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AbstrAct

Introduction:  Long term physical training has been considered to adversely affect the performance 
of athletes especially the females. It may be due to the iron depletion caused by hemolysis or 
hemodilution results from plasma volume expansion. This study aims to assess the effect of heavy 
exercise on hemoglobin concentration and some other hematological parameters in female athletes.

Methods: This cross sectional study was carried out in the Department of physiology, Dhaka 
Medical College, Dhaka, from July 2010-June 2011. A total number of 105 females (70 athletes and 
35 non athletes) between 15-25 years of age were recruited. The 35 apparently healthy female non 
athletes were taken as control (Group-A) and 70 female athletes comprise the study group (Group-B). 
According to sporting category, Group-B was further subdivided as B1:Runners and B2:Cyclists. 
Hemoglobin percentages (Hb %), red blood cell (RBC) concentration, packed cell volume (PCV), 
serum iron, serum ferritin and total iron binding capacity (TIBC) were measured in fasting state after 
two months training. Statistical analysis was done by using SPSS/ win.15.0 for comparison between 
the groups, using student’s unpaired “t” test.

results: Mean Hb%, RBC, PCV, iron and ferritin level were significantly (P<0.001) lower in athletes 
than those of control group. Within the study groups, runner’s serum iron and ferritin level were 
lower than cyclists.  TIBC significantly (P<0.001) rose in Group-B2 in comparison to Group-A.

conclusion: The current study showed that intense physical exercise leads to early stages of Hb%, 
RBC, PCV, iron and ferritin depletion which might compromise the health and performance of 
athletes.
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Physical performance is dependent on the hematological 
parameters. Red cell mass decrement has negative effect 
on physical exercise capacity.1,2 Iron deficiency anemia 
is the most prevalent micronutrient deficiency in the 
world population.3-5 About 16% women aged between 
12-49 years have iron deficiency in the United States.6 

When there is an imbalance between iron intake and 

iron excretion, iron deficiency anemia can be resulted.7 

Evidences of professional athletes developing anemia 
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are abundant.8-10 Several studies have documented 
higher number of the female athletes having iron 
deficiency.11-12 Ahmadi et al.(2010)3 have reported the 
prevalence of iron deficiency in male and female athletes 
to be 10% and 20%, respectively. Among many causes 
for anemia in female athletes,2 erythrocyte destruction, 
exercise stress and decreased erythropoietin production 
are best to mention.3, 13Athletes doing intense exercise 
are at greater risk for iron deficiency.14 Athletes may loss 
iron via several routes such as bleeding and sweating 
as well as menstrual cycle in female athletes.3-4,15 Iron 
plays a key role in number of cellular processes, such 
as DNA synthesis and electron transport. Furthermore it 
is an essential element of Hb, the blood oxygen carrier. 
By these means, iron depletion can affect physical 
performance.16

Very low or depleted iron stores reduced red blood 
cell count and hemoglobin values and make it difficult 
to transport oxygen in to the cells.3-4,17 Increased 
red cell destruction2 have been reported during early 
phases of training which could lead to a negative iron 
balance.18 Proposed mechanisms for development of 
iron deficiency in athletes are - gastrointestinal blood 
loss due to running, traumatic hematuria, increased 
RBC turnover, exercise related iron absorption 
disorders.12 Mechanisms for decreased RBC mass could 
be intravascular hemolysis by mechanical rupture while 
passing through capillaries in contracting muscles as 
well compression during foot strike during running.8 

Runners have a greater need for iron than endurance 
athletes in other sports, e.g., swimming and cycling.17

Females being a major part of the population and 
contributor in every aspects of development of a 
country should receive greater importance in health 
as well as fitness. It is important to know about their 
nutritional status and the impact of deficiencies of 
particular nutritional elements on their health and 

performance. So, we conducted this study to find out 
the iron status of Bangladeshi female athletes and its 
effects on different hematological parameters.

Methods

This observational cross sectional study was carried 
out in the Department of Physiology, Dhaka Medical 
College, Dhaka, from July 2010 to June 2011. One 
hundred five females of same age group (15-25 years) 
were included as study subjects (70 athletes and 35 
non athletes). Thirty five apparently healthy female 
non athletes were included as control group (Group- 
A).The study group (Group- B) comprising of 70 female 
athletes was selected according to sporting category 
and was further subdivided as Group-B1 (runners) and 
Group-B2 (cyclists). The Group-A subjects were never 
engaged in any types of exercise and were selected 
from students of Dhaka University. The Group-B 
subjects were selected from students of Sultana Kamal 
Women Sports Complex (SKWC), Dhaka.
All the subjects were briefed about the purpose of the 
study in a cordial way explaining the benefits they 
would avail from the study. They were encouraged 
to participate voluntarily. They were also allowed 
to withdraw any time they wish. An informed 
written consent was obtained from the participants. 
On completion of two months training the fasting 
venous blood samples were collected for estimation 
of Hb %, RBC concentration, PCV, serum iron level, 
serum ferritin and total iron binding capacity (TIBC). 
All the anthropometric measurements were taken 
after evacuation of bladder & bowel. By using SPSS/ 
win.15.0 comparison between the groups were done, 
using student’s unpaired “t” test.

table-1. hemoglobin level (hb %), rbc and PcV in athletes and non athletes (n=105).

Groups Mean ± SD Hb% (gm/dl) Mean ± SD RBC (mm3) Mean ± SD PCV (%)
A (n=35) 12.41 ± 0.88 4.25 ± 0.39 39.75 ± 2.64
B1 (n=35) 9.91 ± 1.18 3.52 ± 0.50 27.63 ± 4.21
B2 (n=35) 9.73 ± 0.83 3.91 ± 0.29 29.40 ± 3.08
A vs B1 P<0.001* P<0.001* P<0.001*
A vs B2 P <0.001* P<0.001* P<0.001*
B1 vs B2 P˃0.05‡ P<0.001* P<0.05†

Group A: Non-athlete 
Group B1: Runner
Group B2: Cyclist 
* = Significant at P<0.001
† = Significant at P<0.05
‡ = Not significant
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table 2. serum iron, serum ferritin and tIbc in different groups (n=105).

Groups
Mean ± SD Serum Iron 
(μg/ dl)

Mean ± SD Serum 
Ferritin (ng/ ml)

Mean ± SD TIBC (μg/ dl)

A (n=35) 77.56 ± 5.00 43.47 ± 2.16 373.40 ± 12.24

B1 (n=35) 57.69 ± 22.35 20.62 ± 19.76 394.14 ± 68.01

B2 (n=35) 76.09 ± 34.90 25.71 ± 23.22 416.51 ± 66.44

A vs B1 P<0.001* P<0.001* P˃0.05‡

A vs B2 P˃0.05‡ P<0.001* P<0.001*

B1 vs B2 P<0.05† P>0.05‡ P>0.05‡

Group A: non-athlete 
Group b1: runner
Group b2: cyclist 
*	 =	 Significant	at	P<0.001
†	 =	 Significant	at	P<0.05
‡	 =	 Not	significant

results

The mean (± SD) Hb% was significantly lower 
(P<0.001) in B1 and B2 groups than group-A. Though 
not significant statistically, group-B1 had higher level 
of Hb than group-B2 (Table-1).Mean (± SD) total RBC 
count was significantly lower (P<0.001) in group B1 
and B2 as compared to group A (Table-1).PCV also 
showed the same trend. The mean (± SD) PCV in 
group B1 and B2 was significantly lower than group-A, 
but group B2 had significantly higher (P<0.05) PCV 
than that of B1 (Table-1). 

The mean (± SD) serum iron in group B1 was 
significantly lower than that of group A (P<0.001). But 
there was no significant difference between group B2 
and group A. Serum iron in group B1 was lower than 
that of group B2 (P<0.05) (Table-2).
The mean (± SD) serum ferritin in group B1 and B2 was 
lower than that of group A (P<0.001). Serum ferritin 
in group B1 was lower than that of group B2, but the 
difference was not statistically significant (Table-2).
The mean (± SD) serum TIBC in group B1 was higher 
than that of group A but statistically not significant. 
The mean (± SD) serum TIBC level in group B2 was 
significantly (P<0.001) higher than that of group A. 
But no significant differences were observed between 
group B1 and group B2 (Table-2).

dIscussIon

In the present study the mean Hb%, RBC count and 
PCV was significantly lower among the runners and 
cyclists than control group. Though the runners had 
slightly higher level of hemoglobin than the cyclists 

and the cyclists had significantly higher PCV than that 
of the runners. Similar findings were also observed 
in previous studies where endurance exercise leads 
to reduction in Hb%, RBC count and hematocrit.1, 19-

20 Authors in these studies proposed exercise induced 
hemodilution or plasma expansion as the cause of the 
decreased levels. Some also mentioned foot strike 
hemolysis as the cause of decreased Hb level.1,3,19-20 

Mairb˃url (2013)8 has implicated intravascular hemolysis 
of senescent RBCs while passing through capillaries in 
contracting muscles. This finding is also supported by 
other investigators.11 Roecker et al.(2005),12 described 
some additional factors like gastrointestinal blood loss 
in runners, traumatic hematuria, increased RBC turn 
over and iron absorption disorders due to exercise. 
Increased deformability of RBCs after exercise was also 
noted in some studies which may lead to hemolysis 
and reduction in Hb%.21-22 Zoller and Vogel (2004)23 in 
their review mentioned intestinal blood loss as a factor 
in addition to exercise induced hemolysis leading to 
routine test abnormalities including hemoglobin level.   
Opposite findings were also evident where increased 
levels of Hb, RBC count and PCV were documented 
instead of declining values after endurance exercise.24-26 

Some authors did not find any significant changes in 
the Hb, RBC and PCV levels after exercise.27

Other major findings of this study was that mean serum 
iron level was significantly lower (P>0.05) in runners 
than control group. The serum iron level in runners was 
also significantly (P<0.05) lower than that of cyclists. 
Similar significant differences were also reported by 
researchers from different countries.4,24 Bourque et 
al.(1997),28 describes no change in serum iron, TIBC, 
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percentage saturation of transferrin and haptoglobin 
levels after twelve weeks of endurance exercise in 
women. 

In this study serum ferritin level was significantly lower 
(P > 0.05) in athletes when compared to control. The 
serum ferritin level in runner was lower than cyclist, but 
the difference was not statistically significant. Similar 
type of findings were also reported by the various 
investigators from different countries.16,23

Mean serum TIBC level in the present study was 
significantly higher (P>0.01) in athletes when compared 
to that of control. As well the runners had lower serum 
TIBC than that of the cyclists, but the difference was 
not statistically significant. Similar type of findings was 
also reported by several investigators from different 
countries.14,16,20,29 There have been reports of falling 
levels of TIBC and other hematological parameters 
in female soccer players even after four weeks iron 
supplementation.30

Investigators suggested that Iron and especially ferritin, 
the iron storage protein was reduced in athletes. This 
was due to higher iron loss accompanied with altered 
intestinal absorption and increased loss through 
intestines, sweat and urine.20,30

Female athletes have many additional risk factors for 
developing iron deficiency and anemia. This leads to 
reduced physical work capacity. Athletes have several 
risk factors for iron depletion and anemia due to poor 
nutritional intake of iron, hemolysis caused by repeated 
foot strikes, blood & iron loss through menstruation, 
gastrointestinal bleeding and urinary tracts and loss 
of iron through sweating. Monthly blood loss through 
menstruation might lead to a further decreased in the 

related variables, such as Hb, Hct, iron and ferritin.

Increased TIBC suggests an increased need for iron. As 
iron stores become depleted, the TIBC increased, the 
significant increase in TIBC and trend towards lower 
ferritin levels suggested that iron was been removed 
from storage for hemoglobin formation.

conclusIons

The present study revealed that serum iron and serum 
ferritin levels were lower in female athletes. Runners had 
lower serum iron level than that of cyclists. Serum TIBC 
level was higher in cyclist in comparison to runners. 

In conclusion we suggest routine estimation of serum 
iron status and hematological parameters of female 
athletes to detect any depletion so that substitutive 
therapy could be initiated early, whenever necessary.
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