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AIM & OBJECTIVES: Aim of the study was to assess the relationship of serum ferritin with acute 

myocardial infarction (AMI) and with established conventional risk factors of coronary artery 

disease (CAD). Objectives were to test serum ferritin levels and to study conventional risk 

factors of CAD in both AMI patients and controls. METHODOLOGY In this hospital based case-

control study, consecutive cases diagnosed as AMI, admitted to the Coronary Care Unit of 

MIMER Medical College, Talegaon Dabhade; and Age, sex and hemoglobin matched controls, 

were studied. Anthropometric data, case history, clinical examination, ECG, serum creatine 

kinase-MB fraction, Troponin–T and Complete Blood Count results of cases and controls were 

collected. Serum ferritin was determined by Microplate immunoenzymometric assay. Total 

cholesterol, HDL cholesterol (HDL-C), LDL cholesterol (LDL-C) and triglycerides and VLDL 

cholesterol (VLDL-C) was estimated. RESULT: Significantly higher level of serum ferritin was 

found in cases of AMI as compared to controls. The median serum ferritin level was higher 

(234.5 ng/ml) in AMI cases compared to controls (139.5 ng/ml). Serum ferritin level value 

>/=300 ng/ml was significantly associated with AMI cases compared to controls (OR = 3.2, 

95% CI 1.00–9.37, P <0.05*). This value also showed a significant association with the history 

of hypertension, smoking and diabetes mellitus and raised serum total cholesterol and LDL-C 

levels in AMI cases. CONCLUSION: Our study found a significant independent association of 

serum ferritin with AMI. Also, cases of AMI with serum ferritin >/=300 ng/ml was significantly 

associated with conventional risk factors like history of hypertension, history of smoking, 

history of diabetes mellitus, raised serum total cholesterol & LDL-C. The limitation of the study 

is its small sample size. A larger prospective study is needed to support the results of this case-

control study.
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1. Background

Epidemiological studies and studies based on observation in 

the past many years have identified several new and potential 

risk factors for atherothrombotic vascular diseases like elevated 

blood levels of fibrinogen, triglycerides, and homocysteine. 

Other than these, free iron which acts as a catalyst for the 

production of free radicals has been indicated in lipid 

peroxidation. This may cause atherosclerosis leading to 

Myocardial Infarction (MI) [1]. It is a potential new risk factor for 

Coronary Heart Disease (CHD).  A plausible association between 

body iron status and the risk of coronary heart disease was 

supported from a three year Finnish study relating increased 

levels of dietary iron and serum ferritin to an increased risk of 

myocardial infarction [2]. The role of ferritin in pathogenesis of 

Coronary Artery Diseases (CAD) like Acute Myocardial 

Infarction (AMI), has generated substantial interest in recent 

times [3].

The association of high iron stores and coronary heart diseases 

was first suggested by Sullivan [4] Several studies have been 

conducted since then to assess this association of iron and AMI. 

Free iron catalyzes free radical production that generates an array 

of potent oxidants that can induce oxidation of lipids [5,6]. Oxygen 

free radicals that promote the oxidation of LDL, which occurs in the 

subendothelial layer of arteries have been proposed to be involved 

in the development of atherosclerosis [7,8,9]. Supporting 

confirmation comes from in vitro lipid peroxidation and 

lipoprotein modification studies from cholesterol-fed iron 

overload animal models and the analysis of the composition of 

human atherosclerotic lesions [10,11,12].

 Since serum ferritin concentrations are directly proportional to 

intracellular ferritin concentration, it is considered to be the best 

clinical measure of body iron stores and the most beneficial to use 

in epidemiologic studies. Hence the hypothesis whether the excess 

body iron as estimated by the serum ferritin concentration is 

associated with increase in risk of myocardial infarction was tested 

along with established major risk factors of CHD such as serum 
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total cholesterol (TC), triacylglycerols (TAG), high density 

lipoprotein-cholesterol (HDL-C), low density lipoprotein-

cholesterol (LDL-C) and very low density lipoprotein-cholesterol 

(VLDL-C).

REVIEW OF LITERATURE

Iron is both an essential nutrient and a potential toxicant to cells. 

It requires a highly sophisticated and complex set of regulatory 

mechanisms to meet the demands of cells as well as prevent excess 

accumulation. It is essential for the functioning of many biochemical 

processes, including electron transfer reactions, gene regulation, 

binding and transport of oxygen & regulation of cell growth and 

differentiation [1].

Iron can induce lipid peroxidation in vitro and in vivo in humans 

and has promoted ischemic myocardial injury in experimental 

animals. Salonen JT et al tested the hypothesis that high serum 

ferritin concentration and high dietary iron intake are associated 

with an increased risk of acute myocardial infarction [2]. Study by 

Esterbauer et al stated that oxygen free radicals that promote the 

oxidation of LDL, which occurs in the subendothelial layer of 

arteries, are involved in the development of atherosclerosis [3]. 

Findings of Sullivan JL et al suggested that greater incidence of heart 

diseases in men and postmenopausal women is due to higher levels 

of stored iron in these two groups and the heart diseases of affluence 

are rare among impoverished peoples who are often iron deficient 

[4].

Klipstein-Grobusch K et al stated that in the presence of other risk 

factors, serum ferritin may adversely affect ischemic heart disease 

risk in the elderly [5]. M.P. Holay et al studied the relationship of 

serum ferritin with acute myocardial infarction (AMI) in univariate 

and multivariate analysis, and with established conventional risk 

factors. They observed that high serum ferritin was strongly 

associated with AMI [6]. Ali Pourmoghaddas et al investigated the 

importance of serum ferritin levels, which are known as an indicator 

of body iron stored in the incidence of coronary artery disease 

(CAD). When other risk factors of cardiovascular disease were 

included in the model, serum ferritin was associated with CAD. They 

found serum ferritin as a strong and independent risk factor in the 

incident of atherosclerosis in the Iranian male population [7]. 

However Ascherio A et al study did not support that iron in general 

increases coronary risk [9].

With this review of literature, we decided to study serum ferritin 

as a potential risk factor in acute myocardial infarction (AMI).

AIMS AND OBJECTIVES

The aim was to study the relationship of serum ferritin with acute 

myocardial infarction (AMI) and to assess the relationship of serum 

ferritin with established conventional risk factors in AMI.

 Objectives were to test serum ferritin levels in cases (AMI 

patients) and controls and to study conventional risk factors which 

include high body mass index (BMI); history of smoking, alcohol 

intake habits, hypertension, diabetes mellitus and abnormal lipid 

profile values [total cholesterol (TC), triacylglycerols (TAG), high 

density lipoprotein-cholesterol (HDL-C), low density lipoprotein-

cholesterol (LDL-C) and very low density lipoprotein-cholesterol 

(VLDL-C)] in cases and controls.

MATERIAL AND METHODS

This is a case-control study. It was conducted after obtaining the 

approval of the Institutional Ethics Committee of MIMER Medical 

College, Talegaon Dabhade. Consecutive cases admitted to 

intensive or cardiac care unit and diagnosed as acute myocardial 

infarction (AMI) were included in the study, after obtaining their 

written, informed consent.

 At α error 0.05, β 20%, power of test 80%; with reported 

exposure in cases as 63% with an odds ratio (OR) 6.71, the 

minimum sample size required at 10% allowable error was 66 

with equal distribution of cases and controls (33 AMI cases and 33 

controls).

Inclusion and exclusion criteria

New AMI cases without any previous history of cardiac disease, 

between ages of 30 years to 70 years and irrespective of gender 

were included. The diagnosis of AMI was based on fulfilling any 

two of the following criteria, as per mentioned in IPD file: Chest 

pain of <12 hours duration, ST-elevation >1mm in at least two 

consecutive leads, increased cardiac markers (Creatine Kinase-

MB and/or Troponin-T), and presumably new-onset bundle-

branch block. Age (+ 5 years), sex and hemoglobin (g/dl) matched 

controls were selected randomly from healthy subjects attending 

the outpatient department of the hospital for a routine medical 

check-up, without having any evidence of AMI/CHD.

Cases with a past history of coronary heart disease or AMI were 

excluded. Cases with hepatic diseases, chronic inflammations, 

hemochromatosis, and iron therapy were also excluded from the 

study. The same exclusion criteria were used while selecting the 

controls.

Study process

Anthropometric data (height, weight), case history (including 

smoking, alcohol consumption habits, history of hypertension, 

Diabetes mellitus), clinical examination, ECG, serum creatine 

kinase-MB fraction (CK-MB), Troponin–T (Trop-T) and Complete 

Blood Count (CBC) results of cases were collected from IPD files. 

Body Mass Index (BMI) was calculated by formula- [weight (kg)] / 

[height (m)] 2. Anthropometric data, history, clinical details and 

CBC of controls were collected from OPD papers and laboratory 

reports.

Fasting venous blood samples were collected in plain tubes 

from the subjects. Serum ferritin was determined by Microplate 

immunoenzymometric assay, using the AccuBind ELISA kit for 

ferritin and ELISA reader. In this method, the blood sample was 

first added to a streptavidin-coated well. Biotinylated monoclonal 

antibody (specific for ferritin) was then added and the reactants 

mixed. The reaction resulted between the biotinylated ferritin 

antibody and native ferritin to form an immune complex that was 

deposited on the streptavidin-coated well. The excess serum 

proteins were washed away via a wash step. Another ferritin 

specific antibody, labeled with an enzyme, was added to the wells. 

The enzyme-labeled antibody binds to the ferritin already 

immobilized on the well. The excess enzyme was washed off via a 

wash step. A color was generated by the addition of a substrate. 

The concentration of ferritin is directly proportional to the 

intensity of the color generated. Total cholesterol, TAG, HDL-C, and 

LDL-C were estimated by enzymatic methods by using a fully 

automated biochemistry analyzer- Erba XL640, and VLDL-C was 

calculated by using Friedewald formula. The facility for testing 

was available in the Diagnostic laboratory of MIMER Medical 

College, Hospital.
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Data Analysis

Statistical analysis included categorical and measurement 

variables. These variables were studied by using the χ2-test and 

two-sample t-test. As serum ferritin values in cases were skewed, 

the non-parametric test (Mann-Whitney test) was used to compare 

the median values of ferritin in cases and controls. Odds ratios with 

95% CI were calculated and P values were computed. P values <0.05 

were considered statistically significant. Data analysis was done 

using Microsoft Excel and GraphPad statistical software on a 

personal computer.           

RESULTS

A total of 33 cases and 33 controls were studied. They were 

matched for age, sex, and hemoglobin. The mean age of cases and 

controls was 58.4 ± 10.4 years and 57.4 ± 10.6 years respectively 

(age range 30–70 years). The number of males was more than 

females with a ratio of 12.1:1. Mean hemoglobin in cases and 

controls was 13.57 g/dl and 13.59 g/dl, respectively. The median 

serum ferritin value was significantly higher in cases (234.5 ng/ml) 

as compared to controls (139.5 ng/ml) (P < 0.05*) (Table 1 and 

fig.1).

The study of the distribution of cases & controls in different 

serum ferritin groups showed a shift towards higher serum ferritin 

concentration in cases compared to controls. More number of cases 

i.e. patients with AMI (33.4%) than control subjects (15.2%) had 

serum ferritin concentrations of >/=300 ng/ml (Table 2, Figure 2).

Table 4. Conventional risk factors in cases & 
controls

When studied as categorical variable, it was found that at serum 

ferritin level of >/=300 ng/ml number of cases of AMI was 

significantly more than the controls (OR = 3.2, 95% CI 1.00–9.37, 

P<0.05*) (Table 3).

When conventional risk factors were studied as categorical 

variables, it was found that high body mass index (BMI), history of 

hypertension, history of diabetes mellitus and raised serum levels 

of total cholesterol, HDL-C and LDL-C were found to be significantly 

associated with AMI independently (Table 4). Out of 33 cases of 

AMI & equal number of controls, 20 patients (60.6%) had BMI 

>/=25 compared to 8 controls (24.2%) (OR 4.808, p<0.05*). Also, 

45.5% cases had a history of hypertension compared to 21.2% of 

controls (OR 3.1, p<0.005*) and 51.5% case had a history of 

diabetes mellitus compared to 24.2% controls (OR 3.320, 

p<0.005*). We could not find a significant difference when the 

history of smoking and history of alcohol consumption was studied 

between cases & controls (Table 4). 

 Out of 33 cases of AMI, 15 (45.5%) had serum total cholesterol 

concentration >/=200 mg/dl compared to 7 (21.2%) controls (OR 

3.095, p<0.05*), 20 (60.6%) cases had HDL-C <40 mg/dl compared 

to 7 (21.2%) controls (OR 5.714, p<0.05*) and 14 (42.4%) cases 

had LDL-C >/=130 mg/dl compared  to 6 (18.2%) controls (OR 

3.316, p<0.005*). Mean HDL-C was statistically significantly lower 

in cases (36.5+8.6 mg/dl) as compared to controls (48.2+12.9 

mg/dl). Raised serum TAG and VLDL-C did not show significant 

difference between cases and controls (Table 4).
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The relationship of serum ferritin with conventional risk 
factors in AMI cases was also assessed. It was observed that serum 
ferritin was raised (>/=300 ng/ml) in cases with a history of 
hypertension, history of smoking, history of diabetes mellitus and 
also in cases with raised serum levels of total cholesterol and LDL-C. 
In AMI patients, 72.7% of cases with serum ferritin >/= 300ng/ml 
had a history of hypertension compared to 31.8% cases with serum 
ferritin <300 ng/ml (OR 5.714, p<0.005*). In cases with serum 
ferritin >/= 300ng/ml, 81.8% had a history of smoking and 81.8% 
had a history of diabetes mellitus when compared with cases with 
serum ferritin <300 ng/ml, in whom the history of smoking was 
31.8% (OR 9.643, p<0.005*) and history of diabetes mellitus was 
36.4% (OR 7.875, p<0.005*). Also, 81.8% of cases with serum 
ferritin >/=300 ng/ml had serum total cholesterol >/=200 mg/dl as 
compared to 27.3% cases with serum ferritin <300 mg/dl (OR 12, 
p<0.005*) (Table 5). 

There was no statistically significant difference in BMI, history of 
alcohol consumption, as well as high serum levels of TAG, HDL-C, 
LDL-C & VLDL-C between AMI cases with serum ferritin >/=300 
ng/ml and <300 ng/ml. But when LDL-C was studied as a continuous 
measurement variable, it was observed that Mean LDL-C was 
statistically significantly higher in cases with serum ferritin 
>/=300ng/ml (131.1+33.8 mg/dl) compared to cases with serum 
ferritin <300ng/ml (103.7+34.4 mg/dl) (Table 5). 

Table 5.  Sr. ferritin categories and 
conventional risk factors in AMI cases
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DISCUSSION

In this study, a statistically significantly higher serum ferritin 
level was found in the group of AMI cases as compared to the group 
of controls. The median value of serum ferritin was higher (234.5 
ng/ml) in the cases of AMI compared to matched controls (139.5 
ng/ml). Furthermore, serum ferritin level of >/=300 ng/ml was 
significantly associated with AMI cases (OR = 3.2, 95% CI 1.00–9.37, 

*P <0.05 ). This value also showed a significant association with the 
history of hypertension, smoking and diabetes mellitus and raised 
serum total cholesterol and LDL-C levels in AMI cases. No significant 
association was found with the history of alcohol consumption.

A similar finding of a significant and independent association of 
serum ferritin with AMI was also reported by many authors. M.P. 
Holay et al reported that median ferritin level was high in AMI 
patients (220 ng/ml) compared to control group (155 ng/ml) [6], 
whereas Ali Pourmoghaddas et al reported that serum ferritin ≥  

*200 (OR = 4.49, 95% CI 1.72-11.70, P < 0.001 ) was associated with 
CAD. High iron store, as assessed by serum ferritin, was associated 
with the increased risk of CAD [7]. Salonen JT et al concluded that 
men with serum ferritin greater than or equal to 200 ng/ml had a 
2.2-fold (95% CI, 1.2-4.0; p less than 0.01) risk factor-adjusted risk 
of acute myocardial infarction compared with men with a lower 
serum ferritin. Elevated serum ferritin was a strong risk factor for 
acute myocardial infarction in all multivariate models. This 
association was stronger in men with serum low-density lipoprotein 
cholesterol concentration of 193 mg/dl or more than in others [8]. 
However study result of Ascherio A et al did not support that iron in 
general increases coronary risk in men [9].

Serum ferritin was one of the strongest risk predictors of the 
overall progression of atherosclerosis. The main part of this 
association appeared to act through the modification of the 
atherogenic potential of LDL-C. Ferritin and LDL-C showed a 
synergistic association with incident cardiovascular disease. Thus 
providing evidence for a role of iron stores in early atherogenesis 
and suggesting promotion of lipid peroxidation as the main 
underlying pathomechanism [10]. Oxidative Stress Theory 
discussed by Sempos CT et al stated that the production of tissue-
damaging free radicals is an essential component in the 
pathogenesis of chronic diseases and that iron may help to catalyze 
the reactions producing free radicals [11]. Iron, a major oxidant in 
vivo, could be involved in atherosclerosis through the induction of 
the formation of oxidized LDL. The interior of human advanced 
atherosclerotic lesions is a highly pro-oxidant environment, and that 
the iron ions can promote peroxidation of low-density lipoproteins 
in the arterial wall [12,13]. 

Whereas HDL-C is responsible for the cholesterol uptake from 
the cells, LDL-C contributes to atherosclerotic plaque formation 
within the arterial intima. Even with total cholesterol within the 
normal range, an increased concentration of LDL-C indicates high 
risk. HDL-C has a protective effect impeding plaque formation and 
shows an inverse relationship to CHD prevalence. Low HDL-C values 
constitute an independent risk factor [14].

Evidence supporting the findings was put forward by the study 
of Meyer DG et al in their Prospective cohort study indicating the 
benefits of blood donation to current donors. Blood donation in the 
most recent three years was associated with reduced risk of 
cardiovascular events [15].

CONCLUSION

In this case-control study, we tried to assess relationship of 
serum ferritin with acute myocardial infarction (AMI) and with 
established conventional risk factors in AMI. These risk factors 
include high body mass index (BMI); history of smoking, alcohol 
intake habits, hypertension, diabetes mellitus and abnormal lipid 
profile values [total cholesterol (TC), triacylglycerols (TAG), high 
density lipoprotein-cholesterol (HDL-C), low density lipoprotein 
cholesterol (LDL-C) and very low density lipoprotein-cholesterol 
(VLDL-C)]. We found significantly higher levels of serum ferritin in 
cases of AMI as compared to controls. The median serum ferritin 
level was higher (234.5 ng/ml) in AMI cases compared to controls 
(139.5 ng/ml). Furthermore, when studied as categorical variable it 
was found that serum ferritin level value >/=300 ng/ml was 
significantly associated with AMI cases compared to controls (OR = 

*3.2, 95% CI 1.00–9.37, P <0.05 ). This value also showed a significant 
association with the history of hypertension, smoking and diabetes 
mellitus and raised serum total cholesterol and LDL-C levels in AMI 
cases. Larger prospective studies are required to support the 
findings of this study to consider serum ferritin as a potential risk 
factor in AMI.
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