypertensive. 34
males and 31 females are hypertensives and form 68 % and
62 % in their respective population.

Diabetes mellitus ranks second as a risk factor, constitute
51% of the study population with 23 (46 %) males and 28
(56 %) females.

Coronary Artery Disease is associated in 32 % of the popu-
lation with 15 (30 %) males and 17 (34 %) females.

34 % of the stroke population has adverse lipid profile and
both sexes share equal number of hyperlipidemics (17 each ).

Among the male population, 34 (68 %) are smokers and 16
(32 %) are alcoholics.

Table 1 : Risk Factors according to sex

Risk Factor Cases
Males Females
No. % No. [%
a) Hypertension
Present 34 68 31 62
Absent 16 32 19 38
b) DM
Present 23 46 28 56
Absent 27 54 22 44
c) Smoking (among males)
Present 34 68 - -
Absent 16 32 50 100
d) CAD
Present 15 30 17 34
Absent 35 70 33 66
e) Hyper lipidemia
Present 17 34 17 34
Absent 33 66 33 66
f) Alcoholism
(among males)
Alcoholic 16 32 -
Non Alcoholic 31 62 50 100
Occasional Drinker 3 6 - -

3. Uric acid levels in study population

The distribution of uric acid levels in the study population

are as under:

e  Less than 5 mg / dl — 49 % (25 males and 24 females )

e Between 5 - 6.9 mg / dl - 26 % ( 13 males and 13 fe-
males )

e Above and equal to 7 mg / dl - 25 % (12 males and 13
females ).

Mean uric acid level in males is 5.41 mg / dl and in females

itis 5.47 mg / dl.
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4.AGE AND URIC ACID LEVELS

Age wise distribution of uric acid is found statistically sig-
nificant. As age advances the uric acid level also rises with
the ‘P “value of 0.0001. This significance is maintained even
when male and female populations are considered sepa-
rately. ("P’ of 0.0056 for males and 0.0077 for females).

Table 2 : Age and uric acid according to sex

Age group Uric Acid

Males Females

Mean  |S.D. Mean |S.D.
40 - 49 4.19 1.72 4.48 0.7
50 - 59 5.0 1.54 4.92 1.3
60 —69 542 1.53 5.54 1.51
70 =79 7.1 2.1 7.04 1.45
80 & above 8.4 - 4.8 0.85
P’ 0.0056 0.0077

Significant Significant

The mean uric acid value for 40 — 49 yrs group is 4.36 mg /
dl while the elderly agegroup of above 70 yrs has the mean
value 7.07 mg / dL

5: SEX AND URIC ACID LEVELS

There is no statistically significant association is found in
this study between sex and uric acid. The mean uric acid
level among male population is 5.41 mg / dl and among fe-
male population it is 5.47 mg / dl.

6. HYPERTENSION AND URIC ACID LEVELS

This study does not show any significant association be-
tween hypertension and uric acid. The mean uric acid level
in hypertensive population is 5.64 mg / dl and in non hy-
pertensive population is 5.06 mg/ dl.

There is no significant association found, also when males
and females are considered separately. The mean uric acid
levels for male hypertensives is 5.49 mg/ dl (non hyperten-
sive males- 5.24 mg /dl) and in females is 5.82 mg /dl (non
hypertensive females — 4.91 mg / dl ).

7: DIABETES MELLITUS AND URIC ACID LEVELS
There is a statistically significant association (p value- 0.
0006) found between the level of uric acid and Diabetes
mellitus. Among diabetics the mean uric acid value is 5.98
mg / dl while among non diabetics it is 4.88 mg / dl.

This association is more significant among males (p value
-0.0006) among whom the diabetics have 6.16 mg / dl as
mean uric acid level compared to non diabetics, 4.76 mg /
dl as mean value.

But, this association is not found significant in female popula-
tion. The mean uric acid level in diabetic women is 5.83 mg /
dl when compared to non diabetic women is 5.03 mg / dl.

8 :CAD AND URIC ACID LEVELS

In this study, mean uric acid level in this stroke population
with CAD is 6.46 mgs / dl and in those without CAD is
4.96 mgs / dl and thus establishes a statistically significant
relationship (‘p’ 0. 0004 ).

When males and females are considered, males have a sig-
nificant association with a ‘p’ value of 0. 0003. Female pop-
ulation does not show such association. (See table)

9.HYPERLIPIDEMIA AND URIC ACID LEVELS
Mean uric acid level in hyperlipidemic stroke population is
5.75 mgs / dl and compared to 5.28 mgs / dl mean uric acid
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level in patients with out hyperlipidemia do not show any
statistically significant relationship.

There is no statistically significant relationship even when
males and females are analysed separately.

10. SMOKING AND URIC ACID LEVELS

Mean uric acid level in smokers is 5.14 mg / dl and among
non-smokers is 5.96 mgs / dl. Thus in this study there is no
statistically significant relationship between smoking and
uric acid.

RISK FACTORS IN POPULATION WITH HIGH URIC
ACID LEVEL (ie.>7mgs /dl)

Table 3 : Risk Factors and uric acid levels </ > 7 mgs / dl
Risk Factor

Uric acid
< 7mg/dl > 7mg/dl
No. % No. |%

a) Hypertension

Present 45 60 20 80
Absent 30 40 5 20
o4 0.1156
Not significant

b) DM

Present 34 453 (17 68
Absent 41 54.7 |8 32
o4 0.0832

Not significant

¢) Smoking (among males)(50)

Present 27 711 |7 58.3
Absent 11 289 |5 41.7
o4 0.314

Not significant
d) CAD
Present 15 20 17 68
Absent 60 80 8 32
v 0.0001

Significant
Risk Factor Uric acid

< 7mg/dl > 7mg/dl

No. |% No. |%

e) Hyper lipid

Present 22 29.3 [12 48
Absent 53 70.7 |13 52
v 0.1436

Not significant

f) Alcoholism (among males)

Alcoholic 15 395 |4 33.3
Non Alcoholic 23 60.5 |8 66.7
v 0.6858

Not significant
No risk factor 7 93 |2 8
At least one risk factor 68 90.7 [23 92
v 0.6008

Not significant
Age
>65 11 42.3 |15 57.7
<65 64 86.5 [10 13.5
P’ 0.0001

Significant

Further analysis is done to analyse the relationship be-
tween uric acid levels less than and more than 7 mgs / dl
and the risk factors. This analysis shows age more than 65
yrs and CAD have statistically significant relationship with
uric acid level.
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DISCUSSION

Our study was conducted on 100 Stroke patients of which
males and females were equal in number and hence there
is no sex bias. Mean age in males is 59.1 years and fe-
males 60.1 years. Mean uric acid levels in males 5.41mg/dl
and 5.47mg/dl in females. Distribution of risk factors also
is more or less in similar pattern (Hypertension: males-34,
females-31; Diabetes mellitus: males-23, females-28; CAD:
males-15 females-17 ; Hyperlipidemia ; males-17, females-
17). Millinois et al and Waring et al found high levels of
SUA in males, which is not seen in our study.”.

However, in elderly population both sexes show high lev-
els of SUA which has statistical significance. Our study is
consistent with Milinois et al who found elevated .SUA in
individuals older than 70 years.” Regarding the association
between risk factors and both sexes, CAD is significantly
associated with high uric acid levels in both sexes whereas
DM is associated only with males and not with females.

In this study, most of the patients belongs to anterior circu-
lation territory, especially of middle cerebral artery region
with commonest presentation being hemiplegia. As most of
the posterior circulation strokes have masquerading clinical
presentations and often lack CT scan evidence of infarction,
they are not included in this study to avoid inclusion bias.

Age is the most common non-modifiable risk factor for the
development of stroke ®. In this study, 25 % of the patients
are above 65 yrs with 12 males and 13 females. Mlllinois et
al studied .163 patients above 70 yrs studied for association
of SUA and stroke concludes that SUA is associated with
an increased risk for acute ischemic nonembolic stroke in
elderly patients independently of concurrent metabolic de-
rangements. This study also shows evidences for a signifi-
cant association between SUA and elderly stroke popula-
tion, and the association was maintained even when both
sexes are considered separately. These findings are consist-
ent with those in this study.

Hypertension is the most common modifiable risk factor for
stroke . SUA is also commonly associated with hyperten-
sion *!’. Elevated SUA level is an independent predictor of
hypertension in 25 % of patients with new onset untreated
primary hypertension. In this study, Hypertension consti-
tutes the major risk factor as 65 % of the stroke population
is hypertensive. The mean uric acid level of hypertensive
patients is 5.64 mgs / dl and of nonhypertensive is 5.06 mgs
/ dl and thus this study does not show any statistically sig-
nificant relationship between SUA and hypertension.

Diabetes mellitus ranks second as a risk factor in this
study, constitute 51 % of the study population. Lehto s et
al'' conducted study involving 1017 persons with NIDDM,
concludes that hyperuricemia is a strong predictor of stroke
events in middle aged persons with NIDDM, independent-
ly of other CV risk factors.

SUA levels are often increased in subjects with MetS >4,
In this study, with the mean SUA level of 598 mgs / dl
among diabetics and 4.88 mgs / dl among non-diabetics
there is a strong association between SUA and DM. Further
analysis shows this association is more stronger among
males (mean SUA in male diabetics -6.66 mgs / dl vs non-
diabetic males- 4.76 mgs /dl)than females. Thus this study
strongly favours for an association between SUA and acute
ischaemic / nonembolic stroke in diabetic population.

SUA is significantly associated with cardiovascular mortal-
ity in certain
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epidemiological studies .Rotterdam study'® which had 4385
participants with follow up of 8.4 years showed that SUA
is a strong risk factor for myocardial infarction and stroke.
In this study CAD is found in 32 % of the patients with 15
males and 17 females. The mean SUA level in this CAD
population is 6.46 mgs / dl comparing this to patients with-
out CAD is 4.96 mgs / dl which shows a strong statistical
significance. Among those 32 stroke patients with CAD 17
have SUA > 7 mgs / dl. This also shows a strong statisti-
cal significance with a “p’ value of 0.0001. Hence this study
strongly favours Rotterdam study and suggests SUA is a
strong risk factor for myocardial infarction and stroke.

Several prospective studies ' have shown that higher lev-
els of total cholesterol increase the risk of ischaemic stroke.
Amerenco p et al conducted a meta- analysis of 90000 pa-
tients showed that administration of statins reduces the risk
of stroke among patients with CAD and that this risk re-
duction is primarily related to the extent to which LDL-C
levels are lowered. In some studies ' relating Met S and
SUA, increased SUA levels correlated with low HDL-C lev-
els.

In our study, hyperlipidemia is considered separately and
not as a part of Met S. Moreover, most of our patients in
this study population are from low socio-economic group
and are not found obese. In this study, the mean uric acid
level in hyperlipidemic patients is 5.75 mgs / dl and in pa-
tients without hyperlipidemia is 5.28 mgs / dl and does not
show any significant association between these variables.
Out of 34 patients with hyperlipidemia in this study, only
12 are found to have SUA >7 mgs / dl.

Among the other risk factors like smoking and alcoholism,
they are not considered as separate risk factors in many pi-
lot studies of this kind. This study also fails to show any
statistically significant relationship between SUA and these
risk factors when considered separately.

Further analysis between < 7mgs/dl and> 7 mgs / dl SUA
groups also maintain the association between high SUA
and the risk factors namely age and CAD.

CONCLUSION

This study shows that elevated SUA is strongly associated
with an increased risk for the development of acute ischae-
mic/ non-embolic stroke in this study population.

The association between elevated SUA and ischaemic
stroke may need to be considered especially when treating
elderly patients, diabetics and the population with coro-
nary artery disease.

Elevated SUA can be considered as one of the risk factors
for acute ischemic non-embolic stroke.

Lowering of SUA level can be considered as one of the pre-
ventory modalities for stroke while treating high risk popu-
lation.

It is also suggested that further studies are required to as-
sess whether lowering of SUA level with drugs can actually
reduce the risk of ischemic stroke.

REFERENCES :

1. World Health Organisation (1978). Cerebrovascular Disorders (Offset
Publications). Geneva: World Health Organization. ISBN 92-4-170043-
2. OCLC 4757533

2. «The top 10 causes of death». By World Health Organisation WHO

3. Squadrito GL, Cueto R, Splenser AE, Valavanidis A, Zhang H, Uppu

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Original Research Paper

RM, et al. Reaction of uric acid with peroxynitrite and implications for
the mechanism of neuroprotection by uric acid. Arch Biochem Biophys
2000; 376: 333— 337.

Nieto FJ, Iribarren C, Gross MD, Comstock GW, Cutler RG. Uric acid
and serum antioxidant capacity: a reaction to atherosclerosis? Atheroscle-
rosis 2000; 148:131-9.

Daskalopoulou SS, Athyros VG, Elisaf M, Mikhailidis DP. Uric acid lev-
els and vascular disease. Curr Med Res Opin 2004; 20: 951—4.

Hoieggen A, Alderman MH, Kjeldsen SE et al., LIFE Study Group. The
impact of serum uric acid on cardiovascular outcomes in the LIFE study.
Kidney Int 2004; 65: 1041-9.

Milionis HJ, Kalantzi KJ, Goudevenos JA, Seferiadis K, Mikhailidis DP,
Elisaf MS. Serum uric acid levels and risk for acute ischaemic non-em-
bolic stroke in elderly subjects. | Intern Med 2005; 258: 435 —441.
Rathmann W, Funkhouser E, Dyer AR, Roseman JM. Relations of hy-
peruricemia with the various components of the insulin resistance syn-
drome in young black and white adults: The CARDIA study [Coronary
Artery Risk Development in YoungAdults]. Ann Epidemiol 1998; 8: 250
—261.

Sundstrém J, Sullivan L, D’ Agostino RB, Levy D, Kannel WB, Vasan RS.
Relations of serum uric aid to longitudinal blood pressure tracking and
hypertension incidenceintheFraminghamHeartStudy. Hypertension 2005;
45: 28-33.

Masuo K, Kawaguchi H, Mikami H, Ogihara T, Tuck ML. Serum uric
acid and plasma norepinephrine concentrations predict subsequent
weight gain and blood pressure elevation Hypertension 2003; 42: 474—
480.

Lehto S, Niscanen L, Ronnemaa T, Laasko M. Serum uric acid is a strong
predictor of stroke in patients with non-insulin dependent diabetes
mellitus. Stroke 1998; 29: 635-

Schmidt MI, Duncan BB, Watson RL, Sharrett AR, Brancati FL, Heiss G.
A metabolic syndrome in whites and African-Americans: The Ath-
erosclerosis Risk in Communities baseline study. Diabetes Care 1996; 414
- 418.

Yoo TW, Sung KC, Shin HS, Kim BJ, Kim BS, Kang JH, et al. Relationshi
between serum  uric acid concentration and insulin  re-
sistance and metabolic syndrome. Circ J 2005; 69: 928 — 933.

Athyros VG, Mikhailidis DP, Kakafika Karagiannis function and serum
uric acid levels and their relation to vascular events in patients with cor-
onary heart disease and metabolic syndrome: A subgroup analysis of the
GREek Atorvastatin and Coronary heart disease Evaluation (GREACE)
Study. Nephrol Dial Transplant 2007; 22: 118 - 127.

Bos MJ, Koudstaal PJ, Hofman A, Witteman JC, Breteler MM. Uric acid
is a risk factor for myocardial infarction and stroke: The Rotterdam
study. Stroke 2006; 37: 1503— 1507.

Zhang X, Patel A, Horibe H, Wu Z. Asia Pacific Cohort Studies Collobo-
ration. Cholesterol, coronary artery disease and stroke in the Asia Pacific
Region. Int ] Epidemiol 2003; 32: 563-572.

Horestein RB, Smith DE, Mosca L. Cholesterol predicts stroke mortality
in the Women'’s Pooling Project. Stroke 2002; 33c :1863-1868.

Astrios Kargiannis MD, Dimitri P. Mikhalidis MD, Konstantinos Tzioma-
los MD. Uric acid independently predicts early death after stroke. Circu-
lation Journal 2007; 71 : 1120- 1127.

Gain MP, Xue YM, Shan J, Zhou L. SUA in type 2 diabetic patients com-
plicated by stroke. Di Yi Jun Yi Da Xue Xue Bao 2002 ; Jan ; 22(1) : 70-
71.

196 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




