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Abstract

Background: Selenium (Se) is a trace mineral element with important roles in enhancing
athletic performance and athlete recovery. Objectives: This study aimed to observe
the differences in plasma, urinary, erythrocyte, and platelet Se concentrations between
sexes and analyze the variations in Se concentrations during the soccer season. The main
hypothesis was that significant differences in Se levels would be observed between male
and female athletes and that these differences would fluctuate throughout the season due
to varying training loads and nutritional factors. Methods: Twenty-two male (20 & 2 years;
1.76 £ 0.06 m; 14.73 £ 3.13 years’ experience; fifth Spanish division) and twenty-four
female soccer players (23 & 4 years; 1.65 £ 0.06 m; 14.51 & 4.94 years’ experience; second
Spanish division) participated. Three assessments were conducted during the season.
Evaluations included anthropometry, body composition, fitness (cardiorespiratory and
vertical jump), and nutritional intake. Venous samples of blood and urine were obtained.
The concentrations of Se in the plasma, urine, erythrocytes, and platelets were analyzed
through inductively coupled plasma mass spectrometry. Results: No differences in Se
intake were observed. The Se concentrations in the plasma, urine, and platelets were found
to be higher in males, while females showed elevated levels in their erythrocytes (p < 0.05).
Throughout the season, plasma and platelet Se concentrations exhibited a progressive
increase (p < 0.05). Conclusions: Assessing Se status during the season is essential for
evaluating nutritional supplementation to maintain performance given Se’s vital role in the
immune and antioxidant systems.

Keywords: athletes; trace minerals; plasma; urine; erythrocytes; platelets

1. Introduction

Selenium (Se) is an essential trace element that supports antioxidant activity and
immune function. It is present in a wide range of foods, including seafood, lentils, beans,
whole grains, organ meats, dairy products, and vegetables [1]. An adequate intake of
selenium for people aged 15-65 years is 70 ug/day for men and 60 ug/day for women [1].
The total amount of Se in a human organism is approximately 3-20 mg. Understanding
the distribution of this substance is crucial for its effective use: 30% resides in the liver,
30% in the muscle, 15% in the kidneys, and 10% in the plasma, with the remaining 15%
redistributed to other tissues and organs. This knowledge helps optimize treatment and
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improve outcomes [2]. Se is a vital component of selenoproteins, which are essential for
redox catalytic activity. In-depth knowledge of selenium’s storage and kinetics can help
to detect possible deficits that may lead to a decrease in athletic performance due to its
antioxidant activity. The primary biological functions of selenium can be encapsulated
in two key aspects: (a) its function as an antioxidant and (b) its ability to modulate the
immune system. These properties of selenium are especially significant for enhancing
sports performance and facilitating recovery [3].

Vigorous physical exercise triggers an acute-phase immune response to the stress
produced and consequently provokes a defense response against this situation, involving
reactive oxygen species [4]. Exercise, similar to inflammation and infection, increases
body temperature, serum cytokines (interleukin 1, interferon ), and circulating leukocytes.
Short-term physical exercise can stimulate leukocyte mobilization, thereby increasing the
concentration of leukocytes in the circulation [5]. In addition, exhaustive physical exercise
augments oxidative stress, increasing the oxidative damage in various tissues, including
the muscles, liver, heart, and lungs, in animals and humans [6]. It should also be noted
that several defense mechanisms, including superoxide dismutase (SOD), catalase, and
glutathione peroxidase (GPx), as well as other endogenous antioxidants, protect the cells
against these toxic oxygen metabolites [7]. Se can also be considered a rate-limiting element
in the GPx system [5].

Chronic exercise may activate the GPx system endogenously, serving as an adaptive
mechanism that helps prevent the formation of free radicals [8]. Variations in glutathione
responses may be observed among individuals, influenced by factors such as exercise
protocols, experimental conditions, age, sex, and genetic predispositions [7,9-11]. Under-
standing these differences presents a valuable opportunity for further exploration and can
enhance our approach to health and fitness. Although the role of Se in the post-exercise
resting period has not been clarified, it is known to be part of the structure of the GPx
system. SOD production can be controlled by antioxidants such as the GPx system [5]. An
overall evaluation of the current knowledge on this topic inevitably suggests that there
is an important relationship between Se and physical performance [12-14]. The impact
of selenium on antioxidant activity is crucial to preventing the harmful effects of free
radicals during physical exercise [15]. Equally, Se is associated with muscle fatigue [16].
Se is essential for preventing muscle fatigue due to its antioxidant function, especially in
glutathione peroxidase (GPx) activity, which mitigates exercise-induced muscle damage.
However, both selenium deficiency and excess selenium can increase muscle fatigue due
to an imbalance in oxidative stress [10]. Indeed, the abundance of Se in the muscles could
be crucial in understanding its correlation with muscle exhaustion during exercise. In
addition, the role of selenium in the immune system underscores its significance for the
overall health and nutrition of athletes [5].

Previous studies have indicated that physical exercise across various modalities leads
to alterations in different biological matrices [13,17]. Research indicates that this element
can undergo significant transformations at the extracellular level, affecting both urine and
sweat composition [18]. Concerning its intracellular levels, Se homeostasis has been shown
to be different depending on the level of training and the ambient temperature [17,19,20].
Hence, studying Se kinetics requires a multicompartmental analysis to determine whether
there is any deficit related to time and nutrition [19], and therefore, at the cellular level, it is
convenient to count on cells such as erythrocytes that have a half-life of 120 days [21] and
platelets that have a half-life of 8-14 days [22].

Soccer is an intermittent sport that imposes extreme physical and metabolic demands
on athletes [23]. Intense physical exertion, exposure to various environmental factors,
and competitive pressure can lead to a state of oxidative stress in the organism, which is
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characterized by an imbalance between the production of reactive oxygen species and the
endogenous antioxidant capacity to neutralize them [24]. A recent study on soccer players
revealed that despite a similar intake compared to that in the control group, the Se levels
in the erythrocytes and platelets were lower in the soccer players [19]. Nevertheless, the
differences between sexes in terms of the kinetics of this metal are unknown, especially
regarding women athletes, for whom the scientific literature on the effect of exercise on
their Se levels is scarce. It should be noted that, as mentioned above, the selenium levels in
athletes may vary by sex, similar to other minerals [25].

Thus, it is necessary to know the differences between sexes. Furthermore, the above
study focused on a specific time of the season since, as mentioned above, chronic exercise
can affect Se levels [19]. Hence, the aim of this article was to observe the differences in
the Se concentrations between sexes and at different moments in a soccer season at the
intracellular and extracellular levels.

2. Materials and Methods
2.1. The Study Design

This observational study followed a longitudinal, quasi-experimental design. Three
evaluations were conducted over the course of a regular season involving two senior
football teams—one male and one female—based in the city of Caceres. Longitudinal
comparisons were made between individual players and between the two teams to explore
potential sex-related differences. The evaluations took place during three key periods:
the first week of training (preseason; August 2021), the end of the first half of the season
(midseason; January 2022), and the final week of training (end of season; May 2023).

All assessments were carried out weekly in the morning and in the same sequence for
all participants, in order to minimize the influence of circadian rhythms. The evaluations
were also conducted under comparable environmental conditions (a temperature between
18 and 25 °C and a relative humidity between 45% and 55%). In the two days prior
to each evaluation, the participants completed a questionnaire assessing their intake of
macronutrients and micronutrients. Additionally, the training load for both teams was
reduced during these two days to ensure that players were able to complete the assessments
with minimal fatigue.

2.2. The Participants

The present study included a total of forty-six football players. Prior to their partic-
ipation, all individuals were informed about the aims of this study and provided their
written informed consent. The study protocol was reviewed and approved by the Biomedi-
cal Ethics Committee of the University of Extremadura (Céceres, Spain), under reference
number 135/2020. This approval complied with the principles outlined in the Declaration
of Helsinki, as revised at the World Medical Assembly held in Fortaleza in 2013, regarding
research involving human participants. To maintain confidentiality, each participant was
assigned a unique identification code for sample collection and data handling.

Participants were grouped based on their sex and the team to which they belonged
(see Table 1). The male footballers played for a team competing in the fifth tier of Spanish
football, while the female footballers were part of a team participating in the national second
division. The details of the physical training routines for both teams are presented in Table 1.
A post hoc statistical power analysis was conducted. For the sample of 46 participants,
with an alpha level of 0.05 and a given effect size f, the statistical power was calculated to
be 0.643.
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Table 1. Characteristics of the training sessions and participants.

Men Soccer Players (n =22) Women Soccer Players (n = 24)

Age (years) 20+2 23+ 4
Height (m) 1.76 + 0.06 1.65 + 0.06
Weight (kg) 71.50 £5.93 59.58 £ 7.17
X6 Skinfold (mm) 60.34 + 12.35 94.62 £ 18.54
Experience (years) 14.73 £ 3.13 14.51 £ 4.94
Goalkeeper 7.70 11.10
. . o Defender 30.80 33.30
Position on the Field (%) Midfielder 38.50 29.60
Forward 23.10 25.90
Total Training (weeks) 36 39
Total Training (n°) 128.27 £ 18.59 133.54 £ 25.86
Total Training (min) 11,814.23 & 1673.40 10,578.46 + 3227.80
Absence from Training (days) 12.07 £9.34 14.14 £+ 10.79

The inclusion criteria for participation in the present study were as follows: (i) the
participants must have resided in the same city for at least one month prior to and during
the study; (ii) they could not have any existing medical conditions; (iii) they must not have
taken any medication or supplements containing mineral elements during the study period
or in the month leading up to the initial evaluation; (iv) they could not be smokers or
users of recreational drugs; (v) they had to possess over five years of experience competing
in soccer; (vi) they were not allowed to alter their nutritional or physical activity habits
during this study; and (vii) they could not have missed training with the team for more
than 30 days. Additionally, the female participants were required to meet the following
criteria: (viii) they must have had regular menstrual cycles for at least six months before
the start of the study and throughout its duration; (ix) they could not have experienced any
issues related to their menstrual cycles; and (x) they could not be users of contraceptives.

To gather information on the characteristics of their menstrual cycles, the women’s
soccer players participated in an online questionnaire. A researcher was available to assist
the participants as they completed it. The questionnaire included inquiries about cycle
length, duration of bleeding, bleeding patterns, age of onset, regularity of menstruation,
and associated pain or symptoms. All of the women had regular menstrual cycles (Table 2)

Table 2. The characteristics of the menstrual cycles of the women’s soccer players.

Women Soccer Players

Age of onset (years) 135+ 1.15
Regular menses (%) 100.00
Duration of bleeding (days) 477 £1.47
Menstrual cycle (days) 27.93 £2.78
Use of contraceptive methods (%) 0

2.3. Anthropometry, Body Composition, and Physical Fitness Assessments

The participants” anthropometric features were assessed in the morning under the
same conditions (fasting for 8 h from food and/or caloric beverages, while water intake
was permitted) and with minimal clothing. All measurements were performed by the same
evaluator and on the right side of the body following the guidelines of the Spanish Group of
Cineanthropometry [26]. The evaluations carried out included stretch height, body weight,
and skinfold measurements (abdominal, suprascapular, subscapular, tricipital, thigh, and
calf); bone diameters (bicipital, humerus, and femur); and muscle perimeters (relaxed arm
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and calf). The materials utilized in this study included a wall-mounted stadiometer (Seca
220, Hamburg, Germany), an electronic digital scale (Seca 769, Hamburg, Germany), a
Holtain© 610ND skinfold caliper (Holtain, Crymych, UK), a Holtain© 604 pachymeter
(Holtain, Crymych, UK), and a Seca®© 201 tape measure (Seca, Hamburg, Germany). Each
parameter was evaluated three times, and the mean value was used for the statistical
analysis. The fat percentage was calculated using the Yuhasz equation [27].

The explosive power of the lower limb was assessed through the vertical jump test.
A photoelectric cell platform (Optojump, Mycrogate, Mahopac, NY, USA) facilitated the
testing. The countermovement jump test (CMJ) was conducted in accordance with the
protocols established by Komi and Bosco [24]. Preceding the execution of the CM]J, a warm-
up was performed mobilizing the knee and hip. From this point onward, the members
performed 4-5 half squats without a load and afterward an isometric squat for 5 s. Every
vertical jump test was repeated twice, and the best result was used for the analysis. There
was a 30 s rest between repeats. There were consistently two evaluators present to ensure
that the vertical jump was performed correctly. To perform the CM]J, the participants began
from an upright position, with their feet a shoulder width apart and their hands resting on
their hips. Starting from this stance, the participants carried out knee flexion—extension in
one continuous motion, concluding with a jump at the highest intensity achievable.

A maximal exercise stress test was conducted on a treadmill (Ergofit Trac Alpin
4000, Pirmasens, Germany) equipped with a gas analyzer (Geratherm Respiratory GMBH,
Ergostik, Ref 40.400, Bad Kissingen, Germany) and a heart rate monitor (Polar® H10,
Kempele, Finland) to evaluate their cardiorespiratory fitness. The test protocol involved
increasing running speed by 1 km/h every minute until exhaustion, starting at 7 km/h with
a constant gradient of 1%. Prior to the test, the participants completed a 15 min warm-up at
6 km/h. The test was considered valid if the following criteria were met: (a) a respiratory
exchange ratio (RER) above 1.05 and (b) a plateau in oxygen consumption.

2.4. The Nutritional Assessment

All participants completed a nutritional survey to ensure that they followed a similar
diet. The survey consisted of a 3-day daily nutritional log of 2 pre-assigned weekdays and
1 weekend day. The participants reported the type, frequency, and amount (in grams) of
food they consumed daily, and diet composition was assessed using food tables [28]. The
investigators performed ratio conversion to estimate the intake of each nutrient using the
above food tables. For accuracy, an accompanying document was sent to the participants
to facilitate the estimation of the amounts of each food ingested according to the packag-
ing used in order to reduce measurement bias. Data were obtained for macronutrients
(carbohydrates, proteins, and lipids) and Se.

2.5. Sample Collection

Prior to the assessment days, the players were provided with a kit (container + tube)
in order to collect urine during their first urination in the morning. The participants went
to the laboratory on the assessment days between 8:00 and 8:30 a.m. on an empty stomach
with these canisters and tubes filled.

A total of 9 mL was collected from the first urine of the day into BD Vacutainer tubes.
The tubes and canisters (100 mL) of leftover urine were frozen at —80 °C until the analysis.
Before the day of the analysis, all samples were thawed and homogenized through shaking.

Regarding blood collection, 15 mL of venous blood was obtained from each participant
using a 20 mL plastic syringe (Injekt, Braun, Melgunsen, Germany) and a G21 sterile moth
needle (Mirage Pic Solution, Trieste, Italy). Of the total, 2 mL was collected into vacutainer
tubes with ethylenediaminetetraacetic acid to determine the hematological parameters, and
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5 mL was collected into tubes for the biochemical and hormonal analyses. The remaining
8 mL was collected into two 4 mL vacutainer tubes with sodium citrate to determine
the Se levels in the different biological compartments. Two tubes were collected for Se
determination as leftover samples in case of any loss/error of analysis. The techniques for
obtaining the plasma, erythrocytes, and platelets were similar to those reported in other
studies previously published by the research group [19,29].

2.6. Hormone Sample Collection and Determination of the Hematological Parameters

Two milliliters of blood was used to determine the hematological and hormonal
parameters (Progesterone and Estradiol-17f3). All determinations were performed in a duly
accredited, external clinical analysis laboratory in the city of Céceres. The equipment and
techniques were provided by the personnel at this laboratory.

An automatic cell counter (Coulter Electronics LTD, Model CPA; Northwell Drive,
Luton, UK) was used to determine the hematological parameters. The coefficients of varia-
tion were approximately 2.0% and <1.5% for the erythrocytes and platelets, respectively.
Female hormones were also analyzed in the serum using the enzyme-linked immunosor-
bent assay (ELISA) technique with a spectrophotometer. The sensitivity for their levels was
0.27 nmol/L, with a 0.87-205 nmol/L range.

2.7. Determination of Se

The techniques used to measure the Se levels in the different biological compart-
ments were similar to those reported in other studies previously published by the research
group [19,29]. The method was fully developed at the Elemental and Molecular Analysis
Service within the Research Support Services of the University of Extremadura, employing
inductively coupled plasma mass spectrometry (ICP-MS) (7900, Agilent Technologies, Santa
Clara, CA, USA).

Calibration curves demonstrated linearity above 0.985 for the plasma, serum, urine,
erythrocytes, and platelets. The instrument was calibrated using several standards prepared
from commercially available certified multi-element solutions.

For the plasma, serum, and urine samples, the reagents used included 69% nitric acid
(Trace Select, Fluka, Sigma-Aldrich, St. Louis, MO, USA) and ultrapure water produced
using a Milli-Q system (Millipore, Burlington, MA, USA). A 400 pg/L rhodium solution
was employed as the internal standard.

For the erythrocyte and platelet samples, 69% nitric acid and hydrogen peroxide (Trace
Select, Fluka, Sigma-Aldrich, St. Louis, MO, USA), along with ultrapure Milli-Q water
(Burlington, MA, USA), were used. A combined internal standard of 400 ug/L of yttrium
and rhodium was added to these samples.

2.8. The Statistical Analysis

The data analysis was carried out using IBM SPSS Statistics software (version 25.0, IBM
Corp., Armonk, NY, USA), with the results expressed as the mean + standard deviation.
A post hoc power analysis was performed using the GPower software (version 3.1). The
Shapiro-Wilk test was employed to assess the normality of the variable distributions, while
the Levene test was used to evaluate the homogeneity of variances.

The two-way ANOVA test (the sex effect and the assessment effect) was used to show
the differences when both groups were evaluated (the sex effect) in the different assessments
(the assessment effect), as well as the interaction between the two independent variables
(assessment and sex). A one-way ANOVA test was utilized to analyze the variations in the
assessments of female hormones. To assess the variables (time points in the longitudinal
analysis), the Bonferroni post hoc test was applied to determine the specific differences
since more than two assessments were performed.
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The effect size for the Se concentrations was evaluated using partial eta squared (n?),
where 0.01-0.06 indicates a small effect, 0.06-0.14 a moderate effect, and >0.14 a large
effect [30]. Differences with p-values of <0.05 and <0.01 were regarded as statistically
significant and highly significant, respectively.

3. Results

The results obtained in the present study are shown below. Table 3 shows the charac-
teristics of the participants. There were differences between the sexes in body weight, fat
percentage, VOoax, the CM]J, and erythrocytes (p < 0.05). Moreover, significant changes
were observed throughout the season in fat percentage, VOypax, and erythrocytes (p < 0.05).

Table 3. Anthropometry, body composition, physical condition, and hematology characteristics of
the study participants.

Men Soccer Women Soccer

Players Players Sex Effect Measured Effect Sex x Measured
Preseason 71.50 £ 5.93 59.58 +7.17
Weight (kg) Midseason 71.95 £ 5.87 60.44 + 6.77 <0.001 0.748 0.931
End of season 72.80 + 5.68 66.39 + 8.99
Preseason 9.46 + 1.30 18.16 & 2.74
Fat (%) Midseason 9.45 +1.31 15.56 +2.16 * <0.001 0.005 0.007
End of season 9.14 £1.23 16.54 £+ 2.68
Preseason 5221 £291 39.72 + 6.22
VO2max (mL/min/kg) Midseason 5479 £ 3.70 * 4232 +£4.19* <0.001 0.032 0.268
End of season 53.30 + 5.11 41.06 +4.51
Preseason 56.94 + 6.39 40.21 +7.46
CMJ (cm) Midseason 55.34 £ 4.72 39.70 £4.18 <0.001 0.571 0.717
End of season 56.05 + 6.39 41.45 + 5.80
Preseason 492 £0.36 437 £0.22
Erythrocytes (millions) Midseason 4.83 £0.32** 419 £0.27 ** <0.001 0.031 0.063
End of season 499 +£0.29 ** 435+ 027 *+
Preseason 204.50 + 57.65 196.00 £ 38.01
Platelets (thousands) Midseason 196.60 + 39.79 219.08 £ 34.19 0.274 0.542 0.222

End of season

195.13 £ 37.82

204.39 + 31.52

* p < 0.05L: differences between the 1st and 2nd assessments; ** p < 0.01: differences between preseason and
midseason; ** p < 0.01 differences between preseason and end of season.

Table 4 shows the nutritional intake of macronutrients and Se throughout the season.

There were differences between the sexes in their protein intake, being higher in the men’s
soccer players (p < 0.05).

Table 5 shows the concentrations of female hormones (progesterone and estradiol)
during the sports season. No significant differences were reported.

The intracellular and extracellular Se concentrations are shown in Table 6. Significant
changes between sexes were reported in all of the concentrations analyzed (p < 0.05), with
higher Se concentrations in the plasma, urine, and platelets (p < 0.05) in the men. On the
other hand, the women showed higher Se concentrations in their erythrocytes (p < 0.05).
Regarding the differences throughout the season, significant differences were reported in
the plasma, urine, and platelets (p < 0.05). Specifically, there was a progressive increase in Se
in the plasma and platelets, while in the urine, there was a decrease below the initial values.
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Table 4. Protein, lipid, carbohydrate, and Se intake during the sports season.
Men Soccer Women Soccer Sex Effect Measured Effect Sex x Measured
Players Players
Preseason 106.1 £ 25.5 90.4 +21.6
Proteins (g/day) Midseason 1155 £ 234 96.2 +18.3 0.047 0.469 0.218
End of season 108.9 +24.8 92.6 +20.4
Preseason 1.53 £0.35 142 +0.31
Proteins (g/kg/day) Midseason 1.56 £ 0.41 1.39 £ 0.17 0.061 0.571 0.317
End of season 1.50 4+ 0.29 1.40 £+ 0.31
Preseason 548 £19.1 483 +12.3
Lipids (g/day) Midseason 64.1+154 55.6 £15.3 0.116 0.241 0.471
End of season 58.6 +£17.4 60.3 £ 20.6
Preseason 0.54 +0.14 0.51+0.11
Lipids (g/kg/day) Midseason 057 +0.25 0.58 +0.15 0.248 0.366 0.589
End of season 0.53 £0.17 0.62 £0.21
Preseason 231.0 £ 69.1 206.1 +81.3
Carbohydrates (g/day) Midseason 235.8 +60.3 241.5 £56.1 0.471 0.856 0.683
End of season 242.0 £57.0 235.8 £ 61.7
Preseason 4.27 +1.60 411 +1.34
Carbohydrates (g/kg/day) Midseason 433 +£191 4.20 +1.80 0.372 0.215 0.481
End of season 4.40+1.38 4.34 +1.59
Preseason 150.0 £+ 61.1 136.6 = 71.6
Se (ug/day) Midseason 156.0 £31.7 141.7 £ 69.2 0.141 0.920 0.538
End of season 159.0 + 81.7 140.6 £ 49.5
Se: selenium.
Table 5. Female hormones during the sport season.
Women Soccer Players p
Preseason 2.65 + 3.88
Progesterone (ng/mL) Midseason 238 £3.21 0.998
End of season 231 £2.89
Preseason 74.04 £+ 45.30
Estradiol-173 (pg/mL) Midseason 71.32 4+ 39.25 0.894
End of season 68.30 £+ 40.93
Table 6. Se concentrations in plasma, urine, erythrocytes, and platelets (absolute values and values
relative to cell number).
Men Soccer Women Soccer Sex Effect Measured Effect Sex X Measured
Players Players
Preseason 80.79 £ 18.90 70.44 £+ 19.66
Plasma (ug/L) Midseason 88.88 £12.19™ 80.86 £ 15.28 0.001 ™ <0.001 * 0.189
End of season 116.50 £ 16.20 ** 97.25 £ 16.29 **
Preseason 24.09 +14.13 29.97 +14.92
Urine (ug/L) Midseason 33.90 £ 16.53 12.95 £ 10.66 ™ 0.006 ** <0.001 #* 0.178
End of season 14.30 £ 5.79 ** 9.43 + 6.35**
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Table 6. Cont.
ME‘ Soccer WorIr)lle n Soccer Sex Effect Measured Effect Sex x Measured
ayers ayers
Preseason 65.23 £ 25.57 70.96 £ 32.94
Abs"l“tf:gr/y;}“"cytes Midseason 54.58 + 25.40 77.23 + 52,14 <0.001 0.085 * 0.078
End of season 46.15 + 33.08 120.90 + 32.39
Preseason 14.98 + 4.95 1641 £7.01
Relati"eg/ec?ﬁllﬁ‘;cytes Midseason 12.48 + 5,51~ 1696 + 1217~ <0001 # 0.212 0.097 *
P End of season 9.58 £+ 6.99 ** 26.98 £+ 7.09 **
Preseason 5.84 +£2.25 4.36 £ 247
Abs°1‘::leg}’ljfteIEts Midseason 9.07 + 230 6.70 + 1.66 <0.001 # <0.001 #* 0.312
End of season 11.34 £ 416* 8.41 + 3.78 **
Preseason 0.033 £ 0.013 0.023 4+ 0.014
Relative platelets Midseason 0.045 -+ 0.012 0.032 £ 0.008 <0.001 # <0.001 # 0.056 ##

(pg/cell =)

End of season

0.085 £ 0.019 **

0.059 + 0.013 **

LR large effect size (>0.14); #: moderate effect size (0.06-0.14); ** p <0.01: differences between preseason and end
of season; *" p < 0.01: differences between midseason and end of season; Se: selenium.

4. Discussion

The purpose of the present investigation was to observe the differences in the Se con-
centrations between sexes and at different times during a soccer season at the intracellular
and extracellular levels. Higher selenium levels were observed in the plasma, urine, and
platelets in men, whereas women showed higher levels in the erythrocytes. The selenium
concentrations varied throughout the season, increasing in the plasma and platelets and
decreasing in the urine. These findings demonstrate clear sex differences and seasonal
variations in selenium status among soccer players.

Regarding the performance outcomes, explosive vertical jump strength is crucial to
soccer performance [31]. The CM] is related to performance in different tests in elite soccer
teams [32,33]. In the present study, there were no significant changes in the CM]. These
results are contradictory to those reported in Israeli [33] and English [34] male soccer players.
The performance in vertical jumping and muscle strength could be maintained or increased
throughout the season due to the regular execution of strength- and plyometric-oriented
training [35]. The values observed in female and male soccer players were higher than
those reported by Loturco et al. [36] in Brazilian male senior players. The sex differences
observed in the CM] in the current study are in agreement with previous research in Italian
soccer players [37].

Well-developed aerobic fitness enables soccer players to sustain high-intensity repet-
itive actions during a match and to accelerate their recovery process [31]. In relation to
the above, Wisloeff et al. [35] demonstrated a significant difference in VOyy,x between the
highest and lowest ranked elite teams. The results obtained in VOyp,,« in male players is
within the range reported in the meta-analysis by Slimani et al. [38]. However, the female
players presented lower values compared to those in other studies [39,40]. Regarding the
evolution throughout the season, Kalapotharakos et al. [41] reported increases in VO;pmax
and maximal velocity achieved in Greek male soccer players. Similarly, Metaxas et al. [42]
reported enhancements in VOp,x after the preseason. Regarding the evolution of VO;pax
throughout the season, significant increases were observed between the first and second
evaluations in both sexes, which could be attributed to the effect of accumulated training
during the preseason. However, at the third evaluation, these values did not continue to
increase, which could reflect a stabilization of aerobic performance or even slight accu-
mulated fatigue at the end of the season. This pattern has been previously described by
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Kalapotharakos et al. [41], who observed improvements in VO, after the preseason,
but these improvements were not necessarily maintained in subsequent phases. These
findings underline the importance of appropriately periodizing the training load to sustain
physiological adaptations throughout the competitive calendar.

In this research, both groups ingested levels of Se above the RDI (55 ug/day) [43].
Specifically, the mean values ranged from 136 to 159 ug/day, representing an intake
approximately 2.5 times higher than the RDI. This high intake could be related to a diet
rich in foods high in Se, such as fish, shellfish, whole grains, and nuts, although the specific
dietary sources were not identified. It is noteworthy that previous studies in the Spanish
population have reported average Se intakes close to 60-100 ng/day, suggesting that the
participants in this study had a more favorable dietary profile regarding this micronutrient.
In comparison to the present study, McCrink et al. reported a lower intake in Gaelic soccer
players [44]. Alternatively, Andelkovi¢ et al. report a higher intake in Serbian soccer
players, as did another recent study [19,45]. A study conducted in 553 elite German athletes
of different modalities observed deficiencies in their Se intake [46]. Athletes require a
higher Se intake to increase the functionality and activity of their antioxidant systems [47].
Furthermore, the adaptive response of the antioxidant system to physical training is also
dependent on nutritional factors [48].

Regarding biomarkers, Se status can be assessed using a spectrum of methods, in-
cluding measurements in the whole blood, plasma, serum, urine, red blood cells, platelets,
hair, and nails [49]. Data from 18 studies on Se supplementation included in a systematic
review suggest that Se in the plasma, erythrocytes, and whole blood; plasma selenoprotein
P; and the GPx activity in the plasma, platelets, and whole blood are likely to be useful
markers of Se status. There was insufficient evidence for other biomarkers such as urinary
Se, plasma thyroxine and plasma total homocysteine, and muscle GPx activity [50]. Notably,
the plasma concentrations are similar in both sexes to those reported by Lu et al. using a
similar technique [51]. However, the erythrocyte values in both men and women are lower
than those reported by this same article. In contrast, the levels in men are in agreement
with a previous study [19]. The evaluation of Se biomarkers depends on the objective
for evaluation with respect to Se metabolism [52]. The most commonly used marker for
assessing Se status, particularly in humans, is plasma Se (or serum Se). Plasma or serum
Se and platelets reflect short-term status, whereas the red blood cells are indicators of
long-term and past-time status. Based on Thomson, plasma or serum values are considered
the preferred tool for comparing the Se status among different countries [53]. Se-containing
proteins or enzymes will increase during supplementation in deficient individuals but
will reach a maximum level. This makes these tests poor indicators of exposure to higher
levels of Se [49]. Reports from previous researchers have indicated a relationship between
Se, antioxidant activity, and exercise. Ji et al. [10] studied the effect of Se deficiency on
the oxidative enzymes in the liver and skeletal muscle in chronic and acute exercise and
established that Se deficiency decreased the GPx concentrations in the liver and muscle [5].
Se deficiency is also known to cause muscle fatigue in exercising individuals [54].

Plasma Se, even though it is generally not considered an ideal biomarker of Se sta-
tus because it is susceptible to changes due to sweating, is the most widely used in the
literature [53,55]. In general, plasma Se increases after supplementation and could be
useful as a biomarker in adults of both sexes. In addition, plasma Se reflects changes in
intake in subjects with an intermediate or high Se level. Consequently, plasma Se is also
likely to be useful for assessing Se status in depleted individuals. Alternatively, serum
Se concentrations could reflect Se status with health effects [53]. However, interpretation
of the results could be difficult for participants with a systemic inflammatory response.
Erythrocyte Se is used as a marker of long-term Se status [56]. Previous authors reported
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lower plasma Se concentrations after 4 weeks of aerobic training [57], while in men’s soccer
players, one study found an increase in Se at week 12 with respect to the preseason base-
line [58]. Similarly, in this study, significant increases in plasma Se were found throughout
the season in both men and women. Pograjc et al. also observed an increase in plasma
Se after three months of training in military men [59]. These authors reported a decrease
in the Se concentrations in the erythrocytes. In the current study, the gradual decrease in
men and women between the first and second measurements did not become significant;
however, a medium effect size was observed. This could indicate a possible flow from
erythrocyte Se to plasma Se, as mentioned above. However, previous studies found no
changes in the glutathione peroxidase activity in the erythrocytes after 4.5 weeks of training
in marathon runners [60]. Another possible factor could be that physical exercise triggers
Se transfer to the tissues [17,61]. The post-exercise inflammatory process could release
Se to counteract the activity of reactive oxygen species since this process, together with
muscle damage, is related to a fall in extracellular concentrations [54], in turn triggering
this increase in erythrocyte flux to the plasma. Interestingly, in women, it had increased at
the last measurement. No prior studies have been found in the scientific literature with
which to compare these results in women. Further studies on the behavior of this mineral
in women are necessary to establish comparisons. Another explanation for the increase
in plasma Se concentrations could be the saturation of Se reserves. It is known that the
amount of Se incorporated into the muscles, the main Se reserve, is saturated with a Se-rich
diet [47]. Both sexes presented a Se-rich diet, which could have induced a saturated Se
reserve, as mentioned above.

Regarding the urinary Se concentrations, previous authors reported lower urinary
Se levels in athletes after a maximal incremental test and a 6-month aerobic training pe-
riod [12,14]. This decrease in urinary elimination could be related to a possible adaptive
mechanism to avoid further Se losses [14]. Soccer has a large aerobic component, so such a
decrease in excretion may occur as an adaptation to training. However, this decrease in
urinary Se also occurs acutely in men athletes [45]. This decrease in Se excretion was accom-
panied by a gradual increase in platelet Se excretion in both sexes, which also could be an
adaptive mechanism to the antioxidant activity of soccer. This factor, combined with a high
intake of Se, may contribute to increased levels of this mineral in the platelets. However,
there are currently no studies in the scientific literature to support this observation. Further
research is required to assess the selenium content in both men and women throughout a
seasonal cycle.

Concerning sex differences, it has been previously reported in different populations,
specifically Polish [62], Korean [63], American [64], and Italian [65], that men have higher
plasma Se concentrations. According to previous authors, these sex differences could be
due to differences in dietary intake of these elements; differences in occupational exposure;
and differences in metabolism, including absorption, distribution, and excretion rates [64].
Also, hormonal status could partly explain the sex differences observed. Verlinden et al. [66]
reported that women taking oral contraceptives had higher serum Se concentrations than
those in other premenopausal groups. This observation is consistent with the strong
positive relationship between plasma estrogens and plasma Se concentrations [67].

In studies analyzing zinc, men had higher concentrations in their plasma and urine,
while women showed higher levels in their erythrocytes and platelets. This pattern is
similar to that observed in our study for selenium, suggesting that there may be a common
physiological trend in the distribution of trace elements between sexes, possibly related to
differences in muscle mass, metabolism, and sex hormones [68].

In studies similar to ours, higher plasma and urine concentrations of manganese were
observed in men, and higher erythrocyte levels were seen in women, which is consistent
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with our findings for selenium. However, the study on Mn reported a progressive decrease
in the plasma and an increase in the erythrocytes in men, while our study on Se showed
a progressive increase in the plasma and a decrease in the erythrocytes. This difference
could be explained by the fact that Mn is not found in mature erythrocytes (without
mitochondria), while Se is part of the active enzymes in these cells, such as glutathione
peroxidase [69].

In this regard, higher urinary excretion was observed in the men’s soccer players at
assessments 2 and 3 compared to that in women’s soccer players. The differences in Se
excretion between men and women add to the list of sex-specific differences in hepatic Se
metabolism which have been observed in both rodents and humans [70]. These results are
in agreement with those reported in a Japanese population in whom the influence of Se
intake on urinary Se excretion was evaluated [71]. Similarly, other authors have reported
higher concentrations of Se in the urine in men compared to those in women [72].

Lastly, it was observed that the women'’s soccer players showed a higher amount of Se
in their erythrocytes, both in absolute values and relative to the number of cells. These data
are in line with a study which analyzed the differences in Se status based on age, sex, and
race [73].

An impact of sex on circulating Se biomarkers in animals has been observed since the
late 1960s [74]. In humans, it has been recognized that women have higher circulating GPx
activity than that in men but not increased Se levels [75], as in mice [76]. Subsequently, re-
searchers determined that for individuals with the same Se intake, women had a significant
increase in Se-bound albumin, whereas men had a higher proportion of total Se [77].

The findings of this study highlight the importance of monitoring Se levels in athletes,
particularly to identify potential deficiencies or imbalances that could impact performance
and recovery. Athletic trainers and nutritionists should consider incorporating regular Se
assessments into their athlete monitoring routines, especially during periods of intense
training or competition. Adjustments to dietary intake or supplementation may be nec-
essary to optimize Se status, which could contribute to improved performance, reduced
fatigue, and enhanced recovery. Tailored nutritional strategies based on individual Se levels
could help support athletes” antioxidant defenses and overall health.

This study presents certain limitations that must be considered. Firstly, the sample
size was relatively small and comprised only football players from specific competitive
tiers, which may limit the extent to which these findings can be generalized to athletes
from other sports or with different levels of performance. Second, its observational design
restricts the ability to infer causal relationships between selenium concentrations and
athletic performance or fatigue. Third, factors such as menstrual cycle phases in female
athletes, although monitored, could still influence selenium metabolism and were not fully
controlled. Additionally, this study is limited by the availability of selenium biomarkers,
which may not fully reflect selenium status. Factors such as diet, environmental exposures,
and training loads could have influenced selenium metabolism. Finally, this study did not
include direct measures of oxidative stress or muscle fatigue markers, limiting the ability
to directly link selenium status with physiological outcomes.

5. Conclusions

There are differences between sexes in plasma, urinary, erythrocyte, and platelet
Se concentrations. Men'’s soccer players presented higher concentrations in the plasma,
urine, and platelets, while women'’s soccer players reported higher concentrations in the
erythrocytes. Furthermore, the Se concentrations can change considerably throughout
the sports season in soccer players, with its concentrations progressively increasing in the
plasma and platelets and decreasing at the end of the season in the urine.
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Assessing Se status throughout the season is crucial to determining the potential
necessity for nutritional supplementation and upholding performance, as Se is essential for
the immune and antioxidant systems.
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