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Abstract 

In this study, the effects of 8-week swimming training applied to men aged 20-25 on sodium, 
potassium, magnesium, calcium, unsaturated iron binding capacity (UIBC), iron, CRP, 
creatinine, bilirubin, albumin parameters were investigated. Ten men with a mean age of 
23.07±1.76 years participated in the study. A swimming training program was applied to the 
participants for 10 weeks/3 days. All tests and measurements were performed before starting 
the 8-week training program and after completing the 8-week program. The data obtained 
from the study were analyzed using the SPSS 15.0 package program. The normality 
distribution of the data was made using the shapiro-wilk test. Participants’ pre-post test 
measurements were analyzed with the Wilcoxon signed-rank test. According to the results of 
the data, there was a statistically significant difference between pre-post test data for body 
weight (BW), sodium, magnesium, creatinine, albumin and bilirubin (p < 0.05). As a result, it 
can be said that the changes in the minerals and some biochemical parameters necessary for 
the body with the training programs applied regularly can affect the performance. 
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1. Introduction 

Tem Minerals determined as essential nutrients; sodium, potassium, magnesium, calcium and 
iron have biochemical functions that have the potential to affect physical performance 
(Trumbo et al., 2001). Calcium, magnesium, and iron serve various functions in the body, 
such as bone mineralization, serving as cofactors for many enzyme systems, maintaining 
muscle-nerve stimulation, and maintaining oxygen transport (Clarkson, 1991). Sufficient 
calcium intake is important in obtaining and maintaining the peak bone mass value (Dinç & 
Eryavuz, 2002). Normal blood calcium level is 8.8-10.8 mg/dl. An adult human body 
contains about 1200 g of calcium. The importance of iron in the organism is indisputable. 
Iron deficiencies may occur as a result of imbalances in absorption or excretion (Koçyiğit et 
al., 2011). Iron loss in adults is irregular, and total iron stores in the body are controlled by 
the rate at which iron is absorbed from the small intestine. Men lose 0.6 mg of iron per day 
and women about twice as much (Arslan et al., 2004). Although micronutrients such as 
magnesium are taken in very small amounts, unlike macronutrients, they play an important 
role in the regulation of whole body metabolism, including energy use and work performance 
(Lukaski, 2000). The recommended amount for daily athletes is 400 mg. Some studies have 
shown a sustained decrease in plasma magnesium levels after strenuous exercise (Monteiro et 
al., 1996; Resine et al., 1994). Potassium is taken up to 50-150 mmol daily in an average diet. 
The plasma potassium level remains within narrow limits of 3.5-5.0 mmol/L. Its stimulating 
effect, especially on nerves and muscles, makes potassium one of the most vital electrolytes. 
Potassium is the most important cation of the intracellular environment (Aygencel, 2018). 

Serum CRP concentration is one of the parameters used in cardiovascular disease risk 
assessment, and its increase indicates proinflammation. CRP increased during circulation 
may be a response of the liver to increased proinflammatory cytokines during circulation, and 
many factors are responsible for high CRP levels (Esin et al., 2020). A compound called 
creatine is produced in the muscles, and the product formed as a result of the breakdown of 
this compound is called creatinine. Since creatinine levels vary according to muscle levels, 
creatinine levels in women are lower than in men. The reference range for creatinine can be 
between 0.6-1.2 mg/dL in men and 0.5-1.1 mg/dL in women. When people exercise intensely, 
working muscles build up creatinine much faster than normal levels. Thus, the creatinine 
levels in the blood also increase.  

Swimming workouts of different duration and intensities activate different energy sources. At 
high intensity short distances, energy is obtained anaerobically, while at low intensity long 
distances, most of the energy is obtained aerobically using oxygen. In addition, the 
biochemical changes (increase/decrease) that may occur in the metabolism with the applied 
training are important in terms of sportive performance. Based on this information, the effect 
of applied swimming training on serum mineral and oxidative stress parameters was 
investigated. 

2. Method 

Male athletes (N = 10) with 23.07±1.76 specialties studying at Siirt University Physical 
Education and Sports School’s coaching education department participated in the study. The 
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training was carried out under the supervision of expert trainers. After the participants were 
informed about the study, they signed a “voluntary consent form” declaring that they 
voluntarily participated in the study. The physical activity levels of the volunteers were 
evaluated by completing the “International Physical Activity Questionnaire (IPAQ)” 
(Maddison et al., 2007), and those with a metabolic equivalent (MET) < 600 were included in 
the study.  

2.1 Training Protocol 

Swimming training was applied to the participants for 2 hours a week for 8 weeks/3 days. 
The exercises started with 20 minutes of warm-up exercises. Warm-up exercises consist of 10 
minutes of warm-up run, 10 minutes of mobility and flexibility exercises. The main working 
phase of the training lasted 60-80 minutes. Finished with 20 minutes of cool down (Table 1). 

 

Table 1. Swimming training program 

Training Days Program 

Monday 

Dynamic Warm-up 

6 moves 15 reps with thera-band for 5 minutes 

Major Phase 

6 × 100 m free max swimming interval 1 min’ 

6 × 100 m back max swimming interval 1 min’ 

6 × 100 m breaststroke, max swimming break 1 min’ 

6 × 100 m butterfly swimming interval 1 min’ 

Cooling down 

200m Breaststroke slow swim & 25m Back deep arm slow swim 

Wednesday 

Dynamic Warm-up 

6 moves 15 reps with thera-band for 5 minutes 

Major Phase 

1 × 2000 m freestyle technique 3 min break after 1000m 

4 × 50 m 1 min × butterfly max swimming, 1 min × back technical swimming 15 min 

4 × 100 m breaststroke technique slow swimming 100 m. 30 sec rest between 

Cooling down 

200 m 25 m breaststroke slow & 25 m back slow 

Friday 

Dynamic Warm-up 

6 moves 15 reps with thera-band for 5 minutes 

Major Phase 

1 minute rest between 8 × 25 m sets 

2 min rest between 8 × 50 m free sets 

3 minutes rest between 4 × 100 m free sets 

Cooling down 

200 m 25 m breaststroke slow & 25 m back slow 
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2.2 Anthropometric Measurements 

In our study, height measurement was measured with a Seca 769 (Hamburg, Germany) brand 
device while the athlete was barefoot on a flat surface. Body weight was measured with a 
Tanita (Innerscan BC532/Japan) device. 

2.3 Blood Measurement 

Biochemical analyzes were performed with venous blood samples (9 ml) taken by experts at 
the Siirt Training and Research Hospital Public Health Laboratory between 08:00 and 10:00 
in the morning after 12 hours of fasting. In the samples taken; sodium, potassium, magnesium, 
calcium, UIBC, iron, CRP, creatinine, bilirubin, albumin tests were studied. The serum and 
plasma samples separated by centrifugation were stored at -80 °C and studied collectively 
(within 2 months). Measurements were made 8 weeks before and after 48 hours of complete 
rest. 

2.4 Statistical Analysis 

The data obtained from the study were analyzed using the SPSS 15.0 package program. The 
normality distribution of the data was made using the shapiro-wilk test. Participants’ pre-post 
test measurements were analyzed with the Wilcoxon signed-rank test. All parameters of the 
participants were shown as minimum, maximum, mean and standard deviation. The 
significance value was accepted as p < 0.05. 

3. Results 

The descriptive parameters of the participants are shown in Table 2. 

 

Table 2. Descriptive parameters of participants 

Parameters Minimum Maximum Mean±SD 

Age (years) 20.00 25.00 23.7±1.76 

Height (cm) 169.00 188.00 177.9±5.42 

Body weight (kg) 54.40 84.80 72.72±10.66 

 

The comparison of the pre-test and post-test values of the 8-week swimming training 
program is shown in Table 3. According to this; There was a statistically significant 
difference between pre-post test data for BW, sodium, magnesium, creatinine, albumin and 
bilirubin (p < 0.05). 
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Table 3. Comparison of participants’ pre- and post-test values 

Parameters 
Pre Test Post Test 

P 
Min-Max. Mean±SD Min-Max. Mean±SD 

BW (kg) 54.40-84.80 72.72±10.66 53.40-80.0 69.88±9.91 .005* 

Sodium (mEq/L) 140-145 141.9±1.59 137-140 138.3±1.15 .007* 

Potassium (mEq/L) 4-4.80 4.30±.25 3.60-4.70 4.21±.34 .461 

Magnesium (mg/dl)  1.79-2.27 2.02±.14 1.79-2.44 2.15±.16 .033* 

Calcium (mg/dl) 9.73-10.22 9.93±.16 9.50-10.40 9.87±.24 .286 

UIBC (ug/dl) 161-382 224.3±62.16 116.30-318.90 237.64±70.23 .515 

Iron (ug/dl) 2.90-118 66.39±38.49 2.90-175 87.29±55.98 .214 

CRP (mg/L) 1.50-4.30 2.33±.93 .90-4.30 1.60±1.25 .086 

Creatinine (mg/dl) .78-1.08 .91±.09 .87-1.22 1.04±.10 .008* 

Bilirubin (mg/dl) .40-1.20 .62±.25 .30-1.54 .83±.41 .021* 

Albumin (g/l) 47-54 49.5±2.01 41.93-50.58 46.01±2.44 .008* 

Note. p < 0.05. 

 

4. Discussion and Conclusion 

In this study, the effects of swimming training applied to men aged 20-25 on serum minerals 
and oxidative stress were investigated. Akın et al. (2011) examined the effects of a 12-week 
aerobic exercise program on serum mineral levels of sedentary young women. While a 
significant increase in calcium values and a significant decrease in iron and sodium values 
were reported (p < 0.01), no significant difference was reported in potassium and magnesium 
values (p > 0.05). In our study, a decrease in sodium values was also detected. Studies have 
drawn attention to the decrease in sodium levels after exercise. Yücer (2019) examined the 
effect of an 8-week training program on mineral levels in 11-12 age group swimmers. As a 
result; It was reported that there was no statistically significant difference in sodium, calcium, 
potassium, magnesium and iron values (p > 0.05). Although not statistically, it has been 
reported that the sodium value decreases and the replacement of minerals with diet is 
important for both healthy life and performance in sports. Döker et al. (2004); investigated 
the effect of swimming frequency on serum concentrations of some trace elements 
(chromium, iron, copper, zinc, selenium) and electrolytes (sodium, magnesium, potassium, 
calcium) in elite, amateur swimmers and sedentary swimmers. Blood samples taken before, 
immediately after and 1 hour after the 3-week training program applied to elite and amateur 
swimmers were examined. It was determined that elite swimmers had higher pre-test calcium 
and potassium levels than other groups. The researchers emphasized that the results were 
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related to the adaptive mechanisms revealed by frequent training and the importance of 
regular control of the baseline. Saraymen et al. (2003) evaluated the loss of iron and 
magnesium in sweat in their study on boxers. Sweat samples were collected at 50% VO2 
peak for 30 minutes while the boxers trained at room temperature. As a result, it has been 
reported that significant amounts of trace elements are excreted from the sweat of boxers 
during training. It has been reported that magnesium and iron supplementation may be 
important for athletes to achieve maximum performance. Meludu et al. (2002) investigated 
the effects of anaerobic exercise on serum mineral concentration after a day of inactivity. 
Anaerobic exercise has been reported to cause a significant increase in calcium and 
potassium levels. After 12 hours, the magnesium level remained high, while the potassium 
and calcium levels returned to normal. It clearly shows that mineral levels change more after 
anaerobic exercise compared to the day without activity. Kara (2012) investigated the effects 
of a 24-week exercise program on calcium, sodium, potassium, iron and magnesium 
parameters in young men. As a result, it was reported that while significant changes were 
detected in calcium, potassium and sodium parameters, they did not change magnesium and 
iron levels. In our study, a decrease in sodium levels and an increase in magnesium were 
detected. It can be suggested that people who exercise regularly should pay attention to their 
nutrition, as they may experience health problems due to trace element deficiency if they do 
not pay attention to their nutrition. 

Campbell et al. (2009) had sedentary women do aerobic exercise for 45 minutes a day, 5 days 
a week for 1 year. At the end of one year, CRP levels decreased by 10% in the exercising 
group and increased by 12% in the control group. In another study (Stewart et al., 2010), 
postmenopausal women were divided into three different aerobic exercise groups. After six 
months of the program, CRP levels were found to be similar in all groups. As a result, while 
CRP levels decrease with rapid response to exercise, there are studies in which the exercise 
program is not effective. It can be said that the presence of factors such as individual 
differences, body weight, obesity, and CRP levels affect the response to exercise. Albumin is 
a protein that makes up the majority of plasma proteins and acts at stable reference values 
(Çetinkaya & Çelik, 2020). While a decrease in albumin values was detected as a result of a 
study conducted with bicycle simulation (Voss et al., 2014), an increase in albumin values 
was reported in an exercise study in which water consumption was prohibited (Miller et al., 
2019). In our study, significant increases occurred in bilirubin, albumin and creatinine. In 
summary, it should not be forgotten that while exercising regularly, attention should be paid 
to nutritional intake, mineral deficiency may occur in cases where attention is not paid, and 
performance will deteriorate in cases of mineral deficiency. 
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