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Abstract – The present study is aimed to find out the chronic training adaptation of iron profile in male 
and female athletes as there are many studies existing in acute training adaptation of iron profile. A total 
of 361 male athletes and 248 female athletes were volunteered to participate in the present study. 
Athletes were undergone training in Sports Authority of India. The mean age of the male and female 
athletes was 23.5±4.0 year and 21.6±4.2 year. The training age of athletes is 5-7 years. Whole blood and 
the serum were used to analyze hemoglobin, iron, TIBC (Total Iron Binding Capacity), ferritin and 
transferrin saturation. Athletes were grouped into three categories based on the demand of the energy 
system of the game that is aerobic game, anaerobic game and aerobic: anaerobic game. Mean value of 
hemoglobin, iron, ferritin & Transferrin saturation level is less and TIBC is more in female athletes than 
male athletes.  ANOVA results showed that the ferritin, hemoglobin, transferrin saturation level in both 
the sex and TIBC level in female athletes is significant. Ferritin is the best indicator of the iron parameters 
and the other parameters gives the additional information of the iron status in the body. Mean ferritin 
level of male and female athletes in aerobic, anaerobic and aerobic: anaerobic game athletes are 
53.7±37.7, 78.5±50.1, 66.1±48.7 and 33.2±15.6, 45.9±1126.8, 29.6±17.2 respectively. Long term of anaerobic 
training has less impact on iron profile and so the ferritin level is high in anaerobic game athletes when 
compared with aerobic game and aerobic: anaerobic game athletes. Our study concludes that chronic 
training adaptation of Iron profile of different sports varies with the demand of energy system of the 
game. 
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INTRODUCTION 

The importance of iron profile in athlete population for 
their performance has been for several decades. Iron 
is a micronutrient but plays a major role in the 
metabolic pathways and it involves in many 
biochemical reactions such as oxidative 
phosphorylation, storage and transport of iron, 
synthesis of neurotransmitters, DNA synthesis etc. In 
our human body, major part about 65% of iron are 
present as haemoglobin that involved in the transport 
of oxygen & carbon dioxide and the next major part of 
about 20% of iron are used for storage as ferritin & 
hemosiderin (Clenin et. al., 2016). Deficiency of this 
micronutrient metal in athletes leads to altered 
biochemical reactions that impact the performance of 
an athlete and it is proved by many studies (Zoller, 
Vogel ,2004). 

Negative iron balance will result in iron deficiency 
anaemia and the cause of negative iron balance may 
be due to malnutrition, decreased absorption of iron 
in intestine or increased loss of iron in sweat, urine, 
faeces during heavy training load (Malczewska-
Lenczowska, et. al., 2009). Iron deficiency is the most 
common nutritional deficiency in the world (Centres 
for Disease Control and Prevention, 2002). The 
parameters used in this study to monitor the iron 
profile are haemoglobin, iron, TIBC (Total Iron 
Binding Capacity) and transferrin saturation, as 
because to find out the iron state and the severity of 
the deficiency more than a single parameter of iron 
profile should be used (Gibson, 2005).). Haemoglobin 
is a protein present in RBC (Red Blood Cells) that 
carry oxygen from lungs to various tissues where it is 
required for energy production and also carry carbon 
dioxide from tissues to lungs for expiration. Serum 
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iron informs us the amount of iron circulating in the 
blood and it is bound with the protein transferrin. 
Ferritin gives the information about the storage status 
and TIBC provides the information about the binding 
capacity of transferrin with iron. Transferrin saturation 
is the amount of iron actually binded with transferrin 
molecule. 

The energy demand for athletes in different games 
varies. Hence, our study is aimed to find out the 
chronic adaptation of these iron parameters who were 
in training for 5-7 years. 

METHODS: 

A total of 361 male athletes and 248 female athletes 
were volunteered to participate in the present study. 
Athletes were undergone training in Sports Authority of 
India. The mean age of the male and female athletes 
was 23.5±4.0 year and 21.6±4.2 year. The training age 
of athletes is 5-7 years. The study was approved by 
the ethical committee of Sports Authority of India, 
India. The written consent was obtained from all 
participants. 

The pre-analytical factors such as an overnight fast, 
venous blood were collected at 8.30 am with off 
training session for one day before the sample 
collection. 

Sample collection: Athletes were in a sitting position 
and the tourniquet was set around the upper arm then 
the needle was inserted in the vein of antecubital fossa 
region immediate after the blood was filled in syringe, 
the tourniquet was removed (Solberg, Petitclerc, 
1988).). Blood was collected in the serum separator 
tube, inverted the tube for 5-8 times and allowed the 
blood to clot for upright position for at least 30 minutes. 
Then the blood was centrifuged for 15 minutes at 
2200-2500 rpm for serum separation and the serum 
was used to analyze iron, TIBC (Spinreact, Spain) and 
ferritin (DRG diagnostics, Germany). Hemoglobin was 
assessed from the whole blood by 
cyanmethaemoglobin method, ferritin by enzyme 
immunoassay method, iron and TIBC were assessed 
by Persjin method. Transferrin saturation was 
calculated by the formula: Iron/TIBC * 100 (Persijn, et. 
al., 1971).). The instrument used for these estimations 
were HITACHI U-2000 Double beam UV/Vis 
spectrophotometer (Japan), ELx800 Absorbance 
Microplate Reader, Biotek, United States and ERBA 
Smart wash-III, compact automated ELISA washer, 
ERBA diagnostics Mannheim GmbH, Germany. 

All results are expressed as mean (Standard 
Deviation). The analysis was performed by the 
statistical software Statistical Package for Social 
Sciences (SPSS) MS Windows 9.0. ANOVA (One way 
analysis of variance) was used to determine the 
difference exists among the means and LSD post-hoc 
test was used to determine which means differ. 
Statistical significance was set at the 0.05 level. 

RESULTS: 

Table 1: Energy system in different sports 

 

Table2: Iron profile in Male players 
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Table 3: ANOVA test of iron profile in male athletes 

 

 

 

 

 

Table 4: Iron profile in Female players 
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Table 5: ANOVA test of iron profile in female 
athletes 

 

DISCUSSION: 

Iron is very essential for the function of the various 
organs of the human body; it plays a major role for the 
performance of an athlete. Deficient of this 
micronutrient results in anemic stage which is 
detrimental to the athlete‘s performance. The demand 
of energy system varies with the type of game such as 
a long distance runner mainly depends on aerobic 
system and a sprinter predominates over anaerobic 
system, the percentage of contribution of energy 
system in different sports is given in table-1. It is well 
documented by many studies that the iron profile 
relates with the aerobic system as haemoglobin 
protein delivers oxygen to various tissues for the 
generation of ATP (Adenosine Tri Phosphate) and 
researchers proved that the maximal oxygen 
consumption is positively correlated with the iron 
profile (Kalasuramath et. al., 2015). Hence, the training 
program of athletes is designed and executed 
depends on the energy demand of that particular 
game. 

The mean value of haemoglobin, ferritin, iron and 
transferrin saturation is less in female athletes than 
male athletes whereas the mean value of TIBC is more 
in female athletes than the male athletes. Our study 
supports the findings of Beard et al 2000, Constantini 
et al 2000. The cause of low iron profile in female 
athletes may be due to the high concentration of 17β-
estradiol which inhibits the iron regulatory hormone 
hepcidin expression through an ERE (estrogen 
responsive element) half-site in the promoter region of 
the hepcidin gene and the other main cause is 
menstrual iron loss of about 4-37 mg per period in 
female athletes (Yang, et. al., 2012. McClung, et. al., 
2014. Linder, 2013). 

The haemoglobin, ferritin and transferrin saturation 
level of athletes are significantly different among the 
various games (Table 3 & 5). Among the other iron 
parameters haemoglobin, iron, TIBC and transferrin 
saturation, ferritin value is considered as best marker 
to know the iron status in the body and the other 
parameters adds information to it (Harju, et. al., 1984. 
Hillman, 1998). Hence, in the study, the authors used 
a ferritin cut off value (<12 ng/ml) to scrutinise the 
athletes. Results showed that both the male and 
female athletes from anerobic game has the highest 
ferritin level when compared with the aerobic game & 
the aerobic: anaerobic game counterparts (Table 2 & 
4). It also shows that the athletes who were in 
anaerobic training for long term in the study has the 
highest ferritin level in turn reveals that the anaerobic 
training does not induce much loss of iron and it 
support the findings of Wang et al 2012. 

Aerobic training has much impact on iron profile when 
compared with the anaerobic training because in 
aerobic training, the iron is used for the ATP 
production in the energy system (haemoglobin carries 
about 98.5% of total oxygen found in the blood) 
(Wang, et. al., 2012). Anaerobic training induces a 
change in iron profile and return to its baseline level 
after recovery and so the ferritin level is more in 
anaerobic game athletes than the aerobic & aerobic: 
anaerobic game athletes. The mechanism behind this 
is during the anaerobic training, the release of IL-6 
stimulates the production of the hormone hepcidin in 
hepatocytes and in blood, the hormone binds to 
ferroportin and blocks the intestinal iron absorption. 
During recovery after anaerobic training the IL-6 
return to its baseline level reduces the hepcidin 
production and thereby enhances the iron absorption 
and its storage (Wang, et. al., 2012. Skarpan-
Stejnborn et. al., 2015) 

There are many studies showed the short term effect 
of aerobic training on iron profile and there are a very 
limited number of studies on long term adaptation of 
aerobic training in various games of athletes.  The low 
ferritin value in aerobic game athletes is due to long 
term adaptations of aerobic training. Long term of 
aerobic training increase the RBC (Red Blood Cell) 
turn over by the increased expression of EPO gene in 
turn which increases the production of erythropoietin 
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hormone that stimulates the erythropoiesis process 
(Min, 2012. Smith, 1995). As there is increase in RBC 
turnover because of reticuloendothelial cell 
degradation of aged red cells, there is a need of iron 
molecule for the synthesis of new RBC and in 
response to the signal of low level of iron in labile iron 
pool, the iron-rich ferritin is shifted from cytosol to 
lysosomes by the process of autophagy and the 
cathepsin degrades the ferritin, releases iron from 
lysosome to cytosol by diffusion and adds to the labile 
iron pool. The new iron from the pool is exported into 
extracellular fluid by Ferro port in. Then the iron binds 
to transferrin and transported to bone marrow for the 
development of new RBC Polonifi (Politou, et. al., 
2010). Polonifi et al 2010 studied that there are twelve 
genes that are involved in the iron metabolism of 
import, storage and export in human body (Calco, et. 
al., 2008). Long term aerobic training may alter the 
expressions of these genes on the genetic and 
molecular basis of adaptation to training (Calco, et. al., 
2008). Hence, the ferritin molecule in degraded and 
used up for the synthesis of new RBC, the level of 
ferritin is low in aerobic game athletes. 

CONCLUSION: 

The study concludes that the anaerobic training for 
long term has a less impact on iron profile of both male 
and female athletes. The ferritin level of anaerobic 
game athletes is high when compared with aerobic 
and aerobic: anaerobic game athletes. Iron profile of 
different sports varies with the demand of energy 
system of the game. 
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