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Introduction: Iron metabolism is important for maintaining body homeostasis, and aerobic exercise 
can enhance this process. This study aimed to evaluate the effects of iron Ion solution consumption on 
some hematologic factors and aerobic performance among iron deficiency anemia in female patients.  

Methods: This experimental research was conducted on 30 women aged 20-30 years old with iron 
deficiency anemia, who referred to the medical centers of Kerman, Iran using a control group in pre- 
and post-test with primary care. The subjects were randomly divided into three equal groups. The 
ISAE=10 received Iron Supplement, while the AE=10 group received Aerobic Exercise, and the Control 
C=10 got neither. The aerobic exercises program included eight weeks and three sessions/week. The 
aerobic power was measured by Astrand aerobic bike test. The complete Blood Count (CBC) 
measurement included HCT, MCH, MCV, MCHC, RBC, HB, chemiluminescence and Ferritin in pre-test 
and post-test. The statistical method included the Kolmogorov-Smirnov test for normal distribution, the 
Levene test for homogeneity of variances, as well as one-way analysis of variance, and Scheffe post hoc 
tests.  

Results: ISAE and AE significantly increased serum ferritin after eight weeks of aerobic training (F= 
3.160; p<0.05 and aerobic power F= 6.23; p<0.01).  

Conclusion: The results showed that aerobic power and iron ion solution consumption increased 
significantly between the two groups compared to the control. Other variables were not significantly 
different between groups. Exercise and iron ion solution consumption may play a significant role in 
improving serum ferritin index in female patients with anemia caused by iron deficiency.  
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Introduction 
Iron metabolism is essential for maintaining 
body homeostasis. Anemia caused by iron 
deficiency is called Iron Deficiency Anemia (IDA) 
(1, 2). The reasons for IDA are the amount of iron 
consumption in the diet, iron requirements, and 
abnormal menstrual cycle. Athletes' 
performance can be negatively affected by iron 
depletion because it is required for oxygen 
transmission, mitochondrial respiratory chain 
enzymes, and oxidative enzymes (3). Iron is the 
main element in the total metabolism of living 
organisms, which plays a vital role in nutrition 
(4). Iron is found in hemoglobin, myoglobin, and 
cytochromes as well as in phytonutrients (5). The 
Heme iron, as functional iron, is responsible for 
connecting oxygen to red blood cells and 
transferring it into the tissue, as well as for 
transmitting electrons in the Krebs cycle and 

electron transport chain (6). Non-heme iron is a 
catalyzer, which converts beta-carotene to 
vitamin A (7), and synthesis the Purine to form 
the nuclide acid, remove blood lipids, and 
collagen synthesis (8), and produce antibody in 
the liver (9). The results of laboratory studies on 
animals with iron deficiency have indicated that 
most animal groups have the lowest aerobic 
capacity (10, 11). According to the results, iron 
deficiency affects mitochondrial enzymes and 
blood hemoglobin levels (12, 13). The findings 
show that iron deficiency reduces mitochondrial 
enzymes and hemoglobin levels, while iron 
supplementation increases the activity of 
cytochrome C (35%) and Krebs cycle enzymes 
(15%) (14, 15). Since energy production in 
mitochondria is affected by iron deficiency, 
metabolites accumulate, function decreases, and 
cell death occurs (16).  
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IDA reduces capacity and aerobic power among 
athletes (17-20). Anemia treatment has included 
iron supplements, artificial iron fortification, 
biofortification, dietary modification, nutrition 
education, and antiparasitic treatment in recent 
years (21, 22). Iron deficiency is estimated to 
result in a loss of US $70 billion in the global 
economy each year in addition to the negative 
effects of supplement consumption. However, 
access to varied diets is neither affordable nor 
possible for many people, and supplements are 
expensive, not consistently available, and often 
culturally unacceptable (23). 
The iron supplement is found in two forms of 
ferrous and ferric. The first type of iron absorbs 
better than the ferric form in the body. Second, 
sulfate can cause gastrointestinal distress, 
nausea, heartburn, diarrhea, and constipation. 
Fumarate, sulfate, and gluconate are forms of 
iron supplements that can be absorbed in the 
body properly, but their digestion can be 
problematic (24).  
The iron-containing cookware could serve to 
reduce IDA, which is used among children. The 
potential advantages of iron-containing 
cookware include relative cost-effectiveness and 
complementary combination with other 
interventions (25).  
Charles et al. (2011) indicated that the iron ingot 
in boiling water is another form, which has 
unique properties and is used as a supplement 
compared to the iron chemical drugs with high 
absorption without gastrointestinal effects. 
Natural iron is the most common form of iron in 
nature, so its structure is similar to iron in the 
body. However, further research was required to 

assess the quantity and bioavailability of iron 
leached from the ingot (26). 
The iron reacts readily with oxygen and water to 
give brown to black hydrated iron oxides, 
commonly known as rust. Iron is a metal that 
reacts with water, so dipping molten iron in 
water results in releasing iron ions in the water, 
also called iron water (27, 28).  
According to a report from the Laboratory of 
applied research in Shahid Bahonar University of 
Kerman, the iron ion dissolved in this solution is 
5.3 ppm. Therefore, this study evaluated the 
effect of iron ion solution on iron deficiency 
anemia treatment among female patients. The 
iron ion solution may change Red Blood Cell 
(RBC), hemoglobin levels, Hematocrit (HCT), 
Mean Corpuscular Volume (MCV), Mean 
Corpuscular Hemoglobin (MCH), and Mean 
Corpuscular Hemoglobin Concentration (MCHC) 
of serum iron, and serum ferritin were also 
investigated. 

Materials and Methods  
This randomized controlled trial study was 
designed by pre-test and post-test with the 
control group and primary care. The consent 
form and health questionnaire were presented to 
control the detrimental nutritional factors. The 
statistical population was women aged 20 to 30 
years old, who were the citizens of Kerman with 
iron deficiency anemia based on the results of 
two-factor of Iron and ferritin of serum. The 
leading indicators of anemia caused by iron 
deficiency were purposefully selected from the 
patients of Kerman health centers. 

Table 1. Descriptive statistical analysis of variables 
Characteristics  ISLE AE C 

Age (yrs)  24.72 ± 1.01 26.72 ± 2.82 25.29 ± 1.84 
Weight (kg)  59.61 ± 4.65 64.89 ± 6.31 60.88 ± 9.98 
Height (cm)  161.67 ± 10.93 163.17 ± 13.75 167.65 ± 5.26 
Aerobic capacity  
(mL.kg.min) 

pre 37.66 ± 1.34 34.49 ± 1.83 35.95 ± 1.48 

post 44.28 ± 1.39 39.81 ± 1.46 36.96 ± 1.40 

Hemoglobin 
(g/dl) 

pre 14.66 ± 1.29 14.23 ± 1.62 13.99 ± 1.28 

post 15.70 ± 1.13 14.74 ± 1.17 14.61 ± 1.43 

Hematocrit 
pre 43.25 ± 0.74 42.01 ± 0.61 43.14 ± 1.01 
post 44.55 ± 0.49 43.82 ± 0.77 43.92 ± 0.37 

MCV (fl) 
pre 89.46 ± 1.82 89.33 ± 1.51 88.89 ± 1.20 
post 90.47 ± 1.09 89.66 ± 0.29 88.92 ± 0.33 

MCH (Pg) 
pre 28.31 ± 0.42 26.35 ± 0.75 26.54 ± 0.32 
post 29.03 ± 0.32 27.17 ± 0.12 26.92 ± 0.91 

MCHC (g/dl) 
pre 30.74 ± 0.25 31.28 ± 0.77 30.88 ± 0.84 
post 31.61 ± 0.14 32.99 ± 0.61 30.76 ± 0.93 

Ferritin (g/dl𝝁) 
pre 28.21±1.42 31.33±1/34 31.89±2.16 
post 39.01±2.76 39.66±1.29 33.92±4.33 

Iron Supplement and Aerobic Exercise group (n=10) = ISAE, aerobic exercise group (n=10) = AE, Control group (n=10) = C
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Subjects 
The 75 patients in this study filled the 40-
question questionnaire approved by domestic 
clinical experts. The exclusion criteria were 
laboratory, thalassemia, heart, respiratory 
problem, and vegetarian diet.  
The patients were finally excluded from the 
study after the blood tests revealed that they had 
hematological problems. The blood tests 
determined the values of hemoglobin, 
hematocrit, MCV, MCH, and MCHC of serum 
ferritin in the laboratory, so the three groups 
were matched based on the results of ferritin 
levels (Table 1). The first group (n=10) received 
Iron Supplement and Aerobic Exercise (ISAE), 
the second group (n=10) got Aerobic Exercise 
(AE), and the third group (n=10) were control 
(C). 

Aerobic Exercise Protocol 
The aerobic exercises included three 10-15 
minutes training sessions per week for eight 
weeks, including static stretching and dynamic 
warm-up. The main program was 20-35 minutes 
of continuous running on a fixed track with an 
intensity of 70-80% of the maximum heart rate 

for every subject. The overload program 
increased by 2 minutes in every session. The 
intensity of exercise was monitored by Polar 
heart rate. The cold down exercise was carried 
out with light jogging and stretching for 10-15 
minutes. The total time was 40 minutes in the 
first and 60 minutes in the last session. 

 Measurements 
The pre-test was performed by Complete Blood 
Count (CBC) test, which included HCT, MCH, 
MCV, MCHC, RBC, HB, by Symex (model: KX-21); 
chemiluminescence; Iron Ferozine kite; Auto 
Analyzer (Mindry, bs800), and Ferritin by 
Architect ferritin kite (7K59). The three groups 
were matched by ferritin levels. In addition, the 
aerobic power was measured by the six-minute 
Astrand aerobic bike tests (by Monark cycle 
ergometer E839). The ISAE group consumed 500 
mg iron ion solution servings as 250 ml at 10 am 
and 250 ml at 10 pm during eight weeks of 
aerobic exercise protocol. AE and C groups 
received 500 mg of drinking water in two 
servings as 250 ml at 10 am and 250 ml at 10 pm 
as a placebo. The post-test administered the 
same variables after eight weeks. 

Table 2. Analysis of covariance in post-test variables 
 groups Mean difference F P 

 
Aerobic capacity 
(mL.kg.min) 

ISAE 7.62 

6.23 0.003* AE 6.32 
C 1.1 

 
Hemoglobin (g/dl) 

ISAE 1.4 

0.301 0.892 AE 0.51 
C 0.62 

 
Hematocrit (%) 

ISLE 1.30 

1.24 0.287 AE 1.82 
C 0.150 

 
MCV (fl) 

ISAE 1.01 
1.632 0.240 AE 0.33 

C 0.03 

 
MCH (Pg) 

ISAE 0.72 

1.419 0.107 AE 0.82 
C 0.38 

 
MCHC (g/dl) 

ISAE 0.87 

1.421 0.210 AE 0.67 
C 0.96 

 

Ferritin (g/dl𝝁) 

ISAE 10.8 
3.160 0.021* AE 8.33 

C 2.03 
* Significant at level p≥0.05.

Statistical Analysis  
The data were analyzed by descriptive statistics, 
including mean, standard deviation, minimum, 
and maximum. The normality of variables was 
evaluated by the Shapiro-Wilk test. The 

differences in dependent variables were 
calculated in two pre-test and post-test stages 
(before and after supplementation) among three 
groups. The differences between groups were 
evaluated by the Analysis of Covariance 
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(ANCOVA), and the paired comparison of groups 
was analyzed by the Scheffe post hoc test. 

Results 
Table 1 present the descriptive statistical 
analysis variables. Consuming iron ion solution 

and aerobic training in the ISAE group affects 
aerobic capacity in female patients with IDA. The 
differences in aerobic power were calculated in 
pre and post-test (F= 6.23; p=0.003) among three 
groups (ISAE, AE, and C) and indicated in Tables 
1 and 2.  

 

 
Figure 1. The alternation and comparison of aerobic capacity among groups in post-test. (C): Control group, (AE) aerobic 
exercise group, and (ISAE) Iron Supplement and Aerobic Exercise group. *Significant difference between groups 

The Scheffe posthoc test revealed a significant 
difference between the ISAE group (44.28±1.39 
mL.kg.min) and the C group (36.96±1.40 
mL.kg.min). In addition, Figure 1 represents a 
significant difference between the AE 
(39.81±1.46 mL.kg.min) and C (36.96±1.40 
mL.kg.min) groups. It means the iron ion solution 
and aerobic training effectively increase aerobic 
capacity in every group. 

The supplementation of iron ion solution and 
aerobic training did not affect HB, HCT, MCV, 
MCH, and MCHC in female patients with IDA at 
the same time or aerobic exercise alone. No 
significant difference was found in HB (F= 0.301; 
p=0.892), HCT (F=1.24; p=0.287), MCV (F= 
1.632; p=0.240), MCH (F= 1.419; p=0.107), and 
MCHC (F= 1.421; p=0.210) among ISAE, AE, and 
C groups in two stages of pre- and post-test 
(Table 1 and 2). 

 

 
Figure 2. The alternation and comparison of serum ferritin among groups in post-test. (C): Control group, (AE) aerobic exercise 
group, and (ISAE) Iron Supplement and Aerobic Exercise group. *Significant difference between groups. 

The iron ion solution supplement and aerobic 
exercise affect ferritin in female patients with 
IDA. There was a significant difference in serum 
ferritin among ISAE, AE, and C groups in pre- and 
post-test (F= 3.160; p=0.021). According to the 
Scheffe posthoc test, significant differences were 

observed between the ISAE and C groups, also AE 
and C groups. The ISAE and AE groups did not 
differ significantly (Figure 2). Therefore, the iron 
ion solution, along with aerobic training, is 
effective in increasing ferritin serum. In addition, 
aerobic training may affect ferritin serum alone. 
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Aerobic exercise is an essential factor in effect on 
Fe2 serum (serum ferritin index). 

Discussion  
Iron is an essential factor in hemoglobin and 
myoglobin structure.  Ion solution consumption 
and aerobic exercise affect aerobic capacity in 
female patients with IDA and improve iron status 
and endurance capacity in iron-deficient and 
non-anemic trained male and female subjects 
(29). The combination of iron in hemoglobin and 
aerobic exercise is fundamental to the success of 
athletes. Additionally, the better endurance 
performance of athletes in comparison with 
normal individuals is due to increased blood 
hemoglobin concentration. The function of iron 
in hemoglobin building increases the oxygen to 
the body because the prevailing system is 
powering through the aerobic system in 
endurance activities (5). Aerobic capacity may 
improve IDA lonely, but available cross-sectional 
and longitudinal studies indicate that the blood 
of endurance athletes is more dilute due to blood 
volume expansion, particularly plasma volume 
because of training. IDA reduces aerobic 
capacity, and the low hematocrit values in 
trained athletes represent a hydration condition 
rather than an iron store deficiency (30).  
Biological mechanisms are sufficiently strong to 
justify interventions to improve iron status for 
the effect of IDA on aerobic capacity. Serum iron 
can improve exercise performance (17), and ID 
and IDA are common among young adolescent 
female athletes. Nevertheless, there was no 
difference between female athletes and 
nonathletes (19). The iron supplements may 
improve ventilation threshold and endurance 
capacity in men and women with iron deficiency 
(29). A few studies have reported that female 
endurance athletes should be screened using a 
serum ferritin cutoff between 20.0 and 25.0 μg/L 
to identify iron depletion to impair performance. 
Anemia or iron deficiency in athletes should be 
treated with supplemental and dietary guidance, 
as well as serial hemoglobin and serum ferritin 
measurements (17-20). The reduced functional 
observed in field studies is likely due to anemia 
and reduced oxygen transport. The biological 
mechanisms for the effect of IDA on work 
capacity are sufficiently strong to justify 
interventions to improve iron status for 
enhancing human capital (17). 

In contrast, Garz et al. (1997) and Klingshirn et 
al. (1992) found that low ferritin did not affect 
endurance in women (31, 32). In addition, low 
serum iron cannot decrease endurance capacity 
without anemia (33). The results of these 
researches have not been consistent with the 
present study because the amount and type of 
supplements have differed probably. 
In the present study, iron ion solution 
consumption and aerobic exercise did not affect 
blood hemoglobin in women with iron deficiency 
anemia. Some interfering factors, which may 
affect IDA, are altitude, menstrual bleeding, and 
renal disorder due to erythropoietin reduction 
and nutrition.  
Hemoglobin comprises a protein section 
(globulin) and four granular pigments. Physical 
activity may cause many changes in the number, 
distribution, and proliferation of white blood 
cells. In addition, blood or hematology responses 
are not the same as any physical activity. Blood 
responses can be affected by factors such as time, 
intensity, duration of activities, and 
environmental conditions (7). Iron 
supplementation can raise serum ferritin levels 
and ferritin concentration, unaccompanied by 
increasing hemoglobin concentration and 
endurance performance (31). In addition, Zhu et 
al. (1997)  reported that the difference in 
VO2max was significantly related to serum 
ferritin concentration, and hemoglobin value was 
not a significant confounder (33). 
The consumption of iron ion solution and aerobic 
exercise did not affect blood hematocrit among 
female patients with iron deficiency anemia. 
Many factors affected blood hematocrits, such as 
stress, amenorrhea, climate, altitude, and 
activities. Drinking fluids increases blood volume 
and consequently decreases hematocrit. The 
activity in the hot environment reduces the 
volume of plasma serum, thereby increasing 
hematocrit. In general, the patients with iron 
deficiency anemia had normal blood factors. 
Aerobic training and consuming iron ion solution 
had no significant changes in their blood factors, 
especially hematocrit. The studies have indicated 
that the blood volume of endurance athletes is 
more dilute due to blood volume expansion, 
particularly plasma volume because of training 
(30). 
The consumption of iron ion solution and aerobic 
training affected serum ferritin among female 
patients with iron deficiency anemia. Therefore, 
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using iron ion solution and aerobic training can 
increase serum blood ferritin. Concerning 
ferritin AE and ISAE groups were significantly 
different from the control group (placebo). 
 Zhu et al. (1997) indicated that the iron-
sufficient group had significantly higher 
hemoglobin, transferrin saturation, serum 
ferritin values compared with the iron-depleted 
group with a significant greater tendency to use 
iron supplements (33). Garza et al. (1997) 
reported that screening involved in an 
endurance sport might be clinically useful for low 
iron stores at the start of a training program in 
female athletes given the high prevalence of iron 
depletion reported in this and other studies (31). 
In this study, iron-depleted rowers (serum 
Ferritin <20–25 μg/L) showed a decrease in 
performance time compared with normal iron 
stores. Bijeh et al. (2018) reported that there was 
a significant increase in mean platelet volume 
and a significant decrease in serum iron and 
ferritin levels in the experimental group after 
eight weeks of aerobic exercise (34). Eight-week 
moderate-intensity continuous aerobic exercises 
reduce Iron, hematocrit, and serum ferritin levels 
in the club soccer players (35).  Submaximal 
exercise has no effect on plasma hepcidin 
concentration or iron metabolism immediately 
following exercise (36). This observation may be 
related to exercise duration and intensity. 
The consumption of iron ion solution and aerobic 
exercise did not affect MCV in female patients 
with iron deficiency anemia. Bhatia et al. (2012) 
reported that MCV is unreliable as a screening 
parameter for the presumed diagnosis of 
macrocytic anemia associated with vitamin B12 
deficiency (37), indicating different exercises 
affect MCV. A report observed that regular 
aerobic and strength exercises could positively 
influence sedentary women’s body weight and 
BMI parameters. Additionally, a significant 
decrease was found in RBC, HCT, and MCV values 
of the strength exercise group compared to 
aerobic exercise (38). Although aerobic training 
of increasing intensity may be accompanied 
initially by decreases in HB, HCT, and RBC count 
in young women and an increase in MCV, these 
changes are transitory. A return to hematopoietic 
balance without RBC destruction or 
hemodilution may result in a draw upon body 
iron stores (39). 
Consumption of iron ion solution and aerobic 
exercise does not affect the MCH and MCHC. The 

mean blood cell hemoglobin increased 
insignificantly since this increase was less than 1 
mg/dl, so it is not worth much in all three groups. 
However, the consumption of ion solution and 
aerobic exercise had no effect on mean blood cell 
hemoglobin in women with iron deficiency 
anemia. Mousavizadeh (2009) showed that eight 
weeks of aerobic training decreased HCT, RBC, 
HB, serum iron, transferrin concentration, and 
serum ferritin in girls, which was consistent with 
the present study. However, there was no 
significant difference in MCH, MCV, MCHC, and 
TIBC among girls (40). Therefore, the changes in 
hematological indicators reduce result in 
endurance exercises due to the increase in 
plasma volume, which is a helpful mechanism 
concerning adaptation to endurance conditions. 
The young elite athletes with low serum ferritin 
and normal hemoglobin concentration and iron 
supplementation increased maximal aerobic 
performance capacity without an augmentation 
of RBV (41). 

Conclusion 
According to the results, iron supplementation 
increases aerobic capacity without significant 
changes in HCT, HB, MCH, MCV, and MCHC 
among young women with IDA. The iron ion 
supplements are easy to obtain, inexpensive, 
consistently available, and have adequate 
absorption by the body. This form of 
supplementation has no digestive problems and 
is often culturally acceptable. This study was 
performed without dietary restrictions, with a 
low number of subjects and in small groups, so it 
is suggested to research with at least four groups, 
more subjects, and a longtime protocol. The 
research interventions, including aerobic 
programs and iron supplementation, seemed to 
need a longer time to change. 
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