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ARTICLE INFO ABSTRACT

Edited by Dr. Ayse Basak Engin Purpose: The present study aimed to analyse sex differences in cadmium and lead concentrations in plasma, urine,
platelets and erythrocytes and to relate these concentrations to biomarkers of iron status.
Methods: A total of 138 soccer players divided according to sex: men (n = 68) and women (n = 70) participated in

the present study. All participants resided in the city of Caceres (Spain). Erythrocyte, haemoglobin, platelet,

Keywords:
Toxic elements

rll:;“me: plateletcrit, ferritin and serum iron values were determined. Cadmium and lead concentrations were quantified
Urine by inductively coupled plasma mass spectrometry.

Erythrocytes Results: The women had lower haemoglobin, erythrocyte, ferritin and serum iron values (p < 0.01). Regarding
Platelets cadmium, the women showed higher concentrations in plasma, erythrocytes and platelets (p < 0.05). As for lead,

they also showed higher concentrations in plasma, relative values of erythrocytes and relative values of platelets
(p < 0.05). Significant correlations were observed between cadmium and lead concentrations with biomarkers of
iron status.

Conclusions: Cadmium and lead concentrations are different between sexes. Biological differences between sexes
and iron status could influence cadmium and lead concentrations. Lower serum iron concentrations and markers
of Fe status increase Cd and Pb concentrations. Ferritin and serum iron have been directly related to increased Cd

and Pb excretion.

1. Introduction

In the last decade, there has been significant ecological and public
health concern associated with high levels of pollution (Tchounwou
etal., 2012). Exposure to toxic minerals is increasing worldwide. Air and
water pollution, directly and indirectly, affect living things. Some toxic
minerals, such as cadmium (Cd) or lead (Pb), have harmful effects on
human health, and exposure to these minerals has been increased by
industrialisation (Balali-Mood et al., 2021).

Cd is rarely found naturally in soil or water. High levels of Cd in
water, air, and soil are frequent after industrial activities, representing
the source of significant human exposure via food ingestion (Balali--
Mood et al., 2021). In addition, exposure to Cd can also occur through

smoking. In humans, the three main organs affected following Cd
exposure are the lungs, bone, and kidney (Jomova and Valko, 2011).
Although the mechanisms of Cd toxicity are poorly understood, it has
been speculated that Cd causes damage to cells mainly by generating
reactive oxygen species (Stohs and Bagchi, 1995), disrupting the syn-
thesis of nucleic acids and proteins.

Pb is a toxic mineral absorbed mainly through the digestive and
respiratory system, although it can also be absorbed through the skin
(Jaishankar et al., 2014). Exposure to Pb can induce neurological, res-
piratory, urinary and cardiovascular disorders (Balali-Mood et al.,
2021). In addition, Pb may alter the balance of the oxidant-antioxidant
system and induce inflammatory responses. Pb exposure is associated
with many cardiovascular (Vaziri, 2002) or immune diseases (Dietert
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affinity for Cd (Gunshin et al., 1997). Accordingly, higher Cd concen-
trations have been observed when Fe stores were deficient in women
(Goyer, 1997; Vahter et al., 2007b). This fact would be in line with the
results reported in the present study, where haemoglobin, ferritin, and
serum Fe concentrations were considerably lower in the women players
than in the men players. In addition, intracellular and plasma Cd con-
centrations correlated inversely with markers of Fe status. Concerning
the above, it is known that sex differences in Cd concentrations disap-
pear after menopause, an evolutionary stage where Fe levels tend to
increase considerably in women (Backlund et al., 1999). Also, in the
present study, positive correlations were observed between Fe and
ferritin levels and urinary Cd concentrations in general and in men
soccer players, suggesting that high levels of Fe in the body would favour
a more significant elimination of Cd. Therefore, according to the liter-
ature and the data reported in the present study, the low Fe reserves and
Fe deficiency, characteristic of women soccer players (Landahl et al.,
2005), could generate an increase in the absorption and accumulation of
Cd. This would make women more susceptible to Cd accumulation
compared to men.

Regarding Pb concentrations, in the present study the women soccer
players showed higher plasma Pb concentrations, relative erythrocyte
values and relative platelet values. As with Cd, concentrations in
different compartments have been studied previously in other groups
(Maynar-Marino et al., 2018; Shah et al., 2017). In athletes, urinary
concentrations were lower than those reported by Munoz et al., (Munoz
et al., 2020) (less than 2.5 pg/g creatinine) but higher than those re-
ported by Maynar et al, (Maynar-Marino et al., 2018) in men
long-distance runners. In plasma, Rodriguez Tuya et al., (Rodriguez
Tuya et al., 1996) reported mean concentrations in general athletes of
46.13 ng/g, 44.60 ng/g in male athletes of anaerobic modalities, and
47.80 ng/g in male athletes of aerobic modalities. Regarding intracel-
lular concentrations, Grijota et al., (Grijota et al., 2020) reported lower
concentrations than those of the present study. Regarding gender dif-
ferences, Berglund et al., (Berglund et al., 2011) showed that women
excreted less Pb in urine compared to men. However, in contrast to the
present study, Caini et al., (Caini et al., 2019) observed higher Pb con-
centrations in erythrocytes in men.

Men generally tend to have higher levels of Pb in their blood due to
higher exposure (Vahter et al., 2007a). Pb is distributed in three main
compartments: blood, bone, and soft tissues (Abadin et al., 2007). The
respiratory and digestive tracts are the main routes of Pb entry in
humans. Approximately 30-50% of inhaled Pb is absorbed, passing into
the blood by passive diffusion (Jomova and Valko, 2011). Once it enters
the bloodstream, 99% of the Pb binds to erythrocytes, and the remaining
1% remains in the plasma (deSilva, 1981). This makes erythrocytes very
vulnerable to Pb toxicity. It is known that Pb can inhibit haeme synthesis
and shorten erythrocyte lifespan (Peters et al., 2021). Previous authors
reported that Pb blood concentrations were inversely related to hae-
moglobin and mean corpuscular volume (Huang et al., 2021), and red
blood cells (Rondo et al., 2006), agreeing with the results obtained in the
present study.

Because Fe is absorbed by mechanisms similar to Pb, an Fe deficiency
can lead to excessive Pb absorption (Conrad and Barton, 1978; Ragan,
1977). Low Fe stores modulate DMT1 expression in the intestinal mu-
cosa. DMT1, in addition to Cd, serves as a transporter of Pb (Bressler
et al., 2004). It is known that Pb absorption is also negatively associated
with ferritin status (Osman et al., 1998). As with Cd, direct correlations
between Fe and ferritin concentrations and urinary Pb concentrations
have been observed in men soccer players. This could indicate that a
better Fe status would increase excretion due to a possible lower ab-
sorption of Pb by the body. Pb inhibits ferrochelatase, the terminal
enzyme in the synthetic haeme pathway. Elevated blood levels of Pb
could affect the erythrocyte membrane and inhibit haeme synthesis
leading to microcytic anaemia, especially in women (Huang et al.,
2021). Based on the results of the present study and data from the sci-
entific literature on the topic, Fe status is an important determinant in
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the distribution and concentration of Pb, especially in erythrocytes, as it
could alter their structure and function.

The following limitations in the study should be considered: a) we
did not take into account the possible differences between the intake of
organic and non-organic foods; b) we did not analyse the concentrations
of toxic metals in water, air or other sources of exposure and c) variation
in menstrual cycle length/duration was not taken into consideration. It
should be noted that all participants resided in the same city, so expo-
sure was similar.

5. Conclusions

Cd and Pb concentrations are different between men and women
athletes. The women athletes showed higher concentrations of Cd in
plasma, erythrocytes and platelets. Regarding Pb, the women athletes
showed higher concentrations in erythrocytes, both in absolute and
relative values.

Moreover, the biomarkers of Fe status (haemoglobin, ferritin,
erythrocytes and serum Fe) were related to the concentrations of Cd and
Pb in the different biological matrices, both in general and differenti-
ating between sexes.

Fe status and biological sex differences could influence the kinetics
and distribution of Cd and Pb. An optimal Fe status could decrease the
absorption and increase the excretion of Cd and Pb.
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