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Abstract 
Background: Obesity is associated with increased lipid peroxidation. It has also been suggested that risk of lipid peroxida-
tion increases with increasing body iron stores. The aim of this study was to examine the association of body iron status 
with the concentration of plasma malondialdehyde (P-MDA) as a marker of lipid peroxidation in obese and non-obese 
women. 
Methods: In a case control study we investigated iron status by plasma ferritin, iron and total iron binding capacity (TIBC) 
measurements and lipid peroxidation by plasma malondialdehyde (MDA) levels measurements in 25 obese women and 25 
non-obese women matched for age.  
Results: Plasma ferritin levels were significantly higher in obese groups compared with control groups (P< 0.001). Plasma 
TIBC levels were not different in both groups and plasma iron levels were significantly higher in obese groups (P< 0.05). In 
obese groups, plasma MDA levels were significantly higher when compared with control groups (P< 0.001). There were 
positive correlation between body mass index and plasma MDA levels (r= 0.75, P< 0.0001). Plasma MDA levels were posi-
tively correlated with plasma iron levels (r= 0.26, P= 0.001) and plasma ferritin levels (r= 0.39, P< 0.0001) but not with 
TIBC levels. 
Conclusion: These findings suggest that obese menstruating women are at low risk of depleting iron stores and hence, 
increasing body iron elevates the CHD risk by promoting the lipid peroxidation. Therefore, iron fortification programs 
might be undesirable for such subjects.   
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Introduction 
Obesity is prevalent worldwide and is associ-
ated with increased mortality, increased cardio-
vascular diseased, diabetes and colon cancer. 
Although the exact biochemical mechanisms re-
sponsible for the association between obesity and 
the above diseases have not been completely 
elucidated, it is known that increase in the pro-
duction free radicals associated with increased 
risk of above diseases (1). In the last decade 
evidence has accumulated that a crucial and causa-
tive role in the pathogenesis of atherosclerosis 
is played by the free radical process known as 
lipid peroxidation. It is currently believed that 
lipid peroxidation is involved in the oxidative 
modification of low density lipoprotein and this 

ultimately results in the formation of athero-
sclerotic lesions (2, 3). Iron overload is usually 
associated with increased serum iron levels and 
decreased iron binding capacity (4). Generation 
of the reactive oxygen species (ROS) by iron-
catalyzed Fenton reactions (5) have been impli-
cated in the pathogenesis of many diseases in-
cluding cancer, atherosclerosis and ischemia/reper-
fusion injury (6). It has been suggested that the 
risk of coronary heart disease increases with in-
creasing body iron stores. In support of that hy-
pothesis, a prospective epidemiologic study of 
heart disease in Finnish men found that the risk 
of heart attack increased with increasing levels 
of serum ferritin (7). The data also indicated that 
superoxide anions (O2

º -) can release iron from 
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ferritin, providing free iron to catalyze the peroxi-
dation of cell membranes (8). Although previous 
studies have shown that obesity is associated 
with increased iron stores in the body (9, 10), to 
the best of our knowledge there is no report in 
the literature of the effect of iron status per se 
lipid peroxidation in obese menstruating women. 
The purpose of this study was to test the hy-
pothesis that iron status in obese women might 
be associated with increased lipid peroxidation. 
In this study we investigated iron status by plasma 
ferritin, iron and total iron binding capacity (TIBC) 
measurements in obese women and compared them 
to the matched control group. We also meas-
ured plasma malondialdehyde (P-MDA) concen-
trations product lipid peroxidation in obese group 
to study the association between iron status and 
P-MDA, a marker of oxidative stress.  
 
Materials and Methods  
The subjects used in this study were recruited 
from women under the cover of rural health 
centers of Kerman City, Iran. In this study, 160 
menstruating women 20-45 yr old were randomly 
selected. Body weight was measured while the 
subjects were wearing light clothing without shoes 
to the nearest 0.1 kg. Height was measured to 
the nearest 1cm while subjects were not wearing 
shoes, in standing position. Body mass index 
(BMI) was calculated as weight (in kilogram) di-
vided by height (in meters-squared) and was used 
to assess corpulence. From the data obtained, 25 
subjects with BMI in the range of 30-40Kg/m2 

(cases) were chosen randomly and were age-ma-
tched with 25 subjects (controls) with healthy 
BMI (19-25Kg/m2). In this study, pregnant and 
lactating women, blood donors, subjects with 
history of smoking, diabetes, hypertension, renal 
or liver diseases, and subjects who had taken iron 
or drugs that to modify their redox status were 
excluded.  
Non-fasting venous blood samples were drawn 
from subjects between 8:00 and 12:00 a.m. Sa-
mples were collected into Vacutainer tubes con-
taining ethylene diamine tetra acetic acid (EDTA). 

Blood samples centrifuged at 3000 rpm for 10 
min at 4º C and plasma was separated for the as-
say laboratory parameters. Subject's plasma was 
stored in -70º C until analysis. Plasma MDA con-
centrations were assayed by measurement of thio-
barbituric acid reactive substances (TBARS) ac-
cording to Satoh method (11). The pink chro-
mogen produced by the reaction of thiobarbi-
turic acid with MDA was measured at 530 nm. 
Plasma iron concentrations were assayed by 
atomic absorption method by use of autoanalyser. 
Plasma TIBC levels were measured by autoana-
lyser (Kodak Ektachem 500) using the method 
of colorimetric slide and standard kits. plasma fer-
ritin concentrations were determined with chemilu-
minometric immunoassay method in the Ciba Cor-
ning ACS-180 analyzer.  
We applied statistical power calculation and found 
that the number of participants studied was ade-
quate to evaluate greater than 0.5 two-tailed stan-
dardized differences of the investigated concen-
trations of MDA between groups. In particular 
we achieved statistical power > 0.80 at< 0.05 
probability level (P value). 
For statistical analyses, data are expressed as 
mean±standard deviation (SD). Normality tests 

were applied using the Kolmogorov-Semirnov cri-
terion. P-MDA and variables selected to estimate 
iron status were compared between obese and 
non-obese subjects by use of Student's t-test. The 
relationships P-MDA and variables selected to 
evaluate iron status, were analyzed through the 
calculation of the Pearson’s correlation coeffi-
cients. Statistical significance was defined as a P 
value of less than 0.05. 
 
Results 
General characteristics of the study population 
(obese and non-obese groups) are shown in Ta-
ble 1. Mean age was similar in obese and non-
obese groups (Table 1). Plasma ferritin levels 
were significantly (P< 0.001) higher in obese 
group compared with the non-obese group (Ta-
ble 2). Our data also revealed that obese women 
had higher plasma iron levels compared with 
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non-obese women (P< 0.05), as shown in Table 
2. No significant difference was observed be-
tween study groups in plasma TIBC levels. Fur-
thermore, [P-MDA levels were significantly (P< 
0.001) higher in obese group compared with the 
non-obese group (Table 2).  

Regarding P-MDA levels, we found that it was 
positively correlated with BMI (r=0.75, P< 0.0001), 
plasma iron levels (r=0.26, P= 0.001) and 
plasma ferritin levels (r=0.39, P< 0.0001) but 
not with plasma TIBC levels.   

 
Table 1: General characteristics of study population (Data are presented as mean ± SD) 

 

Variables Non-obese 
(n=25) 

Obese 
(n=25) P-value 

Age 32.4± 5.3 32.8± 6.7 0.72 

Height (cm) 157.4± 5.9 158.6± 5.3 0.43 

Weight (Kg) 53.3± 6 79.2± 7.2 <0.001 

Body mass index (Kg/m2) 21.5± 2.3 33.2± 2.8 <0.001 
 

Table 2: Comparison of plasma iron, TIBC, ferritin and MDA levels in obese and non-obese groups 
 

Variables Non-obese 
(n=25) 

Obese 
(n=25) P-value 

Plasma iron (µg/dl) 89 ± 41 110 ± 40 <0.05 

Plasma TIBC (µg/dl) 319 ± 72 297 ± 73 0.28 

Plasma ferritin (ng/ml) 32 ± 13 50 ± 25 <0.001 

P-MDA (µmol/L) 1.4 ± 0.3 3.4 ± 0.7 <0.001 

TIBC, Total iron binding capacity; P-MDA, Plasma malondialdehyde  
 

Table 3: Correlations among BMI, iron status indicators and P-MDA (µmol/L) in all the subjects 
 

Variables Pearson’s correlation coefficients (r) P-value 
BMI (Kg/m2) 0.75 <0.0001 

Plasma iron (µg/dl) 0.26 0.001 

Plasma TIBC (µg/dl) −0.09 0.36 

Plasma ferritin (ng/ml) 0.39 <0.0001 

BMI, Body mass index; TIBC, Total iron binding capacity 
 
Discussion  
In the present study, all means of the measures 
selected to estimated iron status were higher in 
obese than in non-obese women, except plasma 
TIBC levels. Obese women appear to have 
greater iron stores than do non-obese women, in 
terms of plasma ferritin and plasma iron concen-
trations. Our results were in agreement, however, 
with those of Fricker et al. (10), who found 
increased serum ferritin levels in obese women 

compared with non-obese women. In another 
study (12), greater BMI was associated with 
higher mean hemoglobin concentrations and he-
matocrits but not with higher mean serum iron 
concentrations. However, in this study serum fer-
ritin was not measured. Because serum ferritin 
is the best indicator of iron stores (13) the 
higher concentration found in the obese group 
effectively shows that these subjects had higher 
iron stores than did the non-obese women. The 



F Amirkhizi et al: Association between Iron… 

106 

higher iron stores in the obese women might 
partly be related to dietary intake. 
In the present study, we also measured lipid 
peroxidation product (MDA) in the subjects to 
investigate the association between measures se-
lected to estimate iron status and MDA, marker 
of oxidative stress. Lipid peroxidation is a free 
radical-generating process which occurs on every 
membranous structure of the cell. Free radicals 
are known to be involved in a number of human 
pathologies including atherosclerosis (14), can-
cer (15) and hypertension (16). We observed 
that a plasma concentration of MDA was sig-
nificantly higher in obese group than in non-obese 
group. In our study, plasma iron and ferritin levels 
were positively associated with P-MDA levels. 
Few studies have examined the association of 
plasma iron levels and P-MDA in human popu-
lations. Results from a study in patients with 
acute myocardial infarction showed an associa-
tion of higher iron status with increased lipid 
peroxidation (17). In another study, results sug-
gested that iron and copper status may be asso-
ciated with lipid peroxidation in subjects with-
out metal overload (18). Extensive reviews have 
been recently published concerning the role of 
iron in free radical reactions, such as lipid per-
oxidation (19, 20). Iron is largely stored in fer-
ritin. Free metal ions can catalyze the formation 
of the highly reactive hydroxyl radical from su-
peroxide and hydrogen peroxide (21). To pro-
mote free radical production, iron must be liber-
ated from proteins, but body iron is so tightly 
bound that there may not be free iron available 
in vivo under physiological conditions. It is be-
lieved that oxidant stress itself can provide the 
iron necessary for formation of ROS, for exam-
ple, by mobilizing iron from ferritin (19). No sig-
nificant correlation was observed between pla-
sma TIBC and P-MDA levels in our study. Yesil-
bursa et al. found, negative correlation between 
TIBC levels and MDA levels in coronary artery 
patients (13). In another study, Cooper and Liao 
found no relation between TIBC and incidence 
of coronary heart disease (22). Over 90% serum 
iron-binding capacity is accounted for by the iron 

transport protein transferring. Apart from its fu-
nction as an iron-transporting protein, transfer-
rin has long been known to be an antioxidant and 
its antioxidant property is believed to be related 
to its capacity to bind iron (19, 23). Menstruat-
ing women constitute a group at risk for iron 
deficiency (10) but, in this study we demonstrated 
that obese women be a group at low risk of iron 
deficiency. Modest long-term iron depletion was 
proposed as one of the factors protecting from 
coronary heart disease (CHD) (24) for its part, 
obesity was shown to be an independent risk 
factor for cardiovascular disease (25). The rela-
tionship between CHD and obesity might be par-
tially linked to an increase in body iron stores.  
These results suggest that obese menstruating 
women are at low risk of depleting iron stores, 
possibly because of high iron intake. Iron forti-
fication programs might thus be undesirable in 
such subjects. Because iron deficiency and ex-
cess are both probably undesirable, it would be 
of great help to identify more precisely popula-
tions at risk of iron deficiency; iron supplemen-
tation could then be more personalized. Further 
studies are needed to clarify the relationships be-
tween obesity and iron status and to assess their 
consequences.  
 
Acknowledgements  
This study was made possible by the financial 
support of the Research Council of School of 
Public Health and Institute of Public Health Re-
search, Tehran University of Medical Sciences. 
We are indebted to those who donated their 
valuable blood for our study, and we are grate-
ful to the staffs of Health Training of Research 
Center in Kerman Province for their cooperation. 
The authors declare that they have no conflict 
of interests. 
 
References 
1. Olusi SO (2002). Obesity is an independent 

risk factor for plasma lipid peroxidation and 
depletion of erythrocyte cytoprotectic en-
zymes in humans. Int J Obes, 26: 1159-64. 



Iranian J Publ Health, Vol. 37, No.4, 2008, pp.103-108 

107 

2. Witztum JL, Steinberg D (1991). Role of 
oxidized low density lipoprotein in athero-
genesis. J Clin Invest, 88: 1785-92. 

3. Steinberg D, Parthasarathy S, Carew TE, 
Khoo JC, Witztum JL (1989). Beyond 
cholesterol: modifications of low density 
lipoprotein that increase its atherogenecity. 
N Engl J Med, 320: 915-24. 

4. Nichols GM, Bacon BR (1989). Hereditary 
hemochromatosis: pathogenesis and clini-
cal features of a common disease. Am J 
Gastroenterol, 84: 851-62. 

5. Frenkel K (1992). Carcinogen-mediated oxi-
dant formation and oxidative DNA damage. 
Pharmacol Therapeut, 53: 127-66.  

6. Dabbagh AJ, Mannion T, Lynch SM, Frei B 
(1994). The effect of iron overload on 
rat plasma and liver oxidant status in 
vivo. Biochem J, 300: 799-803. 

7. Salonen JT, Nyyssonen K, Korpela H, Tuo-
milehto J, Seppanen R, Salonen R (1992). 
High stored iron levels are associated 
with excess risk of myocardial infarction 
in Eastern Finnish men. Circ, 86: 803-11. 

8. Minottic G, Aust SD (1997). The require-
ment for iron (III) in the initiation of lipid 
peroxidation by iron (II) and hydrogen 
peroxide. J Biol Chem, 262:1098-104. 

9. Micozzi MS, Albanes D, Stevens RG (1989). 
Relation of body size and composition 
to clinical biochemical and hematologic 
indices in US men and women. Am J 
Clin Nutr, 50: 1276-81. 

10. Fricker J, Moel GL, Apfelbaum M (1990). 
Obesity and iron status in menstruating 
women. Am J Clin Nutr, 52: 863-66. 

11. Satoh K (1978). Serum lipid peroxide in 
cerebrovascular disorders determined by 
a new colorimetric method. Clin Chim 
Acta, 90: 37-43. 

12. Micozzi MS, Albanes D, Stevens RG (1989). 
Relation of body size and composition to 
clinical biochemical and hematologic in-
dices in US men and women. Am J Clin 
Nutr, 50: 1276-81. 

13. Yesilbursa D, Serdar Z, Serdar A, Dirican M, 
Gemici K, Ozdemar A, Turel B, Cordan 
J (2001). The relationship of serum fer-
ritin with malondialdehyde concentration 
in patients with coronary artery disease: 
ferritin and oxidative stress in CAD. Int 
J Angiol, 10: 88-91. 

14. Steinberg D (1997). A critical look at the evi-
dence for the oxidation of LDL in athero-
genesis. Atherosclerosis, 13:5-7. 

15. Cerutti PA (1994). Oxy-radicals and cancer. 
Lancet, 344: 796-98. 

16. Russo C, Oliviri O, Girelli D, Faccini G, Zenari 
MI, Lombardi S, Corrocher R (1998). 
Anti-oxidant status and lipid peroxidation 
in patients with essential hypertension. J 
Hypertens, 16: 1267-71. 

17. Baykan M, Celic U, Orem A, Malkoc M, 
Erdol C, Baykan EC, Orem C, Karahan 
B (2001). Iron status and its relationship 
with lipid peroxidation in patients with 
acute myocardial infarction. Acta Car-
diol, 56: 277-81. 

18. Arnaud J, Fleites P, Chassagne M, Verdura 
T, Renversez JC, Garcia GI, et al. (2001). 
Relation between serum lipid peroxide 
concentrations and iron or copper status 
over one year in Cuban adult men. J 
Trace Elem Med Biol, 15: 24-30. 

19. Halliwel B, Gutteridge JMC (1992). Biologi-
cally relevant ion-dependent hydroxyl radi-
cal generation: an update. FEBS Lett, 85: 
108-12. 

20. McCord JM (1991). Is iron sufficiency a 
risk factor in ischemic heart disease? Circ, 
83: 1112-14. 

21. Magnusson MK, Sigfusson N, Sigvaldason 
H, Johnnesson GM, Magnusson S, Thor-
geirsson G (1994). Low iron-binding ca-
pacity as a risk factor for myocardial in-
farction. Circ, 89: 102-8. 

22. Cooper RS, Liao Y (1993). Iron stores and 
coronary heart disease: negative findings 
in the NHANES I epidemiologic follow-
up study. Circ, 87: 686-90. 



F Amirkhizi et al: Association between Iron… 

108 

23. Jonsson JJ, Johannesson GM, Sigfusson N, 
Magnusson B, Thjodleifsson B, Magnus-
son S (1991). Prevalence of iron defi-
ciency and iron overload in the adult 
Icelandic population. J Clin Epidemiol, 
44: 1293-97. 

24. Sullivan JL (1981). Iron and the sex difference 
in heart disease risk. Lancet, 1: 1293-94. 

25. Ramakrishnan U, Kuklian E, Stein AD (2002). 
Iron stores and cardiovascular disease risk 
factors in women of reproductive age in 
the United States. Am J Clin Nutr, 76: 
1256-60. 

 


