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Abstract We evaluated the eVects of regular physical
exercise on anemia and iron status in young non-profes-
sional female athletes. A total of 191 healthy white Italian
women (23.5 § 4.68 years) were analyzed; 70 were non-
professional athletes performing 11.1 § 2.63 h week¡1 exer-
cise and 121 were sedentary controls. Blood markers of ane-
mia and iron status—hemoglobin (Hb), hematocrit (Hct),
red blood cells (RBC), serum ferritin, iron, transferrin (Tf),
transferrin saturation (TfS), soluble transferrin receptor
(sTfR), and the sTfR/log ferritin ratio (sTfR-F index)—were
evaluated. Anemia threshold was Hb < 120 g l–1. Ferritin
concentrations < 12 �g l–1 were considered as iron deW-
ciency (ID). Frequency of anemia (15.7 versus 10.7%,
P = 0.32), ID (27.1 versus 29.8%, P = 0.70), and ID anemia
(8.6 versus 5.8%, P = 0.46) was not diVerent in athletes and
controls. However, athletes were threefold more likely than
controls (17.1 versus 5.8%) to have serum iron < 50 �g dl–1

[odds ratio (OR) 3.37, P = 0.012]. Low-TfS (<15%) was

found in 25.7% of athletes and in 13.2% of controls, OR
2.27, P = 0.030. Elevated-sTfR (>1.76 mg l–1) was found in
24.3% of athletes and in 12.4% of controls, OR 2.27,
P = 0.034. Regular non-professional sport activity does not
cause an increased rate of anemia or of iron deWciency in
fertile women. However, physical exercise has an impact on
iron status as it reduces serum iron and transferrin saturation,
and elevates sTfR. Nearly one Wfth of recreational athletes
have anemia and a third have iron deWcit, these conditions
can decrease their physical performance.
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Introduction

Anemia is particularly detrimental for athletes because
impairment of blood gas transport may decrease physical
work capacity and may be a reason for fatigue, weakness,
and dizziness. Numerous factors may contribute to the
development of anemia in athletes: increased iron demand
and loss (a consistent iron loss occurs through sweating),
intravascular mechanical hemolysis (including foot-strike
hemolysis), and dilutional pseudoanemia (Beard and Tobin
2000; Shaskey and Green 2000; Mercer and Densmore
2005). Thus, very frequently anemia in athletes is due to
iron deWciency (ID) (Beard and Tobin 2000). ID impairs
aerobic exercise, endurance capacity and energetic
eYciency, by reducing concentrations and activities of
iron-containing oxidative enzymes (Beard and Tobin 2000;
Brownlie et al. 2004).

If untreated, ID can ultimately develop into anemia
(IDA). In athletes, several studies found a greater prevalence
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of IDA than in the general population, i.e., 11–14 versus
3–5% in women of childbearing age and 2–3 versus <1% in
young men (Looker et al. 1997; Dubnov and Constantini
2004; Sinclair and Hinton 2005).

Fertile female athletes have a disadvantage, with respect
to male athletes, of blood loss due to menstruations. More-
over, in female athletes the dietary intake of iron is lower
frequently than in male athletes (Dubnov and Constantini
2004). Thus, sportswomen incur more frequently in IDA
and in ID than trained men (Dubnov and Constantini 2004;
Landahl et al. 2005). Few data are available on the eVects of
iron status due to recreational physical activity performed by
adult young females (Beard and Tobin 2000). One study
evaluated the prevalence of ID with (11%) and without
(30%) anemia in fertile US women performing recreational
aerobic training, total ID was 41% (Sinclair and Hinton
2005). Whereas, a US general population study found 11%
ID in women of 20–49 years-old (Looker et al. 1997).

Many biochemical markers are used to evaluate body
iron stores, but some of these are subjected to diurnal varia-
tions and aVected by numerous clinical disorders. Serum
ferritin is the most used indicator. However, being an acute
phase protein, ferritin levels increase in infections, inXam-
mations, disorders of the liver, and malignancies, and thus
several conditions may mask the actual iron deWciency. It
has been demonstrated that the physical activity is accom-
panied by inXammation-like reactions in the joints and
muscles, which may induce a rise of ferritin in plasma
persisting for few days following strenuous exercise
(Malczewska et al. 2000a; Nikolaidis et al. 2003). In con-
trast to ferritin, the soluble transferrin receptor (sTfR) is not
an acute phase protein; it has a low-biological variability
and remains quite stable after exercise or a brief training
period (Malczewska et al. 2000a; Schumacher et al. 2002).
Serum concentrations of sTfR are proportional to TfR pres-
ent on erythroid precursors in bone marrow and increase in
the absence of marrow iron (Brugnara 2003). Furthermore,
sTfR is a sensitive marker of stimulated erythropoiesis
(Parisotto et al. 2001; Brugnara 2003). In recent years, the
sTfR-F index has been widely used as a measure of iron
deWcit, being more sensitive and speciWc than sTfR or ferritin
itself (Punnonen et al. 1997). A study showed that in ath-
letes, the sTfR-F index remains stable in spite of signiWcant
changes in ferritin levels after a physical load (Stupnicki
et al. 2003). Malczewska et al. (2001) found that the
sTfR-F index had an elevated diagnostic value in detecting
iron deWcient erythropoiesis in athletes.

Few published studies have focused on anemia and iron
depletion in young adult non-professional female athletes.
The aim of this study was to evaluate the eVects of regular
physical exercise on iron status in a population of young
healthy menstruating women, and to compare the frequency
of anemia and ID in athletes and sedentary controls.

Methods

Subjects

Healthy white Italian women (range 18–35 years) were
enrolled consecutively at the campus of Udine University,
from May 2006 to June 2007. Before entering the study,
each woman was interviewed to determine whether she ful-
Wlled the enrollment criteria: non-pregnant or breast-feed-
ing woman, no recent blood donor, no use of supplements
containing iron exclusively, no menstrual dysfunction, cur-
rent infections, chronic inXammatory diseases, or major
diseases such as diabetes, and absence of a known thalasse-
mia trait. Furthermore, a detailed record regarding physical
exercise activity and lifestyle factors including demo-
graphic and medical data was collected for each woman
through a questionnaire. Most of the athletes were enrolled
at Sport Sciences, Udine School of Medicine. We recruited
recreational athletes. They have been performing for at
least 3 months, 9 or more h week–1 of regular physical exer-
cise. Controls were women not practicing sport activities
and performing <3 h week–1 physical exercise.

The study was conducted with the approval of the Udine
School of Medicine Ethics Committee; written informed
consent was obtained from all study participants. The meth-
ods used in this study were in accordance with the Helsinki
Declaration of 1975 as revised in 1983.

Measurements

Venous blood samples were drawn from seated subjects in
the morning after overnight fasting, as described (BanW and
Dolci 2003; Casabellata et al. 2007). Women were required
to avoid exercise 24 h prior to the blood donation. Full
blood counts and hemoglobin (Hb) measurements were
performed with Cell-Dyn Sapphire analyzer (Abbott Labo-
ratories, Chicago, IL, USA). Anemia was deWned as
Hb < 120 g l–1(Looker et al. 1997).

Serum iron (reference interval 50–150 �g dl–1) was ana-
lyzed on the Modular analyzer (Roche/Hitachi, Mannheim,
Germany) using Roche reagents.

Serum ferritin was determined on the Abbott Architect
i2000 analyzer (Abbott Laboratories), using the Abbott
Architect Ferritin immunoassay. The analytical sensitivity
of the assay was ·1 �g l–1. The intra- and inter-assay
imprecision CVs were 3.6 and 7.3%, respectively. Ferritin
values < 12 �g l–1 were considered as ID in females
(Looker et al. 1997; Milman et al. 2003). Moreover, the
cutoV of <20 �g l–1 was examined because it is frequently
chosen in studies comprising both male and female athletes
(Malczewska et al. 2000b; Friedmann et al. 2001; Dubnov
and Constantini 2004). In addition, ferritin < 30 �g l–1 was
examined as this threshold corresponds to absent stainable
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bone-marrow hemosiderin iron (Milman et al. 2003; Fallon
2007). Iron deWciency anemia (IDA) was deWned as
ferritin < 12 �g l–1 and Hb < 120 g l–1 (Looker et al. 1997).

The sTfR concentration (reference interval 0.83–
1.76 mg l–1) was determined on the nephelometer analyzer
BN-II (Dade Behring, Marburg, Germany), using a Dade
Behring assay (Thomas and Thomas 2002; BanW et al.
2006; Casabellata et al. 2007). Analytical sensitivity of the
assay was ·0.15 mg l–1. The intra- and inter-assay CVs%
were 1.5 and 3.3%, respectively. We calculated the ratio of
sTfR to log ferritin (sTfR-F index) and used the cutoV of
1.5 to assess marrow iron depletion (Punnonen et al. 1997;
Thomas and Thomas 2002).

Transferrin (reference interval 200–360 mg dl–1) was
measured by nephelometry, using a Dade Behring assay.
Additionally, the threshold of 330 mg dl–1 was evaluated
(Casabellata et al. 2007).

The percent of transferrin saturation [TfS (%)] was cal-
culated according to the formula: TfS (%) = serum iron
(mg l–1) £ 70.9 / Tf (g l–1) (Thomas 1998).

Haptoglobin (reference interval 30–200 mg dl–1) and
C-reactive protein (CRP) were measured on the Modular
analyzer (Roche/Hitachi, Mannheim, Germany) using
Roche Diagnostics reagents. Samples with CRP > 10 mg l–1

were excluded from the study because they were regarded
as having suspected current inXammatory processes
(Thomas and Thomas 2002).

Statistical analysis

Descriptive data were presented as mean and standard
deviation (SD). For skewed markers, median (25th to 75th
percentile, interquartile, IQR) values were reported and
non-parametric tests used. The Mann–Whitney test was
used for comparison of continuous variables. The diVerence
of proportions between athletes and controls was assessed
by �2-test using Pearson test. Odds ratios (ORs) and 95%
conWdence intervals (CIs) were evaluated for categorical
variables. Bivariate relationships were evaluated by Spear-
man � test (rs). All tests were two-sided. P < 0.050 was
considered statistically signiWcant. Statistical analysis was
performed using the Statistical Package for Social Sciences
(SPSS Inc., Chicago, IL).

Results

Out of 215 participants screened, 191 women met study
inclusion and exclusion criteria, 70 of them were recrea-
tional athletes and 121 were sedentary controls. Sport activ-
ities practiced by athletes are described in Table 1.

The majority of the 191 study women (91%, 174/191)
were in the normal weight range (BMI > 18.0 and

< 25.0 kg m–2). They were aged 23.5 § 4.68 years, BMI was
20.9 § 2.25 kg m–2, 96.3% were nulliparous, most women
were University students or personnel, and all had a middle-
class socioeconomic status. The comparison of demographic
and life style characteristics of 70 female athletes performing
11.1 § 2.63 h exercise per week (range 9–20 h week¡1) and
121 sedentary control women performing 0.7 § 0.92 h exer-
cise per week (range from 0 to <3 h week–1) are described in
Table 2. Athletes and sedentary women did not diVer in
alimentary habits with regard to meat, Wsh, vegetables,
carbohydrate, and alcohol consumption (data not shown).

Comparisons of continuous values of the most relevant
blood biomarkers measured in athletes and sedentary con-
trols are illustrated in Table 3. Most of blood markers did
not diVer signiWcantly between athletes and sedentary con-
trols. However, athletes exhibited a lower number of plate-
lets (P = 0.042) and increased mean platelets volume
(MPV; P = 0.023) with respect to sedentary women. Nota-
bly, athletes showed a signiWcant decrease of serum iron
(P = 0.005) and TfS (P = 0.010). However, transferrin and
ferritin concentrations did not diVer between the two
groups. Concentrations of sTfR tended to be increased in
athletes (P = 0.072), whereas haptoglobin concentrations
tended to be lower (P = 0.060).

The eVects of physical exercise on categorical blood
markers for anemia and iron status are shown in Table 4.
ConWrming the Wndings described in Table 3, physical
exercise was not associated with anemia, IDA
(Hb < 120 g l–1 and ferritin < 12 �g l¡1), low-hematocrit
levels, low-ferritin levels, and elevated transferrin or
sTfR-F index levels. However, physical exercise was asso-
ciated with a threefold higher frequency of low-serum
iron < 50 �g dl–1 (OR = 3.37, P = 0.012) and with a two-
fold higher frequency of either TfS < 15% (OR = 2.27,
P = 0.030), and TfS < 18% (OR = 2.21, P = 0.014). In
addition, elevated sTfR > 1.76 mg l–1 levels were twofold
more frequent in athletes than in controls (OR = 2.27,
P = 0.034). Notably, athletes were nearly fourfold more
likely than controls to show low-haptoglobin levels
(<30 mg dl–1) (OR = 3.72, P = 0.020). No other categorical
measure was aVected by physical exercise.

Table 1 Sport disciplines practiced by 70 recreational female athletes

Values given are for n and followed by percentage values in parentheses 

Sport discipline Female athletes (n = 70)

Volleyball 39 (55.7)

Soccer 10 (14.3)

Martial arts 3 (4.3)

Skiing 3 (4.3)

Cycling 3 (4.3)

Others 12 (17.1)
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Among the 12 athletes with serum iron < 50 �g dl–1; two
women had anemia; one woman had both RBC < 4.00 £
1012 l–1 and Hct < 36%; and one woman had low-Hct. All
these athletes had TfS < 15% and 50% had ferritin < 12 �g l–1.

Among the 17 athletes with elevated sTfR > 1.76 mg l–1;
one woman had anemia, low-RBC, and low-Hct; three
women had anemia and low-Hct; two had low-Hct; and one
had anemia. Furthermore, 53% of these athletes had
TfS < 15% and 53% had ferritin < 12 �g l–1. Finally, 41%
had serum iron < 50 �g dl–1.

In athletes and controls, concentrations of sTfR were
inversely correlated with TfS (rs = –0.333, P = 0.005;
rs = –0.198, P = 0.030, respectively).

Discussion

Physical exercise is widely recommended as a healthy
behavior to reduce the risk of several diseases such as
cardiovascular diseases, metabolic syndrome, insulin

Table 2 Demographic and 
behavioral characteristics of 121 
sedentary controls and 70 female 
athletes

Characteristics Sedentary 
women 
(n = 121)

Female 
athletes 
(n = 70)

P

Age (mean § SD) 23.2 § 4.91 24.0 § 4.22 0.074c

BMI (mean § SD) 20.8 § 2.29 21.0 § 2.19 0.34c

Exercise (mean § SD) 0.7 § 0.92 11.1 § 2.63 <0.001c

University education 104 (86.0) 46 (65.7) 0.001d

Married 9 (7.4) 6 (8.6) 0.78d

Nulliparity 116 (95.9) 68 (97.1) 0.65d

Hormonal contraception 33 (27.3) 24 (34.3) 0.31d

Smokers 16 (13.2) 19 (27.1) 0.017d

Cigarettes/day in 
smokers (mean § SD)

4.0 § 3.37 5.5 § 5.67 0.28c

More than ten cigarettes/day 2 (1.7) 3 (4.3) 0.27d

More than two cups of coVee/daya 28 (23.1) 15 (21.4) 0.79d

Nutritional supplement useb 10 (8.3)b 17 (24.3)b 0.002d

a  Italian Espresso coVee
b Data were available for 97 
controls and 65 athletes
c P comparison between athletes 
and controls by two-tailed 
Mann–Whitney test
d P comparison between ath-
letes and controls by two-tailed 
Pearson test

Values given are for n and fol-
lowed by percentage values in 
parentheses, except age in years, 
exercise in h/week, and BMI in 
kg m–2

Table 3 Comparison of blood 
markers between sedentary con-
trol women (n = 121) and female 
athletes (n = 70) groups

Measure Control women (n = 121) Female athletes (n = 70) P

Mean § SD Median (IQR) Mean § SD Median (IQR)

Hb (g l–1) 129 § 8.6 127 § 7.4 0.090

Hct (%) 38.1 § 2.46 37.8 § 2.42 0.215

RBC (1012 l–1) 4.38 § 0.365 4.33 § 0.338 0.308

MCV (X) 87.3 § 4.54 87.6 § 3.97 0.627

MCH (pg) 29.6 § 1.76 29.5 § 1.46 0.499

RDW (CV%) 13.0 § 1.56 13.1 § 1.47 0.786

Reticulocytes (%) 1.2 § 0.38 1.2 § 0.42 0.791

WBC (109 l–1) 6.37 § 1.715 6.25 § 1.308 0.930

Platelets (109 l–1) 269 § 58.4 252 § 53.7 0.042

PDW (X) 16.8 § 0.96 16.8 § 1.02 0.916

MPV (X) 8.93 § 1.31 9.37 § 1.27 0.023

Serum iron (�g dl–1) 103 § 39.3 93 (73–130) 89 § 45.9 78 (59–109) 0.005

Transferrin (mg dl–1) 274 § 55.0 268 (234–306) 277 § 49.5 274 (243–311) 0.591

TfS (%) 27.9 § 13.41 26.4 (18.7–36.1) 23.9 § 13.63 19.5 (14.2–30.6) 0.010

Ferritin (�g l–1) 25 § 19.9 19 (10–34) 24 § 17.1 20 (11–37) 0.961

sTfR (mg l–1) 1.38 § 0.364 1.33 (1.16–1.56) 1.54 § 0.520 1.43 (1.19–1.75) 0.072

sTfR-F index 1.19 § 0.542 1.07 (0.78–1.45) 1.45 § 1.138 1.09 (0.80–1.57) 0.444

Total bilirubin (mg dl–1) 0.72 § 0.541 0.58 (0.43–0.80) 0.63 § 0.382 0.55 (0.39–0.70) 0.287

Haptoglobin (mg dl–1)a 88.6 § 37.42 88 (61–117) 75.6 § 40.52 78 (47–105) 0.060

a Data for haptoglobin concen-
trations were available for 119 
controls and 57 athletes

Results are presented as 
mean § SD and median (IQR). 
Comparison of controls and ath-
letes groups was performed by 
two-tailed Mann–Whitney 
P-value
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resistance, diabetes, osteoporosis, breast cancer, and other
clinical or subclinical disorders including adverse preg-
nancy outcome (Verloop et al. 2000; Pedersen and Saltin
2006; Siega-Riz et al. 2006). However, intense physical
activity has the potential to worsen the hematologic proWle,
this exercise side-eVect is particularly undesirable in fertile
age women, who comprise a population per se exposed to a
high-frequency of anemia and ID. The eVects on women’s
iron stores of physical exercise performed even at non-pro-
fessional levels are important issues. In spite of this, there
is, in general, poor attention to the health status of asymp-
tomatic women performing recreational physical activity.
In fact, most studies on ID and IDA focused on elite female
athletes, or examined non-professional male and female
athletes altogether, and/or without exact speciWcation of the
ethnic group. To the best of our knowledge, our study was
the largest one to assess the prevalence ID and IDA in non-
professional young adult white female athletes with respect
to matched sedentary women.

Interestingly, trained women exhibited a marked reduction
of both serum iron and percent of transferrin saturation with
respect to sedentary controls. SpeciWcally, recreational ath-
letes were three times more likely to show low-iron levels
(<50 �g dl–1) and two times more likely to show low-transfer-
rin saturation (both <15 and <18%) than sedentary controls.
However, transferrin concentrations were not aVected by
exercise, thus, it is likely that the decrease in serum iron con-
centrations produced the decrease of transferrin saturation.

Low-transferrin saturation from our Wndings appears to
be associated with the elevation of sTfR, thus with induc-
tion of erythropoiesis. Consistently, we found a twofold
higher frequency of elevated sTfR (>1.76 mg l–1) in athletes

compared to sedentary women. Overall, in our study physical
activity appears to impact the iron status of young women.
However, physical activity did not cause an increase of
severe iron-connected conditions. The rates of ID and IDA
were not increased in recreational female athletes in respect
to sedentary controls.

Serum ferritin levels below which the athletes are consid-
ered “iron deWcient” vary considerably in diVerent studies.
Thus, we examined three diVerent cutoVs, ferritin concentra-
tions <12, <20, and <30 �g l–1. However, whatever ferritin
cutoV was chosen we did not observe a higher frequency of
low-ferritin values in athletes compared to sedentary con-
trols. In our study women with signs of inXammation were
excluded, thus it is unlikely that inXammation aVected ferri-
tin concentrations. Some recent studies adopted the sTfR-F
index to assess iron deWcient erythropoiesis in athletes
(Malczewska et al. 2001; Stupnicki et al. 2003; Sinclair and
Hinton 2005). Based on this marker, we found a prevalence of
increased iron deWcient erythropoiesis in 30% of athletes ver-
sus 24% of controls; however, this diVerence was not signiW-
cant (P = 0.43). Thus, we were not able to document reduced
body iron stores in athletes compared to sedentary women.

We observed a rate of 15.7% anemia, 27.1% ID, and
8.6% IDA, in 70 Italian non-professional athletes perform-
ing an average of 11.1 § 2.63 h week–1 exercise. Our
results showed lower rates than those observed by Sinclair
and colleagues (Sinclair and Hinton 2005) in 72 US female
recreational athletes performing 10.5 § 6.3 h week–1 exer-
cise, in which the frequency of ID was 39% and that of IDA
was 9.7%. However, these authors chose a ferritin threshold
(<16 �g l–1) higher than ours, this may in part account for
the higher frequency of ID they found.

Table 4 Relative risk of female 
athletes (n = 70) compared to 
sedentary controls (n = 121) for 
abnormal serum biomarker cate-
gorical values estimated by OR 
(95% CI)

Measure Controls 
(n = 121) 

Athletes 
(n = 70) 

OR (95% CI) P 

Hb < 120 g l–1 13 (10.7) 11 (15.7) 1.55 (0.65–3.67) 0.32

Hct < 36% 14 (11.6) 14 (20.0) 1.91 (0.85–4.29) 0.11

RBC < 4.00 (1012 l–1) 11 (9.1) 10 (14.3) 1.67 (0.67–4.15) 0.27

Serum iron < 50 �g dl¡1 7 (5.8) 12 (17.1) 3.37 (1.26–9.02) 0.012

Tf > 330 mg dl–1 20 (16.5) 10 (14.3) 0.84 (0.37–1.92) 0.68

Tf > 360 mg dl–1 10 (8.3) 3 (4.3) 0.50 (0.13–1.87) 0.29

TfS < 15% 16 (13.2) 18 (25.7) 2.27 (1.07–4.81) 0.030

TfS < 18% 28 (23.1) 28 (40.0) 2.21 (1.17–4.19) 0.014

Ferritin < 12 �g l–1 36 (29.8) 19 (27.1) 0.88 (0.46–1.69) 0.70

Ferritin < 20 �g l¡1 64 (52.9) 35 (50.0) 0.89 (0.49–1.61) 0.70

Ferritin < 30 �g l–1 83 (68.6) 45 (64.3) 0.82 (0.44–1.53) 0.54

Hb < 120 g l–1; Ferritin < 12 �g l–1 7 (5.8) 6 (8.6) 1.53 (0.49–4.74) 0.46

sTfR > 1.76 mg l–1 15 (12.4) 17 (24.3) 2.27 (1.05–4.89) 0.034

sTfR-F index > 1.5 30 (24.8) 21 (30.0) 1.30 (0.67–2.51) 0.43

Total bilirubin > 1.1 mg dl–1 13 (10.7) 5 (7.1) 0.64 (0.22–1.88) 0.41

Haptoglobin < 30 mg dl–1 5 (4.2)a 8 (14.0)b 3.72 (1.16–12.0) 0.020

Values for controls and athletes 
are as n (%)
a Data for haptoglobin were 
available for 119 controls
b Data for haptoglobin were 
available for 57 athletes
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On the opposite, a very recent study by Fallon (2007)
performed in 273 elite female athletes found a three times
lower percentage of athletes with ferritin < 30 �g l–1 than
that in our study (19 versus 64%). It is likely that the female
athletes entering an elite training program are both more
frequently screened for iron status and more induced to use
iron supplements than non-professional athletes (Fallon
2004). In fact, most of the women we enrolled never
assessed their iron status prior to this study.

Several authors have studied the incidence of anemia,
ID, and IDA in female elite athletes, particularly in endur-
ance athletes (Malczewska et al. 2000b; Friedmann et al.
2001; Dubnov and Constantini 2004). For example, a study
on female top-level basketball players showed that 38% had
anemia (Hb < 120 g l–1), 35% had ID (ferritin < 20  �g l–1),
and 14% had IDA (ferritin < 12 �g l–1, TfS < 16%, and
anemia) (Dubnov and Constantini 2004). It is likely that in
female athletes several factors aVect the observed rate of ID
and IDA, not only the intensity and duration of training, but
also the kind of exercise (aerobic versus anaerobic) and the
woman awareness of the importance of her iron status,
inducing a higher frequency of iron status testing and sup-
plementation. A limitation of our study was that most of
our athletes were performing volleyball (an alternate anaer-
obic–aerobic activity). However, this is one of the most
common recreational team sport activity practiced by
young women. Another limitation is the cross-sectional
design of the study. A longitudinal study, which is being
planned, could better inform about the temporal eVects on
athletes iron status to assess causal relationships between
changes of iron markers levels and physical activity.

Our Wndings give further support to the assumption
made by other authors (Friedmann et al. 2001) that the
decrease of serum iron and transferrin saturation in female
athletes does not correspond to a real iron deWcit condition
(Malczewska et al. 2000b). In particular, it has been
hypothesized that the decrease of transferrin saturation is a
major factor driving increased erythropoiesis and intestinal
iron absorption (Roecker et al. 2005; Atanasiu et al. 2007).
In fact, about half of our athletes with elevated sTfR levels
did not show low-ferritin (<12 �g l–1). In athletes, this
mechanism is needed to sustain the exercise induced
increased RBC turnover and the loss of RBC by intravascu-
lar hemolysis, likely. In fact, we noted that low-haptoglobin
levels were almost fourfold more frequent in athletes com-
pared to controls. Low-haptoglobin is considered the most
sensitive indicator of intravascular hemolysis. It can be
inferred that sport training causes a low-grade hemolysis,
that is detected by reduced haptoglobin concentrations even
in the absence of serum bilirubin elevation.

Strength of our study is that we examined an ethnically
homogenous population of white Italian women, in a rather
narrow interval of age (23.5 § 4.68 years) and BMI

(20.9 § 2.25 kg m–2). On the other hand, as ethnic diVer-
ences were noted for hematologic indices (Malcovati et al.
2003), our data could not take into account eVects of physi-
cal training on women belonging to other ethnic groups,
and/or of older/younger age, and/or with higher BMI
(Ramakrishnan et al. 2002).

Overall, our study documented an altered iron status in
recreational athletes, but did not Wnd negative eVects of
exercise on iron stores and Hb concentrations in young
female athletes.

Recreational athletes were not invited to check and take
care of their iron status like elite athletes, despite non-elite
athletes account for a much larger proportion of the female
population than elite athletes. We found that almost a Wfth
of athletes have anemia and a third have iron deWciency, as
these conditions are detrimental to physical activity, our
Wndings support a greater attention to iron status of young
women performing recreational physical exercise.
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