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Abstract
The goal of the present study was to address the various risk factors associated in normolipidemic acute myocardial infarction
(AMI) patients admitted to the intensive coronary care unit (ICCU). The study compared serum lipid profiles, lipid peroxidation
markers, antioxidants and inflammatory markers in acute myocardial infarction (AMI) patients and age/sex-matched controls.
The risk variables were analysed age wise with patients <60 years and >60 years of age.A lipid profile, lipid peroxidation,
enzyme antioxidants, endogenous antioxidants, ischemia modified-albumin (IscMA), ceruloplasmin, C-reactive protein (CRP),
fibrinogen, lipoprotein (a) and paraoxonase-1 activities were analyzed in 165 acute myocardial infarction (AMI) patients of which
45 patients were <60 years of age.Lower superoxide dismutase (p=0.002), catalase (p=0.002) and arylesterase activity (p=
0.005) were observed and was statistically significant in >60 years age of acute myocardial infarction patients. Higher levels of
C-reactive protein (p=0.003) were observed among the >60 years age patients compared to <60 years. Other biochemical
findings were not statistically significant.During the process of aging the risk factors vary as lowering of antioxidants is due to
decreased free radical scavenging properties.

INTRODUCTION
Coronary heart disease (CHD) is increasing progressively in
developing countries and it is presumed to be the largest
killer in India by 2020 1, 2). Traditional risk factors like
smoking, hypertension, diabetes, hypertriglyceridaemia,
truncal obesity, low levels of HDL-C, high levels of LDL-C,
low levels of antioxidants, sedentary lifestyle in totality
accounts only for 50% of the prevalence and severity of the
disease 3, 4). During the last twenty years the fight against
CHD to reduce its incidence, prevalence and outcomes has
led to the discovery of the newly emerging risk factors. Now
it is well established that CHD is multifactorial disease.
Though there are evidences that even the subjects who are
completely free from the traditional risk factors are also
susceptible to coronary heart disease. Despite of our study
reported earlier 5, 6, 7, 8) currently we did risk factor
analysis based on age group on the cardiovascular risk
factors in >60 years and <60 years of age irrespective of
gender on acute myocardial infarct patients and tried to rule
out whether all the emerging risk factors are similar in both
young and elderly acute myocardial infarct patients.

Earlier studies conducted on young acute myocardial infarct
patients of acute myocardial infarction (AMI) established
some risk factors but do these similar risk factors exists in
elderly AMI patients was the main objective of the current
study. Literature search reveals no such study based on
normolipidemia is reported so far, so the current study will
highlight the risk factors associated with acute myocardial
infarction in elderly patients.

SETTING DESIGN AND PATIENTS
The study consisted of 165 patients (123 men and 42
women) with AMI, admitted to the Intensive Coronary Care
Unit, Sharda Hospital, India. The diagnosis of AMI was
established according to diagnostic criteria: chest pain
lasting for ≤3 hours, electrocardiographic (ECG) changes
(ST elevation ≥ 2 mm in at least two leads) and elevation in
enzymatic activities of serum creatine phosphokinase and
aspartate aminotransferase. The design of this study was preapproved by the institutional ethical committee. Informed
consent was taken from the subjects or from their relatives
who participated in the study.
Inclusion criteria were patients with a diagnosis of AMI with
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normal lipid profile. Patients with diabetes mellitus, renal
insufficiency, current and past smokers, hepatic disease or
taking lipid lowering drugs or antioxidant vitamin
supplements were excluded from the study.
Normolipidemic status was judged by the following criteria:
LDL≤160 mg/dl; HDL, ≥35 mg/dl; total cholesterol (TC),
<200 mg/dl; and triglycerides (TG), <150 mg/dl 9). For
biochemical studies, 10 ml of blood was collected from the
patients soon after admission to intensive care unit and the
time period of collection of blood sample from the patient
after experiencing the symptoms of chest pain was around
three hours.
Lipid Profile TC, TG and HDL-cholesterol were analyzed
enzymatically using kit obtained from Randox Laboratories
Limited, Crumlin, UK. Plasma LDL-cholesterol was
determined from the values of total cholesterol and HDLcholesterol using friedwalds formula 10):
LDL-cholesterol = TC – (TG/5) – HDL-cholesterol (mg/dl)
Serum albumin Serum albumin was measured by
Bromocresol green binding method 11).
Other assays- All chemicals of analytical grade were
obtained from Sigma-Aldrich Company, New Delhi. Serum
uric acid was estimated by the method of Brown based on
the development of a blue color due to tungsten blue as
phosphotungstic acid is reduced by uric acid in alkaline
medium.12) Serum ascorbic acid was estimated by method
of Roe and Kuether.13) Serum total bilirubin was estimated
by the method of Jendrassik and Grof 14). Serum aryl
esterase activity was determined by cleavage of phenyl
acetate resulting in phenol formation. Aryl esterase activity
is measured by the rate of enzymatic hydrolysis of 4 mM
phenyl acetate to phenol in 1 mM CaCl2 in 20 mM Tris/HCl
(pH 8.0). The amount of phenol generated is monitored with
a continuously recording spectrophotometer by the increase
in absorbance at 270 nm and 25ºC. The amount of phenol
generated was calculated from molar absorbitivity at pH 8.0.
One unit of aryl esterase activity caused the formation of 1
μmol of phenol/min at ph 8.0 at 25ºC.
Serum caeruloplasmin concentration was determined by
Ravin 15) erythrocyte superoxide dismutase activity was
determined by INT dye binding method and erythrocyte
glutathione peroxidase was determined by Paglia and
Valentine method 16)
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Erythrocyte catalase activity was determined by Beers and
Sizer method. 17) Plasma fibrinogen was estimated by TE
Clot Fib Kit 10 (TECO GmbH, Dieselstr, 1, 84088 Neufahrn
NB Germany). Serum C-reactive protein was determined by
ELISA. Lipoprotein (a) was determined by Latex enhanced
turbidimetric method.
Malondialdehyde (MDA) derived from lipid peroxides was
determined as a thiobarbituric acid (TBA)-reactive
substance.18) Conjugated dienes (CD) were measured
according to the method of Recknagel and Glende. 19)
Statistical analysis: The data from patients and controls were
compared by Student’s t-test. Values are expressed as mean
± standard deviation (SD). Microsoft Excel for Windows
2003 was used for statistical analysis. P-value <0.05 was
considered to indicate statistical significance.

RESULTS
Lipid profile of acute myocardial infarction (AMI) patients
below and above sixty years is statistically not significant
(Table 1). The other biochemical variables are shown in
table 2. Significant difference in superoxide dismutase
(p=0.002), catalase (p=0.002), arylesterase activity (p=
0.005) and C-reactive protein (p=0.003) were observed
among the two groups of patients.
Figure 1

Table 1. Lipid variables in AMI patients below and above
sixty years of age

All the parameters are statistically not significant

Analysis of cardiovascular risk factors in normolipidemic acute myocardial infarct patients on admission
based on aging - A case controlled study from South Asia
Figure 2

Table 2. Biochemical parameters in AMI patients below and
above sixty years of age

activities of superoxide dismutase, glutathione peroxidase
and catalase were observed in elderly (>60 years) AMI
patients as compared to those with younger age group (<60
years).
Thus, the present study is suggestive of imbalance between
oxidant and antioxidants in AMI patients which is mainly
due to increased oxidative stress, but it is prominent in
elderly patients.
The serum antioxidants, mainly superoxide dismutase and
catalase are significantly decreased in elderly patients
compared to the younger ones (Table 2).

DISCUSSION
The current study analyzed the risk variables in
normolipidemic acute myocardial infarct patients. The study
observed several emerging risk factors (as shown in table 1
and 2) in the patients at the time of admission (≈ 3 hours
after chest pain) in hospital.
We analyzed the risk variables in two groups of patients
depending on their age and evaluated major risk factors in
elderly patients (>60 years) compared to other patients (<60
years).
Of the risk variables observed in both group of patients,
serum lipid profile, serum ascorbic acid, serum uric acid,
serum total bilirubin, erythrocyte glutathione peroxidase,
plasma fibrinogen, serum ischemia modified albumin,
lipoprotein (a), malondialdehyde and conjugated diene were
not significantly altered. The risk variables which were
significantly altered among the two groups were superoxide
dismutase (p=0.002), catalase (p=0.002), aryl esterase
(p=0.005) and C-reactive protein (p=0.003).
Involvement of free radicals in the pathophysiology of
inflammation, ischemia and in reperfusion damage in a
number of organs and tissues have been reported earlier
20,21) Indirect evidence of free radical generation in AMI
patients is validated by the presence of lipid peroxidation
products, such as malondialdehyde (MDA) and conjugated
diene (CD). The serum concentration of MDA and CD are
reported to be higher in AMI patients but not significantly
differed among the two groups.
It is believed that free radicals are generated particularly in
early stage of AMI and antioxidants are involved in the
reduction of free radicals, resulting in a decrease in their
activities during that period 22, 23). In the present study, low
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The current study also observed reduction in albumin, uric
acid, total bilirubin, ascorbic acid in AMI patients but the
observations were prominent in elderly patients compared to
younger ones with not statistically significant differences
among the two groups.
The present study is in good agreement with those conducted
by Verma et al 24) and Kharb 25) where they demonstrated
a significant drop in serum antioxidants as observed in the
current study, more over the difference was significant in
antioxidants status among the two groups of patients.
In the present study, we observed a significant association
between high baseline levels of serum caeruloplasmin and
the subsequent risk of myocardial infarction in both groups
and was statistically significant but the younger patients
(<60 years) has more risk compared to those of elderly
patients.
This indicates that the antioxidant system combating
oxidative stress and inflammation is severely impaired in
AMI patients. The findings of the present study indicate that
the existence of an abnormal balance between the oxidative
and protective mechanisms in patients can be a causative
factor for the occurrence of AMI.
The elevated levels of C-reactive protein in AMI patients
suggests inflammation leading to an acute clinical event by
the induction of plaque rupture. Atherosclerosis seems to be
a chronic inflammatory condition that can be converted to an
acute clinical event by the induction of plaque rupture,
which in turn leads to thrombosis. Hence inflammation
occurs during all phases of atherosclerosis, although it must
smolder for decades before resulting in a clinical event such
as AMI.26) The elevated C-reactive protein in AMI patients
justifies the above facts as observed in our study.
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The levels of IscMA in AMI patients was significantly
higher than in controls as observed in the present study is
similar to previous reports 27, 28, 29) Even though
determination of IscMA is promising for the prediction of
AMI, its use should be limited until further studies reveal its
validity as a biomarker for AMI and usefulness in
constructing treatment plans in acute coronary syndrome
patients. An extensive study with increased number of
patients would be required to compare IscMA with other
markers such as troponins and myoglobin. Whether IscMA
can be an additional parameter along with troponins to boost
the confidence of clinicians in ruling out cardiac ischemia
would be of particular interest.

LIMITATIONS OF THE CURRENT STUDY
The samples for lipid profile and other variables were
collected within 3 hours at the time of admission of patients
admitted in intensive coronary care unit, which does not
obey the normal criteria of standardized sampling pattern of
12 hours fasting for sample analysed for lipid profile studies.
As the patients were very vulnerable and were at high risk at
the time of admission so we didn’t follow the standard
criteria of sample collection.

CONCLUSION
AMI is a multi factorial disease that can arise even in
normolipidemic subjects. Hence, earlier concepts of
maintaining lipid profile within normal limits to prevent MI
may be overruled. The present study suggests that measuring
serum antioxidants and IscMA in normolipidemic patients
will aid better prognosis and management of patients with
acute coronary syndromes. Oxidative stress appears an
etiological factor for MI as a consequence of free radical
scavengers namely antioxidants which tends to be lower in
AMI patients.
Future research including measurement of parameters of
oxidative stress and inflammatory markers should be carried
out as the role of inflammatory markers like C-reactive
proteins, Caeruloplasmin are emerging which could be
possibly be a causative factor for atherosclerosis.
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