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Abstract

The aim of this study was to investigate the effect of eight weeks
resistance training on leptin levels changes and insulin resistance
in obese females.

Twenty inactive and obese female students (mean age 23.5+ 1.56,
the average height of 160.1+ 4.4 and the average BMI 31.17 +
1.51) participated in this study.

Subjects randomly were divided into two groups: controls 10 and
experimental 10. Subjects in experimental group were performed
8 weeks resistance training program (chest press, leg press, lat

pull down, leg curl, bicep curl, leg extension) with 60 - 70 percent



of 1RM. Data were analyzed using by analysis of covariance
(ANCOVA) and independent t-test. (P < 0.05).

The results of this study showed that, there was no significance
differences in leptin, insulin and glucose levels and insulin
resistance between control and experimental groups (P> 0.05),
after 8 weeks of resistance training. However, there was a
significant difference between two groups (P <0.05) in body
weight, body mass index and percent body fat. After eight weeks
resistance training, body weight, BMI, WHR and percent body fat
in the experimental group were decreased.

Our study showed that 8 weeks resistance training have a
positive effect on reducing body weight, BMI, WHR and percent



body fat but could not decrease leptin, insulin and glucose levels
and insulin resistance.

Keywords: Leptin, Insulin Resistance, Resistance Training.



Introduction

Obesity has increased in the last few decades in developed and
developing countries and it has been declared a global epidemic
(Sanchez-Contreras et al., 2009). More than 1.6 bilion people are
overweight and 0.4 billon people suffer obesity (Janghorbani et
al,, 2007). It is a chronic disorder that is characterized by
accumulation of fat in the body (Labib, 2003). The main function
of adipose tissue is energy storage and release of free fatty acids
and glycerol.

Adipose tissue plays an important role in regulating hormone
and energy homeostasis (Dumortier et al., 2003). However,
several mechanism have been investigated in the obesity that
hormone secreted from adipose tissue such as leptin. Leptin is a



protein that consists of 167 amino acids and involved in
metabolic processes and represents body fat storage (Kraemer et
al,, 2002 and Wallace et al., 2000). Leptin is the main peptide
secreted from adipose tissue that its serum concentration is an
important environmental messenger in the regulation of food
intake and energy expenditure (Weigle et al., 2003). The level of
serum leptin correlates with the fat content of the body
(Casimiro-Lopes et al,, 2009, Williams et al., 2009). Significant
correlation between leptin and insulin has been identified as
regulators of food intake and energy balance (Nostu et al., 2007,
Sharma et al., 2008). Rudzka-Kocjan et al reported that there is
direct relationship between leptin and insulin resistance and
fasting glucose levels, so that an increase in blood leptin
concentration can lead to insulin resistance and fasting glucose
increase (Rudzka-Kocjan et al., 2006). Leptin resistance can lead



to insulin resistance and diabetes. This idea of leptin as an
insulin- sensitizing hormone and leptin deficiency, or resistance,
as a potential link between obesity and diabetes has been
reviewed recently (Yildiz, 2006). The plasma leptin level has a
direct relation with the fat tissue and a negative relation with the
body fitness or physical activity (Courteix et al., 2007).
Physiological stress resulting from physical activity is one of the
potential regulators of leptin secretion from adipose tissue.
Changes in the exchange of fuel, and systemic hormones
concentrations and energy expenditure may be effect in plasma
leptin concentrations and followed on the function of leptin
(Kraemer et al., 2002).

Many researchers have been studied the effects of exercise
training on leptin. Also, some authors have reported that exercise



training may reduce leptin that depends on caloric intake and
exercise duration but some other researchers have reported no
change in leptin caused by exercise or physical activity (Gippini
etal, 1999, Zafeiridis et al., 2003, Bouassida et al., 2006). A study
demonstrated that leptin did not correlate with BMI in body
builders and that resistance training did not influence leptin
production independently of changes in body composition
(Gippini et al., 1999). Kannaley et al did not observe changes in
plasma leptin in diabetic subjects after acute and chronic
resistance training (Kannaley et al 2001). In another study, Nind]l
et al measured leptin concentrations following 50 sets of
resistance training. They reported no acute changes in leptin
concentrations. (Nindl et al., 2002). Zafeiridis et al compared
three types of resistance training protocols: (i) strength; (ii)
hypertrophy; and (iii) muscular endurance, and reported



significant reductions in leptin through 30 minutes of recovery.
However, similar reductions were observed in non-exercising,
control subjects (Zafeiridis et al., 2003).

Lambert et al demonstrated a significant increase in serum leptin
after resistance training in elderly men. (Lambert et al., 2003).
Fenicchia et al measured effects of resistance training (6 weeks, 3
sets of 8 to 12repetition) on glucose and insulin in women with
type 2 diabetes. There were no significant changes in glucose or
insulin levels (Fenicchia et al., 2004). Fatouros et al also, reported
a decrease in plasma leptin concentration after resistance
training (1-year, 3 days/week, 10 exercises/three sets) in fifty
inactive men (Fatouros et al., 2005). In another study, 12 obese
male subjects (BMI=33.6 (1.2) kg/ m2) were investigated before
and following 3 months of dynamic strength training. After



training, total body mass, the whole-body glucose disposal rate
increased by 24%, and plasma levels of leptin decreased by 21%
( Klimcakova et al.,, 2006). Lau et al were studied a short-term
effects of resistance training on serum leptin levels in obese
adolescents. Contrary to prior practice, the relative level of leptin
was significantly reduced (Lau et al., 2010). Daryanoosh et al
determined the effect of aerobic and resistance exercises (weight
training) on hormonal changes in sixty non-athlete male students
(Daryanoosh et al., 2010). However, leptin changes following
resistance training less investigated in young adult obese
females. Although, in recent years the studies have been carried
out in this area, no similar findings and general conclusion has
been obtained in terms of the role of resistance training on blood
leptin levels in young adult obese females. Thus the aim of this
study is to investigate the effect of eight weeks resistance



training on plasma levels of leptin and insulin resistance in young
adult obese females.

Materials and Methods
Participants

Twenty obese female students (mean age, 23.05 + 1.56, BMI
31.17 + 1.51 and percent fat, 27.26 + 1.04) were selected for
participation in a training program and were randomly divided
into experimental group (EG: n=10) and control group (CG:
n=10). At baseline, all subjects were informed about the study
protocol, and a written consent was provided from each
participant and participate in physical activity readiness
questionnaire (PAR-Q) was used. The participants were informed



about the aim, advantages and possible dangers of the
experimental design. This study was approved by Ethical
Committee of Islamic Azad University, Fars Science and Research
Center. The physical and physiological characteristics of the
subjects are presented in table 1. The entry condition to the study
was the age domain between 20 and 25 years old, no history of
regular exercise, lack of specific diseases and no smoking,
cardiovascular disease, oral contraceptives, alcohol and
menstrual disorders for at least 6 recent months. The amount of
calories the subjects using records to three-day food
questionnaires and was implemented at the beginning, middle
and end of the training program. Both groups were advised to
observe their usual diet during the period of study.



Anthropometric Measurements

The weight and height of the participants were measured with
thin clothes and without shoes by using the standard hospital
scales. Body Mass index (BMI) was calculated using the formula
body weight/height? in terms of kg/m? (Eizadi et al., 2011).
Abdominal circumference and hip circumference were measured.
Also, Waist to hip circumference ratio (WHR) was assessed
through dividing the abdominal circumference by hip
circumference. The Subcutaneous fats of participants were
measured by using the caliper and technique of pinch in the
triceps, the pelvis and hip (three sites method). Measurement
was taken from the right side of body for three times within 20
seconds between each period for to recovery and was placed in



the Jackson Pollock formula to calculate percent body fat. To omit
individual error, all the measurements were done by one staff.

Resistance Training Program

The participants were completed an eight week program of
resistance training on three days of the week. Each session lasted
about one hour, which included a 10-minute warm-up, 40
minutes of weight training and a 10-minute cool-down. The
program followed a training design with the 60-70% of their 1-
repetition maximum (1RM) with 3 sets of 8 to 10 repetitions for
all exercises. Muscle strength was measured with the 1-RM
testing method. Strength was recorded as the maximal weight
lifted in one full range of motion, and the 1-RM was determined
after either four or five trials. Strength testing on the following



six exercise stations: chest press, leg press, Lat pull down, leg
curl, bicep curl, leg extension that include upper and lower body
limbs (Saremi A and Parastesh M., 2011). To observe the
principle of overload, again a repetition maximum was measured
at weeks 4 and 8. Principle of overload was designed to after 4
weeks of training. 1RM for each individual test was performed at
each station and the weights were adjusted based on it. The
control group was asked does not doing any exercise or weight
loss program during the 8 weeks. It should be noted that during
the three-day food questionnaire survey of the early was
implemented in middle and end of the training. The control group
had no exercise training during eight weeks.



Biochemical Measurements

After 12 to 14 h of fasting, 10 ml of venous blood was collected
from each participant while they were seated and resting and
were in the follicular phase of the menstrual cycle (9-3 days after
menstruation). The plasma was separated by a 3000 rpm
centrifuge and was stored at a fridge with the temperature of -
800 C until the day of the experiment. At endpoint, after 48 hours
of the last training session (to remove the effect of training),
blood samples were taken from both groups. Fasting plasma
leptin was calculated using the ELISA method, competitive
sandwich type (kit of Diagnostics Biochem Canada Inc, with
sensitivity of 0.5 ng mL). The levels of insulin were calculated
using the ELISA method, competitive sandwich type (kit of
Monobind Inc Company, America; sensitivity of 0.5pUI/ml).



Glucose levels were assessed using the photometric method.
Insulin resistance index (Homeostasis Model Assessment Insulin
Resistance-HOMA-IR) was calculated based on the multiplication
of the fasting blood insulin concentration (mu/ml) by the fasting
glucose concentration (mg/dL) divided by the constant of 405
(Matthews et al 1985).

Statistical Analysis

Results were expressed as the mean + SD and distributions of all
variables were assessed for normality. First, Kolmogorov-
Smirnov test was used for normality of the data distribution.
Paired t-test was used to compute mean (+ SD) changes in the
variables in control and training group pre and after the
intervention. A two-way ANCOVA was used to determine if



significant (P<0.05) differences existed among the groups for
leptin, insulin, glucose and insulin resistance variables between
before and after exercise training. Post-test was the dependent
variable, group was the fixed factor and pre-test was the
covariate. The relationships between changes variables between
groups and over time were determined using Pearson’s
correlation test .Significant level was set as p<0.05. All data were
analyzed using by the SPSS software (Version 18).

Result

The results of this study showed that 8 weeks of resistance
training significantly decrease BMI (31.32 kg/m2 versus 29.73
kg/m2, P=0.0001), Weight Body (80.5kg versus 76.25kg,
P=0.0001), WHR (0.93 versus0.89, P=0.0001) and body fat



percent (27.48 versus 24.85, P=0.0001) in EG. Whereas in the CG
there was significant increase in BMI, Weight Body, WHR and
body fat percent. Statistically significant differences were not
seen in leptin (p=0.939), Insulin (p=0.336), Glucose (p=0.264)
and Insulin resistance (P=0.306) between CG and EG. (Tablel).
Pearson’s correlation demonstrated a positive relationship
between plasma leptin levels with insulin resistance (r = 0.08, P =
0.8) and body fat percentage (r = 0.23, P = 0.5) but did not
achieve statistical significance.

All data were not significant for normality check. Data of
carbohydrate, fat and protein consumption and calorie intake
of subjects during eight weeks are given in Table 2. Result
showed that the subjects maintained their dietary habits
throughout the study.



Tablel. Anthropometric and Metabolic Characteristics of
Participants in Experimental and Control Group in Pre and
Post Test

Experimental group Control group

Pre test ost test Pre test Post test P - value
Age (years) 23.8+1.61 23.1+1.52
Height (cm) 160.3+4.83 159.9+3.97
Weight(kg) 80.5+4.87 76.25+ 5.14* 79.35+4.91 82.35+4.37 0.0001
BMI(kg/m?) 31.32+1.39 29.73+1.42* 31.02+1.63 32.05+1.58 0.0001
WHR 0.93+0.04 0.89+0.05 * 0.92+ 0.03 0.960.02 0.0001
Fat (%) 27.48+1.03 24.85+1.53* 27.05+1.06 28.59+1.02 0.0001
Leptin(mg/I) 56.46 29.01 41.25+28.01 52.92+24.37 54.02+15.37 | 0.939
Insulin (pu/ml) 14.76+7.18 13.59+7.33 14.57+7.28 16.23+4.4 0.336
Insulin resistance 3.19+ 1.66 2.78+1.65 3.12+1.96 3.45+1.29 0.306
Glucose(mg/dl) 85.7+ 1.034 80.3+12.1 833+11.4 86.3+17.45 0.264

Data are as means = SE.  *: (p<0/05)




Table 2. The Composition of the Subjects’ Diets
(Carbohydrate, Fat and Protein) and Calorie Intake during 8
Weeks (Mean + SD)

Control group Experimental group
Carbohydrate (g) 467.5 + 45.7 499.4 + 47.8
Fat (g) 77.9 +15.7 79.9+12.1
Protein (g) 112.5+9.7 114.2+9.4
Energy intake (kcal) 3121.1 £29.7 3173.5£22.1

Data are the mean * SE of carbohydrate, fat and protein consumption and calorie intake of
subjects in each group. Result showed that the subjects maintained their dietary habits
throughout the study.

Discussion

The aim of the present study was to investigate the effects of
resistance training on leptin and insulin resistance. The results of



this study demonstrated that eight weeks resistance training
reduce body weight, BMI, WHR but it can’t change leptin, insulin
and glucose levels and insulin resistance, significantly. Because of
small sample size, we had type II error. In accordance with our
results, Gippini et al, (1999), Zafeiridis et al (2003), Fenicchia et
al (2004), Bouassida et al (2006), Lau et al (2010) did not
observe significant changes in serum leptin and insulin levels
following resistance training. Our findings aren’t in agreement
with findings of Fatouros et al (2005) and Daryanoosh et al
(2010). Fatouros et al (2005) demonstrated that plasma leptin
concentration decrease after resistance training and they
observed a significant relationship between decreased leptin and
reduced insulin. Probably, this inconsistence is realated to
duration of exercise program (1-year) and decreased insulin.
Insulin may regulate and control the involved leptin. Also, in



study of Daryanoosh et al (2010) after 8-weeks (Balk field test),
leptin and insulin levels decreased, significantly. They showed
that there was a positive significant relationship between
decreased leptin and insulin levels. Kraemer et al believed that
differences in the populations investigated (men and women,
trained and untrained), exercise training protocols used
(intensity, volume, type and duration), and participants
conditions and energy balance might be contributing to these
conflicting results on the relationship between leptin
concentrations and exercise training (Kraemer et al 2002).

In recent years, several studies evaluated the effects of strength
training on leptin levels in several populations and presented
conflicting data regarding the behavior of this variable (Mota,
2007). Since in this study body mass index and percent body fat



significantly were decreased, we expected to reduce significantly
plasma leptin levels. According to studies, the reduction of leptin
has been attributed to alteration in energy balance,
improvements in insulin sensitivity, alteration in lipid
metabolism and lipid concentration. Exercise training and
physical activity can reduce fat mass, play a critical role in energy
expenditure and affect hormonal concentrations and metabolites.
Also, exercise training could modify the leptin response. It seems
that this response is related to several factors, such as intensity
and the duration of the exercise training, nutritional status of the
participants, circadian rhythm of leptin, the time of blood
sampling and caloric imbalance affected by the exercise
(Bouassida, 2006). Another proposed mechanism is related to
energy expenditure during exercise training. Several studies
suggest that generally short-term exercises (<60 minutes) or



physical activity that generated energy expenditure lower than
800 Kcals do not modify the concentrations of leptin (Kraemer et
al,, 2002). Decreased leptin concentration after a long-term
exercise (= 60 min) has been attributed to diurnal reduction in
circulating leptin and hormonal changes induced by exercise
(Bouassida 2006). Another reason for the lack of significant
reduction in leptin may be related to the increased amount of
cortisol during the training program. Some researchers have
reported that it may increase the amount of cortisol
simultaneously with the effects of exercise on leptin (Zafeiridis et
al,,2003). However, due to limited resources, the amount of these
hormones was not measured in the subjects in this study. In this
study, 8 weeks of resistance training had no significant effect on
insulin levels and insulin resistance. Possible mechanisms is
decreased insulin, increased glucose transport protein (GLUT4),



reduced secretion and increased free fatty acids, increased
delivery of glucose to the muscles and changes in muscle tended
to increase glucose availability (Irwin et al.,, 2005).

This study had such limitation such as small sample size, no
follow-up study and no measurements of daily physical activity in
two groups during eight weeks.

The high-intensity resistance exercise training increases glucose
uptake and glycogen is depleted. In this study, another reason to
expect a reduction in fat mass is related to insulin that the rate of
6.9% decrease. It seems that fat mass is associated with insulin
levels. So, reduced fat mass, also vary insulin levels. Perhaps, lack
of significant amounts of leptin is related to the nutrition status
and its type. High intensity and long term exercise probably by



increasing the muscle mass, skeletal muscle glucose transport
protein by increasing or decreasing the synthesis of fatty acids,
insulin sensitivity and glucose uptake by skeletal muscle activity
increases. One reason may be lack of meaningful resistance
exercise on insulin levels and insulin resistance in the present
study is exercise intensity and duration.

Conclusions

The present study demonstrated that 8 weeks resistance training
have a positive effect on reducing body weight, BMI, WHR and
percent body fat but could not decrease leptin, insulin and
glucose levels and insulin resistance. Based on these results, it
could be suggested that further research is recommended to
examine the effects of resistance training on leptin and insulin



resistance with control of factors such as lifestyle or daily energy
expenditure, diet or without it, cortisol and hormonal
concentrations.
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