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Abstract

Background: New pieces of evidence show that the leptin released from adipose tissue is associated with obesity; however, leptin
response to different types of exercise programs in humans is unknown.

Objectives: The aim of this study was to compare the effects of aerobic versus resistance training on serum leptin and insulin resis-
tance in sedentary men.

Methods: Thirty male volunteers with a mean age of 23.2 + 1.23 years, body mass index (BMI) 23.9 + 0.95 kg.m?, fat percent 18.28
= 115, and waist-to-hip ratio 0.89 & 0.02 were randomly assigned into three groups, including aerobic, resistance exercise, and
control groups (n =10). The resistance exercise program was performed for 60 minutes at 70% of one repetition maximum for 3
sets. Every set consisted of 10 repetitions per move (RPM) followed by a 30-second-rest interval between every station accompanied
by a 2-minute-rest between every set. The aerobic exercise program consisted of running on a treadmill for 30 minutes at 60 to 70
percent of reserved heart rate (maximum heart rate-heart rate rest). Fasting blood samples were collected before and after 6 weeks
after the termination of the exercise protocol in order to determine the plasma leptin level and insulin resistance.

Results: The results of one-way ANOVA showed that body fat percentage and waist-to-hip ratio were significantly decreased in both
experimental groups and maximum aerobic power and one repetition maximum of bench press plus leg press were significantly
increased (P < 0.05). In addition, insulin resistance levels were significantly decreased in both exercises groups compared with the
control group. However, the leptin level was significantly decreased in the aerobic exercise group compared with the other two
groups (P < 0.05).

Conclusions: According to these findings, both aerobic and resistance training without changes in body weight and body mass
index appear to be a non-prescriptive therapeutic approach to lower the insulin levels and insulin resistance in sedentary men.
However, aerobic versus resistance training may play a role in regulating systemic leptin.
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1. Background

Leptin is a hormone with several functions, including
long-term adjustment of body weight, energy balance, and
body temperature. This hormone is mainly produced by
adipocytes, which causes the feeling of fullness through
the hypothalamus neurotransmitter regulation and en-
ergy expenditure. There are pieces of evidence showing a
strong association between the serum leptin and fat level
within the body; however, there may be other factors, in-
cluding catecholamine, insulin, free fatty acids, food in-
take rate and gender involved in regulating the leptin lev-
els. In addition, previous studies show leptin plays a regu-
latory role in absorption and energy use (1). Research find-

ings show that exercise increases energy expenditure that
may alter body composition and may change plasma lep-
tin concentration (2).

Research results showed that short-term aerobic exer-
cise training caused no significant change in serum leptin
level (3). While other studies showed that extreme physi-
cal activity may lead to a decrease in leptin concentration
duetoadecreasein weightand fat mass(4). However, there
are insufficient research findings to show that short-term
exercise (less than 12 weeks) have any significant effect on
leptin unless when the exercise is linked to fat mass reduc-
tion (2, 5).

With respect to the exercise type, aerobic training is
commonly used for different reasons; however, resistance
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training is more beneficial for gaining physical fitness, in-
creased performance, injury prevention, increased mus-
cle size, as well as different physiological and biochemi-
cal responses (6). Several studies have shown that resis-
tance training programs resulted in positive changes in
body composition in obese individuals (7, 8). The results of
several studies have indicated that 6-week-resistance train-
ing has no significant effect on leptin levels in healthy men
(9)orintype2diabetes men (10) whereas Abedi and Abbasi-
Bakhtiari reported a decrease in leptin concentration and
insulin resistance after combined training in overweight
men (11).

2. Objectives

Considering the lack of concrete evidence against
the effectiveness of aerobic versus resistance training on
serum leptin level, this research was designed to compare
the effect of 6-week-aerobic training with resistance train-
ing in sedentary healthy men.

3. Methods

This quasi-experimental research was comprised of
three groups: aerobic, resistance exercise, and control
groups (Table 1). The inclusion criteria were body mass
index (BMI) within the range of 18.5 to 24.9 kg.m?, sys-
tolic blood pressure lower than 140 mmHg, diastolic pres-
sure below 90 mmHg, low-density lipoprotein cholesterol
(LDL- C) less than 130 mg.dL", HDL-C (40 - 60 mg.dL"), to-
tal cholesterol (TC) less than 200 mg.dL?, blood glucose
less than 100 mg.dL, and the waist-to-hip ratio (less than
0.95). The individuals with a history of regular physical ac-
tivity, weight change of more than 2 kg, any disease history,
cigarette smoking for the past six months, and BMI above
25, acute disease aggravated by sport, use of any medica-
tion were excluded from the study. The participants were
informed about the purpose, benefits, and risks of the re-
search and fulfilled a written informed consent before the
start of the project. The characteristics of the subjects are
presented in Table 1.

The participants referred to the laboratory at 8 - 10 AM
on the day of the exercise program for body composition
assessment. The body weight was measured bare-footed
with minimum cloth by a digital glass scale (GES-07) with
a precision of £ 0.1 kg and the height was measured by
a wall tread (model 44440 made by Kaveh Co., Iran with
a precision of £ 0.1 cm) in an erect standing position be-
side the wall. The waist circumference was measured at the

narrowest part of the waist at the end of a normal exhala-
tion. Hip circumference was measured at its most promi-
nent part. An elastic strip of non-reactive tape was used to
measure the size with no pressure applied to the body. BMI
was calculated by dividing body weight (kg) by squared
height (m?). Body fat percentage was calculated by using
three-site skinfold measures on chest,abdomen, and thigh
on the right side of the body repeated for three consecu-
tive times with 20 seconds rest interval between every mea-
surement. The average score was calculated and used as
the score to analyze the data. Jackson-Pollack formula (12)
and the Siri equation (13) were measured in the following
ways:

Body fat percentage =4.99: (BD)-4.55 x 100 (for people
under the age 0f 19)

Body fat percentage =4.95: (BD)-4.55 x 100 (for people
over the age of 19)

BD=1.10938-0.0008267 X (total fatin three areas/mm)
=0.0000016 X (total fatin three areasmm)*-0.0002574 X
(age to year)

Following the completion of the procedures, the par-
ticipants referred to the gym for learning how to use the
sport equipment and perform the exercise program. They
learned how to use weight lifting techniques and treadmill
(7410 Runner Made Italy). Every participant started his pro-
gram after 10 minutes of special warm-up exercise to deter-
mine one repetition maximum (1RM). Maximum Bruce test
was employed to estimate maximum oxygen consumption
(VO2pax) (14). Three days after the 1IRM test assignment and
estimation of VO2 ., the participants started the exercise
protocol.

The participants’ dietary data was recorded by a 24-
hour recall questionnaire in three days (two days at the be-
ginning of the week and one day at the end of the week)
and recorded in a special diet sheet (15, 16). The partici-
pants were asked to record all foods and beverages con-
sumed during the last 24 hours. To analyze the data, the
food consumed in grams was recorded. By using Dorosty
Food Processor software (NIII FP2), diet information was
analyzed to determine macronutrients during the entire
time of the activities. The participants received instruction
about a standard diet (15, 16). The energy requirement of
basic metabolism was calculated based on age, sex, weight
according to Harris Benedict’s formula. The total energy
needed per day was calculated after adjusting the activity
factor (17).

The exercise protocol included a general warm-up (10
minutes), special warm-up (3 to 5 minutes), aerobic, resis-
tance, stretching and cold-down exercise (5 minutes). The
resistance exercise was performed at 70% of one repetition
maximum, 10 repetitions per move for 3 consecutive sets
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Table 1. The Physical Characteristics of the Subjects in Pre- and Post-Test*

Variable/Time Group Aerobic Group Resistance Group Control Group F PValue

Age,y 0.704
Pre-test 2330 £ 134 2314137 22.9 +1.66

Height, cm 1593
Pre-test 168.6 + 4.27 167.8 1= 4.49 173.8 +10.32

Weight, kg 0.8 0.6
Pre-test 68.37 £3.57 67.12 % 5.61 69.89 £ 5.93
Post-test 68.26 +3.58 67114 5.77 69.78 £+ 4.93

BMI, kg.m? 1.85 0.28
Pre-test 24.04 +0.86 23.79 £ 115 24.05 £ 0.81
Post-test 23.99 + 0.87 2379 1.2 2425+ 0.92

V02,4, mLkg".min” 2.65 0.02°
Pre-test 37.27 = 2.80 38.12 £ 2.28 35.74 = 2.49
Post-test 4027+ 2.06° 38.66 +1.88° 36.24 +1.89

Fat, % 2.45 0.02°
Pre-test 18.88 + 117 18.76 £ 1.63 18.71£1.24
Post-test 17.6 135" 17.9 & 0.98" 18.91 % 0.01

WHR, cm 1.85 0.03°
Pre-test 0.89 4 0.009 0.89 4 0.015 0.89 & 0.01
Post-test 0.87 & 0.013° 0.87 & 0.012° 0.92 4 0.01

1RM chest press, kg 2.65 0.012°
Pre-test 66 +9.13 6.2t 1011 64.3 +10.01
Post-test 681+8.7° 75.6 +9.32° 63.15 % 9.41

1RM leg press, kg 235 0.028°
Pre-test 120.5 £ 12.45 124.05 £14.75 18 £16.3
Post-test 128 +1213° 1351 =+ 13.48" 19 +13.2

Values are expressed as mean =+ SD.
®The value of P < 0.05 was considered statistically significant.

with a 30-second-rest interval between every station and
a 2-minute-rest interval between every set. Resistance ex-
ercise program was performed in 10 stations as follows (1)
leg flexion, (2) leg extension, (3) foot press, (4) squats, (5)
armpit pull, (6) chest press, (7) cross-dumbbell movement
(8) curl with bar, (9) triceps and, (10) sit-up. The aerobic ex-
ercise was performed on a treadmill. The participants ran
for30 minutes at 60 to 70% of maximum oxygen consump-
tion (18).

The blood sample was collected by a lab technician af-
ter 8 to 10 hours of fasting before and after the start and
termination of the exercise protocol by drawing 10 cc of
venous blood in a sitting position. The serum was imme-
diately separated in a lab through a centrifugal procedure
at3000 rpm and kept frozen at-70°C until the analysis day.
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Fasting blood glucose was measured by glucose oxi-
dase enzyme (kits of Pars Azmoon Co., Tehran, Iran) and by
Hitachi 902 (Germany). Serum leptin level was assessed by
using a leptin kit (DRG-Diagnostica, GmbH, Germany) with
asensitivity of ing.mL" and a coefficient of intrinsic and ex-
traversion changes of 4.5 and 6.6%, using competitive sand-
wich ELISA. Serum insulin level was measured using an in-
sulin kit (DRG-Diagnostica, GmbH, Germany) with a sen-
sitivity of 1.76 pULmL" and an intra-control and extraver-
sion coefficient of 2.19 and 4.43%, respectively by compet-
itive sandwich ELISA. The homeostasis model assessment
(HOMA) index was calculated based on the product of fast-
ing blood glucose concentration (mmol.L?) in the fasting
insulin concentration (ug.mL") divided by the constant
factor of 22.5. All blood samples were evaluated for every
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variable at a specific time to minimize variation (6). Con-
centrations of hormones after the activity were adjusted
for plasma volume changes. In the present study, Shapiro-
Wilk method confirmed the normality of the dependent
variables. Furthermore, parametric statistical methods,
including one-way ANOVA and Tukey’s post hoc test were
used to compare the differences. All the analyses were per-
formed by using SPSS 21 software at a significance level of
0.05.

4. Results

In Table 1, the physical characteristics of the experi-
mental and control groups before and after the exercise
program are presented. The results of One-way ANOVA
indicated that there was a significant difference in fat
percentage change, waist-to-hip ratio, maximum aerobic
power, maximum repeat bench press, and leg press in
three groups (P < 0.05). Tukey’s post hoc test showed
that the experimental groups (aerobic and resistance) im-
proved significantly compared with the control groups in
these variables after the exercise program.

In addition, the result of ANOVA showed that there was
a significant difference between the levels of insulin resis-
tance and leptin in the 3 groups (P < 0.05); Tukey’s post
hoc test showed that the levels of insulin resistance were
significantly decreased in both aerobic and resistance ex-
ercise groups compared with the control group. Also, the
leptin level was significantly decreased in the aerobic ex-
ercise group in comparison to the resistance and control
groups. These results are presented in Table 2.

5. Discussion

According to the results of this study, six weeks of ex-
ercise regardless of its type (aerobic, resistance) reduced
total insulin resistance in sedentary individuals. These re-
sults were in agreement with the findings of some other
studies that reported improvement in insulin resistance
in healthy and obese subjects after participation in the en-
durance training program (19, 20). In addition, the result
of this study showed that insulin resistance was decreased
without any significant change in body weight and BM];
a finding similar to the findings of other studies reported
earlier (21, 22).

It has been well documented that endurance exercise
(acute and prolonged) improves insulin resistance due to
temporary muscle contraction and increased glucose up-
take and skeletal muscle mass (23). Several studies suggest
that similar resistance exercise together with endurance

training can lead to improvement in insulin resistance (21-
23). Some studies also suggest that resistance exercise may
be a useful intervention to increase insulin sensitivity in
free-fat tissue masses in normal subjects (21,24) and young
people with insulin resistance (25). Therefore, the mecha-
nism responsible for improving insulin function includes
both and glucose transfer protein (Glut-4) and positive reg-
ulation of insulin receptor components such as insulin
receptor protein, protein kinase B, and glycogen synthe-
sis (22). The present study showed that exercise regard-
less of its type improves the insulin activity in the seden-
tary men accompanied by no change in weight and BML
However, the decrease in body fat percent, waist/hip ratio
(W/[H), upper strength (BPmax), and lower limb (LPmax) in
the participants of this study show that it is possible to de-
crease insulin resistance without these changes; neverthe-
less, considering these changes as a potential mechanism
for decrease in insulin resistance needs further research.
Therefore, the improvement in insulin resistance as a re-
sult of exercise may have occurred via other mechanisms
such as adipokine mediators (26).

This study also showed that 6-week-aerobic exercise re-
ducesleptinresponse in healthy sedentary men. Friedman
et al. observed that 8 to 12 weeks of aerobic exercise per-
formed in 5 days a week, 1.5 hours per day at 70% maxi-
mum rate of oxygen consumption (VO2p,,«) intensity re-
sulted in the 85% lower expression of leptin mRNA in sub-
cutaneous fat in rats. The exercise group also showed a
lower body fat percentage that may indicate a relationship
between the expression of leptin and body fat (27). In addi-
tion, Fedewa et al. examined the effect of moderate aerobic
exercise (50% VO2p,y)and showed a decrease in leptin level
concentrations in middle-aged obese inactive females. The
ratio of leptin concentration to body mass and BMI was
decreased after the exercise program. These authors sug-
gested that the decrease in leptin concentration was prob-
ably due to weight loss (28). On the other hand, Karacabey
examined the effect of 12 weeks of aerobic exercise per-
formed by 40 obese boys and concluded the BMI, LDL-C,
cortisol, leptin, and insulin levels were significantly lower
in the training group after 12 weeks compared with base-
line values, whereas HDL-C levels were significantly higher.
In contrast, in the control group, LDL-C, cortisol and leptin
levels after 12 weeks were significantly higher than baseline
values while HDL-C levels were significantly lower. These
results show the importance of regular training in the reg-
ulation of body weight and protection against cardiovas-
cular risk factors in obese children (29); however, it is un-
clear how the leptin responds to exercises considering the
contradictory results reported earlier. Probably the con-
tradictory findings in regard to leptin response to exercise
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Table 2. The Serum Levels of Insulin, Glucose, Insulin Resistance, and Leptin in Pre- and Post-Test*

Variable/Time Group Aerobic Group Resistance Group Control Group F P Value
Insulin, mcIU.mL" 2.869 0.057
Pre-test 6.74 + 0.82 6.25 & 0.32 6.54 + 0.56
Post-test 6.86 + 0.42° 5.8 4.022° 6.54 4 0.6
Glucose, mmol.L" 2.09 0.069
Pre-test 474019 4571038 4.93 4039
Post-test 4.7+ 017 4.55+ 032 4.93+ 039
Insulin resistance 3.28 0.04°
Pre-test 141+ 0.21 128 £ 0.13 143 £ 0.24
Post-test 1224+ 0.9° 117+ 0.93° 1634034
Leptin, ng. mL" 2.69 0.04°
Pre-test 634 £1.23 6.05 1 0.85 6.35 £ 1.20
Post-test 5.03 %+ 0.53° 5.8+ 0.67 6.55 1= 1.42

*Values are expressed as mean == SD.
®The value of P < 0.05 was considered statistically significant.

are due to the population (male, female, trained and not
practiced), types of exercises used (type, intensity, dura-
tion and volume) or energy costs for the participants (2).
Leptin plays an important role in regulating food intake
and energy costs. In other words, leptin reduces appetite
through the central nervous system by neuropeptide Y (an
appetite enhancer). Moreover, it leads to an increase in
caloric intake by stimulating the sympathetic system, thus
the response of the central nervous system to plasma lep-
tin leads to a decrease in the volume of adipose tissue and
inhibits the production of leptin (30). Some researchers
have reported that lowering leptin due to exercise tends
to increase catecholamine and lower serum insulin levels.
Physical activity includes a significant part of the energy
cost of humans. This indicates that energy consumption
positively or negatively affects the expression level of the
leptin gene expression. Thus energy expenditure changes
may affect the amount of leptin via the exercise (31).

The findings of the present research were inconsis-
tent with the findings of other researchers with respect
to the effect of resistance exercise on leptin in which it
was demonstrated leptin change was associated with a de-
crease in weight (32). Resistance training may lead to a
lower energy consumption state as the time of exercise
continues; this kind of exercise compared with aerobicand
concurrent exercise results in maintaining body mass fat-
free through a lower metabolic rate. Contradictory find-
ings have been reported about the effect of strength train-
ing on leptin when limited number of short-term exer-
cise studies have been contrasted with longer period stud-
ies (33). For instance, Eftekhari et al. studied physical
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activity, lipid profiles, and leptin who observed the five-
week moderate- intensity aerobic training had significant
changes in BW and HDL in young females but had no sig-
nificant impact on BMI, FP, FM, FFM, LDL, TG, TC, and lep-
tin concentration (34). In a randomized controlled study,
Abedi and Abbasi-Bakhtiari examined the effect of exer-
cise program on leptin response and reported that lep-
tin changes were strongly associated with the metabolic
rate of rest, anthropometric, BMI, and W/H ratios changes.
While the percentage of decrease in leptin level was pos-
itively correlated with a decrease in BM], it was inversely
associated with the changes in the metabolic rate of rest.
Thus a significant change in leptin depended on aerobic
exercise, the individual, resistance exercise program, con-
dition of the participants, and energy balance. As has been
stated earlier, resistance training results in a significant de-
crease in leptin secretion when the frequency of exercise
sessions approaches the true point (11).

5.1. Conclusions

According to the findings, both aerobic and resis-
tance training without changes in body weight and body
mass index appear to be a non-prescriptive therapeutic
approach to lower insulin levels and insulin resistance in
sedentary men. However, aerobic versus resistance train-
ing may play a role in regulating systemic leptin.
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