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ABSTRACT

Background: Iron deficiency is frequent in female athletes due to greater turnover of red blood cells during
exercise. Negative iron balance associated with inadequate dietary iron intake, menstruation, and other factors
such as hemolysis, sweating, and exercise-induced acute inflammation are also contributing factors. Therefore,
female athletes are considered to be at a greater risk of iron disturbance, which may lead to iron deficiency ane-
mia or latent iron deficiency.

Objective: This study was aimed to determine the frequency of iron deficiency in female athletes in Sulaymani-
yah city

Methods: A total of 140 healthy habitual female athletes were screened for eligibility. One hundred and twenty
were eligible and participated in the current study. Sampling was collected based on a stratified sampling meth-
od. Blood samples were taken from the participants in 23 Sports centers based on socioeconomic distribution.
The parameters included complete blood counts (CBC), serum ferritin, serum iron, total iron-binding capacity
(TIBC), and unsaturated iron binding capacity (UIBC).

Results: Based on ferritin level, 25 (20.8%) of the participants were having low ferritin (<10 ng/ml), and they
were classified as being iron deficient. While 95 (79.2%) of the participant were having normal ferritin level
(10-291 ng/ml). Only 16 (13.3%) of the participants practiced exercise for a long duration (6-12 years). Around
half of them were found to have iron deficiency anemia. A highly significant difference was observed between
the three-duration scale of exercise [(1-6), (6-12), (12-18)] years; (p-value <0.05) regarding iron deficiency. The
relation between menstrual pattern with iron deficiency has been investigated. The result showed that there was
no significant relationship (p-value >0.05) between menstrual pattern and iron deficiency with or without ane-
mia. Additionally, a non-significant difference between the stated categories of BMI and iron deficiency states of
the female athletes (p-value =0.487) was found. In spite of a remarkable number of the athletes who were taking
supplements 48 athletes (40%), about a quarter 12 (25%) were iron depleted. Meanwhile, less iron-deficient
athletes 11 (15%) were seen in the groups who were not taking any dietary supplements.

Conclusions: The frequency of iron deficiency with or without anemia among female athletes is remarkable
which necessitates establishing a screening program to reduce its detrimental impact on health and physical
performance.

Keywords: Total Iron-Binding Capacity; Blood Elements; Ferritin, Anemia; Supplement

Abbreviations: CBC: Complete Blood Count; SI: Serum Iron; SF: Serum Ferritin; TIBC: Total Iron Binding Capac-
ity; UIBC: Unsaturated Iron Binding Capacity; SPSS: Statistical Package For Social Sciences
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Introduction

Anemia is defined as low hemoglobin concentration with de-
crease in oxygen and carbon dioxide exchange between blood and
tissue [1]. The World Health Organization has defined anemia in
women as hemoglobin concentrations less than 12.0 g/dL and <13 g/
dL in men [2]. There are three stages in iron deficiency progression,
iron depletion, iron deficiency and finally iron deficiency anemia. [3].
Iron depletion start when serum ferritin is reduced but hemoglobin
and red cell indices are normal. Iron depletion maybe three times as
common as iron deficiency anemia which has a prevalence of 2-5%
of adult men and postmenopausal women in the developed world.
Iron depletion is more common in the developing world especially
amongst women because of menstruation [4]. Iron concentration in
body tissues is tightly regulated because excessive iron leads to tissue
damage. Disorders of iron metabolism are among the most common
diseases of humans and present in a broad spectrum of diseases with
diverse clinical manifestations, ranging from anemia to iron overload
[5]. Iron has several vital functions in the body. It serves as a carrier
of oxygen to the tissues from the lungs by red blood cell hemoglobin,
as a transport medium for electrons within cells, and as an integrated
part of important enzyme systems in various tissues [6]. Iron is re-
quired for numerous vital functions, including oxygen transport, cel-
lular respiration, immune function, nitric oxide metabolism, and DNA
synthesis. Iron is also vital in neurochemical circuits and emotional
behavior and it acts as a promoter against the production of harmful
free-radical [7,8].

Iron deficiency is frequent in female athletes; this is because of
a greater turnover of red blood cells during exercising, negative iron
balance associated with inadequate dietary iron intake, menstruation
also seem to be play in important role due to the blood loss and other
factors like hemolysis, sweating, gastrointestinal bleeding and exer-
cise-induced acute inflammation [9]. Therefore, female athletes are
considered to be at a greater risk of iron status disturbance, which
may lead to iron deficiency anemia or iron deficiency without anemia.
The prevalence of iron deficiency is higher in physically active individ-
uals and athletes, in comparison to the sedentary population [10,11].
Higher deficiencies in iron storage have been reported in adolescents
[12]. Especially in female athletes, the prevalence of iron disorders
is up to five to seven times higher than their male homologs [13, 14].

Materials and Methods
Subjects and Design

This was a prospective observational study that was carried out
between November 2018 and March 2019 at the sport centers in Su-
laymaniyah District. There were 82 sports centers (23 for females
and 59 for males) in Sulaymaniyah. Written informed consent was
taken from all the participants entailing the purpose of the investi-
gation and ensuring the confidentiality of the results. All-female ath-
letes provided a written formal consent to participate in this study.

Centers were formally assigned by the General Directorate of Sport in
Sulaymaniyah. Sampling was collected based on a stratified sampling
method 23 female sports centers were officially available in the city,
all centers were permitted to participate in the current study except
one of them not given consent. The geographical distribution of the
centers was as follows: 11 of them from the high socioeconomic area,
8 were from medium while 4 from the low socioeconomic area. De-
mographic data and basic characteristics of the participants were tak-
en by using a structured assisted questionnaire including age, body
weight, and height for measuring body mass index, duration of ex-
ercise according to three patterns 2, 2.5, and 3 hours of exercise per
day regularly (minimum 3 days per week), history of period (menses)
classified into three categories heavy (more than 60ml per cycle ) the
menstrual lasts more than 5 days, Normal menstrual cycles (defined
as 9-12 menstrual cycles per year with cycles occurring at regular in-
tervals <or =to 30ml ) [14,15].

Materials

All the chemicals; the diagnostic kits for hematological and bio-
chemical analysis are shown the Table 1.

Table 1: The chemicals and reagents were used in the current study.

No. Materials

FERR?2 Ferritin Reagents-working solutions

R1-Glycine buffer: 0.17mol/L, PH=8.3; rabbit globulin:5 mg/
1 mL; stabilizers and preservative.

SR Latex particles coated with anti-human ferritin (rabbit) 0.17%
mol /L, 7.3; stabilizer and preservative.

UIBC Unsaturated Iron-Binding Capacity Reagents-working
solution

2 R1 Ferrous chloride:62 mmol/L; sodium hydrogen carbonate:75
mmol/L; TRIS buffer:375mmol/L, pH 8.4; preservative.

R3 FerroZine: 20 mmol/L; hydroxylamine:160 mmol/L; pH 2.5.

Iron 2 Reagents-working solutions
R1 Citric acid :200mmol/L; thiourea:115 mmol/L; detergent.

R3 Sodium ascorbate: 150mmol/L; FerroZine:6 mmol/L; preser-
vative. Rlis in position A and R3 is in

position B.

CBC (Complete blood Count)by Mythic 18

Cyanide free Lytic solution. Inorganic salts (<1%) Stabilizing
agents (<1%). Mythic 18 Diluent Sodium sulphate (1%)

4 Buffer
Sodium chloride (<0.5%)

Stabilizing and preservative agents (<0.5%). Enzymatic Cleaner:
Cleaning solution.
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Methods

Laboratory tests (variables) include complete blood count (CBC),
serum iron (SI), serum ferritin (SF), total iron binding capacity (TIBC),
unsaturated iron binding capacity (UIBC), Percent of transferrin sat-
uration was calculated by: serum iron x100/TIBC also UIBC = TIBC
- serum iron. MYTHIC 18 Fully automated hematology analyzer was
used to test hematological parameters while, the serological parame-
ters measured by Cobas e 411 Roche- HITACHI Analyzer.

Statistical Analysis

The collected data was reviewed and analyzed using the Statisti-
cal Package for Social sciences (SPSS version 22). Descriptive statis-
tics such as frequency and percentage were calculated. Measures of
central tendency and dispersion around the mean were used to de-
scribe continuous variables. P value was obtained for the continuous
variable using chi square and was considered significant if it was less
than 0.05.

Results

The personal sociodemographic characteristics of the female
athletes are given in Table 2. Table 3 clarifies the adoption of serum

ferritin as an indicator of iron stores and its comparison with oth-
er indicators of iron deficiency anemia to describe the stages of iron
deficiency in athletes registered among all participants while Table 4
showed that among female athletes with low serum ferritin n=25; 12
(48%) of them were iron-depleted and classified as the first stage of
iron deficiency and 2 (8%) of them were having iron deficiency with-
out anemia classified as the second stage of iron deficiency and 11
(44%) of them were having iron deficiency anemia. Table 5 illustrates
the distribution of normal and iron deficiency including those with
iron-depleted, iron deficient without anemia, and iron deficient with
anemia versus three duration ranges of practicing exercise (1-6), (6-
12), (12-18) years. Table 6 shows that there was no significant rela-
tionship (p-value >0.05) between a history of the period (menstrual
pattern) and iron deficiency with or without anemia. As shown in
Table 7 the result reveals that there was a non-significant difference
between the stated categories of BMI and iron deficiency states of the
female athletes (p-value =0.487). As illustrated in Table 7 number
of the athletes who were taking the supplements 48 (40%), about a
quarter 12(25%) were iron deficient including 7 had iron depletion,
2 had iron deficiency without anemia, and 5 had iron deficiency with
anemia. Meanwhile less iron- deficient athletes 11(15%) were seen
in the groups who were not taking any dietary supplements Table 8.

Table 2: Sociodemographic characteristics of the female athletes participated in the study (n=120).

Age Frequency (n) Percent %
Age under 20 years 11 9.2
20 -40 85 70.8
41 -60 24 20
BMI
Underweight < 18.5 3 2.5
Normal weight 18.5 - 24.9 43 35.8
Overweight 25 - 29.9 50 41.7
Obesity <30 24 20.0
Duration
1-6 Years 101 84.2
6-12 Years 16 13.3
12 -18 Years 3 25
Marital status
Single 51 42.5
Married 69 57.5
Taking supplement
Yes 48 40.0
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No 72 60.0

Medical History
No Disease 92 76.7
Chronic Disease 28 233

Smoking History
Non-smoker m 925
Smoker 9 7.5

Obstetrical History
No child 62 51.7
Child 32 26.7
Child & Abortion 26 21.6
History of period menses

Heavy (Twice a month)- 5ml 12 10.0
Regular (Every 28 days)-Medium-3ml 88 733
Irregular (2 or 3 or 6 months)- 1ml 20 16.7

Table 3: Laboratory investigations of Iron Deficiency Parameters in Female Athletes in Sport Centers in Sulaymaniyah City n=120.

_ . _ Iron Deficiency Without Iron Deficiency
Normal (n=95) b Depletion (n=12) T Amenta(m=1i) Povalue
Mean Mean £ SD Mean * SD Mean + SD
Ferritin ng/mL 46.52 +55.45 8.03 £1.67 8.21+1.05 5.76 £1.56 0.008
Iron pg/dl 74.94+ 29.67 73.08 £ 45.34 30.40 £ 5.09 26.63 +£4.92 <0.001
Totaliron binding capacity 372.17446.69 423.75 +5047 387.5+26.16 392.45 £ 75.61 <0.001
Hb g/dl 13.17£0.96 12.32+£1.05 12.75+0.21 10.59 £ 0.87 <0.001
Table 4: Distribution of Iron Deficiency with or without anemia among participant with low ferritin level n=25.
Ferritin Low <10
P-value
Low <10 %
Depletion 12 48%
Iron deficiency without anemia 2 8%
Group <0.001*
Iron deficiency anemia 11 44%
Total 25
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Table 5: Duration of exercise and Iron deficiency with or without anemia n=120.
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Duration
1-6 Years 6-12 Years 12 - 18 Years Total
n=101 n=16 n=3
Normal 89 (88%) 4(25%) 2(66.6%) 95
Depletion 7(6.9%) 5(31.25%) 0(0.0) 12
Group Iron deficiency without anemia 1(0.9%) 1(6.25%) 0(0.0) 2 0.000
Iron deficiency anemia 4(3.96%) 6(37.5%) 1(33.3%) 11
Total 101(100%) 16(100%) 3(100%) 120
Table 6: History of menstrual pattern (period) and Iron deficiency with or without anemia.
History of Menstrual Pattern (period) Total
Heavy Regular Irregular (Abnormal)
Normal 8(8.4) 73(76.8) 14(14.7) 95(100.0)
Group Depletion 0(0.0) 8(66.7) 4(33.3) 12(100.0)
Iron deficiency 1(50.0) 1(50.0) 0(0.0) 2(100.0)
.07.
Iron deficiency anemia 3(27.3) 6(54.5) 2(18.2) 11(100.0) 0075
Total 12(10.0) 88(73.3) 20(16.7) 120(100.0)
Table 7: Body mass index and iron deficiency with or without anemia.
BMI (kg/m?)
Total p- value
Underweight <18.5 | Normal weight 18.5-24.9 | Overweight25-29.9 | Obesity <30
Normal 1(1.1) 35(36.8) 38(40.0) 21(22.1) 95(100.0)
Depletion 1(8.3) 4(33.3) 5(41.7) 2(16.7) 12(100.0)
Group
Iron deficiency 0(0.0) 1(50.0) 1(50.0) 0(0.0) 2(100.0) 0.487
Iron deficiency
anemia 1(9.1) 3(27.3) 6(54.5) 1(9.1) 11(100.0)
Total 3(2.5) 43(35.8) 50(41.7) 24(20.0) 120(100.0)
Table 8: Taking supplement and Iron deficiency with or without anemia.
Taking Supplements
§ >UPP Total p-value
Yes No
Normal 34 61 95
Group Depletion 7 5 12
Iron deficiency without anemia 2 0 2 0.129
Iron deficiency with anemia 5 6 11
Total 48(40%) 2(60%) 120(100.)
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Discussion

Iron deficiency has become a growing concern of health sectors
in the world, premenopausal women are mostly suffered from an iron
deficiency with anemia and without anemia, although the prevalence
and frequency of iron deficiency without anemia are more prominent
in sedentary premenopausal women [16]. Serum ferritin levels are
strongly correlated with iron stores in the bone marrow [17,18] there-
fore, low levels of serum ferritin indicate latent iron deficiency. In the
present study, the frequency of iron deficiency among female athletes
has remarkably noted (20.8%) as defined by serum ferritin less than
12-20 ng/ml, [19] as well as non-overt anemia has been recorded for
the profound number of the female athletes in the surveyed centers.
The current results are comparable to the findings stated by other
researchers in various studies including the randomized controlled
trials who have highlighted the high prevalence and variety reasons
of iron deficiency inactive women and they recommended that female
athletes are most at risk of iron deficiency [20]. Chronic exercise or
long-duration exercise plays a significant role in the alteration of sev-
eral hematological variables in strength-trained athletes [21]. The
principal finding of the present study reveals that athletes with more
duration of exercise (6-12 years) show higher percentages (75%) of
iron deficiency in comparison with the numbers recruited with less
duration of exercise (11%).

Menstruating women lose approximately 1 mg per day of iron
when bleeding. This may be higher in heavy menstrual bleeding,
where blood loss is estimated to be 5- 6 times greater [22]. The present
study described the female athlete’s menstruation types with three
different patterns (heavy, regular-medium, irregular- light) using the
structured questionnaire and assessment of menstrual blood loss by
pictograms with blood loss equivalent a non- significant relationship
(p-value >0.05) between menstrual pattern and iron deficiency with
or without anemia was observed. This result was inconsistent with
the recent finding whose state that heavy menstrual bleeding is prev-
alent in athletes at all levels [23]. In the present study, a non-signifi-
cant association was found between weight status reflected by BMI
and iron deficiency states of the female athletes (p-value =0.487) us-
ing ferritin as an index of iron deficiency among the participants. This
finding was non-comparable with an early study, which stated that
there is an inverse association between BMI and serum ferritin. Con-
sequently, overweight adolescents in this study were demonstrated
an increased prevalence of iron deficiency anemia. Meanwhile, a re-
cent study reported that plasma ferritin level is positively associated
with BMI in the obese but not in the individuals with normal weight
[24]. Ferritin level in obese adolescents seems not to reflect body iron
storage [25]. The suggested mechanism for the positive relationship
of obesity with ferritin is verified through a growing document that
supports the idea of the obesity-related inflammatory process can
increase ferritin levels [26]. Even with depleted iron stores [27,28].

The result of the present study revealed that approximately one-
third of the participants (40%) were athletes-consuming dietary
supplements and almost all of the dietary supplements consumed by
the female athletes were not containing iron elements. Consequently,
non-significant differences (p-value =0.129) were found between the
athletes taking a dietary supplement and those who were not taking
them concerning iron deficiency. This finding is inconsistent with the
earlier data of female athletes showing that more than 50% consume
iron-containing dietary supplements [29]. This study found that the
frequency of iron deficiency with or without anemia among female
athletes is remarkable which necessitates establishing a screening
program to reduce its detrimental impact on health and physical
performance. Non-overt anemia has been recorded for the profound
number of female athletes in the surveyed sports centers. The prin-
cipal finding of the present study reveals that athletes with more du-
ration of exercise show higher percentages of iron deficiency in com-
parison with the numbers recruited with less duration of exercise.
Type of sports activity, menstruation pattern, and body mass index
imposed non-significant association with iron level and frequency of
iron deficiency, although further study recommended for determin-
ing their role in iron status and anemia in female athletes. Almost all
dietary supplements consumed by the participants were a non-iron
containing formula that needs regular follow-up to identify athletes
who require iron-containing supplement with the one not containing
iron moiety to avoid the risk of iron deficiency anemia or iron over-
load.
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