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Abstract: Body iron stores and its significant association with the increased risk of cardiac disease was first time reported by the
National Health and Nutrition Examination Survey. There are several molecular mechanisms and discrete pathways involved in
developing Myocardial Infarction (MI) as a result of increased body iron store. Various studies showed that there lies a significant
association between serum iron and serum ferritin with the M, but to the best of our knowledge studies have not focused on the
difference in their levels in STEMI and NSTEMI patients. Hence, the aim of the study is to associate the levels of iron and ferritin with
STEMI and NSTEMI patients and the objective of the study is to investigate and associate the iron, ferritin and lipid profile parameters
among STEMI and NSTEMI patients. The cross-sectional study recruited 75 individuals who lie in the age group of 25-55 years. The
participants were divided into three groups with 25 participants in STEMI, 25 in NSTEMI (based on the ECG findings and cardiologist
findings) and 25 healthy participants who are age and sex-matched as controls. The blood sample was obtained from the participants
and analysed for the following biochemical parameters: CK - MB, iron, ferritin, and lipid profile. The data was analysed using SPSS
software and represented as mean and SD. One-way ANOVA, Pearson’s correlation and odds calculation were carried out. For all
statistical test p value <0.05 were considered as significant. It is found that serum iron and ferritin were significantly elevated in STEMI
individuals compared to NSTEMI and controls. But the lipid profile levels were increased in NSTEMI individuals. It is found that
individuals with increased levels of iron and ferritin are at high risk of developing STEMI and NSTEMI compared with controls. Iron
and ferritin were significantly elevated in STEMI individuals compared to NSTEMI individuals. In NSTEMI group lipid profile levels were
increased and is associated with ferritin levels compared to STEMI group. Independent to the type of MI, individuals with high levels
of serum iron and ferritin are at higher risk of developing myocardial infarction.
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1. INTRODUCTION

Body iron stores and its significant association with the
increased risk of cardiac disease was first reported by the
National Health and Nutrition Examination Survey (NHANES
lll), in 1988-1994'. Iron plays an important role in various
physiological processes. Iron in overload is known as a risk
factor for the progression of atherosclerosis’. Various
mechanisms are involved in atherogenesis due to increased
iron load. Thereafter, various studies showed that there lies a
significant association of serum iron, serum ferritin with the
myocardial infarction (MI)? . Ferritin is the protein complex in
which the iron is stored in our body. Serum ferritin
concentration is the measure of iron stored in our body*.
Therefore, higher ferritin concentration is a unique risk factor
for MI* . There are several molecular mechanisms and discrete
pathways involved in developing Ml as a result of increased
body iron store. The pathological role of iron in inducing Ml is
involved by catalyzing free radicals such as H,O, and Oy, which
may induce various deteriorating processes. Iron in ferrous
state, contributes to the following reactions known as the
Haber—Weiss and Fenton reactions that catalyze the
formation of OH- from O,- and H,O,. From heme and ferritin,
iron is liberated by the reactive oxygen species (ROS) during
oxidative stress®. These reactions are mechanically related in
formation of atherosclerosis, by increasing the LDL- C
peroxidation, thus increasing the uptake by the macrophages
that develop into foam cells, leading to Acute myocardial
infarction (AMI)’. The Fenton and Haber—Weiss reactions are
also relevant in the elucidation of iron’s role in cardiac
reperfusion injury. In ischemic injury reperfusion of cardiac
myocytes results in highly toxic OH- is produced in the
presence of intracellular iron, thus supporting lipid
peroxidation and release of hydrolytic enzymes, with
increased in intracellular lysozyme fragility complicating pre-
existing atherosclerosis that results in AMI®. Another evidence
is that iron oxidatively damages the atherosclerotic plaque by
promoting endothelial activation, enhancing adhesion
molecule expression. Circulating iron oxidizes LDL-C thus
enhances LDL retention in sub-endothelium with macrophage
progression to form foam cells leading to sudden AMI°. Several
causes result in the development of Ml in the adult population,
which include age, sex, smoking, lack of exercise,
hyperlipidemia, diabetes mellitus (DM), obesity, high blood
pressure (hypertension), alcohol, high levels of homocysteine,
and serum folate'’. In the majority of cases, MI was found to
have a direct link with hyperlipidemia'' . The most
predominant form of hyperlipidemia was found to have
increased LDL cholesterol and low HDL cholesterol levels'? .
Recent studies have linked high ferritin concentration with
decline in  ST-evaluation  with  accentuated left
ventricular ejection fraction (LVEF) decline among MI patients
on treatment with percutaneous coronary intervention. Thus,
evaluation of ferritin would be a simple investigation
procedure to identify high risk patients with AMI during
hospital stay'®. But to the best of our knowledge, no studies
have observed that a rise in serum iron, ferritin and lipid profile
parameters would increase the risk of STEMI or NSTEMI in
the Indian population. Hence, the aim of the study is to
associate the levels of iron and ferritin with STEMI and
NSTEMI patients and the objective of the study is to
investigate and associate the iron, ferritin and lipid profile
parameters among STEMI and NSTEMI patients.

2, MATERIALS AND METHODS

Medical Science

This cross-sectional study was conducted from November
2020 to April 2021 recruiting a total of 150 participants
between the age group of 25-55 years, the participants were
divided into three groups. The STEMI and NSTEMI group
included 100 subjects (both the groups had 50 participants
each) admitted in CICU (Cardiac Intensive Care Unit), SRM
Medical College Hospital & Research Centre, Kattankulathur,
Tamil Nadu, India and diagnosed based on ECG findings and
cardiologist report. The 50 age and sex matched apparently
healthy participants attended the MHC (Master Health
Checkup) of SRM Medical College Hospital & Research
Centre, Kattankulathur, Tamil Nadu, India were taken in
control group. The study protocol was approved by the
Institutional ethics committee (ECN: 1872(A)/IEC/2019).
Clinically diagnosed patients with Ml of both sex between the
age group between 25-55 years were included in the study
group. Patients with the clinical condition that affects the
serum levels of iron and ferritin such as kidney and liver
disease, post-surgery patients, malignancy, malabsorption
disease, alcoholics, smokers, pregnancy, inflammatory disease
and patients with bleeding disorders were excluded from that
study. After getting informed and written consent from the
participants, a detailed history and relevant anthropometric
measurements like height and weight was recorded for the
calculation of BMI. After overnight fasting of 10-12 hours,
under aseptic precautions 3 ml of fasting blood sample was
collected using the plain vacutainer tubes. After centrifugation
at 2500 rpm for 3 minutes, the serum sample was separated
and analysed for the following biochemical parameters viz
cardiac marker (CK-MB) by UV Kinetic G6P, Total
Cholesterol by CHOD-POD, Triglycerides by enzymatic
GPO-PGO, HDL-C and LDL-C by Direct Antibody Inhibition
and serum Iron by TPTZ Binging method in Beckman Coulter
Auto analyser. Serum Ferritin was estimated by Enhanced
CLIA  VITROS Eci Immunoanalyser Ortho Clinical
Diagnostics. VLDL was calculated using the formula
triglyceride/ 5, the NON-HDL-C was calculated by total
cholesterol — HDL-C in mg/dl and cholesterol ratio was
calculated by total cholesterol / HDL-C in mg/dl.

3. STATISTICAL ANALYSIS

The Statistical Package for the Social Sciences (SPSS 22.0) was
used for data analysis. Continuous variables were presented as
Mean + SD. Where, categorical variables were expressed as
frequencies and percentages. The post hoc test (one-way
ANOVA) was used to compare the variance between control,
STEMI and NSTEMI groups. Pearson’s correlation was used to
correlate the analysed biochemical parameters with iron and
ferritin among STEMI and NSTEMI participants. To calculate
crude odds ratio bivariate logistic regression analysis was used
at 95% confidence interval. For all statistical tests, a p value <
.05 was taken to indicate a significant difference.

4. RESULTS

Total of 150 individuals were recruited in the study. The
participants were divided into 3 groups as STEMI, NSTEMI and
controls. The mean age of STEMI and NSTEMI were 43.8 and
43.9 respectively (range 25-55 years). It is found that males are
more prone to develop myocardial infarction compared to
females, as the number of male individuals with STEMI (80%)
and NSTEMI (72%) were higher compared to females. The
mean BMI of STEMI and NSTEMI were 23.1 + 3.5 and 23.2 +
2.7 respectively with no statistical difference. The participants
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were further classified based on their BMI as normal (18-22.9)
and overweight (23-24.9) and obese (225). It was found that
among STEMI individuals, 52% were normal, 16% were
overweight and 32% were obese, among NSTEMI individuals

Medical Science

40% were normal, 36% were overweight and 24% were obese.
It is seen that individuals with increase in BMI are more likely
to develop myocardial infarction. (Table I)

Table 1. Demographic and anthropometric measurement
of STEMI, NSTEMI and Control groups.

Demographic factor STEMI NSTEMI CONTROLS p value
Age (mean £ SD) 438+8.7 43968 43497 0.9
25 - 40years 12 (24%) 16 (32%) 14 (28%)
40 - 55 years 38 (76%) 34 (68%) 36 (72%)
Sex
Males 40 (80%) 36 (72%) 36 (72%)
Females 10 (20%) 14 (28%) 14 (28%)

Anthropometric measurement

BMI (mean £ SD)  23.1 £3.5 23227 22629 0.7
Normal 26 (52%) 20 (40%) 28 (56%)
Overweight 8 (16%) 18 (36%) 10 (20 %)
Obese 16 (32%) 12 (24%) 12 (24 %)

Statistically significant with p value <0.05%

Comparison of mean levels of biochemical parameters
between groups were done. It is found that CK-MB, iron and
ferritin were significantly higher in STEMI group compared to
NSTEMI group and controls. On the other hand, total
cholesterol, LDL-C, non-HDL-C and cholesterol ratio were

significantly elevated among NSTEMI individuals compared to
STEMI and controls. The HDL-C was significantly lowered in
STEMI and NSTEMI individuals compared to controls. Hence,
increase in lipid profile levels result in increased risk of
developing NSTEMI. (Table. 2)

Table 2. Comparison of Measured Biochemical Parameters between
STEMI, NSTEMI and Control groups using one way ANOVA.

Parameters Stemi Nstemi Control P Value
CK- MB 333.4+ 82 166.2 + 68.7 12.4+4.4 0.000 | ***
Iron 73 £17 654 +£13.9 48.6 £10.2 0.000 | *#**
Ferritin 308.4 £65.8 188.8 +46.6 28.3 +38.9 0.000 | ***
Total cholesterol 1904 £29 2142 +24.2 177.8 £29.07 0.000|***
Triglyceride 106.8 +38.1 128.7 £27.6 111.16 £35.3 .06
HDL-C 31.9 6.6 41.7 £11 42.7 £11.5 .00 |**
LDL-C 139.6 £17.3 1469 £18.3 112.3 £23.9 .000 | ##*
VLDL-C 21.2 £7.6 25555 22.7 £7.8 0.09
NON-HDL-C 1585 +274 1724 +23 135 £28 0.000 | ***
Cholesterol ratio 6.1 1.1 54%1.5 44 1.3 0.000 | *#**

Values are expressed in mean * standard deviation. The values are statistically significant based on the p value.* p value < .05, ** p value <.01, *** p

value <.001, NS-Not Significant.

The Pearson’s correlation coefficient was carried out in iron
and ferritin with other biochemical parameters among STEMI
and NSTEMI groups. It is found that increase in serum iron is
positively associated with increase in cholesterol ratio, and
increase in serum ferritin is significantly associated with

decreased HDL-C levels among STEMI groups. Among
NSTEMI individuals, it is found that increased serum ferritin is
significantly positively associated with raised levels of CK-MB,
total cholesterol, triglyceride, LDL-C, VLDL-C, Non-HDL-C
and cholesterol ratio. (Table 3)
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Table 3. Correlation of Iron and Ferritin with Biochemical Parameters among STEMI and NSTEMI groups.

Biochemical Parameters

STEMI group

NSTEMI group

Iron Ferritin Iron Ferritin

r P r P r P r P
CK- MB -0.18 0.30 0.07 0.7 0.1 0.3 0.8 0.000 | ***
Total cholesterol 0.28 0.16 -0.2 0.18 0.002 0.9 0.6 0.000 |
Triglyceride 0.13 0.52 -0.1 0.6 0.03 0.8 0.6 0.000 | ***

HDL-C 0.2 0.15 -0.5 0.0 ** -0.3 0.09 0.09 0.9
LDL-C -0.1 0.6 -0.07 0.7 0.2 0.3 0.6 0.000 | ***
VLDL-C 0.3 0.12 -0.1 0.6 0.05 0.7 0.6 0.000 |
Non-HDL-C 0.3 0.06 -0.1 0.4 0.1 0.4 0.6 0.000 | ***

Cholesterol ratio 0.4 0.04* 0.2 0.25 0.3 0.14 0.4 0.03*

. r is the correlation coefficient value. The values are statistically significant based on the p value. *p value < .05, ** p value < .01, *** p value <.001,
NS-Not Significant.

It is observed that the individuals with the serum iron levels 2
51.5 pg/dl and ferritin levels >137ng/dl are at 26 times and
132.2 times respectively are at high risk of developing STEMI.
(Table 4) The individuals with the serum iron levels 2 51.5
pg/dl and ferritin levels >137ng/dl are at 12.4 times and 132.2

times respectively are at high risk of developing NSTEMI.
(Table 5) Hence independent to the type of MI, increased
levels of serum iron and ferritin are at higher risk of developing
myocardial infarction.

Table 4. Bivariate logistic regression for risk factors with STEMI.

Factors STEMI CONTROLS Oddsratio pvalue 95% CL
Age ;:g ;; ;2 123 0.7 0.3-4.3
Sex F:';:Zs Tg Ti 1.5 0.5 0.4-5.7
BMI Ifzi?:v::;:.r;;:;) > = N 07 0335
IRON L :g;:: = > 2 0.003%  3.2229
FERRITIN = II:77:ggII:II :6 ‘tf’ 1322 0.0001%% 17.1-1020
Statistically significant with p value <0.05*
Table 5. Bivariate logistic regression for risk factors with NSTEMI.
Factors NSTEMI CONTROLS Oddsratio pvalue 95%CL
Age ;:g ;2 ;2 08 0.7 02:2.7
Sex F:';';ZS fﬁ ?2 | | 0.2-3.4
BMI 'fzizgvzlf;‘:;:;) gg ;g 1.9 02 0.6-5.8
IRON = ::: :gg: :6 ;i 12.4 0002  24-644
FERRITIN S> II:77:ggll:II :6 ‘:6 132.2 0.0001*%* [7.1-1020
Statistically significant with p value <0.05%
5. DISCUSSION pain, with raise in the biomarkers but no ST-elevation in ECG.

Recent studies have shown that increase in body iron stores
is associated with risk of acute myocardial infarction®.
Myocardial Infarction (Ml) is evidence of sustained ischemia
that results in myocardial cell necrosis based on the World
Health Organization (WHO) criteria. Based on the ECG
findings Ml is classified into 3 distinct phases'‘. Unstable
Angina (UA)-Patients present with pain in chest with ECG
finding shows no ST-elevation, but normal cardiac biomarkers.
Non-ST elevation Ml (NSTEMI) - Patients present with chest

ST-elevation Ml (STEMI) - Patients presenting with pain in
chest with ECG findings showing ST-elevation'® . This study
consists of three groups namely STEMI, NSTEMI and control
groups. The STEMI and NSTEMI were diagnosed based on
ECG findings. The mean age group of the participants were
43.8 £ 87,439 £ 6.8 and 43.4 £ 9.7 in STEMI, NSTEMI and
control groups. They were further sub classified based on the
age group from 25-40 and 40-55 years. It is found that most
of the STEMI and NSTEMI lie between 40-55 years, it is
observed that increase in age is associated with risk of
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developing myocardial infarction. The study by Mudiyappa
Herakall et al, found the mean age was 48.3 + 14.24 cases and
47.6 + 8.15 among the case and control group'® . In this study,
it is observed that male patients are more prone to develop
myocardial infarction than female, which is in controversy to
the study by Maas, et al which shows that females are at
higher risk of developing myocardial infarction'” . It is found
that ,most of the patients at the higher BMI are found to
develop MI, where a study by Holay et al support this finding
that the difference in BMI of patients in the controls and cases
group is observed'® . In this study it is observed that the mean
CK-MB, iron and levels of ferritin were found to be
significantly elevated in STEMI group when compared with
NSTEMI group. A cross-sectional study by Morad Rostami et
al showed a significant rise in mean iron and ferritin levels in
patients with AMI compared with a control group'?. The study
by Vijaya et al concluded that, raised in the ferritin levels seem
to be a strong AMI risk factor and it has been hypothesized
that, higher intake or increase in iron stores may promote
atherogenesis?® . The study by Chanchal et al, also suggested
raise in the levels of ferritin in serum is associated with
development of AMI among the male population in Manipuri,
and by measuring their levels in serum can used as a
complementary tool for diagnosing and confirming the
diagnosis of AMI*' | A cross-sectional study by Muhammed
T.et al showed a significant rise in mean iron and ferritin levels
in patients with AMI compared with a control group?. Moacir
Fernandes de Godoy et al undergone a study with | |5 patients
with coronary arteriography and concomitant evaluation of
serum ferritin , and verified that, women with serum ferritin
levels > 80 ng/mL presented with more severe obstructive
chronic heart diseases (CHD) than women with lower levels.
In men, the serum ferritin level was not a predictor element
of the degree of obstruction”. However, a study by
Birger Wolff et al observed an independent relationship
between serum ferritin levels and carotid atherosclerosis
among men. This relationship appeared to be strengthened by
a synergistic association between ferritin and LDL cholesterol
and support to the hypothesis that iron is linked to
cardiovascular disease®. Whereas, controversy to the
previous findings, a study by Wilma Delphine Silvia et al,
showed that, increased risk of developing AMI is highly
associated with elevated ferritin levels among males®.

In this study, it is observed that the lipid profile levels
were significantly elevated and HDL-C was decreased in
NSTEMI groups. A study by Jitender Sharma et al showed that
total cholesterol, LDL-C, and triglycerides levels were found
to be raised in the sera of AMI patients than the controls. On
the contrary, HDL-C levels were significantly reduced in
serum levels of the AMI patients as compared to the serum
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