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Abstract 

The influence of exercise training on anabolic hormones is especially important for growth and development in 
childhood years. The aim of this study was determine effect of 8 weeks of swimming training on secretion of growth 
hormone in 9-11 years old boys. To test the research hypothesis, the people who were willing to cooperate with the 
investigator randomly assigned to experimental group (n=15: age: 9.33±0.30, height: 130.46±7.53, weight: 27.04±7.39) 
and control group (n=15: age: 9.39±0.39, height: 133.53±7.52, weight: 27.15±4.92). Experimental group participated in 
8 weeks swimming training with intensity of 45-65% HRmax for 3 times per week and 1 hour per session. During this 
time control group did not participate in this protocol and continue to routine activity. Fasting blood sample were 
collected 48 hours before and after of 8 weeks swimming training to assess serum growth hormone. 8 weeks swimming 
training led to significant increase on growth hormone in experimental group (P= 0.000). But increase growth hormone 
in control group not significant (P= 0.383). In result, 8 week of swimming training led to significant increase on secretion 
growth hormone in 9-11 years old boys.  
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1. Introduction

For all people dealing with children, it is important to be familiar with the growth process and the effects of various 
factors on it. On the other hand, physical activity is very effective in the lifestyle of children and adolescents and can be 
manifested in various forms including free play and sports, physical education in school and organized sports. Many 
researchers also believe that regular physical activity during adolescence has beneficial and long-term effects on a 
person's health in adulthood [1]. Unfortunately, the negative consequences of inactivity have spread in today's society. 
It seems that today, more than ever, there is a need to improve children's lifestyle patterns. In the meantime, it is vital 
to know all the factors that affect the health, growth and vitality of the community. Growth Hormone (GH) is one of the 
factors affecting the growth of children. This hormone stimulates the growth of all tissues in the body [2]. Growth 
hormone affects the bone growth plate, and the high secretion of this hormone before the growth plate closes causes a 
giant and after the growth plate closes, it causes acromegaly, which means that the organs of the nose and chin widen 

and the forehead protrudes. Decreased release of this hormone causes dwarfism [3]. Of course, the main effect of growth 
hormone is on protein synthesis. Thus, growth hormone in childhood stimulates the growth of bones and muscle tissue, 
and by hypertrophy and hyperplasia in various types of cells, including skeletal muscle myoblasts and tendon 
fibroblasts, the size and characteristics of a person's body Determines [4-5]. 
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Considering the effects of growth hormone on the growth process of children, researchers have paid attention to what 
factors can affect the release of growth hormone, and many studies have been done to identify these factors. Normal 
growth in children is largely influenced by the action of growth hormone and insulin-like growth factor (IGF-1). Two 
very influential factors on this axis are nutrition and physical activity. Various studies show that exercise can affect the 
release of growth hormone so that both aerobic exercise and resistance exercise can lead to increased growth hormone 
release [6]. Of course, hormonal responses to exercise vary at different ages. Children before puberty do not show the 
same and predictable responses to exercise due to the lack of development of some physiological systems. Exercise has 
many benefits and the necessary measures to increase physical activity throughout life should be taken [7]. Researchers 
in various studies have concluded that physical activity during childhood can increase the risk of obesity [8-10], 
osteoporosis [11-12], cardiovascular disease [13], diabetes [14] Reduce high blood pressure [15] and metabolic 
syndrome [16] in adulthood. Regular exercise also increases aerobic fitness in children and adults [16]. Despite these 
results, the harmful effects of intense exercise on growth, skeletal maturity and pubertal development in various sports 
have been studied [17]. Studies in children have shown that exercise can stimulate both growth factor (such as growth 
hormone) and stress factor (such as cytokines), which have opposite functions [18]. Although most studies have 
reported the positive effect of exercise on growth, some studies report conflicting results [19-20]. Therefore, 
understanding the factors affecting growth requires more research, so that we can prescribe appropriate activities for 
children and adolescents, taking into account all possible aspects. Of course, the type of exercise selected also affects the 
growth hormone response to exercise. Most previous research has examined acute growth hormone responses to 
exercise, but results on long-term responses to exercise in children and adolescents are very limited and require further 
research. 

Evidence suggests that exercise that engages the large muscles further enhances the release of growth hormone [21]. 
On the other hand, the purpose of choosing swimming exercise in this study was that this exercise, in addition to creating 
freshness and vitality among children, involves the large muscles of the body. In the present study, the effect of 8 weeks 
of swimming training on the secretion of growth hormone in 9 to 11-year-old boys was investigated.  

2. Material and methods 

The subjects of this study are 9 to 11-year-old boys in Khorramabad city who were familiar with crawl swimming 
(performing the correct crawl technique) and were willing to cooperate with the researcher. 87 of them expressed their 
consent to participate in the research after completing the consent form. These individuals were then given a medical 
exercise history questionnaire and asked to complete it. Inclusion criteria included: being 9 to 11 years old and having 
physical health and basic familiarity with crawl swimming, and not attending regular and club exercises and no history 
of acute and chronic metabolic, cardiovascular and genetic diseases. After reviewing the questionnaires and initial 
examinations by a general practitioner, 4 subjects were excluded from the study at the physician's discretion. The 
reason for excluding these 4 subjects was that 2 of them had cardiovascular disorders and the other two subjects were 
diagnosed Physicians did not grow normally to their age. Then, 30 were selected for the study. Among them, 15 were 
selected for the control group and 15 for the exercise group by random selection. 48 hours before the start of training 
on an empty stomach and 48 hours before the exercise, intense physical activity was not performed by the subjects, 
blood samples were taken by a laboratory specialist from both control and practice groups. 48 hours after sampling the 
training group, they started the swimming training program. Finally, 48 hours after 8 weeks of swimming training 
performed by the training group, for the second time from both research groups, blood samples were taken by a 
laboratory specialist similar to the pre-test situation. 

In addition to their daily activities, the training group performed 8 weeks of swimming exercises, which lasted 3 sessions 
per week and an average of 60 minutes per session. Swimming exercise included 10 minutes of warm-up, 45 minutes 
of chest crawl swimming with an intensity of 45 to 65% of maximum heart rate, and five minutes of cooling. Warming 
up included stretching and flexing out of the water and walking and dedicated warm-up in the water. Cooling also 
included playing in the water. The method of controlling the intensity of training was as follows: 

Formula: maximum heart rate= age - 220 

The maximum heart rate of the subjects was calculated and its range was 45 to 65%, then at rest it was controlled using 
a polar heart rate monitor. Subjects walked across the pool and then rested. By measuring the subjects' heart rate, the 
rhythm of the activity was determined and the rest between the activities was determined. Subjects (both practice group 
and control group) were asked to continue their daily activities outside the research hours as in the past. 

In the present study, the following tools and instruments were used for the required measurements: 1- Medical Sports 
History Questionnaire 2- Scales 3- Tape Meters 4- Growth Hormone Kits 5- Polar Pulse Meter. The questionnaire used 
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in this research was researcher-made and was designed according to the nature of the research and the information 
required for it. A Burer digital scale with a sensitivity of ≥ 10 g was used to measure the weight of the subjects. A tape 
measure was used to measure the height of the subjects. A tape measure was mounted on the wall and a height was 
measured by placing a ruler on the subjects' heads. To determine the amount of growth hormone in each blood sample, 
use the Growth Hormone ELISA kit made by Biosensis with a sensitivity of <2pg/ml and enzyme-dependent 
immunological uptake assay or ELISA was used. All steps of growth hormone measurement were performed in the 
laboratory. To measure the heart rate of the subjects, the Polar F4 heart rate monitor made in Finland was used. 

Descriptive statistics were used to describe the subjects. The data are shown as standard deviation ± mean, ANOVA test 
with repeated measures and paired t-test and independent t-test were used for statistical analysis of data. SPSS 19 
software was used to perform statistical methods and a significance level of P <0.05 was considered.  

3. Results  

The descriptive characteristics of the subjects including height, body mass and Body Mass Index (BMI) of the control 
and experimental groups as the mean and standard deviation (m ± SD) are shown in Table (1). 

Table 1 Description of height, mass and body mass index of the subjects 

Experimental group Control group Variable 

130.46±7.53 133.53±7.52 Height(cm) 

27.04±7.39 27.15±4.92 Weight(kg) 

9.33±0.30 9.39±0.39 Age(year) 

1.38  ± 15.17 1.38   ± 15.17 kg/m2)BMI) 

In addition, ANOVA test with repeated measures showed a significant effect of time (P = 0.000; 287 = 57.7 and 1) F 
significant effect of time and group (P = 0.000; 28 = 1 560 )F and the effect of the group was significant (P = 0.000; 273.9 
= 28 and 1), Was (P = 0.000; 14 = 24.3) but the increase of 0.5% in the control group was not significant (P = 0.384; t = 
-0.9 )T-test showed no significant difference in growth hormone levels between the groups in the pre-test (P = 0.474; t 
= -0.726) and a significant difference in the post-test (P = 0.000; 298). 21 = 28). 

Table 2 Mean and standard deviation of growth hormone values in pre-test and post-test in ng/ml 

Experimental group Control group 

Post test Pre test Post test Pre test 

⃰ 23.13 ± 0.9 17.38 ± 0.3 17.51 ± 0.4 17.47 ± 0.3 

*. Significant difference between pre-test and post-test values of control group (P = 0.000) 

 
*Significant difference between pre-test and post-test values of control group (P = 0.000)  

Figure 1 Change in growth hormone levels in experimental and control groups from pre-test to post-test 
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4. Discussion 

The aim of this study was to investigate the effect of 8 weeks of swimming training on the secretion of growth hormone 
in boys aged 9 to 11 years. The results showed that after 8 weeks, growth hormone was increased in both groups, but 
this increase was significant only in the exercise group. Therefore, these results indicate that 8 weeks of swimming 
training significantly increases growth hormone in 9 to 11-year-old boys. 

In previous research, various cases have been suggested for possible mechanisms of increase in growth hormone after 
exercise, which vary depending on the type of exercise selected and the factors affecting it. We now turn to some of 
these possible mechanisms. Anabolic and catabolic phase, the duration of exercise is one of the factors affecting the 
response of growth hormone to exercise, so that it has been observed that if the duration of exercise is less than 5 weeks 
leads to catabolic response and if it is more than 5 weeks leads to anabolic response [22]. Now, considering the 8-week 
period of this study, it seems that the anabolic effect of exercise has probably been further stimulated. The type of 
exercise, due to the choice of swimming discipline for this study and the involvement of large muscles of the body, the 
response of growth hormone to exercise has been more. The positive effect of large muscle involvement in exercise on 
growth hormone has been confirmed in other studies [23]. Another mechanism is a change in stimuli that release 
growth hormone [20]. GHRH is one of the factors that can be influenced by other hormonal factors such as 
catecholamines [20]. Of course, because only growth hormone has been studied in this study, it can not be named as a 
definitive mechanism in this study and further research is needed in the future. Also, it has been found that healthier 
people have higher levels of growth hormone [24]. Although health indicators have not been studied in this study, but 
the effect of exercise on health and well-being of individuals has been fully confirmed [25-26-27-28] and can be 
considered as one of the factors increasing growth hormone in the present study. The cause of acute and chronic effects 
of exercise, previous studies have shown, growth hormone increases in response to different exercises, but the type of 
response is different [29]. Single-session studies and studies that examined growth hormone release immediately after 
exercise have shown that such exercise leads to an increase in growth hormone responsive responses, while long-term 
exercise, stimulate growth hormone biological and anabolic responses for several weeks by adapting to the individual 
[29]. 

Consistent with the results of the present study, Widman et al. (2006) stated that vigorous stimulation exercise is for 
the release of growth hormone and both aerobic exercise and resistance exercise lead to a sharp increase in growth 
hormone release [30, 31]. A very important point to note is that most research has dealt with the acute effect of growth 
hormone, and this alignment of the results should not lead to misguidance in the absolute emphasis of the present 
research results. Buyukyazi, et al. (2003) reported in a study that eight weeks of aerobic exercise had an effect on 
adolescent boys' growth hormone [31]. The results of this research are in line with the present research while the type 
of research is largely similar to the present research. According to the training protocol of this study and the present 
study, which stimulate both large muscles of the body, one of the reasons for the similarity of the results can be related 
to the muscles involved. In addition, Bosco, et al, as well as Smilios, et al., Reported that strength training performed to 
maximize strength would not significantly increase post-workout growth hormone release [31]. One reason for the 
discrepancy between the results is that these studies have different training and subject protocols than the present 
study. Another reason for this discrepancy may be attributed to the training history. Given that the exercise was 
performed in order to gain maximum strength, the participants in the study certainly had a previous history of exercise, 
and as mentioned earlier, experienced people show less response to exercise. 

5. Conclusion 

Overall, the results of this study showed that 8 weeks of swimming training can stimulate the release of growth hormone 
in 9 to 11-year-old boys. Despite extensive research on the effects of exercise on the endocrine glands, including the 
present study, valuable information has been obtained on the extent of changes in hormones, including growth 
hormone, but the findings are contradictory. It needs further examinations inevitable, especially in children and 
adolescents.  
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