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Abstract: Iron (Fe) metabolism and concentrations change during a sports season. Fe deficiency
affects a significant number of women athletes. The aims of the present study were: (i) to analyze
changes in hematological parameters of Fe status and (ii) to analyze changes in Fe concentrations in
different biological matrices (serum, plasma, urine, erythrocytes, and platelets) during a sports season.
Twenty-four Spanish semi-professional women’s soccer players (23.37 ± 3.95 years) participated
in the present study. Three assessments were performed throughout the sports season (beginning,
middle and end of the season). Nutritional intake was evaluated and female hormones, hematological
parameters of Fe status and Fe concentrations in plasma, serum, urine, erythrocytes and platelets
were determined. There were no differences in Fe intake. Hemoglobin and mean corpuscular
hemoglobin concentrations increased at the end of the season compared to initial values (p < 0.05).
There were no significant changes in extracellular Fe concentrations (plasma, serum, and urine).
However, erythrocyte Fe concentrations were lower at the end of the season (p < 0.05). Hematological
parameters of Fe status and intracellular Fe concentrations change throughout the sports season in
women’s soccer players.
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1. Introduction

Interest in women’s soccer has grown exponentially in recent years. The number of
federated women players in 2019 was 13.3 million, and is estimated to increase to 60 million
by 2026 [1]. The increase in the number of players is paralleled by an increase in the number
of scientific publications on women’s soccer [2]. New research has made it possible to study
the physical and physiological demands of women’s soccer players.

Regular physical training and soccer matches induce important physiological changes
that should be evaluated. Monitoring these changes allows the coaching staff of soccer
teams to adjust training loads [3]. A wide variety of physiological markers have been used
for long-term monitoring of soccer players [4,5]. In particular, hematological markers have
been considered important indicators of the body’s adaptation in response to different
training loads [6]. Control of training intensity and volume could be responsible for changes
in hematological values and iron (Fe) stores [7].

Fe deficiency is the most frequent nutritional deficiency [8,9], being more prevalent
among women [8], and also affecting a large number of athletes [10–12]. Fe deficiencies
have been reported in both individual [13,14] and team sports [8,15,16]. Athletes are at
increased risk of Fe deficiency due to various mechanisms generated by physical training
(hemolysis, Fe losses through sweating, gastrointestinal bleeding, etc.) [17]. Fe deficiency
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Normally, endurance training causes a decrease in erythrocytes, hemoglobin, and
hematocrit [56]. This could be due in part to the expansion of plasma volume [57] resulting
from an increase in aldosterone production accompanied by osmotically active plasma
proteins. Although not analyzed in the present investigation, previous authors have ob-
served increases in plasma volume along with a decrease in hemoglobin and hematocrit
in soccer players [53], similar to what occurred in the first two assessments in the present
study. Additionally, it is known that physical exercise causes an increase in the rate of
hemolysis as a result of trauma, oxidative damage due to elevated superoxide produc-
tion, or osmotic changes that induce changes in red blood cell volume, increasing their
fragility [14]. Exercise-induced hemolysis has been associated with exercise intensity [58].
During activities involving running or jumping, red blood cells in the capillaries of the
sole of the foot are destroyed by the mechanical forces experienced upon impact with the
ground. These mechanisms may explain why both exercise duration and intensity are
negatively associated with hemoglobin, hematocrit, and serum ferritin concentrations in
highly trained athletes [7]. In relation to the above, Peeling et al. [59] reported a consider-
able influence of physical training on hemolysis, stating that frequent hemolytic episodes
induced by physical training could negatively influence Fe stores.

Regarding extracellular Fe concentrations, no differences were observed throughout
the season in the present study. However, the trend in plasma and urine was incremental,
whereas in serum, Fe concentrations were stable. In urine, increases in Fe elimination
have been observed after strenuous exercise in normothermic and hyperthermic environ-
ments [60]. On the other hand, during 4 days of light physical exercise in older people,
increases in the percentage of people with urinary Fe losses were observed [61]. In cross-
country runners during 2 months of training, mild urinary Fe losses were reported with
no increase in Fe-deficient runners [11]. Regarding plasma concentrations, Mettler and
Zimmermann [62] reported elevated plasma Fe values in active individuals and marathon
runners. On the other hand, Ponorac et al. [63] and Sandström et al. [64] reported lower Fe
concentrations in women athletes compared to a control group.

The possible Increases in plasma and urinary Fe could be multifactorial. Hemolysis
occurring during training, specifically in soccer, could be an important factor [65,66]. The
predominant actions in soccer (jumping, sprinting, changes in direction, kicking, etc.)
could increase muscle damage and hemolysis. Elevated body temperature and metabolic
acidosis reduce the osmotic resistance of erythrocytes. Structural alterations of erythrocyte
membranes increase the susceptibility of these cells to hemolysis, leading to elevated
plasma levels of free Fe [65,66]. On the other hand, increases in urinary Fe may be related
to increases in hematuria levels. Hematuria may result from trauma to the bladder wall
during physical exercise. Fe may also be excreted in the urine due to increased rapid
intravascular hemolysis [67]. Bladder trauma in runners and intravascular hemolysis,
especially in athletes subjected to capillary trauma [68,69], have been implicated as factors
in urinary hemoglobin loss.

As for intracellular Fe concentrations, the reduction of erythrocyte Fe at the end of
the season could be due to the hemolysis produced during the regular physical training
throughout the season discussed above. The half-life of erythrocytes in athletes could be
significantly shorter than in physically inactive subjects [70]. Exercise-induced hemolysis
could be implicated in the suboptimal erythrocyte Fe status of athletes [71]. This could
trigger Fe loss as a consequence of erythrocyte membrane destruction and subsequent
release of hemoglobin and Fe to extracellular compartments [43]. The rate of erythrocyte
destruction could be altered as a consequence of repetitive physical training [72]. Regular
physical exercise causes stressful physiological situations, such as increased oxidative stress,
which may alter erythrocyte membrane properties [70].

Finally, the present study is not without limitations: (i) plasma volume was not
evaluated. During physical exercise, losses of body water can occur through sweating,
which can induce hemoconcentration; (ii) the sample size was not calculated to be able to
understand the magnitude of the sample obtained; (iii) the technical error of measurement
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in the physical condition and anthropometric assessments was not calculated; (iv) the
sample was small; and (v) other indirect markers of Fe status such as transferrin saturation
or total iron binding capacity (TIBC) were not assessed.

5. Conclusions

During a regular sports season, changes occur in the hematological parameters related
to Fe status and intracellular Fe concentrations in women’s soccer players.

Hemoglobin and MCH increase at the end of the season in relation to the initial values.
The number of erythrocytes decreases in the middle of the season and is restored at the
end of the competitive period. Erythrocyte Fe concentrations decreased at the end of the
season compared to initial values. Erythrocyte Fe reduction may increase the extracellular
Fe concentration.

Monitoring hematological parameters of Fe status and total Fe concentrations is
essential to identifying a healthy and optimal performance status. Assessment of Fe status
should not be limited to hematological markers. Moreover, the assessment of total Fe
concentrations should not be limited to plasma or serum because significant changes can
occur intracellular level.
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