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Abstract 
 

Background: Considering the effect of leptin and different hormones on energy homeostasis, metabolism and 
weight changes, the relationship between these variables and sport activities have been taken into consideration 
by researchers. This study was conducted to determine the effect of aerobic and resistance exercises (weight 
training) on hormonal changes of leptin, insulin, cortisol, thridotironine and thyroxin levels in non-athlete students 
at Shiraz University, southern Iran. 
 
Methods: Sixty non-athlete male students at Shiraz University were randomly divided into 3 groups of control, 
aerobic and resistance exercises. The exercise programs were continued for 8 weeks, 3 sessions each week. 
Participants were bled between 8 and 10 o'clock in the morning in a fasting state. Leptin, insulin, cortisol, thri-
dotironin and Thyroxin levels of plasma were measured in 5 phases (before the beginning of exercise, at the end 
of the second, fourth, sixth, and eighth weeks of exercise). 
 
Results: In the aerobic group, the mean leptin and insulin levels decreased significantly during the 5 measure-
ment phases but the cortisol and thyroxin levels increased significantly. In the resistance exercise group, there 
was a significant decrease in leptin and insulin levels. When the mean levels of cortisol, thridotironine and thy-
roxin increased, these changes were not significant. 
 
Conclusion: Exercise can change hormonal concentration of insulin, cortisol, growth hormone, catecholamine, 
testosterone, etc. and the metabolism of free fatty acids, lactic acid, triglyceride, etc and reduce the amount of 
adipose tissue and energy consumption. 
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Introduction 
 
Leptin, a protein consisted of 146 amino acids was 
first introduced following the separation of obesity 
gene in 1994 and structurally belongs to the cytokine 
family.1-3 Although there are evidences to show that 
this protein is produced by skeletal muscle, liver, fe-
tal, ovary and gastric epithelium cells,4 it  is also se-
creted by the fat cells.5 Leptin conveys the informa-
tion related to energy sources to the hypothalamus 

receptors and prevents the overeating (anti-obesity 

hormone).5 Leptin also affects the hormones involv-
ing the metabolism.6 Furthermore, it is effective in 
establishing a balance between food consumption to 
maintain energy homeostasis too.7 

Thyroid hormones increase the metabolism of car-
bohydrate and fat resulting into the loss of weight. 
Cortisole as a catabolic and insulin as an anabolic 
hormone (glycogens) are the effective hormones in 
metabolism.8,9 Considering the effect of leptin and 
different hormones on energy homeostasis, metabo-
lism and weight changes, the relationship between 
these variables and sport activities have been taken 
into consideration by researchers.9,10 
This study was undertaken to determine the effect of 
aerobic and resistance exercises (weight training) on 
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hormonal changes of leptin, insulin, cortisol, thri-
dotironine and thyroxin levels in non-athlete students 
at Shiraz University, southern Iran. 
 
 
Materials and Methods 
 
Sixty non-athletic male students studying at Shiraz 
University, southern Iran entered this study. They 
were randomly divided into 3 equal groups, control, 
aerobic and resistant exercise groups. Before per-
forming the research, all subjects were informed 
about the study protocol, and a written consent was 
provided from each participant. All participants had 
their food at university self-service. The physical and 
physiological characteristics of the subjects are pre-
sented in Table 1. 

The experimental groups were one participating in 
aerobic exercise and the other in resistant (weight) 
exercise. The training program for aerobic exercise 
was performed during 8 weeks, 3 sessions each week. 
The intense of the training program proceeded form 
50% to 55% (in the first 2 weeks), 55% to 60% (in 
the second 2 weeks), 60% to 65% (in the third 2 
weeks) and 65% to 70% of maximum heart beat (in 
the last 2 weeks). The duration of training programs 
without the warm up and cool-down was 15 minutes 
(balk field test). The intense training program was 
controlled and regulated, using a polar. All subjects 
performed a warm up (20 minutes) and a cool-down 
(15 minutes) program in every training session. The 
resistance group performed the training program dur-
ing 8 weeks, 3 sessions each week. The subjects car-
ried out a 45 minute weight training program after 20 
minutes warm up (Delworm and Watkins method).8 
Each training program consisted of 3 sessions with10 
maximal repetitions at every set. At the end, they per-
formed a 15 minute cool-down program. Before the 
beginning of research, the subjects became familiar 
with the procedure of light weight training for 2 ses-

sions. The subjects’ blood samples were taken be-
tween 8 and 10 o'clock in the morning in a fasting 
state. Plasma Leptin, insulin, cortisole, thridotironine 
and thyroxin levels were measured in 5 phases (be-
fore the beginning of exercise, at the end of the sec-
ond, fourth, sixth, and eighth weeks). All blood sam-
ples were transferred to the laboratory and the serum 
was separated and frozen for further analysis at -70◦C. 
The plasma leptin was measured by the RIA method, 
and insulin, cortisole, thridotironine and thyroxin by 
ELISA method, using special kits. Weight, height, 
body mass index and consumed oxygen were meas-
ured, using proper devices/methods: weight by scale, 
height by measuring-tape, body mass index (BMI) by 
the ratio of weight to square root of height and con-
sumed oxygen by Quinn ladder. Also, descriptive sta-
tistics was used to determine the means and standard 
deviations and the ANOVA test used to determine the 
significance of the hypotheses (p<0.050)  Pearson 
method was used to specify the correlation coefficient 
(p<0.050) and the Excel program to draw the graph. 
 
 
Results 
 
The changes in the control group was not significant 
(p>0.050). Table 2 demonstrates the mean changes in 
leptin, insulin, cortisol, thridotironine and thyroxin 
levels of plasma in 5 phases (before the beginning of 
exercise, at the end of the second, fourth, sixth, and 
eight weeks). All participants who carried out the 
aerobic exercise lost some weight. In this group, a 
significant relationship was observed between the 
decrease in plasma leptin levels and the decrease in 
weight and body mass index [(r=0.65, p=0.021); 
(r=0.69, p=0.020) respectively]. Mean Leptin 
(p=0.014) and insulin (p=0.031) levels decreased dur-
ing the 5 measurement phases but cortisol (p=0.023) 
and thyroxin (p=0.012) levels increased significantly. 
There were significant relationships between the 

Table 1: Physical and physiological characteristics of the subjects 
Vo2max 
(ml.Kg-1.min-1) 

BMI 
(kg/m2) 

Mean age 
(Year) ( 

Mean 
weight (kg) 

Mean height 
(cm) 

Frequency Group 

45.6±1.3 26.5±.7 21±1.1 81±3 175±1 20 Control 
44.3±1.6 26.5±.5 21±1.6 83±2 177±1 20 Aerobic 

exercise 
45.8±1.2 26.7±.5 21±1.2 82±6 175±3 20 Resistance 

exercise 
Note .BMI - body mass index; VO2max – maximal oxygen consumption  
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decrease in leptin and decrease in insulin level (r 
=0.82, p=0.045) and also the decrease in leptin and 
increase in cortisol and thyroxin levels [(r=-0.67, 
p=0.032); (r =-0.62, p=0.041) respectively]. How-
ever, no significant relationship was observed be-
tween changes in leptin and thridotironine levels. 

Moreover, the 8 week resistant exercise program 
resulted in a significant decrease in leptin (p=0.013) 
and insulin (p=0.024). However, the size of this de-
crease was less than the increase in the mean levels of 
cortisol (p=0.311), thridotironine (p=0.234) and thy-
roxin (p=0.097). This research showed that there was 
a positive significant relationship between the de-
crease in leptin and insulin levels (r=0.79, p=0.043). 
Moreover, the results showed that there was a negative 
and significant relationship between the decrease in 
leptin and the increase in weight and body mass index 
[r=-0.73, p=0.032); (r=- 0.77, p=0.034) respectively].  
 
 
Discussion 
 
Fatarus et al. showed that plasma leptin concentration 
decreased after resistance exercise (6 months, 3 days 
a week, 10 repetitions in 3 sets) in 50 non-athlete 
men. Furthermore, they observed a significant rela-
tionship between decrease in leptin and decrease in 
insulin and cortisole and increase in epinephrine and 
norepinephrine.11 Ishii et al. proved that plasma leptin 
level decreased after 6 weeks of aerobic exercise in 
type II diabetics patients, but there was not any  

relationship between the decrease in leptin concentra-
tion and changes in adipose tissue, insulin and glyco-
corticoeids. Moreover, the researcher demonstrated 
that there were no changes in leptin levels after resis-
tant exercises.12 Hickey, et al. expressed that distance 
swimming exercises for 12 weeks could decrease lep-
tin level accompanied by a decrease in insulin. They 
stated that an increase in plasma leptin level led to an 
increase in insulin level in response to food consump-
tion but a decrease in the insulin concentration by 
decreasing the leptin concentration during a fasting 
state.13 Some authors reported that the duration and 
intense of exercise have a vital role in changes of the  
leptin level. In 5 males and 12 females athletes, they 
showed that exercises for 45 minutes duration and a 
100% intense strength of aerobic exercise, the plasma 
leptin concentration did not change but the cortisole 
level in males and females increased.14 Researchers 
recently express that cardiovascular and respiratory 
systems, antioxidants and even environmental factors 
(height, temperature, and gravity force) affected the 
plasma leptin level.2 Some studies evaluating the effect 
of short-term exercise on leptin level have shown that a 
decrease or absence of any change in the plasma leptin 
level.11,15-18 The decrease in leptin may be due to the 
increase in the accessible energy.14,19 

Some researchers suggest that the insulin hormone 
may regulate and control the involved leptin, al-
though it is related to the plasma glucose level. It was 
shown that by an increase in the insulin level, plasma 
leptin level can increase and in case of a decrease in 

Table 2: Mean changes in plasma leptin, insulin, cortisole, thridotironine and thyroxin levels in 5 phases 
Fifth stage Fourth 

stage 
Third stage Second 

stage 
First stage Variables Group 

12.42 12.41 12.33 12.11 12.22 Leptin (ng.ml) 
13.17 13.18 13.22 13.14 13.14 Insulin (µu.ml) 
12.86 13.9 12.82 12.81 12.74 Cortisol (µg.dl) 
115 111 112 111 109 Thyroxin (ng.ml) 
1.41 1.45 1.4 1.42 1.39 Thridotironine (ng.ml) 

Control 

 Leptin (ng.ml) 13.47 13.32 11.80 11.41 11.12٭
 Insulin (µu.ml) 13.27 13 11.90 11.50 11.13٭
 Cortisol (µg.dl) 13.39 13.81 14.30 14.90 15.38٭
 Thyroxin (ng.ml) 106 111 114 117 120٭
1.28 1.23 1.21 1.16 1.14 Thridotironine (ng.ml) 

Aerobic 

 Leptin (ng.ml) 11.61 11.90 11.61 10.90 10.3٭
 Insulin (µu.ml) 13.37 13.61 13.12 12.68 12.09٭
14.20 13.70 13.11 12.70 12.52 Cortisol (µg.dl) 
120 119 116 112 110 Thyroxin (ng.ml) 
1.91 1.78 1.42 1.41 1.41 Thridotironine (ng.ml) 

Resistance 
exercise 

 .There is a significant different in comparison with the first stage (p<0.05)٭
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the insulin level, the leptin production would de-
crease.11,12 Some researchers noticed that following a 
resistant exercise (weight training), the leptin and in-
sulin levels remain unchanged and or in case of any 
changes, they are not significant. Furthermore, there 
was not any significant relationship between these 
two hormones.15  

Table 2 shows that leptin and insulin in the aerobic 
group decreased gradually while the decrease in both 
groups occurred in the second week. Cortisol, thy-
roxin and thridotironine increased in the five phases. 
Moreover, in the weight training group, both vari-
ables of leptin and insulin increased in the first week, 
but in other phases, they decreased gradually. Be-
sides, Table 2 shows a gradual increase in the corti-
sol, thyroxin and thridotironine levels. In Figure 1, 
the changes after and before exercise is presented 
showing that the rate of leptin and insulin changes in 
the aerobic and resistant exercise is negative (al-
though this decrease in the aerobic group is more sig-
nificant) but in the control group is positive. In rela-
tion to cortisol, thyroxin and thridotironine, an in-
crease is visible in all groups. Although these changes 
are not equal (the rate of increase in cortisol and thy-
roxin in the aerobic group and thridotironine in the 
resistant exercise group are more). The duration of 
exercise program in these studies was less than 6 
weeks (one session a week). 

In our study, following the resistant exercise pro-
gram, plasma insulin level increased slightly in the 
first 2 weeks, but gradually decreased until the end of 
the program (Table 2). Furthermore, a significant re-
lationship was observed between the decrease in lep-
tin and the decrease in insulin levels (r = 0.79, 
p=0.043). The amount of plasma glucose decreased 
due to the increase in the insulin level and the rate of 
leptin increased because of the decrease in the  

accessible energy. So after continuing the exercises, a 
decrease was observed in the insulin level and re-
sulted in to an increase in the plasma glucose level. 
As a result, the increase in leptin level can be ex-
plained by decreasing the accessible energy. Further-
more, in our research, aerobic exercise could lead to a 
decrease in the mean of leptin and insulin levels 
(13.47 to 11.12, 13.27 to 11.13, respectively).  

The most important property of cortisol was to af-
fect the energy metabolism19 accelerating the rate of 
transition and use of fat as an energy source during 
exercise activities.19-22 So the liver breaks down the 
transitional adipose tissues into ketoacids21 leading to 
ketosis. Ketosis increases the cortisol secretion in 
people who use low caloric diet (ketosan) especially 
during heavy exercises for losing weight.22,23 

Despite some controversies,24 some studies dem-
onstrated that cortisol production rises when the exer-
cise distance is increased. So after long- term exer-
cises such as marathon, the subjects’ cortisol levels 
rise.13,20 It is expected that increase in the accessible 
energy due to cortisol to decrease the leptin level. In 
our study, increase in the cortisol level could decrease 
the leptin level which wee in agreement with some 
studies19,20 and not in concordance with some stud-
ies.21,24,25 Cortisol response depends on many factors 
such as intense, duration, level, nutritional status and 
daytime rhythm.  

Some researchers showed that after weight training 
(6 weeks) in non-athlete people, the amount of cortisol 
level increased significantly.26 The leptin and cortisol 
changes may be due to their production levels.18 It was 
shown that in weight training, the increase in glycocor-
ticoids level increases the leptin production.21,22,24 In 
our study, plasma cortisol level increased significantly 
due to weight training but did not have any relationship 
with the decrease in leptin level.  

 
Fig. 1: The percentage of hormonal changes after and before exercise 
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Pocai et al. (2003) noticed that the rate of thri-
dotironine and thyroxin levels increased by the in-
crease in leptin level.26 Magni (2005) found that when 
T3 and T4 levels rise, the leptin level declines.22 In our 
study, after weight training, the thridotironine level 
remained almost unchanged during the 4 first weeks 
and increased in the 4 second weeks and the thyroxin 
level gradually increased during the program and the 
changes in these 2 hormones were not significant.  

Many researchers suggested that intensity, duration, 
the number of sessions in a week, and the level of phys-
ical exercise were the effective factors in the level of T3 
and T4.9,17,18 Moreover, the mean thridotironine and thy-
roxin levels gradually increased during the 8 weeks of  
aerobic exercise, but only the changes in the  thyroxin 
level was significant. Besides, a significant negative 
relationship was seen between the increase in thyroxin 
and the decrease in leptin levels. However, no signifi-
cant correlation was observed between thridotironine 
and Leptin levels which may be due to the low intensity 
and short duration of exercises.  

The rate of leptin changes affects the energy bal-
ance, adipose tissue, sensitivity to insulin, cardiovas-
cular diseases, antioxidants and hormonal status.18,22 

Exercise would decrease the adipose tissue and would 
affect energy consumption and hormonal concentra-
tions (insulin, cortisol, growth hormone, catechola-
mine, testosterone) and metabolism (free fatty acids, 
lactic acid, triglyceride).25,23,9   

Therefore, the intensity and duration of the exer-
cise program are important and an increase in acces-
sible energy would result in a decrease in leptin level.  

We can conclude that exercise can change hormo-
nal concentration of insulin, cortisol, growth hor-
mone, catecholamine, testosterone, etc. and the me-
tabolism of free fatty acids, lactic acid, triglyceride, 
etc and reduce the amount of adipose tissue and en-
ergy consumption. 
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