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Abstract
Physical activity plays a crucial role in regulating whole-body metabolism, including the metabolism of

minerals and trace elements, which are essential components of various metabolic pathways. Research
has demonstrated that minerals such as iron (Fe), copper (Cu), and zinc (Zn) are involved in critical
cellular processes, including antioxidant defense systems and cellular signaling, and their levels can sig-
nificantly influence athletic performance. Therefore, this study aimed to investigate the differences in
serum levels of Fe, Cu, and Zn between athletic and sedentary populations. Serum concentrations of Zn,
Fe, and Cu were measured using commercially available kits in 60 healthy young male students, who
were divided into two groups: athletes and sedentary individuals. An independent T-test was employed
to assess differences in mineral levels between the groups, while the Pearson correlation coefficient was
used to evaluate the relationships between Fe, Cu, and Zn levels and age as well as body mass index
(BMI). The results revealed that the athletic group had significantly higher serum Fe levels compared to
the sedentary group (p-value = 0.012). However, no significant differences were observed in the con-
centrations of Zn and Cu between the two groups. Additionally, a significant correlation was found be-
tween Zn levels and age within the athlete group. These findings suggest that exercise, particularly mild
resistance training, may enhance Fe status, leading to higher serum Fe levels in athletes. Furthermore,
the study indicated that recreational bodybuilding athletes do not require Cu and Zn supplementation,
as the levels of these elements were found to be sufficient in the athlete group. This highlights the im-
portance of regular physical activity in maintaining optimal mineral balance and suggests that targeted
supplementation may not be necessary for individuals engaged in recreational bodybuilding.
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Introduction

The impact of physical activity on mineral metabolism in body fluids remains one of the least ex-
plored areas in exercise physiology [1]. It is well-established that physical activity induces numer-
ous metabolic changes in the human body, and intensive training can increase the demand for
essential minerals due to heightened degradation rates or elevated losses [2-4]. Recent studies
have suggested that exercise may alter serum levels of various biological minerals [5, 6]. These
changes are particularly significant given the critical roles minerals play in metabolic processes
and antioxidant activities [7, 8].

Although trace element concentrations are tightly regulated by homeostatic mechanisms, fluc-
tuations in their levels in organs and body fluids can negatively affect athletic performance [9].
Among these trace elements, iron (Fe), zinc (Zn), and copper (Cu) are especially vital for optimal
performance during acute exercise [10, 11]. These essential elements are required in varying
amounts in the human body [3]. For instance, Zn and Cu are integral components of the major
cellular antioxidant enzyme, Cu-Zn superoxide dismutase (Cu-Zn-SOD) [12]. Deficiencies in Cu can
impair bodily functions and reduce physical performance [3], while Zn, which is widely distrib-
uted in human tissues, plays a key role in maintaining structural integrity and supporting the en-
zymatic functions of metalloenzymes, particularly in skeletal muscle [13]. Iron, on the other hand,
is involved in numerous exercise-related processes, but its status can be influenced by exercise
through mechanisms such as foot strike hemolysis, exercise-induced inflammation, and losses via
sweat or urine [14].

While much of the research on exercise-induced changes in mineral status has focused on aer-
obic forms of exercise, there is limited understanding of how resistance training, such as body-
building, affects mineral metabolism. This study aimed to investigate differences in serum Fe, Cu,
and Zn levels between resistance-trained athletes and sedentary individuals, as well as to deter-
mine whether resistance exercise, like bodybuilding, induces significant changes in serum mineral
concentrations.

Study Design and Methodology

This cross-sectional case-control study included 60 healthy young male students aged 20-30
years. Participants were recruited and screened at Shiraz University of Medical Sciences (SUMS)
based on specific inclusion and exclusion criteria. The study population was divided into two
groups:

1. Athlete Group: Bodybuilders who engaged in heavy resistance training at least three

times per week.

2. Control Group: Sedentary individuals who did not participate in any regular sports or

physical activities, such as bodybuilding, football, running, or swimming.

All participants were college students residing in SUMS dormitories and shared a similar diet
without any supplementation of iron (Fe), zinc (Zn), or copper (Cu). Individuals with a history of
smoking, underlying diseases (e.g., diabetes, malignancy, cardiovascular or hematological disor-
ders), or other chronic conditions, as well as those who were ill during the study period, were
excluded. Simple random sampling was used to allocate participants to the two groups. Written
informed consent was obtained from all participants, and the study protocol was approved by the
Ethics Committee of SUMS.

Laboratory Assessments
A 5 mL blood sample was collected from each participant between 8:00 and 9:00 AM after a
24-hour period without exercise. Blood samples were drawn into clot tubes and centrifuged at
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3000 x g for 10 minutes to separate the serum. The serum was then stored at -20 °C until further
analysis. Serum levels of zinc and copper were measured using commercially available kits (Pars
Azmoon, Iran) and analyzed with a Hitachi autoanalyzer (Hitachi Medico 717, Japan).

Statistical Analysis

Data analysis was performed using SPSS version 25.0 (SPSS, Inc., Chicago, IL, USA). An inde-
pendent T-test was used to compare the differences in mineral levels (Fe, Cu, and Zn) between the
athlete and control groups. The Pearson correlation coefficient was calculated to assess the rela-
tionships between mineral levels and age or body mass index (BMI). A two-sided P-value of < 0.05
was considered statistically significant.

Results

As shown in Table 1, there were no significant differences between the athlete and non-athlete
groups in terms of age or body mass index (BMI). The mean * standard deviation (SD) for the
concentrations of each trace element (Fe, Cu, and Zn) is presented in Figure 1.

Table 1. The mean (* SD) for characteristics of athletes and non-athletes.

Characteristics Athletes (N=30) Non-athletes (N=30) P-value
Age 25.86 +3.14 25.23+2.81 0.41
BMI (kg/m?) 225+17 259+ 1.69 0.66

SD= standard deviation, BMI=body mass index.
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Figure 1. Comparison of iron, zinc and copper in athletic and non-athletic groups.
* Significant difference when compared to non-athlete group.

Compared to the non-athlete group, the athletic group exhibited significantly higher serum
iron levels (p = 0.012). Although copper levels were slightly elevated in the athletic group, this
difference was not statistically significant (p = 0.62). No significant differences were observed in
zinc or iron concentrations between the athlete and non-athlete groups. Pearson correlation
analysis revealed a significant positive correlation between zinc levels and age in the athlete group
(r=0.42; Table 2).

Table 2. Pearson correlation coefficient between elements with age and BMIL.

Age BMI
Athletes Non- Athletes Athletes Non- Athletes
Iron -0.058 -0.136 0.342 0.006
Copper 0.106 0.065 0.087 -0.063
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Zinc 0.422* 0.240 0.177 0.174
bmi=body mass index, * p-values are statistically significant.

Discussion

The primary aim of this study was to evaluate the effects of mild resistance exercise and age on
serum levels of trace elements, including iron, zinc, and copper. Our findings revealed that recre-
ational bodybuilding athletes engaging in mild resistance exercise had significantly higher serum
iron levels compared to their sedentary counterparts. These results align with previous studies
demonstrating that mild resistance exercise improves iron status in the body [15-20]. While ear-
lier research suggests that mild exercise does not enhance iron absorption from the gastrointes-
tinal tract [16-18], it may promote iron recycling within the body, thereby improving iron status.
The elevated iron levels in moderately active individuals indicate that moderate physical activity
could help maintain iron levels, particularly when dietary intake is insufficient. Matsuo et al. [19]
demonstrated that even a brief daily dumbbell exercise (15 minutes) could improve iron status in
young females with non-anemic iron deficiency, highlighting the potential economic advantages
of exercise as a strategy to combat iron deficiency, especially in developing countries with high
rates of iron deficiency [16].

In contrast, endurance exercises such as long-distance running and swimming have been as-
sociated with detrimental effects on iron levels due to factors like gastrointestinal hemorrhage,
sequestration of iron in macrophages, and reduced iron absorption caused by increased hepcidin
production during inflammation [16, 18, 21-23]. Our findings further emphasize that the impact
of exercise on iron status varies depending on the type and intensity of physical activity [18].

Regarding zinc metabolism, while the effects of acute endurance exercise have been well-doc-
umented, the long-term effects of regular exercise training on zinc status remain unclear [24]. A
recent meta-analysis by Chu et al. [24] reviewed six studies, with three supporting our findings of
no significant difference in serum zinc levels between athletes and sedentary individuals. How-
ever, two studies reported increased serum zinc levels in athletes, while one observed lower levels
in the exercise group. Notably, our study is the first to examine the effects of mild resistance exer-
cise on serum zinc levels in recreational bodybuilding athletes, as previous research primarily
focused on aerobic or mixed aerobic-anaerobic activities. Further studies are needed to clarify the
relationship between exercise type and zinc status.

For copper, our results showed a non-significant increase in serum levels among athletes com-
pared to the sedentary group. These findings are consistent with Maynar et al. [3], who reported
non-significant increases in serum copper levels in anaerobic athletes. However, other studies
have observed significant increases in copper levels following endurance-strength training [25]
or in moderately active individuals [26], suggesting that moderate activity may help maintain cop-
per levels in individuals with inadequate dietary intake. Conversely, some studies found no signif-
icant changes in copper levels among athletes [27-29], reinforcing the notion that physical train-
ing does not adversely affect copper status.

Limitations

This study has several limitations. To fully understand the metabolic behavior of each trace
element, additional biological matrices such as urine or sweat should be analyzed. For a compre-
hensive assessment of iron metabolism, parameters like transferrin, ferritin, unsaturated iron-
binding capacity, and total iron-binding capacity should be included. Similarly, detailed investiga-
tion of copper metabolism would require additional markers such as serum ceruloplasmin and
superoxide dismutase activity.
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One strength of this study is the inclusion of only male participants, which eliminated gender-
related confounding factors. Additionally, all participants were students from the same institu-
tion, consumed meals from the same canteen, and were evaluated during a single time point in
winter, minimizing variations due to diet and seasonality.

Conclusion

This study demonstrated that mild resistance exercise significantly increases plasma iron levels
compared to a sedentary lifestyle, suggesting that moderate physical activity may help maintain
iron levels when dietary intake is insufficient. Furthermore, plasma copper and zinc levels were
well-maintained in the athletic group without supplementation, indicating that recreational body-
building athletes do not require additional supplementation if their dietary intake is adequate.
These findings highlight the importance of exercise type and intensity in influencing trace element
status and provide valuable insights for optimizing nutritional strategies in athletes.
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