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Background: Cardiovascular disease (CVD) has become a major
health issue in India & is probably one of the most preventable
disease. Studies have quoted serum uric acid (SUA) & killip class as
bad prognostic indicator in patients of myocardial infarction (MI).
Objective: This study aims to find the role of SUA & killip
classification as prognostic marker in patients of MI.
Material & methods: Fifty patients of acute MI fulfilling the
inclusion and exclusion criteria were compared with 50 age and sex
matched healthy controls. A detailed history and physical
examination with special reference to Killip class was carried out.
Patients were followed up till hospital stay & then in OPD. SUA was
measured on day 0, 3, 7 and also on day 30 of MI. SUA levels &
Killip class was compared with coefficient of correlation.
Results: There was a statistically significant higher level of SUA in
patients of acute MI on day of admission as compared to controls (p
< 0.05). At the time of admission, patients in killip class III & IV had
higher SUA levels than those in class I & II. Four patients who died
during follow up were in class IV. SUA levels are positively
correlated to killip class i.e higher the SUA levels higher is Killip
class.
Conclusion: Higher SUA & higher killip class can be considered as
indicator of bad prognosis in patients of MI.
Keywords: Serum uric acid, killip classification, myocardial
infarction, prognostic marker, cardiovascular disease

Introduction
Myocardial infarction (MI) commonly
known as a heart attack is the interruption
of blood supply to part of the heart,
causing heart cells to die. This is most
commonly due to occlusion of a coronary
artery following the rupture of a
vulnerable atherosclerotic plaque, which
is an unstable collection of lipids and
macrophages in the wall of coronary
artery. The resulting ischemia and oxygen
shortage, if left untreated for a sufficient
period of time, can cause damage or
death (infarction) of myocardium. In 2002,
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12.6 percent of deaths worldwide were
from ischemic heart disease. [1] In India,
cardiovascular disease (CVD) is the leading
cause of death. [2] Although a relatively
new epidemic in India, it has quickly
become a major health issue with deaths
due to CVD expected to double during
1985-2015. [3-4]
Classical symptoms of acute MI
include sudden chest pain typically
radiating to the left arm or left side of the
neck,
breathlessness,
vomiting,
palpitations, sweating, and anxiety (often
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described as a sense of impending doom).
MI can occur without any warning
symptoms. These are called silent MI.
Some may be associated with "atypical'
symptoms, such as heartburn, nausea, or
sudden light-headedness and sweating.
These are more common in women,
diabetics, and people older than 65 years.
[5]
Risk factors for atherosclerosis are
generally the risk factors of MI. [6] Older
age, Male sex, Tobacco smoking,
Hypercholesterolemia (more accurately
hyperlipoproteinemia, especially high- LDL
and low-HDL), Hyperhomocysteinemia
(high homocysteine), a toxic blood amino
acid that is elevated when intakes of
vitamins B2, B6, B12 and folic acid are
insufficient), Diabetes (with or without
insulin resistance), High blood pressure,
Obesity (defined by a body mass index of
more than 30 kg/m² or alternatively by
waist to hip ratio >0.9 in women & >1.0 in
men).[6]
Many of these risk factors are
modifiable; so many heart attacks can be
prevented by maintaining a healthier
lifestyle. Physical activity, for example, is
associated with a lower risk profile. [7]
Non-modifiable risk factors include age,
sex, and family history of an early heart
attack (before the age of 60), which is
thought of as reflecting a genetic
predisposition.
Diagnosis is made when there is a
rise and/or fall of cardiac biomarkers,
along with supportive evidence in the
form of typical symptoms, suggestive
electrocardiographic changes, or imaging
evidence of new loss of viable
myocardium or new regional wall motion
abnormality. [8]
Over recent years there has been
renewed debate about the nature of the
association
between
raised
SUA
[9]
concentration and CVD.
Several large
studies have identified the value, in
populations, of SUA concentration in
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predicting the risk of cardiovascular
events, such as MI. [10, 11] The First
National
Health
and
Nutrition
Examination Survey [12] (NHANES I)
Epidemiologic Follow-up Study was done
to study the importance of hyperuricemia
as a risk factor in persons with ischemic
heart disease. It was done among 5,421
persons. Baseline data were collected in
1971-1975 and follow-up was through
1987. It was observed that no associations
were seen among men, but, among
women, the serum uric acid level was
predictive of mortality from all causes and
from ischemic heart disease. [12]
Cross-sectional population-based
study of epidemiological follow-up data
from the First National Health and
Nutrition Examination Survey (NHANES I)
from 1971-1975 (baseline) and data from
NHANES I Epidemiologic Follow-up Study
(NHEFS) carried to determine the
association
of
SUA
levels
with
cardiovascular mortality concluded that
increased SUA levels are independently
and significantly associated with risk of
cardiovascular mortality. [13]
Torun et al [14] noted that the risk
of death due to ischemic heart disease
increased by 77% (men) and by 300%
(women) when SUA levels were in the
highest quartile (> 416 µmol/L or 7 mg/dL)
compared with the lowest quartile (< 321
µmol/L or 5.4 mg/dL).
Some studies have correlated
higher SUA levels with Killip class as a bad
prognostic marker in patients of MI.
[15,16,17]

SUA levels, killip class can be used
as indicator of bad prognosis in patients of
MI. Killip classification is indicator of
severity
of
heart
failure.
Killip
classification include four classes where
Class I is No sign of pulmonary or venous
congestion, Class II is Moderate heart
failure, as crackles in the lungs with S3
gallop & elevated JVP, Class III is severe
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heart failure, pulmonary edema, Class IV
is cardiogenic shock with systolic BP <90
mm Hg with peripheral vasoconstriction,
peripheral cyanosis, mental confusion &
oliguria. This study aims to find the role of
SUA & Killip class as an indicator of bad
prognosis in patients of MI
Material and methods
The present study on SUA in acute MI
consists of 50 cases of MI taken from ICCU
of Rajindra Hospital, Patiala. Study was
undertaken jointly by Department of
Medicine,
and
Department
of
Biochemistry,
Government
Medical
College and Rajindra Hospital, Patiala.
Inclusion criteria is Patients fulfilling the
diagnostic criteria of acute MI (on basis of
history, physical examination, ECG
changes and serum biochemical, cardiac
markers), patients age >18 years, patients
who have given consent in writing.
Exclusion criteria is patients of age <18
years, Any patient with a condition known
to elevate uric acid levels e.g. gout,
hematological
malignancy,
hypothyroidism, patients unwilling or
unable to give informed written consent.
Fifty patients of acute MI fulfilling the
inclusion and exclusion criteria were
enrolled for the study. A detailed history
and physical examination with special
reference to Killip class was carried out.
All patients went routine investigation
including Hb, TLC, DLC, renal function
tests (blood urea and serum creatinine),
ECG, and other tests as required. Patients
were followed up till hospital stay & then
in OPD. Serum uric acid was measured on
day 0, 3, 7 and also on day 30 of MI.
Statistical analysis was carried out and the
levels of uric acid on day 0, 3, 7 and 30
were compared. Uric acid levels & Killip
class was compared with coefficient of
correlation. 50 age and sex matched
healthy controls were evaluated for
comparison.
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Results
Present study was conducted in 50
patients of acute MI, who presented to
hospital within 24 hrs of onset of
symptoms. Out of 50 patients, 37 had STelevation myocardial infarction, while 13
patients were of non-ST elevation
myocardial infarction. Thirty three
patients were thrombolysed while four
were not thrombolysed due to delayed
presentation. Fifty age and sex matched
healthy controls were also evaluated for
comparison. The mean age of control gp is
58.9±13.2 years (range of 40-85 years).
The mean age of patients of MI was 57.8 ±
11.5 years (range of 40-85 years) (Table
1). The maximum number of patients,
(42%) was in 50-60 years of age group.
Mean SUA level was 7.05 ± 1.06 in age gp
<50 years, 6.60±1.04 in age gp 50-60
years, and 7.25 ± 2.04 in age gp >60 years.
Out of total 50 patients, 35 patients (70%)
were males; whereas 15 patients (30%)
were females. SUA ranged from 5.4 – 14.4
mg/dl (mean 7.17±1.61 mg/dl) for males
and 5.8 – 8.0 mg/dl (mean 6.34±0.665) for
females (Table2).
SUA was measured on day 0, 3, 7
and also on day 30 (Table 3) of MI and
levels were compared. The mean SUA
levels were 6.928±1.443, 6.166±1.264,
5.636±1.19, 5.02±0.684 on day 0, 3, 7, 30
respectively. SUA ranged from 3.8- 7.2
mg/dl in controls with mean value of
5.098± 0.864 mg/dl. There was a
statistically significant higher level of SUA
in patients of AMI on day of admission as
compared to controls (p < 0.05). SUA
gradually decrease with time as is clear
from values mentioned. On day 30, there
was no statistical significant relation
(p=0.656) between the two suggesting
that SUA levels on day 30 were
comparable to that in control group.
Correlation of SUA & Killip class is
observed on day 0, 3, 7, 30 (Table 6). On
day 0, out of total 50 patients, 15 (30%)
777
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were in Killip class I, 15 (30%) patients
were in Killip class II, 12 (24%) patients in
Killip class III and 8 (16%) patients in Killip
class IV. On day 3, the number of patients
in Killip class I increased following
treatment and clinical improvement and
were 24 (48%) in Killip class I and 16
(32%), 8(16%), 2 (4%) in Killip class II, III
and IV respectively. On day 7, the
respective number was 36 (75%), 9
(18.75%), 2 (4.16%) and 1 (2.08%) in Killip
class I, II, III and IV. On day 30, thirty nine
(90.7%) patients were in Killip class I and 4
(9.3%) patients in Killip class II while no
patient was in class III and IV. The SUA
levels on day 0 ranged between 4.1-5.5 in
3 patients, 5.6-7mg/dl in 29 patients &
>7mg/dl in 18 patients. On day 3, 23
patients had SUA between 4.1- 5.5mg/dl,
17 patients had SUA between 5.6-7mg/dl
& was >7mg/dl in 10 patients. On day 7,
25 patients had SUA between 4.1-5.5, 22
patients were having SUA between 5.6-7
& only 1 patient had >7mg/dl SUA. On day
30, 7 patients had SUA levels ≤4mg/dl, 30
patients had SUA levels between 4.1-5.5,
6 patients had SUA between 5.6-7mg/dl &
no patients was having >7mg/dl SUA. At
the time of admission, patients in killip
class III & IV had higher SUA levels than
those in class I & II. Two patients were lost
at follow up on day 7 and the five more
patients were lost at day 30. Four
patients who died during follow up were

in class IV. Comparison of SUA levels was
also done in hypertensive & non
hypertensive patients (Table 4), diabetic &
non diabetic patients (Table 4). Serum uric
acid ranged from 5.5 – 9.0 mg/dl (mean
6.64±1.90) in hypertensive patients and
5.4 – 14.4 mg/dl (mean 7.29±0.878) for
non-hypertensive patients. In diabetic
patients, SUA levels ranged from 5.5-14.4
mg/dl with mean value 7.02± 2.079 mg/dl
and in non diabetic patients it ranged
from 5.4 to 9.0 mg/dl with mean value
6.85± 0.896 mg/dl. SUA levels comparison
was also done with lipid levels (Table 5) in
patients of acute MI. Out of 50 patients,
32 patients had LDL cholesterol below 100
mg/dl and 18 patients had LDL cholesterol
between 100-200 mg/dl These patients
had mean SUA levels of 6.59 ± 0.82 and
7.53 ± 2.05 mg/dl respectively.
Considering HDL cholesterol, out of total
50 patients, 5 patients had HDL
cholesterol below 30 mg/dl and 40
patients had HDL cholesterol between 3050 mg/dl and 5 patients had HDL
cholesterol more than 50 mg/dl. These
patients have mean SUA levels of 9.84±
2.63, 6.62±0.81 and 6.48±0.59 mg/dl
respectively. Triglyceride levels were
below 150 mg/dl in 24 patients, between
150- 250 mg/dl in 21 patients & >250
mg/dl in 5 patients. These patients have
mean SUA levels of 6.56±0.82, 7.34±1.95
and 6.96±1.003 mg/dl respectively.

Table 1: Distribution of patients of acute myocardial infarction according to age
Age(years)

No. of cases

No. Of controls

<50

13

14

50-60

21

17

>60

16

19

Range( in years)

40-85

40-85

Mean ±SD

57.8±11.5

58.9±13.2

p>0.05
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Table 2: Comparison of serum uric acid levels in male and female patients of acute MI
Gender
No. of patients
Mean SUA ± SD
Male
35
7.17 ± 1.61
female
15
6.34± 0.665
P =0.059

Table 3: Comparison of Serum Uric Acid levels in patients & controls on Day 0, 3, 7 & 30
Day 0
Day 3
Day 7
Day 30
Mean ±S.D.
Mean ±S.D
Mean ±S.D
Mean ±S.D
patients
6.928±1.443
6.166±1.264
5.636±1.19
5.023±0.684
control
5.098±0.864
5.098±0.864
5.098±0.864
5.098±0.864
P<0.0001
p< 0.05
p< 0.05
P= 0.656

Table 4: Comparison of serum uric acid levels in hypertensive and non hypertensive,
diabetic & non diabetic patients of MI
Hypertensive
Non hypertensive
Diabetic
Non Diabetic
No.
of 28
patients
Mean SUA 6.646±1.904
± SD

22

19

31

7.286± 0.878

7.021±
2.079

6.854±0.896

p>0.05

p>0.05

Table 5: Comparison of Serum uric acid levels with LDL, HDL cholesterol and Triglyceride in
patients of MI
LDL C
HDL C
TG
<100
100>200 <30
30-50 >50
<150
150>250
200
250
No. of 32
18
0
5
40
5
24
21
5
patients
Mean
6.59±
7.527± 9.84±
6.62± 6.48± 6.562± 7.338± 6.96±
SUA ± 0.817
2.046
2.628
0.813 0.597 0.822
1.945
1.003
SD
P=0.0259
P<0.05
P= 0.20
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Table 6: Serum uric acid levels and Killip class on day 0, 3, 7 & 30 in patients of MI

Day 0

Day 3

Day 7

Day 30

SUA
levels

Killip
class I

Killip
class II

Killip
class III

Killip
class IV

total

≤4.0
4.1-5.5
5.6-7.0

0
3
12

0
0
14

0
0
3

0
0
0

0
3
29

>7.0

0

1

9

8

18

total

15

15

12

8

50

≤4.0

0

0

0

0

0

4.1-5.5

20

3

0

0

23

5.6-7.0

4

10

3

0

17

>7.0

0

3

5

2

10

total

24

16

8

2

50

≤4.0

0

0

0

0

0

4.1-5.5

25

0

0

0

25

5.6-7.0

11

9

2

0

22

>7.0

0

0

0

1

1

total

36

9

2

1

48

≤4.0

7

0

0

0

7

4.1-5.5

29

1

0

0

30

5.6-7.0

3

3

0

0

6

>7.0

0

0

0

0

0

Total

39

4

0

0

43

Discussion
Present study was
patients of acute MI,
hospital within 24
symptoms. Fifty age

conducted in 50
who presented to
hrs of onset of
and sex matched
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Coefficient
of
correlation
r, & p value
r=0.749,
p<0.05

r=0.813,
p<0.05

r=0.729,
p<0.05

r=0.373,
p<0.05

healthy controls were also evaluated for
comparison.
Distribution of patients of Acute MI
according to age: The mean age of
patients of MI was 57.8 ± 11.5 years with
range of 40-85 years (Table 1). Mean age
780
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was compared and p value was >0.05
which shows that there was no significant
difference between age of patients &
controls. Mean SUA level was 7.05 ± 1.06
in age group(gp) <50 years, 6.60±1.04 in
age gp 50-60 years, and 7.25 ± 2.04 in age
gp >60 years. The p value for SUA levels in
patient of different age is 0.382 showed
that SUA levels are similar in different age
gp. The study conducted by Jacobs [18]
concluded similar results. But in contrast,
Sokhanvar [19] et al, reported that there is
increase in SUA levels as the age
advances.
Sex wise distribution of patients and
serum uric acid levels: Sex wise
distribution of patients and SUA levels on
day 0 showed that there is no statistical
difference (p = 0.059) in SUA levels
between male and female patients of AMI
(table 2). Sokhanvar et al, [19] and Nadkar
et al [16] also concluded in their studies
that there is no difference in SUA levels in
male and female patients of MI. This is in
concordance with the present study. But
the study conducted by Jacobs [18] noted
SUA ranged from 3.5 – 12.4 mg/dl (mean
6.6) for males and 3.0 – 14.0 mg/dl (mean
7.2) for females and concluded that in
patients of MI females have higher levels
of SUA as compared to males. In contrast
study done in Japan by Kojima [15] et al, it
was observed that males had higher SUA
levels as compared to females.
Serum uric acid levels in patients and
controls & killip class: SUA in 50 patients
of MI was compared with 50 age and sex
matched healthy controls (Table 3). On
day 0, SUA levels ranged from 5.4-14.4
mg/dl in patients with mean value of
6.92± 1.44 mg/dl and it ranged from 3.87.2 mg/dl in controls with mean value of
5.09± 0.86 mg/dl. There was a statistically
significant higher level of SUA in patients
of AMI on day of admission as compared
IJMDS ● www.ijmds.org ● July 2015; 4(2)

to controls (p < 0.05). On day 3, 7, & 30
the mean SUA levels were 6.166±1.264,
5.636±1.19, 5.02±0.684 respectively. SUA
ranged from 3.8- 7.2 mg/dl in controls
with mean value of 5.098± 0.864 mg/dl.
SUA gradually decreased with time in
patients of MI & on day 30 levels were
comparable to that in control group i.e.
the levels come to normal at day 30.
Hence, patients had higher SUA level on
day 0 probably because of AMI. Similar
finding was observed in a study by Kojima
[15]
et al with 1124 patients who presented
with acute MI within 48 hrs of onset of
symptoms. The study conducted by
Nadkar [16] et al, also concluded that SUA
levels are higher in patients with acute MI
as compared to healthy sex and age
matched
controls.SUA
levels
are
correlated with Killip class (table 6).
Coefficient of correlation r= 0.749 and p
value <0.05 on day 0 shows linear positive
correlation between Killip class and SUA.
Similarly on day 3, 7 and 30 there is a
positive correlation between Killip class
and SUA (p<0.05). Also patients of Killip
class III and IV had higher levels of uric
acid as compared to patients of class I and
II. Out of 50 patients, four patients
expired during 30 day follow up & all of
them were in Killip class IV with >7mg/dl
SUA at the time of admission. SUA levels
are positively correlated to killip class i.e.
higher the SUA levels higher is Killip class
i.e SUA correlate with severity of cardiac
failure. This is consistent with studies of
Cicoira[21] et al Anker[22] et al who reported
association of SUA with severity of cardiac
failure. Also Kojima[15] et al in Japan,
(Japanese Acute Coronary Syndrome
Study) observed a close correlation
between SUA and Killip classification in
patients of acute MI. It was observed that
patients who developed short-term
adverse
events
had
high
SUA
concentrations & reported that SUA, Killip
class,
age,
and
peak
creatine
781
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phosphokinase level were significant
predictors of mortality. It was also noted
that patients with angiographically
confirmed coronary artery disease with
SUA levels in the upper quartile were five
times more likely to die than those in the
lowest quartile. Nadkar [16] et al studied
100 patients with acute MI and 50 sex and
age matched healthy controls and found a
significant correlation between SUA
concentration and Killip classification in
patients of acute MI. SUA level was
measured on day 0, 3 & 7 of MI. It was
observed that there is statistically
significant
higher
level
of
SUA
concentration in patients of MI on the day
of admission as compared to controls &
patients with history of MI in the past had
higher SUA levels. They observed that on
all the days SUA were higher in patients
who were in higher Killip class & the five
patients who died after 3 days of hospital
stay had SUA level more than 7.0 gm/dL
and all of them were Killip class IV. It was
concluded that SUA levels are higher in
patients of acute MI & correlated with
Killip class & combination of Killip class
and SUA level after acute MI is a good
predictor of mortality after acute MI.
Comparison of serum uric acid in
hypertensive and non hypertensives: Out
of 50 patients of AMI, 28(56%) were
hypertensive while 22 (44%) were
previously non hypertensive. Mean value
was compared (table 4) & the p value is
0.12 showing there is no significant
relation between serum uric acid levels in
patients who are known or found to be
hypertensive and non hypertensives. The
study conducted by Nadkar [16] et al also
concluded similar results that in patients
of acute MI there is no significant relation
between SUA levels in hypertensive &
non-hypertensive. But study by Kojima [15]
et al, observed that SUA levels were
higher in patients who were previously
IJMDS ● www.ijmds.org ● July 2015; 4(2)

hypertensive or found to be hypertensive
on admission.
Comparison of serum uric acid in diabetic
and non-diabetic: Out of 50 patients of
AMI, 19 patients were diabetic and 31
patients were non-diabetic. The mean
value was compared (table 4) & the p
value is 0.695 showing there is no
statistical significant relation between
SUA levels of patients of AMI in diabetic
and non-diabetic group. Nadkar [16] et al
also concluded similar results that in
patients of AMI there is no significant
relation between SUA levels in diabetic
versus non-diabetic group. Tuomilheto [20]
et al also concluded in their study that
SUA levels are comparable in diabetic and
non diabetic patients of acute MI.
Comparison of Serum uric acid levels
with Lipid levels in patients of MI: Out of
50 patients, 32 patients had LDL
cholesterol below 100 mg/dl and 18
patients had LDL cholesterol between
100-200 mg/dl. The mean value was
compared (table 5) & P value is 0.0259
showing significant positive correlation
between uric acid and levels of LDL
cholesterol in patients of acute MI i.e.
higher the LDL cholesterol higher is the
serum uric acid levels. Considering HDL
cholesterol, out of total 50 patients, 5
patients had HDL cholesterol below 30
mg/dl and 40 patients had HDL
cholesterol between 30-50 mg/dl and 5
patients had HDL cholesterol more than
50 mg/dl. The data is analysed using
analysis of variance (ANOVA) and P value
is <0.05 showing significant negative
correlation between uric acid levels and
levels of HDL cholesterol in patients of
acute MI i.e. higher the HDL cholesterol
lower the serum uric acid levels.
Triglyceride (TG) were below 150 mg/dl in
24 patients, between 150- 250 mg/dl in 21
patients & >250 mg/dl in 5 patients. The
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data is analysed using analysis of variance
(ANOVA) and P value is 0= 0.200 showing
no significant relation between SUA and
triglyceride levels in patients of acute MI.
Hence present study showed that in
patients of MI, SUA levels are raised in
patients having low HDL-cholesterol, high
LDL-cholesterol. But Wenli [23] et al
reported that increased uric acid levels
are associated with increased lipid profile,
Lippi[24] et al reported higher TG levels in
hyperuricemic males & females, Peng [25]
et al reported higher LDL –C, TG, total
cholesterol association with higher SUA
levels & inverse relation with HDL- C.
SUA concentration is significantly
correlated with killip class. Patients with
higher SUA & higher killip class have
higher chances of mortality & that this
combination can be considered as
indicator of bad prognosis.
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