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ABSTRACT 

Introduction: Obesity is a global health problem that contributes to 2.6 million deaths 

worldwide each year. Obese adolescent have 80% chance to become obese when grow adult. 

Aerobic exercise is exercise that is recommended for the obese but aerobic exercise that is done 

excessive has also adverse effect, which increases levels of cortisol. Vigorous aerobic exercise at 

least 60% VO2max intensity triggers the release of cortisol. Obese individuals may experience 

hypersensitivity HPA axis that enables increased levels of cortisol in the exercise below the 

threshold. 

Objective: To prove the difference of cortisol serum level in obese adolescents after light  and 

moderate intensity aerobic exercise. 

Method: It was an experimental study with pre-post test group design. 30 obese subjects were 

divided randomly into two groups, the first group received light intensity aerobic exercise (15 

partisipants) and the second group received moderate intensity aerobic exercise (15 

partisipants). Partisipants underwent single bout aerobic exercise consist of 5 minute warming 

up, 20 minutes of core exercises (running) and a 5 minute cooling down.  

Results: There were no significant differences in serum cortisol levels before treatment in both 

groups (p=0,267), as well as cortisol levels after treatment (p=0,305). There was no significant 

difference in serum cortisol levels change after treatment in both groups (p=0,967). 

Conclusion: light and moderate intensity aerobic exercise did not cause significant differences 

in serum cortisol levels in obese adolescents 

 

Keywords: Obesity, adolescent, cortisol, aerobic exercise 

 

 

INTRODUCTION 

Obesity is a global health problem that 

contributes to 2.6 million deaths per years 

around the world.1 Obesity is a risk factor for 

cardiovascular disease, leading to an increase in 

morbidity and mortality.1 The obesity epidemic 

has increased over the past five years. There is 

an increasing prevalence of obesity in the last 

decade,2 in Indonesia based on data from basic 

health research, there is an increase in 

prevalence of central obesity in the population 

aged 15 years or more  from18.8% (2007) to 

26.6% (2013).3 

There are various attempts to overcome 

obesity problems, one of them is aerobic exercise.4 

Aerobic exercise is very useful in improving 

cardiovaskular fitness, reduce the risk of 

cardiovascular disease and help weight loss 

programs in obesity.4-7 Regardless of the benefits 

of aerobic exercise, excessive vigorous aerobic 

exercise also have an adverse effect in increasing 

the levels of cortisol. Increased levels of excessive 

cortisol in the body can lead to glucose and fat 

metabolism disorders, insulin resistance, 

decreased immune system and decreased bone 

density. 8-12  

Duclos and Tabarin in their study also stated 

that exercises with a minimum intensity of 60% 

VO2max or those categorized as vigorous 

intensity exercise according to the American 

College of Sports Medicine (ACSM) may lead to 

an increase cortisol levels 12,13, but not in light 

and moderate intensity aerobic exercise. This 

may be different in people with obesity. Obese 

people with predominant central obesity have 

hypersensitivity of HPA axis.14,15 The HPA axis 

hypersensitivity causes exercise of the same 

intensity will increase more cortisol levels than 
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lean individuals.16,17 

 

METHODS 

This was a randomized, controlled, pre-post 

experimental study. The subjects of this study 

were obese adolescents who attended the SMA 

Negeri 14 Semarang which fulfilled the inclusion 

and exclusion criteria, with the following 

inclusion criteria were age 15-18 years, Body 

Mass Index (BMI)> 25kg / m2, healthy for 

research based on physical activity readiness 

questionnaire (PAR-Q) , Got permission from 

parents to be included in the study. Exclusion 

criteria were Hb <10 g / dl, unwilling to follow 

the study and / or mood and feeling 

questionnaire score (MFQ)> 11, taking steroid 

medications less than 8 hours before the study, 

smokers, consumed alcoholic beverages and 

coffee, Addison and or cushing syndrome, 

routinely performed aerobic exercise with a 

frequency at least 3x / week, underwent 

hormonal gonadotrophin therapy. The number of 

participants in the study were 30 subjects 

divided into two groups, those who received light 

intensity aerobic exercise (group 1 = 15 people) 

and the group who received moderate intensity 

aerobic exercise (group 2 = 15 people). Aerobic 

exercise was performed only once for 30 minutes 

consisting of 5 minutes of warming, 20 minutes 

of core exercise (running) and 5 minutes of 

cooling down. Intensity of exercise based on 

maximal heart rate calculation (HRmax). 

Maximum heart rate is calculated by the HRmax 

formula = 206.9 - (0.67 x age). The group 1 

received the exercise with intensity of 50-63% 

HRmax, while the group 2 received the exercise 

with intensity 64-76% HRmax. Exercise 

prescribtion based on the American College of 

Sports Medicine (ACSM). Participants used 

pulsemeter (omron) for heart rate monitoring 

during exercise. The researchers monitored the 

participants heart rates at minutes 5, 10, 15 and 

20 while underwent core exercises (running) to 

ensure participants heart rates were in the 

targeted aerobic exercise zone (mild and 

moderate intensity). Participants were 

considered dropped out if not exercising in 

accordance with the training protocol and / or 

fatigue that cause could not performed exercise 

until completion. None of the participants 

dropped out in this study.  

Blood sampling for cortisol examination was 

performed twice, before treatment and 

immediately after treatment. Pre-post blood 

collection was not performed on the same day, 

Examination of cortisol (ELISA DRG cortisol 

reagent (EIA 1887)) was carried out at the 

central laboratory of the Nasional Diponegoro 

Hospital in September 2015. 

Results analysis using SPSS for windows 

17.0. This study has received approval from the 

Ethics Committee of the Faculty of Medicine 

Diponegoro University / Dr. Kariadi Hospital 

Semarang (Ethical Clearance Number 445 / EC / 

FK-RSDK / 2015). 

 

RESULTS 

Characteristics of the subjects can be seen in 

table 1. There was no significant difference (p> 

0.05) in all variables (sex, age, BMI, 6MWT and 

baseline cortisol). 

 

 

Table 1. Subject Characteristics 

Variable  Group 1 Group 2    p 

Sex    

- Male 8 (53.3%) 8 (53.3%) 1.00* 

- Female 7 (46.67%) 7 (46.67%)  

Age 15.67±0.61 15.67±0.72 0.93* 

BMI 30.49±3.32 29.96±4.35 0.18$ 

6MWT 5.36±0.53 5.30±0.58 0.59* 

Cortisol 107.49±51.86 84.97±32.1 0.27* 

* uji mann whitney 
$ independent t test 

 

There was no significant difference in cortisol levels before and after treatment in both groups based on 

statistical tests (table 2). 
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Table 2. Cortisol levels in group 1 and group 2 

 

 

 

 

 

 

 

 

*mann whitney test 
# wilcoxon test 

 

The number of male partispant in this study 

was more than women (table 1). The range of age 

between 15-18 years old with the age average 

was 15.67 years old. The mean of BMI in group 1 

was 30.49 ± 3.32, while the mean of BMI in 

group 2 was 29.96 ± 4.35 (table 1). The 

classification of obesity in this study according to 

the WHO's obesity criteria for Asian populations 

is  ≥25 kg / m2. Blood collection for serum cortisol 

examination was conducted at 08.30-09.00 am. 

The timing is due to cortisol levels influenced by 

the circadian rhythm of the body, 16. The cortisol 

levels will decrease and increase along with body 

circadian rhythm, so to reduce variation in basal 

cortisol levels due to different sampling times, 

we limit the time of blood sampling for cortisol 

examination.The mean cortisol levels in both 

groups measured by ELISA cortisol DRG were 

within the normal range. The normal range of  

serum cortisol levels at 08.00-10.00 am is 50ng / 

mg - 230 ng / mg.  

 

DISCUSSION 

Levels of Cortisol Group 1 and Group 2 

Based on Table 2, there was a significant 

decrease in serum cortisol levels after light 

intensity aerobic exercise (p = 0.17) as well as in 

the group performing moderate intensity 

exercise (p = 0.12). The slightly higher levels of 

cortisol before treatment in both groups may be 

due to blood sampling by needle-sharing for 

participants was a daunting condition, which can 

trigger an acute stress response that results in 

elevated levels of cortisol in both blood and 

saliva.19 The results of this study were consistent 

with the results of previous studies which 

suggest that no significant difference in cortisol 

levels immediately after light and moderate 

intensity aerobic exercise.20 Jacks et al., In his 

study of the effects of aerobic exercise with three 

different intensity levels also suggest, that light 

and moderate intensity aerobic exercise did not 

cause significant differences in cortisol levels 

before and after exercise, only exercise with 

severe intensity and long duration could lead to 

increased cortisol levels.21 This is because HPA 

axis will only respond to cortisol release at 

exercise with intensity at least  60% VO2max 

(vigorous  intensity exercise), or if the exercise is 

done in a long duration of about 90 minutes even 

though below the 60% VO2 max threshold. In 

obese individuals with predominant central 

obesity, aerobic exercise below the 60% VO2max 

threshold may lead to increased cortisol release 

due to HPA axis hypersensitivity causing 

excessive stimulation of HPA axis,14,24 but 

different results are obtained in this study, 

which in both groups there is no significant 

difference of cortisol level after exercise. The 

factors that may contributed to this result may 

be due to selection of obese participants, in this 

study obese participants were selected based on 

WHO criteria for Asian populations with cut 

point for obesity is BMI ≥25 kg/m2, whereas in 

previous studies the selection of obese 

participants were based on WHO criteria in 

general with a cut of point for obesity is an 

individual with BMI ≥ 30 kg/m2. This led to 

differences in the characteristics of the study 

subjects, where in this study, the paricipants 

were mostly grade 1 obese based on the WHO 

criteria for Asian populations, whereas in the 

previous the study participants were grade 2 

obese based on WHO for Asian populations. 

Obesity is defined as a condition 

characterized by excessive accumulation of fat in 

the body, while the 11βHSD1 enzyme responsible 

for converting inactivated cortisol (cortisone) to 

cortisol, has the highest levels in adipose tissue, 

hepatic tissue and brain tissue.22 This leads to 

obesity with excessive visceral fat accumulation 

can be found increased levels of local cortisol in 

adipose tissue. Increased accumulation of 

visceral fat is also a consequence of the onset of 

HPA axis hypersenstivity.23,24 The more obese a 

person with higher visceral fat accumulation 

may also have higher local cortisol levels in 

adipose tissue as a consequence of HPA axis 

hypersensitivity. The difference in the degree of 

obesity with previous research is what may 

 

Cortisol 

 Mean±SD   

p a)      Group 1 

       (n=15) 

Group 2 

   (n=15) 

 Pre 107.49±51.86      84.97±32.1    0.27* 

 Post 86.77±38.45 82.02±69.24    0.30* 

p b)          0.173# 0.125#  

 Delta (post-pre)   -17.69±48.06 -20.67±66.46     0.97* 
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cause the difference in outcomes. Another 

possible reason is the subject of this study 

despite individuals with obesity but they have a 

fairly good fitness level based on fitness test 

results with 6MWT, where the fitness level also 

affects the release of cortisol during exercise.13,25 

A study conducted by Webb et al comparing the 

cortisol response to exercise and psychic 

challenges in individuals with high levels of 

fitness and individuals with low fitness levels 

indicate that in individuals with low fitness 

levels showed significantly higher cortisol levels 

than individuals with high levels of fitness. This 

is due to well trained individuals and who have a 

good level of fitness can develop adaptation 

mechanisms such as decreased sensitivity to 

cortisol to protect muscles against excessive 

secretion of cortisol, through these adaptation 

mechanisms, HPA axis can overcome recurrent 

stimuli that allow on the one hand the ability of 

the organism to respond to repetitive stimulation 

adequately and, on the other, to protect 

glucocorticoid-sensitive tissues from high cortisol 

levels.13 At the cellular level, Duclos et al., have 

reported that in vitro plasticity, monocyte 

sensitivity to glucocorticoids in well trained 

subjects, adjusted for changes in systemic 

cortisol concentrations.13 

Another factor causing the difference results 

in this study was the limitation of cortisol 

reagent causing exercise only done one time so 

that finally only got result from one exercise not 

from mean value from several times result of 

acute effect of exercise. In this study, blood 

sampling for cortisol examination was not 

performed in one day because patients refused to 

be taken blood twice a day, but nevertheless we 

tried to reduce the limitations by equating the 

participants condition in the second blood 

sampling with first blood sampling, such as 

patients do not drink coffee, do not drink 

alcoholic beverages and do not take medication 8 

hours before the test and do not stay out late the 

night before. The aforementioned factors are 

possible factors that may cause the difference of 

this research result with previous research. 

 

CONCLUSION 

The results of this study suggest that 

moderate and mild intensity aerobic exercise in 

obese participants showed no significant 

difference in cortisol levels as well as individuals 

with normal weight.  
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