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ABSTRACT
Background: Trace elements are mineral nutrients involved in a lot of physiological processes during exercise.
Some of the trace elements, such as iron (Fe) and zinc (Zn) play a major function in maintaining and regulating
many of these processes. The variations in plasma Fe and Zn concentrations are dependent which follow intensity
as well as the duration of the activity. Endurance exercise until exhaustion causes various changes in the body.
Deficiencies in Fe and Zn can harmfully influence endurance performance.
Objective: The purpose of the current study was to determine the effects of an incremental exercise until
exhaustion on the plasma levels of Fe and Zn in athletes and nonathletes.
Methods: Ten elite basketball players (Age: 19.1±0.8 years old, Height: 185.0±6.3 cm, Weight: 71.0±9.8 kg,
VO2max: 59.5±7.3 mL.kg-1.min-1) and ten college students (Age: 22.5±3.8 years old, Height: 176.1±7.6 cm,
Weight: 67.8±11.4 kg, VO2max: 33.1±8.4 mL.kg-1.min-1) participated as athletes’ group and control group
respectively. All trials were conducted at the beginning of a competing season in one week for each group in the
Ahvaz city, Khouzestan State, Islamic Republic of Iran. All participants completed 3 separate trials which
consisted of maximal oxygen uptake test, a familiarization trial, and an actual trial. They pedaled an incremental
exercise to exhaustion in the familiarization (without blood sampling) and actual trials. After a warm–up, the
pedaling began on the ergometer at 100 watts and at 60 rpm. Then, the workload was increased gradually to 50
watts every two minutes until exhaustion. The blood samples were drawn three times after the actual trials.
Statistical analyses were performed using the IBM SPSS v.25 for Windows.
Results: The results of the current study showed a significant decrease in Fe and Zn immediately and 24 hours
after incremental exercise to exhaustion (p<0.05) in both groups. However, there were no significant differences
between the two groups of athletes and nonathletes (p>0.05).
Conclusion: The current study concluded that exhaustive exercise was able to decrease the Fe and Zn status after
exercise which may reflect the potential consequences for the dietary requirement of trace elements for physically
active inhabitants.
KEYWORDS: Iron, Zinc, Trace Elements, Incremental Exercise, Exhaustion

1. INTRODUCTION
Many micronutrients play important functions in a variety of metabolic reactions during exercise which are able to
affect the level of energy production (1, 2). Trace elements are mineral nutrients involved in the structure of many
enzymes in the chemical processes that occur in all living organisms. Iron (Fe) and Zinc (Zn) are the two important
trace elements required for health (3), and optimal exercise performance (4, 5). The conceptions of them are based
on the following principles: primarily, during exercise athletes have a greater demand for various elements than less
active individuals, in addition, that many athletes frequently do not ingest a sufficient diet plan concerning these two
trace elements, thirdly, that this observed low ingestion of Fe and Zn can cause a reducing of peak athletic
performance, and eventually will lead possibly to the occurrence of some disease situations (3). Most of the Fe
found exists to proteins including hemoglobin, myoglobin, ferritin, and some enzymes (6). Fe excretion happens
over the digestive tract, urinary system, cell turnover, and sweating (4, 7, 8). During exercise, the Fe stores may be
affected by the physiological changes that have negative consequences on the performance as well as on the health.
There is evidence that the condition Fe stores in physically active people are negatively altered (4, 9, 10). The Fe–
binding proteins in the muscle and blood participate in the synthesis of ATP for muscle contraction during exercise
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(3, 4, 10). The oxygen–carrying capacity of the blood is the rate–limiting Fe–binding protein responsible for reduced
exercise performance.

Sufficient Fe is required to produce healthy red blood cells, and prevent the fatigue associated with Fe–deficiency
anemia. Few studies have shown anemia in male runners (1.2–5.7%) and adolescent swimmers (6.7%) (11-13).
Prevalence of Fe deficiency anemia in male adolescents in Iran is 7.9% (14). Previously published studies have
shown remarkable reductions in ferritin level with exercise (15-18), whereas others have shown no significant
change (9, 18-20). Recently, some studies have investigated the effects on Fe balance during short–term exercise.
These studies clearly indicated that there is a significant decline in Fe stores in young men (18, 21-24). There are
some physiological functions required sufficient amounts of other minerals like Zn. Most of the concentration of Zn
of about 2 g is found in muscle (60%), bone (30%), liver, and kidney (5, 25). This important trace element holds
biological functions in the metabolism of macronutrients, thus Zn is necessary for exercise performance (3, 4).
Insulin secretion needs Zn as do many enzymes, and this hormone modifies the metabolism of carbohydrates and
fats (26). Hence, the status of Zn has an impact on energy substrate utilization during exercise. Zn is found
everywhere in cellular metabolism, and is an important constituent of the catalytic sites of at least one enzyme in
each of the six major classes of enzymes (27-29). In athletes with an average Zn intake of 10 to 14 mg/d more than
90% of dietary Zn is excreted in the feces (30), and rest of the 10% is lost via other ways of Zn excretion from skin
and urine (31). Surface losses from the skin, sweat, and hair, provide up to 1 mg/d of Zn loss (31). These amounts of
Zn losses from the skin and urine as well as an inflammatory response to exercise may account for the concern of
many athletes (32, 33). Couzy et al. (1990) showed that intensive training significantly declined the serum
concentration of Zn (25). Also, Manore et al. (1993) revealed that there was a significant decrease in plasma Zn
following 6 weeks of an aerobic exercise program (34). In a meta–analysis Chu et al. (2018) verified that the serum
Zn concentrations were considerably reduced in athletes as compared to controls, although athletes consumed a
higher Zn diet plan (35). Their systematic review shows that Zn homeostasis probably is affected in athletes,
showing that athletes require a higher amount of Zn as compared to those that are less active.

Athletes’ diet plan during high–performance exercise could be altered to a considerable amount from the suggested
diet for the general population. The trace elements of the current study, Fe and Zn are nutritionally important
micronutrients for exercise performance. Fe and Zn deficiencies have been reported in clinical and population
investigations, although the prevalence is difficult to quantify by reason of the limited studies on Zn status in
exercise. This study, therefore, was set out to assess the effects of an incremental exercise until exhaustion on the
plasma concentrations of Fe and Zn on athletes and subjects that have no exercise in regular program training.

2. MATERIALS AND METHODS
2.1. Research Design
To determine the influences of an incremental exercise to exhaustion on Fe and Zn plasma concentrations in athletes
and nonathletes, a controlled study design with repeated measures (i.e., pre, post) was used. The trials were
completed by two groups of athletes and sedentary subjects who were assigned as the athletes and nonathletes
groups respectively. Trace elements of the current study were measured as a pre–test blood sampling before the
incremental exercise, subsequently a three–post–test blood sampling were drawn after the exercise.

2.2. Selection Criteria
The study was carried out at the beginning of the competition season when the athletes were physically ready for
their recent event. The basketball players were the athlete's group those who had been training regularly 3 sessions
per week for three years. In addition, some of them have been selected to participate in the Iranian Basketball Super
League and Iranian national training camps. Melli Haffari basketball team from Ahvaz city with 35 players were
selected as the athlete group. The college students were studying at Chamran University of Ahvaz who were
sedentary individuals assigned for the nonathletes group of the study. For the nonathletes group, 41 sedentary
subjects were invited to participate in familiarization trials. The inclusion criteria were, requiring no history of
medication at least for last three weeks before the study, being non–smoker, free of renal, thyroid, diabetes, liver,
cardiovascular diseases as indicated by their medical history, and aged 17 to 25 years old. The subjects were not
taking dietary any required treatments or supplementations and instructed to not change current dietary behaviors.
All of them had been living in the same state of Khouzestan, Iran for at least two years prior to the beginning of the
study.
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2.3. Subjects
Ten male state basketball players (Age: 19.1±0.8 years old, Height: 185.0±6.3 cm, Weight: 71.0±9.8 kg, VO2max:
59.5±7.3 mL.kg-1.min-1) and ten male college students (Age: 22.5±3.8 years old, Height: 176.1±7.6 cm, Weight:
67.8±11.4 kg, VO2max: 33.1±8.4 mL.kg-1.min-1) that had no practical experience in any sports programs were
recruited to participate in this study. The physical characteristics of the participants are illustrated in Table 1 that is
based on the two groups of the study. All subjects were informed about the purpose and scope of the current study as
well as the potential benefits and risks associated with research participation, and signed an informed written
consent before the start of the study. The study was approved by the Ethics Committee of the Faculty of Physical
Education and Sports Sciences, Central Tehran Branch, Islamic Azad University.

Table 1. The physical characteristics of the participants (n=20).
Variables, Mean ±SD Athletes (n=10) Nonathletes (n=10)
Age (year) 19.1±0.8 22.5±3.8
Height (cm) 185.0±6.3 176.1±7.6
Weight (kg) 71.0±9.8 67.8±11.4
Body Mass Index (kg.m-2) 19.3±1.1 20.6±1.2
VO2max (mL.kg-1.min-1) 59.5±7.3 33.1±8.4
Training Experience (year) 2.9±0.9 0
Heart Rate at Rest (bpm) 64.1±4.1 85.4±7.1
Maximal Heart Rate (bpm) 191.0±9.8 183.6±8.3
Maximal Workload (w) 260.0±20.1 131±23.4
Maximal Cadence (rpm) 130.6±28.2 95.7±15.2
The Ratings of Perceived Exertion (Borg’s Unit) 17.5±9.4 18.1±5.4
Trial Duration (min:sec) 07:41±00:02 02:45±00:40

2.4. Procedures
All participants underwent three separate trials which were conducted at Khouzestan Championship Camp Center in
Ahvaz city. The first trial was a maximal trial on an ergometer (Technogym® BIKE FORMA, Italy) to estimate the
maximal oxygen uptake (VO2max) by using the Astrand–Ryhming nomogram (6, 36). Each participant of the study
pedaled a trial of approximately 6 minutes, trying a heart rate monitor (Oy, Kempele, Finland) between 125 and 170
beats.min-1. According to the participant’s heart rate response to the 6–minute pedaling, the VO2max was predicted.
This prediction was used to recruit participants with a higher value of VO2max that the accepted range for them was
between 40 and 60, and >40 mL.kg-1.min-1 for the basketball players and nonathletes respectively (37). In the
second visit, all participants participated in a familiarization trial. This trial was an incremental exercise to
exhaustion that was similar to the actual trial, but with no blood sampling. Based on the results of the VO2max
predictions and familiarization trials, ten basketball players, and ten nonathletes were invited to participate in the
actual trials as the athletes’ group and nonathletes’ group respectively. Three days later, both groups performed an
actual trial in the morning that was an incremental exercise to exhaustion (38). In this trial, participants were asked
to pedal on the same ergometer of familiarization trial at 60 rpm (revolutions per minute) cadence for 3 minutes to
warm–up without any workload. Before the warm–up, their height and nude body weight were measured
individually by using a stadiometer and a scale in the changing room of the camp. In addition, about 5 mL of venous
blood was drawn by a laboratory technician from participants as the first blood sampling. After 1 minute, the
pedaling began on the ergometer at 100 watts (w) and at 60 rpm. Then, the workload was increased gradually at 50
w every two minutes until exhaustion. During the actual trial, the participants were given intense verbal
encouragement to continue the pedaling for as long as possible, especially once the cadence dropped towards 60 rpm
(39). Time to exhaustion was recorded to the nearest second, and it was ordained when the pedaling first fell below
60 rpm, or maximal heart rate of less than 15 bpm lower than age–predicted maximum heart rate (220–age) (40).
Participants were not informed of any details concerning their performance during or after trials until all data
collection had been finished. After the actual trial, the participants were asked to sit down or walk slowly for 15 min.
Meanwhile, the second blood sample was taken immediately after the trial. The third and fourth blood samples were
drawn 24 and 48 hours respectively after the end of the actual trials. The heart rate and ratings of perceived exertion
(RPE; Borg’s scale, 1998) were recorded every 30 seconds during the actual trial (6). The workload, cadence, and
time of the pedaling were recorded at the end of the actual trials. To monitor the diet of the participants, all of them
were asked to refrain from consuming any supplements that comprise Fe and Zn during this study period. They were
also asked to refrain from vigorous training 24 hours prior to each trial. A food diary form was given to each
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participant to document their diet three days prior to each trial (41). Then, they were requested to repeat the same
diet plan over three days.

2.5. Trace Elements Blood Analysis
After the blood collections, samples were centrifuged at 4 °C for 15 min at 3000 rpm to separate the blood plasma.
Plasma samples were kept at –80 °C until for analyzing. Plasma samples were diluted using 1% nitric acid (Merck
Chemicals Ltd), and then investigated for Fe and Zn using air–acetylene flame atomic absorption spectrophotometer
using hollow cathode lamps (Thermo electron corporation, UK). In this study, the determination of Fe and Zn was
done by wavelengths of 248.3 and 213.9 nm for Fe and Zn respectively.

2.6. Statistical Analysis
Statistical analyses were performed using the IBM SPSS v.25 for Windows. The results are expressed as mean and
standard deviation (mean ± SD). The normal distribution of the variables was assessed using the Kolmogorov–
Smirnov test, and Leven’s test for homogeneity. The significant differences of trace elements between groups of
athletes and nonathletes were determined by one-way ANOVA followed by a LSD post–hoc test. To determine the
differences in trace elements’ plasma changes associated with two groups of athletes and nonathletes, analysis of
variance (ANOVA) with repeated measurement was used. The level of statistical significance was set at p<0.05.

3. RESULTS
The distribution of the dependent variables of Fe and Zn plasma concentrations in each combination of the related
groups of athletes and nonathletes based on results of the Kolmogorov–Smirnov test (Table 2) are approximately
normally distributed (p>0.05). It can be seen from the data in Figure 1 that the plasma concentrations of Fe and Zn
in athletes and nonathletes changed over time. -The plasma Fe concentrations in the athlete group significantly
decreased as compared to the baseline levels immediately after the trial (p=0.002), and at 24 hours after the
incremental exercise to exhaustion (p=0.006). But, there was no significant difference at 48 hours after the
incremental exercise to exhaustion (p=0.642) as compared to the baseline level. However, no significant differences
in the nonathletes group were found between the baseline levels and immediately after the trial (p=0.221), and at 24
(p=0.152) and 48 (p=0.127) hours after the incremental exercise to exhaustion (Table 3).

Table 2. The normality by the Kolmogorov–Smirnov test (n=20).
Variables Blood samplings Statistics df Sig.
Iron in Athletes Baseline level .260 10 .063

Immediately after trial .221 10 .182
24 hr after trial .163 10 .200
48 hr after trial .240 10 .109

Iron in Nonathletes Baseline level .174 10 .200
Immediately after trial .165 10 .200
24 hr after trial .111 10 .200
48 hr after trial .159 10 .200

Zinc in Athletes Baseline level .205 10 .200
Immediately after trial .158 10 .200
24 hr after trial .143 10 .200
48 hr after trial .162 10 .200

Zinc in Nonathletes Baseline level .182 10 .200
Immediately after trial .161 10 .200
24 hr after trial .198 10 .200
48 hr after trial .212 10 .200
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Figure 1. The plasma iron levels of the participants at baseline, immediately after the incremental exercise to
exhaustion, 24 and 48 hours after the end of the actual trials. * Significantly different from the baseline values in

athletes’ group (p < 0.05). + Significantly different from the baseline values in nonathletes’ group (p < 0.05).

Table 3. The multiple comparisons of mean differences and significances.
Dependent Variable Blood Sampling Mean Difference Std. Error Sig.

Iron Changes in Athletes Baseline level Immidiately after trial 9.600 4.7 .002
24 hr after trial 12.100 4.7 .006
48 hr after trial 2.000 4.7 .642

Iron Changes in Nonathletes Baseline level Immidiately after trial 3.500 3.8 .221
24 hr after trial 4.600 3.8 .152
48 hr after trial .600 3.8 .127

Zinc Changes in Athletes Baseline level Immidiately after trial 1.300 5.5 .045
24 hr after trial 7.300 5.5 .023
48 hr after trial .600 5.5 .439

Zinc Changes in Nonathletes Baseline level Immidiately after trial 5.900 6.8 .022
24 hr after trial 10.400 6.8 .545
48 hr after trial 3.600 6.8 .067

The results obtained from the plasma concentrations of Zn for both groups are presented in Figure 2. This figure
shows that immediately after the incremental exercise to exhaustion the plasma Zn concentrations did not change
significantly when compared to the baseline amounts in the athlete group (p=0.361). But, it was significantly
declined after 24 hours after the trial (p=0.050). While, after 48 hours of the incremental exercise to exhaustion it
reached to the baseline amounts (p=0.813). The plasma Zn concentrations in the nonathletes group reduced
immediately after the incremental exercise to exhaustion (p=0.045). Also, this reduction was significant at 24 hours
after the trial (p=0.023).Then, it was increased at 48 hours after the incremental exercise to exhaustion (p=0.439)
(Table 3). No significant differences were found between the two groups in the trace elements’ concentrations at any
point of time (p>0.05). Strong evidence of Fe and Zn changes was found when both groups of the current study
participated in the incremental exercise to exhaustion.
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Figure 2. The plasma zinc levels of the participants at baseline, immediately after the incremental exercise to
exhaustion, 24 and 48 hours after the end of the actual trials. * Significantly different from the baseline values in

athletes’ group (p < 0.05). + Significantly different from the baseline values in nonathletes’ group (p < 0.05).

4. DISCUSSION
In the current study, the plasma concentrations of Fe and Zn as two important trace elements were studied in athletes
and nonathletes. Trace elements support critical functions in the body to secure the normal metabolism and
homeostasis. Previously published studies on the effect of exercise are not consistent on the trace elements which
deficiencies and excesses in any of them can result in the appearance of some disorders (42-44). Additionally, the
blood changes in trace elements have been detected to have a role as indices of serious mood disorders such as
depression in adolescents (45). Therefore, tracking the amounts of the trace elements of Fe and Zn as the two
important trace elements in the body could be beneficial indices in the prevention of these disorders. There were
reductions in the plasma concentrations of Fe and Zn from baseline to the after of the incremental exercise to
exhaustion. These results are in accord with recent studies indicating that the Fe stores were significantly decreased
after exercise in men (18, 21-24). In addition, the results are consistent with other studies which found the Zn
reductions after exercise (25, 34, 35). However, the plasma concentrations of Fe and Zn were reached to the baseline
after 48 hours of the incremental exercise to exhaustion. Furthermore, these changes of the trace elements of Fe and
Zn were in the normal range for men.

It is now well established from a variety of studies that the low levels of the Fe status in athletes and other physically
active populations effect on exercise performance (3, 4, 22, 46). Fe, in both forms of heme or a Fe–sulfur compound
holds a wide variety of physiological roles in the body. One of the vital parts of the hemoglobin is Fe which is
responsible for the transportation of oxygen and carbon dioxide in the blood. This trace element is available in
muscle as a myoglobin constituent which derives oxygen from hemoglobin molecules, operates as an antioxidant,
and is an important part of the electron transport chain for the ATP synthesis. Most of the ATP releasing in long–
term activities are produced by oxidative pathways. Hence, it is possible in cellular respiration some proteins that are
comprised of Fe could restrict factors of energy production in iron deficit and harm the performance rather than the
glycolysis. The degradation capacity of performance while the iron is not sufficient in the endurance athletes’ body
is associated with myoglobin, cytochrome oxidase, and mitochondrial NADH dehydrogenase.

In order to support the normal values of the Fe in the body the metabolism, conservation, recycling, and disposal of
Fe involves a normal balance within the body. The consequence of enhanced exercise on Fe homeostasis in athletes
leads to the reduction of Fe status. In the 1970s, some authors described reducing hemoglobin levels in athletes who
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were being involved in the exercise (47, 48), and other studies found that gastrointestinal bleeding (49), hematuria
(50), and Fe excretions in sweat (8) were the important reasons for the reduced levels of hemoglobin. However, this
reduction is able to diminish the capacity of oxygen–carrying and maximal oxygen uptake (VO2max), affecting
exercise performance (51). Likewise, another study has shown a linear relationship between hemoglobin levels, the
percentage increase in heart rate, and blood lactate levels in response to an exercise trial (52). Another important
protein that in the muscles is in charge of oxygen transport and storage is myoglobin. A considerable amount of
literature has been published on myoglobin. These studies have confirmed decreases in myoglobin in skeletal
muscle happening with reduced Fe status (53). Finch et al. (1976) explained an association between reductions in
myoglobin and reduced exercise performance (54). Therefore, the reduced levels of hemoglobin and myoglobin in
athletes could be a major factor, if not the only one, causing the exercise performance impairment as discussed
above. Further, than the effects of reduced Fe status on exercise performance, athletes and other individuals who
engage in exercise should be aware of reductions in Fe status related to exercise.

A number of authors have considered the effects of exercise on the Zn status in athletes (4, 10, 30, 42, 55). The early
concern between exercise and Zn status was caused due to a report of a drop in the Zn blood levels in athletes as
compared with nonathletes (56). Cordova et al. (1998) demonstrated that altered Zn metabolism coupled with
enhanced Zn excretion and stress levels resulted in fatigue sensation and reduced performance (57). Several
systematic reviews of the changes of this trace element in exercise have been undertaken. Recently, a systematic
review by Chu et al. (2017) showed that blood Zn changes are lesser in the athletes' group when compared with the
controls (29). In another systematic review by Chu et al. (2018) they collated Zn status evidence from other studies
(35). They realized a significant decrease in the blood levels of Zn in athletes once compared to nonathletes,
showing that the homeostasis of Zn might be different in athletes. Their reviews concluded that athletes possibly
demand higher Zn levels as compared to those individuals who are not active. Additionally, some studies have
indicated lower blood Zn levels in athletes (58, 59). The results of the current study are in accord with recent studies
indicating that athletes had a lower Zn plasma concentration when compared to the nonathletes despite the non–
significant difference between the groups. There are some possible explanations for such reductions. However,
different reasons may alter Zn homeostasis and requirements in athletes include inflammatory response to exercise,
refrain from animal products, increased urinary, and sweat Zn losses (3, 4, 27, 30, 33, 58). The impairment in the
metabolic regulation of leptin when Zn is deficient in exercise, as this is a protein produced by fatty tissue, it would
be the rate–limiting factor in energy expenditure. Generally, a higher viscometric erythrocyte rigidity index happens
in athletes once the Zn concentrations reduced during exercise. Subsequently, the power output of those athletes in
exercise will be lowered, and the blood lactate will be increased during exercise, resulting in a reduced lactate
threshold.

Supplementations of different trace elements have been verified to improve exercise performance (5). Van Loan et
al. (1999) and Lukaski (2005) described the negative effects of ingesting lower Zn diet plans on exercise
performance in carefully controlled human trials (60, 61). Similar to Zn, some authors studied the Fe
supplementations in athletes that may improve performance. Most of them summarized that athletes with a normal
range of Fe status seem to be having no benefits of the Fe supplementations beyond recommended amounts for
additional exercise benefits (4). Furthermore, harmful consequences can be related to excessive Fe consumption
which is able to hinder the Zn absorption as a result of their similar physical and chemical features (62, 63).
Solomons (1986) recommended that competitive interactions between Fe and Zn can happen once the total amount
of the two trace elements in a diet plan goes above 25mg (63). In general, there is a negative influence of Fe on Zn
absorption has been informed to appear while the Fe/Zn ratio is equal to, or exceeds two. It has been shown that
there is also an inverse relationship between dietary Fe supplementation and blood Zn levels (63). Despite the
monitoring diet plan of the participants via a food diary form, but nutrition assessments of trace elements were not
the aim of the current study. Fe and Zn supplementations have been shown to improve endurance performance and
muscle strength respectively. Hence, according to possible interactions that are able to happen among Fe and Zn,
and the point that some athletes can already be debatable relating to the Zn status, the possible negative impacts of
additional Fe ingestion must be clear. The recommended amount of Fe supplement is 15mg per day to decrease their
potential impacts on Zn absorption. Furthermore, the amount of Zn in the supplement is suggested not to be more
than 15mg per day. However, the results of the different studies are inconclusive so that the consumption of Zn
supplements at this time would not be suggested for athletic activities. Considerably more clinical investigations will
require to be studied to determine the effects of exercise and trace elements of Fe and Zn on each other.
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5. STUDY LIMITATIONS
There are several possible explanations for the result of the current study. However, these results may be slightly
limited by different factors that the researchers could not control them. The sample size was one of the limitations of
this study. The short time of the data collection was another limiting factor to this study. All of the subjects who
were invited from the Chamran University of Ahvaz or the Melli Haffari basketball team required to travel due to
their personal life. In addition, the lack of previous studies in the research area is another limitation. This would be
rather a generalized element to the larger populations. However, the implementation of data collection in the
methodology could be the other limiting factor. Furthermore, during the familiarization trials, nonathletes indicated
that the need for more guidance regarding the methodology and the incremental exercise to exhaustion

6. CONCLUSIONS
This study confirms that the two trace elements of Fe and Zn are associated with an incremental exercise to
exhaustion. Athletes involved in fatiguing training and nonathletes engaging in unaccustomed training present
indications of Fe and Zn reductions after exercise, and there is evidence of lower blood levels of these trace
elements were able to impair exercise performance. Therefore, athletes and nonathletes should attempt to ingest a
rich–diet plan of Fe and Zn in an effort to meet physiological demands during exhaustive exercise. Finally, there is
growing attention in trace elements malnutrition, and some athletes are at risk of Fe and Zn deficiencies if they
follow an unbalanced diet plan. Further studies of Fe and Zn homeostasis during and after exercise are necessary to
explain the interaction between blood Fe and Zn responses and characteristics of specific exercise and individuals.
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