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 Abstract 
Introduction: This study aimed to determine the effect of eight weeks of 

combined aerobic resistance training on sleep quality, prolactin hormone, 

and growth hormone of overweight and obese adolescent girls. 

Material & Methods: In this quasi-experimental study, 30 overweight 

and obese adolescent girls were randomly divided into two experimental 

groups of 15 people (age: 16.33 ± 0.97 years; body mass index: kg/m2) 

and control group (age: 16.53±1.18 years; body mass index: 30.48±3.26 

kg/m2). The experimental group performed eight weeks of progressive 

aerobic resistance training, three sessions per week. Each session consists 

of 10 minutes of warming up, 5 minutes of cooling down, 30 minutes of 

aerobic exercise with an intensity of 60-80% of the maximum heart rate, 

and 45 minutes of resistance exercise with an intensity of 50-70% 

Repetition Maximum (1RM). Before and after eight weeks of training, 

sleep quality, anxiety level, prolactin, and growth hormones were 

measured. Statistical information was obtained by one-way ANCOVA 

and U-man-Whitney tests through SPSS software. A significance level of 

p<0.05 was considered. 

Results: The results showed that eight weeks of aerobic-resistance 

training had a significant effect on improving sleep quality and anxiety 

(p=0.01) and had no significant effect on prolactin and growth hormone 

changes (p>0.05). 

Conclusion: Combined aerobic resistance training probably improves 

the quality of sleep of overweight and obese students and does not affect 

prolactin and growth hormone levels. 
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1. Introduction 

Obesity during childhood and adolescence remains 

one of the most important issues in global health. Over the 

past 4 decades, obesity in children of all ages has increased 

worldwide (1) The prevalence of obesity varies according to 

racial, ethnic, and socioeconomic factors (2) and increases 

with advancing age. Childhood obesity has been tracked into 

adulthood(3). There is an association between sleep duration 

and the risk of being overweight or obese in both children and 
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adolescents (4). Adolescence is marked by dramatic changes 

in sleep; there is a high prevalence of insufficient and poor-

quality sleep (5). 

Sleep is a natural and reversible condition that is 

controlled primarily by neurobiological processes, and it is a 

physiological part of human life that is necessary for the 

maintenance of health and well-being. Sleep is associated 

with a reduction in the perception of external stimuli and the 

cessation of motor activity (6). The quality of sleep is 

influenced by many factors, such as diet, physical activity, 

and genetic and environmental factors(7). Recent scientific 

literature revealed a link between sleeping hours and 

metabolic effects that predispose to weight changes, also, an 

association between increased body mass index (BMI) and 

short sleeping hours(8). on the other hand Generalized 

Anxiety Disorder causes sleeping problems, and new 

research suggests sleep deprivation can cause an anxiety 

disorder(9). Research also suggests sleep disruption is present 

in nearly all psychiatric disorders. Moreover, people with 

chronic insomnia are at high risk of developing anxiety 

disorders Anxiety disorders are common mental health 

Conditions. The level of anxiousness people experience in 

anxiety disorders is over-proportionate to the situation, 

causing unpleasant emotions and/or physical changes, like 

disruption of blood pressure level and gastrointestinal 

distress(10) (11). 

On the other hand Growth hormone (GH) is key 

hormone involved in the pathogenesis of obesity. Obesity is 

associated with blunted GH secretion, which is speculated to 

play a role for the development of obesity due to reduced 

lipolysis.GH is produced by the pituitary gland; it promotes 

cell division and protein synthesis for body growth and 

development. GH is regulated by a complex feedback system 

involving the pituitary gland, the hypothalamus, and other 

organs during deep sleep(12). GH is secreted in a pulsatile 

manner; GH release is inhibited by somatostatin and 

stimulated by growth hormone releasing hormone 

(GHRH)(13). In addition, GH secretion may be impacted by 

body fat distribution. Abdominal obesity and increased 

visceral fat have been associated with lower serum IGF-I 

concentrations decreased spontaneous 24-h GH release and 

diminished responses to pharmacological stimuli (14). 

Therefore, differences in body fat distribution may alter the 

GH response to exercise. Obesity also attenuates spontaneous 

GH secretion as well as the GH response too (15). One of the 

most potent stimulators of pulsatile GH release is exercise 

(48). Exercise has been shown to modify the activity and 

molecular character of GH variants in circulation (21). 

However, much remains unknown about the biological action 

of these GH variants. 

 

Identifying factors that promote adipose tissue fitness 

may be of therapeutic value against insulin resistance and its 

associated metabolic diseases. We suggest that one such 

factor is the hormone prolactin (PRL). The hormone prolactin 

is principally secreted by the lactotroph cells of the anterior 

pituitary gland; however, it is also secreted from the breast, 

the decidua, adipose tissue, and parts of the central nervous 

system as well as some components of the immune system. It 

serves as a multifunctional hormone and numerous tissues 

within humans express prolactin receptors. To that end, the 

release of the hormone and its physiological functions are 

connected to emotional and physical stress response(16) 

Circulating prolactin levels increase in the blood 

during exercise, with the magnitude of the increase 

approximately proportional to the intensity of the physical 

activity. Whether there is a specific intensity threshold 

required to induce a hormonal response is unclear, but most 

exercise above the anaerobic threshold initiates substantial 

and rapid prolactin elevations(17). Notably, prolactin has an 

underlying role in stress response regulation and stress 

adaptation (18). This is particularly relevant since 

maladaptation of the stress response is one of the major 

hypotheses for the development of major depressive disorder 

(MDD) (19), and stress is also related to an increased risk of 

health disorders relevant to Common Mental Disorders(CMD) 

morbidity (20). Higher prolactin has also been associated 

with the risk of developing psychosis (21), and with specific 

psychological symptoms of anxiety, hostility, somatization. 

These symptoms often occur in MDD, and are themselves 

associated with hypertension (22), and increased overall risk 

of CVD and metabolic syndrome (23) 

Physical exercise training effectively ameliorates 

anxiety disorders(24) In the general population, it has been 

shown to positively affect neurogenesis in crucial areas of the 

brain, including the hippocampus, and positively correlate 

with mental health in children, adults, and older adults. 

Additionally, exercise has many positive effects on brain 

health and cognitive function(25).However, there is relatively 

little data available on the impact of physical activity on 

adolescents and youths with mental disorders(26).These 

findings suggest that the relationship between growth 

hormone and psychological well-being is complex and may 

depend on the specific condition and level of hormone 

secretion. 

Despite the lack of studies evaluating GH and 

prolactin responses to stress, particularly to stimulation tests 

that are not dependent on exercise performance (which could 

confound the actual origin of the impairment, as described 

above), the current findings show that GH and prolactin tend 

to disclose blunted responses to stimulation tests. However, 

from an endocrinology perspective, it is unclear the exact 

underlying reasons that would induce the lack of proper 

response to anxiety(27). 

Furthermore, in adults, GH levels increase during 

exercise (28), but the function and physiological effects of 

this hormone, especially in children and adolescents, are not 

fully understood. Growing individuals may exhibit different 

or excessive GH response patterns during exercise (29). 

Surprisingly, few studies have studied plasma GH response 

in children and adolescents during intensive exercise. Marin 

et al(30)reported that the GH response to exercise 

significantly increased with increasing puberty stage. 

Pomerants et al. (31) reported the rise of serum GH 

concentration was highest in the group with Tanner stage ІІІ 

during 30 min aerobic exercise. Exercise is promoted as an 

appropriate and effective approach to increase GH-mediated 

energy expenditure to prevent the development of obesity(32). 

The combination of endurance training (ET) and strength 

training (ST) in the same training session, so-called 

concurrent training (CT), is an effective strategy to improve 

both cardiorespiratory and neuromuscular functions, as well 

to induce a high-energy expenditure (33). 

Research shows that physical activity can improve 

sleep quality. It did not have a significant effect (23). Also, in 

studies related to sleep, the research showed a significant 
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effect of physical activity on growth hormone and prolactin, 

which is the highest at night (17, 25, 26) with It is observed 

that the amount of prolactin protein and growth in response 

to sports activities is dependent on its intensity and duration 

(24), and other studies showed that the body for the amount 

of growth hormone and prolactin before and after it did not 

have a significant effect (26, 27). Considering the conflicting 

findings and despite the fact that despite the research that 

sports and physical activity increase developmental 

complications, less research has been done in adolescence 

(24). So, this study aimed to determine the effect of eight 

weeks of combined aerobic resistance training on sleep 

quality, prolactin hormone, and growth hormone of 

overweight and obese adolescent girls. 

2. Materials and methods  

The research design was with two groups and in the 

form of a pre-test and a post-test. The samples of this research 

included overweight and obese adolescent girls aged 15-18 

who were enrolled in the study from a selected school in 

Rasht city. All the students of Samiya Rasht selected school, 

which were 407 students, were selected as available. First, by 

calculating the body mass index of the girls they were 

identified as overweight and obese. 

After calculating BMI, 80 overweight and obese 

students of School were given the DASS21 anxiety 

questionnaire. 43 of them had mild to moderate anxiety (those 

with severe anxiety were excluded), that 30 of them 

volunteered entered the study and were randomly divided into 

two equal experimental and control groups. These people did 

not have a specific disease and did not have minimal physical 

activity according to the definition of the World Health 

Organization(less than 150 min per week) or a combination 

of moderate and intense physical activity with different ratios. 

Sample were excluded from the study if they did not 

participate in 3 alternating sessions in the program. That this 

did not happen. 

48 hours before and after the eight week exercise 

training program, blood samples were taken from the samples. 

 

2.1. Exercise training program 

The exercise training program of the experimental 

group includes training for 90 minutes (10 min warm up, 5 

min cooling down, 30 min aerobic training with 60-80% of 

the maximum heart rate, 45 min resistance training with 50-

70% of one maximum repetition.  

Progressive aerobic exercise: Including 30 minutes of 

aerobic exercise with an intensity of 60-80% of the maximum 

heart rate, which was calculated using the formula of the 

maximum heart rate (220-age).  

Progressive resistance training: including chest press, 

rowing, lunge, hamstrings, lat pull, front arm, and leg press, 

squat of large muscles of the upper and lower body. There 

was a 90-second rest between each 3 set. To obtain a 

maximum repetition by recording the amount of weight and 

the number of repetitions in the Brzycki Equation (Weight ÷ 

(1.0278 - (0.0278 × Number of repetitions)), the maximum 

strength of the subject in each movement Obtained. 

 
Table 1. Exercise training program 

 Strength training Endurance training 

week set Repeat Intensity minute minute Intensity 

1-2 3 8-10 (50-55%)1RM 45 30 60-65% 

3-4 3 8-10 (55-60%)1RM 45 30 65-70% 

5-6-7 3 8-10 (60-65%)1RM 45 30 70-75% 

7-8 3 8-10 (65-70%)1RM 45 30 75-80% 

 
2.2. The Pittsburgh Sleep Quality Index (PSQI) 

The Pittsburgh Sleep Quality Index (PSQI) is a self-

rated questionnaire which assesses sleep quality and 

disturbances over a 1- month time interval. Nineteen 

individual items generate seven “component” scores: 

subjective sleep quality, sleep latency, sleep duration, 

habitual sleep efficiency, sleep disturbances, use of sleeping 

medication, and daytime dysfunction. The scores of these 

questions were dichotomized into the seven main components, 

with a range of 0 to 3 per each component, and a maximum 

score of 21 and a minimum of 0 for the whole questionnaire. 

A total score of <5 indicates good overall sleep quality 

whereas a total score ≥ of 5 indicates poor sleep quality. 

 
2.3. The depression, anxiety and stress questionnaire 

(DASS-21) 

The depression, anxiety and stress questionnaire 

(DASS-21) consists of 21 questions developed by Lovibond 

et al. (1995). A set of three self-report scales was used for 

measuring negative emotional mood in depression, anxiety 

and stress. The above instrument is scored based on the four-

point Likert scale from 1 to 4. Eventually, score 1 shows the 

minimum score and score 84 shows maximum level (21).The 

reliability and validity of the scales (DASS-21) were 

examined by Samani and Jokar (2007) in Iran (34). 

3. Results 

Results of descriptive analysis (n=30) were presented 

in Table 1 and 2. The Shpiro-wilk test indicated normal 

distribution for all of variables.  

 
Table 2. ANCOVA results for prolactin, GH, and anxiety in 

experimental and control groups (n=15 in each group) 

Index Groups Mean±SD 

pre test 

Mean±SD 

post test 

F P  

Prolactin 

(ng/ml) 

Experimental 10.77±4.57 10.91±3.72 0.34 0.56 

Control 12.11±4.20 12.12±3.47 

GH 

(ng/ml) 

Experimental 2.35±1.96 3.41±3.27 2.81 0.11 

Control 2.22±2.24 2.34±2.17 

Anxiety Experimental 10.66±1.98 6.33±0.81 271.1 0.03* 
Control 10.60±1.80 10.73±1.94 

*: P<0/05* 

The statistical results showed that there was a 

significant difference in prolactin plasma level and GH in the 

pre-test, but there was no significant difference between the 

groups in the post-test. In other words Experimental had no 

effect on growth hormone and plasma prolactin level (P=0.11, 

P=0.56 respectively). The statistical results showed that there 

was no significant difference between the two groups in the 

pre-test. But the test results in the post-test showed a 

significant difference. So in the post test, the level of anxiety 

in the Experimental group decreased significantly (P=0.03). 
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Table 3. ANCOVA results for sleep Pittsburg questioner in 

experimental and control groups (n=15 in each group) 

Index Group Mean±S

D 

pre test 

Mean±S

D 

post test 

F P  

Sleep 

latency 

Experiment
al 

2.80±1.65 1.40±1.35 3.52 0.07 

Control 2.66±1.75 2.53±1.59 

Sleep 

duration 

Experiment
al 

6.03±1.61 7.46±1.39 8.01 0.01
* 

Control 5.80±1.51 6.23±1.47 

Habitual 

sleep 

efficiency 

Experiment

al 

85.97±7.3

7 

89.54±8.3

3 

6.04 0.02

* 

Control 83.58±7.1

5 

88.91±6.1

7 

Sleep 

disturbanc

e 

Experiment

al 

8.60±3.83 6.66±5.60 0.01 0.96 

Control 9.66±3.39 9.33±3.63 

Use of 

sleeping 

medicatio

n 

Experiment

al 

0.13±0.51 0.01±0.01 1.97 0.17 

Control 0.13±0.51 0.26±0.70 

Daytime 

dysfunctio

n 

Experiment

al 

1.86±1.84 1.66±1.54 0.76 0.36 

Control 1.80±1.74 2.06±1.75 

Global 

PSQI 

score 

Experiment

al 

7.00±3.14 4.33±2.02 17.9

9 

0.01

* 
Control 7.13±3.35 6.73±3.01 

*: P<0/05 

 

The difference in the subjective quality of sleep, the 

amount of sleep efficiency, the amount of daily functional 

disorders and the amount of sleep disorders in both control 

and experimental groups was not significant in the pre-test 

and post-test. In other words, exercise did not affect the 

mental quality of sleep. (P=0.07) 

Considering that in the pre-test, there was a significant 

difference in the amount of delay in falling asleep, after 

removing the covariate factor in the post-test, the results 

became significant again. In other words, the delay in falling 

asleep decreased after 8 weeks of aerobic-resistance training 

(P=0.01). 

Considering that the difference in sleep duration was 

significant in the pre-test, after removing the covariate factor 

in the post-test, the results became significant again. In other 

words, sleep time increased after 8 weeks of aerobic-

resistance training (P=0.02). 

Considering that the difference in sleep quality was 

significant in the pre-test, after removing the covariate factor 

in the post-test, the results became significant again. In other 

words, sleep quality improved after 8 weeks of aerobic-

resistance training (P=0.01). 

4. Discussion 

The results of our research showed that eight weeks of 

combined training on indicators of mental quality of sleep, 

sleeping pills, sleep disorders, daily performance disorders, 

sleep efficiency, prolactin and growth hormones, a significant 

effect, but overall sleep quality, sleep duration, the delay in 

falling asleep of the subjects improved. 

GH response to endurance exercise is regulated by 

GH-releasing hormone (GHRH) which is secreted from the 

hypothalamus and acts on somatotropin cells of the anterior 

pituitary (35). 

GH may play a central role in the regulation of the 

utilization and storage of energy (36). Previous studies that 

examined the effects of endurance and anaerobic-type 

exercise on GH suggested that the exercise should be 

appropriate to cause a significant metabolic effect (above the 

lactic anaerobic threshold) to stimulate GH secretion (37). 

Socratis et al (38) and Yamaner et al (39) reported that GH 

concentration significantly increases after intensive exercise 

in boys. The results of a study showed that GH concentration 

did not increase after an acute Incremental exercise until 70% 

maximal oxygen consumption in 10-year-old children (29) 

 eGtaiG   aiG aG uHlmta G t  HG ylG m HG tHec amy lG  yG m HG

cmy yeamy lGaloGsm taeHG yGHlHteiG(63)G.stHiy csG  

Eliakim et al. (40)showed that in response to a 

metabolically matched exercise input, the GH response to 

exercise was reduced in obese children and adolescents. It is 

possible that the blunted GH and catecholamine response to 

exercise leads to reduced carbohydrate and fat utilization 

during exercise .(14)G HG y cloG m amG aG etaoHoG ylmHlsyiHG

HnHtuysHG  HoG m G aG syelyyyualmG ylutHasHG ylG  eG  HiH sG ylG

ao  HsuHlmGaloGi cm .  

In a research, Nouri et al investigated the effect of 

endurance and combined training in 45 overweight 20-year-

old female students. The results showed that the growth 

hormone in the combined training group had a significant 

increase compared to the other two groups (42). One of the 

reasons for the discrepancy in this research is the type and 

intensity of training and the age of the subjects. In a study by 

rafiei et al., who investigated the effect of simultaneous and 

resistance training on the growth hormone of 35 boys aged 9-

11 years for 6 weeks, the amount of growth hormone 

increased significantly in the simultaneous group among the 

reasons for the disparity between this research and our 

research, we can mention the gender of the subjects and the 

type and intensity of the exercises(43). In another research, 

Draper et al investigated the effect of two types of endurance-

resistance and resistance-endurance training on the growth 

hormone of 16 9-11-year-old girls, and finally, the amount of 

growth hormone in both groups was significantly higher than 

the control group. increased(44). 

During prolonged sustained exercise, the prolactin 

response is proportional to the intensity at which the exercise 

is performed, and there is a plateau in the level observed. 

However, extending the duration of the exercise session can 

result in a graduate increase in the magnitude of the prolactin 

response. This change in prolactin with prolonged exercise 

seems strongly driven by the elevation in core temperature 

occurring with the exercise, as cooling an individual mitigates 

in part the response Remarkably, during the night after a day-

time exercise session, there are reports of a two- to three-fold 

increase in the nocturnal levels of prolactin (45). 

The physiological mechanism inducing the 

augmented nocturnal responses is unclear, but relative to 

exercise training several highly feasible possibilities exists. 

First, there is an enhanced glucocorticoid response with 

exercise activity which can stimulate prolactin release 

Prolactin is unique in that it is under chronic 

dopaminergic inhibition at the pituitary, and subsequent 

removal of this inhibition allows levels to elevate in the 

circulation without a direct stimulating factor(46) 
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Although the exact mechanisms of regulation of 

prolactin-receptor expression during exercise remain to be 

determined, one possibility is that it is upregulated by 

prolactin itself. Evidence from animal studies supports this 

possibility(47). Elevations in prolactin upregulated prolactin-

receptor expression by the target cells of liver, lung, brain, 

and hypothalamus. 

Moreover, the effects of physical exercise on anxiety 

depend on several parameters of exercise training, including 

frequency, intensity, and types of exercise(26). 

Impairments in sleep quality may be one mechanism 

by which obesity attenuates nocturnal GH secretion. For 

example, reductions in slow-wave (deep) sleep have been 

associated with reductions in nocturnal GH secretion(48). 

One limitation of the present study is that due to 

incomplete dietary data, we were not able to analyze 

adequately the impact of changes in dietary intake on GH and 

PRL secretion 

Obesity also attenuates spontaneous GH secretion as 

well as the GH response to exercise (49). Mechanistically the 

decrease in spontaneous 24-h GH secretion in obesity has 

been attributed to a decrease in pulsatile GH release and a 

shorter half-life of endogenous GH. Analogously, reduced 

exercise-induced GH release in obesity has been attributed to 

a reduction in the mass of GH secreted per burst (15). Many 

obesity-related physical adaptations resemble those 

recognized in GH-deficient adults, including reduced muscle 

mass and exercise capacity, increased body fat especially 

abdominal visceral fat (AVF), and increased cardio metabolic 

risk. 

Physical activity plays an important role in the 

maintenance of good sleep quality. A sufficient amount of 

moderate- to high-intensity exercise can improve the quality 

of sleep and prevent insomnia(50). 

Exercise is considered a non-pharmacological 

approach that can be used to increase the release of GH levels 

into the blood circulation (51). The study conducted by 

Gough, Castell, Gatti, & Godfrey (2016) showed that aerobic 

exercise in the form of running on a treadmill for 40 minutes 

at a pace 5% below the lactate threshold speed significantly 

increased serum GH levels(52).  

Gupta et al investigated the relationship between sleep 

and physical activity in 55 girls aged 7 to 12, and finally 

physical activity improved the quality of sleep. Also, Soltani 

Shall et al.'s study (53)confirmed the effect of exercise on 

sleep quality in their study on college students. 

Rojas Vega et al. (54)did not observe a difference in 

growth hormone levels after 24 weeks of resistance training. 

A number of studies were inconsistent with our research. In a 

study conducted by Ohara et al. (55) on boys aged 18 to 25, 

the effect of endurance and resistance training they measured 

sprinting on prolactin and growth hormones after 60 minutes 

of training, and the aforementioned hormones increased 

significantly after 60 minutes. Among the reasons for 

inconsistency with our research, we can mention the sex of 

the subjects and the intensity of the training. 

In a research by rafiei et al., who investigated the 

effect of simultaneous and resistance training on the growth 

hormone of 35 9-11-year-old boys for 6 weeks, the amount of 

growth hormone increased significantly in the simultaneous 

group(43). In another study, Amirsasan et al. investigated the 

effect of two types of endurance-resistance and resistance-

endurance training on the growth hormone of 9-11-year-old 

girls. Finally, the amount of growth hormone increased 

significantly in both groups compared to the control group(56) 

The effect of exercise on the quality of sleep can be 

said that by increasing the physical ability and as a result the 

self-confidence of people, the exercise activity will promote 

and improve interpersonal relationships and will ultimately 

lead to psychological health. Exercise and physical activity 

leads to biological and biochemical changes and improves 

physical and mental health (53)and the effect of exercise on 

physical and mental health can lead to better sleep(57). For 

example, reducing the level of anxiety It can lead to the 

improvement of sleep quality (58). And according to the 

reduction of anxiety in our research, it can be said that the 

reduction of anxiety can be a factor for improving the quality 

of sleep in this research. It can also be said that exercise and 

physical activity lead to more tiredness of the person, which 

causes deep sleep, which can lead to improved sleep quality. 

Sports training can improve the quality of sleep by increasing 

energy consumption, endocrine secretion and 

temperature(59). 

Rojas et al. (54)did not observe a difference in growth 

hormone levels after 24 weeks of resistance training. A 

number of studies were inconsistent with our research. In a 

study conducted by Ohara et al. (55)on boys aged 18 to 25, 

the effect of endurance and resistance training they measured 

sprinting on prolactin and growth hormones after 60 minutes 

of training, and the aforementioned hormones increased 

significantly after 60 minutes. Among the reasons for 

inconsistency with our research, we can mention the sex of 

the subjects and the intensity of the training. 

Therefore, given the limited research in this area and 

conflicting results, further investigations are warranted. 

5. Conclusion 

The results of the present study showed that combined 

exercises (aerobic-resistance) reduce body mass, improve 

sleep quality in overweight and obese adolescent girls. And 

this increase probably depends on the intensity of the 

exercises and its type. In addition to improving the quality of 

their sleep, the participation of students in sports activities 

can prevent the occurrence of diseases related to obesity and 

the transfer of obesity from adolescence to adulthood. Weight 

gain and finally the subsequent diseases. 

6. Acknowledgment 

We would like to extend sincere appreciation to the 

people who participated in the study. 

 
Conflict of interests: The authors declare that they have no conflict of 

interest relating to the publication of this manuscript. 

 

References 
1. Bentham J, Di Cesare M, BIlano V, Boddy LM. Worldwide trends in 

children's and adolescents' body mass index, underweight and obesity, in 
comparison with adults, from 1975 to 2016: a pooled analysis of 2,416 

population-based measurement studies with 128.9 million participants. 

Lancet. 2017. 
2. Kumar S, Kelly AS, editors. Review of childhood obesity: from 

epidemiology, etiology, and comorbidities to clinical assessment and 

treatment. Mayo Clinic Proceedings; 2017: Elsevier. 

3. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and 

adult obesity in the United States, 2011-2012. Jama. 2014;311(8):806-14. 
4. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient 

physical activity among adolescents: a pooled analysis of 298 population-



Effect of Eight Weeks of Combined aerobic-resistance Training on…   Nikjo et al. 
 

6 

 

based surveys with 1• 6 million participants. The Lancet Child & Adolescent 
Health. 2020;4(1):23-35. 

5.Chaput J-P, Dutil C. Lack of sleep as a contributor to obesity in adolescents: 

impacts on eating and activity behaviors. International Journal of Behavioral 
Nutrition and Physical Activity. 2016;13:1-9. 

6. Krueger JM, Frank MG, Wisor JP, Roy S. Sleep function: Toward 

elucidating an enigma. Sleep medicine reviews. 2016;28:46-54. 
7. Dashti HS, Jones SE, Wood AR, Lane JM, Van Hees VT, Wang H, et al. 

Genome-wide association study identifies genetic loci for self-reported 

habitual sleep duration supported by accelerometer-derived estimates. 
Nature communications. 2019;10(1):1100. 

8. Cooper CB, Neufeld EV, Dolezal BA, Martin JL. Sleep deprivation and 

obesity in adults: a brief narrative review. BMJ Open Sport—Exercise 
Medicine. 2018;4(1). 

9. Crocq M-A. The history of generalized anxiety disorder as a diagnostic 

category. Dialogues in clinical neuroscience. 2017;19(2):107-16. 
10. Stein MB, Sareen J. Generalized anxiety disorder. New England Journal 

of Medicine. 2015;373(21):2059-68. 

11. Roberge P, Normand-Lauzière F, Raymond I, Luc M, Tanguay-Bernard 
M-M, Duhoux A, et al. Generalized anxiety disorder in primary care: mental 

health services use and treatment adequacy. BMC family practice. 

2015;16(1):1-11. 
12. Alrousan G, Hassan A, Pillai AA, Atrooz F, Salim S. Early life sleep 

deprivation and brain development: Insights from human and animal studies. 

Frontiers in Neuroscience. 2022;16:833786. 
13. Lanzi R, Tannenbaum GS. Time course and mechanism of growth 

hormone's negative feedback effect on its own spontaneous release. 

Endocrinology. 1992;130(2):780-8. 
14. Vahl N, Jorgensen J, Skjærbæk C, Veldhuis JD, Orskov H, Christiansen 

JS. Abdominal adiposity rather than age and sex predicts mass and regularity 

of GH secretion in healthy adults. American Journal of Physiology-
Endocrinology and Metabolism. 1997;272(6):E1108-E16. 

15. Kanaley J, Weatherup-Dentes M, Jaynes E, Hartman M. Obesity 

attenuates the growth hormone response to exercise. The Journal of Clinical 
Endocrinology & Metabolism. 1999;84(9):3156-61. 

16. Torner L. Actions of prolactin in the brain: from physiological 

adaptations to stress and neurogenesis to psychopathology. Frontiers in 
endocrinology. 2016;7:25. 

17. Kraemer WJ, Rogol AD. The endocrine system in sports and exercise: 
John Wiley & Sons; 2008. 

18. Delgado-Alvarado M, Tordesillas-Gutierrez D, Ayesa-Arriola R, Canal 

M, de la Foz VO-G, Labad J, et al. Plasma prolactin levels are associated 
with the severity of illness in drug-naive first-episode psychosis female 

patients. Archives of women's mental health. 2019;22:367-73. 

19. Gupta S, Mukherjee A, Biswas S, Bose S, Nath S, Das HN. Evaluation 
of endocrine parameters as predictor of major depressive disorder. Indian 

journal of psychological medicine. 2017;39(6):766-9. 

20. Dhar AK, Barton DA. Depression and the link with cardiovascular 
disease. Frontiers in psychiatry. 2016;7:33. 

21. Labad J, Stojanovic-Pérez A, Montalvo I, Solé M, Cabezas Á, Ortega L, 

et al. Stress biomarkers as predictors of transition to psychosis in at-risk 
mental states: roles for cortisol, prolactin and albumin. Journal of psychiatric 

research. 2015;60:163-9. 

22. Ojike N, Sowers JR, Seixas A, Ravenell J, Rodriguez-Figueroa G, 
Awadallah M, et al. Psychological distress and hypertension: results from the 

National Health Interview Survey for 2004-2013. Cardiorenal medicine. 

2016;6(3):198-208. 
23. Nabi H, Hall M, Koskenvuo M, Singh-Manoux A, Oksanen T, 

Suominen S, et al. Psychological and somatic symptoms of anxiety and risk 

of coronary heart disease: the health and social support prospective cohort 
study. Biological psychiatry. 2010;67(4):378-85. 

24. Yan L, Wei Ja, Yang F, Wang M, Wang S, Cheng T, et al. Physical 

Exercise Prevented Stress‐ Induced Anxiety via Improving Brain RNA 

Methylation. Advanced Science. 2022;9(24):2105731. 

25. Mattson MP. Energy intake and exercise as determinants of brain health 
and vulnerability to injury and disease. Cell metabolism. 2012;16(6):706-22. 

26. Hu S, Li X, Yang L. Effects of physical activity in child and adolescent 

depression and anxiety: role of inflammatory cytokines and stress-related 
peptide hormones. Frontiers in Neuroscience. 2023;17. 

27. Cadegiani FA, Kater CE. Hormonal response to a non-exercise stress 

test in athletes with overtraining syndrome: Results from the endocrine and 
metabolic responses on Overtraining syndrome (EROS)—EROS-STRESS. 

Journal of Science and Medicine in Sport. 2018;21(7):648-53. 

28. Bettio LE, Thacker JS, Rodgers SP, Brocardo PS, Christie BR, Gil-

Mohapel J. Interplay between hormones and exercise on hippocampal 

plasticity across the lifespan. Biochimica et Biophysica Acta (BBA)-

Molecular Basis of Disease. 2020;1866(8):165821. 
29. Richmond E, Rogol AD. Endocrine responses to exercise in the 

developing child and adolescent. Sports Endocrinology. 2016;47:58-67. 

30. Marin G, Domene H, Barnes KM, Blackwell B, Cassorla F, Cutler Jr G. 
The effects of estrogen priming and puberty on the growth hormone response 

to standardized treadmill exercise and arginine-insulin in normal girls and 

boys. The Journal of Clinical Endocrinology & Metabolism. 1994;79(2):537-
41. 

31. Pomerants T, Tillmann V, Karelson K, Jürimäe J, Jürimäe T. Impact of 

acute exercise on bone turnover and growth hormone/insulin-like growth 
factor axis in boys. Journal of sports medicine and physical fitness. 

2008;48(2):266. 

32. Rejeki PS, Pranoto A, Rahmanto I, Izzatunnisa N, Yosika GF, 
Hernaningsih Y, et al. The Positive Effect of Four-Week Combined Aerobic–

Resistance Training on Body Composition and Adipokine Levels in Obese 

Females. Sports. 2023;11(4):90. 
33. Alves J, Saavedra F, Simão R, Novaes J, Rhea MR, Green D, et al. Does 

aerobic and strength exercise sequence in the same session affect the oxygen 

uptake during and postexercise? The Journal of Strength & Conditioning 
Research. 2012;26(7):1872-8. 

34. Samany S, Jokar B. Validity and reliability of the short form of 

depression, anxiety and stress. J Soc Human Sci Shiraz Univ. 2007;26(3). 
35. Athanasiou N, Bogdanis GC, Mastorakos G. Endocrine responses of the 

stress system to different types of exercise. Reviews in Endocrine and 

Metabolic Disorders. 2023;24(2):251-66. 
36. Casazza K, Hanks LJ, Alvarez JA. Role of various cytokines and growth 

factors in pubertal development. Cytokines, Growth Mediators and Physical 

Activity in Children during Puberty. 2010;55:14-31. 
37. Godfrey RJ, Madgwick Z, Whyte GP. The exercise-induced growth 

hormone response in athletes. Sports medicine. 2003;33:599-613. 

38. Socratis K, Kostas D, Athanasios D, Eleni D, Dimitrios K. The Influence 
of Physical Training on Blood Levels of Human Growth Hormone, 

Testosterone and Procollagen in Young Rowers. International Journal of 

Kinesiology and Sports Science. 2016;4(3):63-9. 
39. Yamaner F, Kamuk YU, Bayraktaroglu T, Karacabey K, Gumus M, 

Akalin TC. The effects of intensive training on selected sex hormones in 

young wrestlers. The Anthropologist. 2015;20(3):773-9. 
40. Eliakim A, Nemet D, Zaldivar F, McMurray RG, Culler FL, Galassetti 

P, et al. Reduced exercise-associated response of the GH-IGF-I axis and 

catecholamines in obese children and adolescents. Journal of Applied 
Physiology. 2006;100(5):1630-7. 

41. Ounis OB, Elloumi M, Zouhal H, Makni E, Lac G, Tabka Z, et al., 
editors. Effect of an individualized physical training program on resting 

cortisol and growth hormone levels and fat oxidation during exercise in obese 

children. Annales d'endocrinologie; 2011: Elsevier. 
42. Nouri Y, Mirzaie B, Arazi H. The Effect of Resistance and Endurance 

Training on Resting Metabolic Rate and Body Composition in Sedentary 

Males. Journal of Zanjan University of Medical Sciences & Health Services. 
2013;21(89). 

43. Rafiei MM, Shavandi N, Saremi A, Shavandi A. Comparison the effects 

of 6 weeks of resistance training and concurrent training on aerobic power 
and resting levels of growth hormone and cortisol in healthy children. Journal 

of Arak University of Medical Sciences. 2014;17(4):38-46. 

44. Draper P, Whyte G. Anaerobic performance testing. 1997. 
45. Hackney AC, Saeidi A. The thyroid axis, prolactin, and exercise in 

humans. Current opinion in endocrine and metabolic research. 2019;9:45-50. 

46. Hackney AC, Davis HC, Lane AR. Exercise augments the nocturnal 
prolactin rise in exercise-trained men. Therapeutic advances in 

endocrinology and metabolism. 2015;6(5):217-22. 

47. Mahmoud Alilou M, Khanjani Z, Bayat A. Prediction of anxiety-related 
emotional disorders in adolescences based on emotion regulation, coping 

strategies and symptoms borderline personality disorder. Clinical 

Psychology Studies. 2017;7(25):107-28. 
48. Van Cauter E, Leproult R, Plat L. Age-related changes in slow wave 

sleep and REM sleep and relationship with growth hormone and cortisol 

levels in healthy men. Jama. 2000;284(7):861-8. 
49. Veldhuis J, Liem A, South S, Weltman A, Weltman J, Clemmons D, et 

al. Differential impact of age, sex steroid hormones, and obesity on basal 

versus pulsatile growth hormone secretion in men as assessed in an 
ultrasensitive chemiluminescence assay. The Journal of Clinical 

Endocrinology & Metabolism. 1995;80(11):3209-22. 

50. Chen L-J, Fox KR, Ku P-W, Chang Y-W. Effects of aquatic exercise on 
sleep in older adults with mild sleep impairment: a randomized controlled 

trial. International journal of behavioral medicine. 2016;23:501-6. 

51. Oliver SR, Rosa JS, Minh TD, Pontello AM, Flores RL, Barnett M, et 
al. Dose-dependent relationship between severity of pediatric obesity and 

blunting of the growth hormone response to exercise. Journal of Applied 

Physiology. 2010;108(1):21-7. 
52. Gough L, Castell LM, Gatti R, Godfrey RJ. Growth hormone 

concentrations in different body fluids before and after moderate exercise. 

Sports Medicine-Open. 2016;2:1-6. 



Effect of Eight Weeks of Combined aerobic-resistance Training on…   Nikjo et al. 
 

7 

 

53. Gupta N, Goel K, Shah P, Misra A. Childhood obesity in developing 
countries: epidemiology, determinants, and prevention. Endocrine reviews. 

2012;33(1):48-70. 

54. Rojas Vega S, Hollmann W, Strüder HK. Influences of exercise and 
training on the circulating concentration of prolactin in humans. Journal of 

neuroendocrinology. 2012;24(3):395-402. 

55. Ohara E, Tokuyama H, Kitamoto T, Kitahara A, Hayashi A, Hayashi H, 
et al. Laparoscopic sleeve gastrectomy resolves low GHRP-2-stimulated 

growth hormone levels in obese patients. Obesity Surgery. 2017;27:2214-7. 

56. Amirsasan R, Sari-Saraf, Vahid, Pourgholi, Tahereh , Armanfar, 
Mostafa. Comparing the effects of combined endurance-resistance training 

versus resistance-endurance on growth hormone and insulin-like growth 

factor-I in non-athlete prepubertal girls. Feyz, Journal of Kashan University 
of Medical Sciences. 2015;19(3):214-22. 

57. Shamsaei F, Cheraghi F. Co morbidity of Sleep Disorder and General 

Health in the General Population of Hamadan. Avicenna Journal of Nursing 
and Midwifery Care. 2012;20(2):40-50. 

58. Fernandez-Mendoza J, Calhoun SL, Vgontzas AN, Li Y, Gaines J, Liao 

D, et al. Insomnia phenotypes based on objective sleep duration in 
adolescents: depression risk and differential behavioral profiles. Brain 

sciences. 2016;6(4):59. 

59. Bagheri H, Shahabi Z, Ebrahimi H, Alaeenejad F. The association 
between quality of sleep and health-related quality of life in nurses. Hayat. 

2007;12(4):13-20. 

 
 

 


