
182

Original Investigation/Orijinal Araştırma

©Copyright 2020 by the University of  Health Sciences Turkey, İstanbul Training and Research Hospital/İstanbul Medical Journal published by Galenos Publishing House.
©Telif  Hakkı 2020 Sağlık Bilimleri Üniversitesi İstanbul Eğitim ve Araştırma Hastanesi/İstanbul Tıp Dergisi, Galenos Yayınevi tarafından basılmıştır.

İstanbul Med J 2020; 21(3): 182-9

Received/Geliş Tarihi: 20.12.2019
Accepted/Kabul Tarihi: 15.04.2020

Address for Correspondence/Yazışma Adresi: Meral Küçük Yetgin Assoc. Prof., Marmara University Faculty of Sport 
Sciences, Department of Coaching Education, İstanbul, Turkey
Phone: +90 530 304 87 42 E-mail: meral.kucukyetgin@marmara.edu.tr ORCID ID: orcid.org/0000-0002-4916-5661

Cite this article as/Atıf: Küçük Yetgin M, Agopyan A, Küçükler FK, Gedikbaşı A, Yetgin S, Çelik Kayapınar F, 
Özbar N, Biçer B, Çotuk HB. The Effects of Resistance and Aerobic Exercises on Adiponectin, Insulin Resistance, 
Lipid Profile and Body Composition in Adolescent Boys with Obesity. İstanbul Med J 2020; 21(3): 182-9.

Introduction: This present study aimed to examine the effects 
of long-term resistance exercise (REG) and aerobic exercise 
(AEG) on the adiponectin, insulin resistance, lipid profile and 
body composition in adolescent boys with obesity.

Methods: Sixteen obese adolescent boys (age: 16.81±0.91 years) 
who studied at high school in İstanbul voluntarily participated 
in the study. The participants were randomly divided into two 
groups of (REG; n=8) and (AEG; n=8). The participants followed 
their exercise schedule for six months (3 days/wk, 60 min/day). 
The serum lipid profile, adiponectin, glucose, insulin resistance 
(HOMA-IR) levels and body composition of the participants 
were evaluated at the beginning and end of the study. A 
Wilcoxon matched-pairs signed-rank test and Mann-Whitney 
U test were used for analyses, and the criterion for statistical 
significance was set at p<0.05.

Results: HOMA-IR, insulin, glucose and serum lipid levels 
decreased in both groups (p<0.05). Adiponectin and high-
density lipoprotein increased only in the AEG (p<0.05). Low-
density lipoprotein level was statistically decreased only in the 
REG (p<0.05).

Conclusion: These results indicated that both types of exercises 
had positive effects on insulin resistance, per cent body fat, 
weight and fat-free body mass. Long-term (6 months) aerobic 
and REG had different positive effects on adiponectin and the 
lipid profile. Although the effects of long-term aerobic exercise 
on biochemical parameters are higher than REG, it was 
remarkable that REG proved to be an alternative model to AEG.
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Amaç: Bu çalışma obezitesi olan erkek adolesanlarda, uzun 
süreli direnç egzersizin (DEG) ve aerobik egzersizin (AEG), 
adiponektin, insülin direnci, lipid profili ve vücut kompozisyonu 
üzerindeki etkilerinin incelenmesi amacıyla yapılmıştır. 

Yöntemler: Çalışmaya, İstanbul ilindeki liselerde öğrenim gören 
16 obez erkek adolesan (yaş: 16,81±0,91 yıl) gönüllü katılmıştır. 
Katılımcılar, (DEG; n=8) ve (AEG; n=8) egzersiz grupları 
olmak üzere ikiye ayrılarak, altı ay boyunca (3 gün/hafta, 60 
dakika/gün) egzersiz programlarını takip etmiştir. Çalışmanın 
başlangıcında ve sonunda gönüllülerin vücut kompozisyonları 
ölçülmüş; ayrıca alınan kan örneklerinden, serum lipid profili, 
adiponektin, glikoz, insülin direnci (HOMA-IR) düzeyleri ve 
vücut kompozisyonu değerlendirilmiştir. Analizler için Wilcoxon 
eşlenik-çift testi ve Mann-Whitney U testi kullanıldı ve istatistiksel 
anlamlılık kriteri p<0,05 olarak belirlenmiştir. 

Bulgular: Her iki grupta da HOMA-IR, insülin, glikoz ve vücut 
yağ düzeyleri azaldı (p<0,05). Adiponektin ve yüksek yoğunluklu 
lipoprotein artışının sadece AEG’de olduğu gözlenmiştir (p 
<0,05). Düşük yoğunluklu lipoprotein düzeyi sadece DEG’de 
istatistiksel olarak azaldığı belirlenmiştir (p<0,05).

Sonuç: Bu sonuçlar, her iki egzersiz türünün de insülin direnci, 
vücut ağırlığı ağırlık ve yağsız vücut kütlesi ve vücut yağ yüzdesi 
üzerinde olumlu etkileri olduğunu göstermiştir. Uzun süreli 
(6 ay) aerobik ve DEG’nin adiponektin ve lipid profili üzerinde 
farklı pozitif etkileri vardır. Uzun süreli AEG’nin biyokimyasal 
parametreler üzerindeki etkileri, DEG’den daha fazla olmasına 
rağmen, DEG’nin AEG’ye alternatif bir model olduğu dikkat 
çekmektedir.

Anahtar Kelimeler: Adiponektin, insülin, lipid profili, egzersiz, 
obezite
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Introduction
The prevalence of being overweight and obesity in children, adolescents 
and adults have risen substantially worldwide (1). The European Union 
Action Plan on Childhood Obesity 2014-2020 emphasises physical 
activity as well as a regulated diet in children to halt this increase in the 
number of overweight and obese adolescents by 2020 (2).

Adipokines secreted from adipose tissue may play a key role in the 
pathogenesis of obesity, insulin resistance and atherosclerosis by 
increasing subclinical inflammation (3). Adiponectin is one of the 
main adipokines secreted from adipose tissue. Adiponectin facilitates 
the clearing of glucose, triglycerides and free fatty acids from plasma; 
it decreases gluconeogenesis and increases insulin sensitivity (4). 

Individuals with obesity have lower adiponectin but higher leptin levels 
than individuals without obesity (5). Leptin is a hormone released by 
adipose tissue that aids in the regulation of body weight and energy 
homeostasis. Increased fat mass causes an elevation in leptin levels, 
which signal satiety and a mild increase in the basal energy expenditure. 
On the other hand, decreasing the body’s fat stores via regular exercise 
and/or dieting causes a reduction in leptin levels. However, exercise can 
also cause changes in leptin concentration without an accompanying 
change in body composition.

Different forms of exercise training could favourably modify weight-
related complications, cardiovascular risk factors and the inflammation 
(6). Recently, resistance exercise has been recommended for children 
with obesity. While aerobic exercise is primarily an aerobic energy-
producing process, resistance exercise is a type of exercise that increases 
primarily the force generation capacity of muscles (7). No consensus 
exists about the probable role of exercise in children on reductions in 
body fat and its effect on adipokines (e.g. adiponectin) (8). Only a few 
studies have investigated the effects of resistance exercise on adipokines, 
lipids and insulin resistance in adolescents (9,10).

Information about health-related factors and early intervention effects 
among adolescents with obesity are important aspects in establishing 
targeted strategies and promoting lifestyle changes for preventing 
diseases. A better understanding of the metabolic responses to different 
types of exercise may help tailor interventions to maximise the likelihood 
of achieving health benefits among adolescents with obesity. Within this 
context, the main purpose of this study was to compare the effects of 
structured six-month resistance versus aerobic-exercise programmes on 
the serum lipid profile, adiponectin and insulin resistance.

Methods

Participants

For the recruitment of voluntary participants, we contacted state high 
schools near the selected fitness centre in the Sisli district of Istanbul. 
From this group, adolescents with obesity were selected according to 
Cole et al. (11) (who used “international cut-off points for Body Mass 
index (BMI)” for obesity by sex between 2 and 18 years old) and invited 
them to the initial meeting. Twenty-three students and their parents 
decided to participate in the 6-month study and provided informed 
consent. Seven of the participants dropped out of the study because of 

various reasons (non-compliance with the exercise schedule, Ramadan 
(fasting period) discontinuation), and the study was completed with 
16 participants. This study was approved by the ethics committee of 
Marmara University Faculty of Medicine (116/27.02.2009). The study 
was performed, followed by the ethical guidelines of the Declaration 
of Helsinki. Before data collection, all participants provided written 
informed consent. Since all participants were younger than 18 years old, 
parents also gave written permission for participation.

Participants were excluded from this study if they had secondary obesity 
due to endocrine causes (Cushing’s syndrome, hypothyroidism, others), 
used drugs for chronic diseases (diabetes mellitus, thyroid disease, 
cardiovascular disease, other conditions), were not able to exercise for 
any reason, or took part in a regular exercise programme in the last six 
months (except in physical education courses at school), or were smoking 
or drinking alcohol. The participants did not have any sports experience 
before the study. An experienced physician reviewed their complete 
medical history, performed a physical examination and assessed pubertal 
development according to the Tanner criteria. The Tanner stage was 
determined on a paper chart by  the bariatric paediatrician during the 
physical examination of the participants (12). The Tanner scale defines 
stages based on the development of pubic hair and testicular volume in 
males. All participants were in Tanner stage IV-V.

The investigation was performed as a parallel-group design and lasted 
for six months. The participants were randomly divided into two exercise 
groups, the resistance-exercise group (REG) (n=8) and the aerobic-
exercise group (AEG) (n=8).

A dietitian provided the participants and their families with counselling 
and recommendations on balanced nutrition and considered the 
participant’s age, gender and physical activity. However, a structured 
diet programme was not implemented throughout the study. The 
participants were asked not to consume any antioxidant supplements 
throughout the study.

Experimental Protocol

This study was conducted using two groups in a pre-post design 
interventional study without a control group at the Marmara University 
Athletic Health Research Center, İstanbul, Turkey. The duration of the 
study was six months. All participants visited the research unit three 
times, and they were familiarised with all experimental tests before 
the baseline performance. The tests were completed in three days in 
the same standardised environmental conditions. The same three day-
protocol was employed within the first week following the end of the 
6-month exercise programme.

The participants were requested not to perform strenuous exercise in 
the last 24 hours before testing. They were instructed to avoid drinking 
or eating for at least 12 hours before the anthropometric measurements, 
and blood samples were taken. In addition, exercise test participants 
were advised to abstain from caffeine and taurine products, such as 
coffee and energy drinks, for 24 hours before the test. Questionnaires 
were completed to determine age, obesity history, possible chronic 
disease history, dietary habits and problems that they might encounter 
during their daily life activities using face-to-face interviews.
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Blood Sampling and Analysis of Biochemical Markers

Blood samples were obtained at the same time of day (8.00 am to 9.30 
am) following a 12-hour overnight fasting period; a venous blood sample 
was taken in separate dry-gelled tubes twice to measure the initial values 
before and after the exercise period. The tubes were centrifuged at 2000 
g (10 min) to remove the serum. The blood samples were analysed 
within an hour for routine clinical, biochemical tests. Serum glucose, 
total cholesterol, triglyceride and high-density lipoprotein (HDL) and 
low-density lipoprotein (LDL) cholesterol levels were colourimetrically 
measured by Abbott Aeroset Clinical Chemistry Autoanalyzer using 
commercial kits (Abbott Aeroset, Abbott Diagnostics, Abbott Park, IL, USA). 
Serum-free T4 and thyroid stimulating hormone levels were measured by 
Abbott  Architect  automated  chemiluminescence  immunoassay with 
commercial kits (Abbott Diagnostics, Abbott Park, IL, USA). Insulin levels 
were determined by Immulite 1000 chemiluminescence autoanalyser 
and used commercial kits (Siemens, USA). Serum levels of adiponectin 
were assessed by the enzyme-linked immunosorbent assay (ELISA) 
technique. Adiponectin levels were measured with AssayMax Human 
Adiponectin (Acrp30) ELISA Kit (catalogue EA2500-1, Lot 7250521) by the 
ELISA method based on the sandwich method (Assaypro, Missouri, USA). 
The homeostatic model assessment for insulin resistance (HOMA-IR) 
method was used to determine insulin resistance.

Anthropometric Measurements

Body composition (height, weight, body fat weight and percentage, 
abdominal fat, lean body mass, body muscle mass) was determined 
with a body composition analyser (X-SCAN, Jawon Medical, Korea). 
Measurements were performed while the participants were wearing 
light clothing and no shoes. The BMI was calculated as weight 
(kg)/ height2 (m2). BMI cut points for overweight and obesity are based 
on recently developed international BMI values for adolescents (11).

Exercise Programmes

Both groups attended their specialised exercise programme for six 
months for three sessions per week (3 days/wk, 60 min/day) at the 
same time of each day (4.00 pm–5.00 pm) and the same days of the week 
(Monday, Wednesday and Friday) throughout the intervention period 
(from February - August). The intensity of exercise was controlled by 
a Polar telemetric pulse metre (Polar S625x, Polar Electro Oy, Finland) 
attached to the participant’s chest.

Each exercise session was divided into warm-up (10 minutes), main 
exercise (45 minutes) and cool-down (5 minutes) sections. The standard 
warm-up (walking, jogging, multidirectional movements, dynamic 
stretching exercises of large muscle groups) and cool-down exercises 
(mild stretching, slow-paced walking, breathing exercises, relaxation) 
were performed before and after the main exercise section. The main 
exercise sections were structured separately for the two groups. Every 
exercise session of the exercise programmes was supervised by two 
advisers who were in the research group.

Aerobic-exercise Programmes

The exercise prescription consisted of 6 months of progressive 
cardiovascular exercise at a local fitness centre. The exercise intensity 
was designed for intensity of the maximum heart rate of 50%-60% for 

the first two months, 60%-70% for the third and fourth months and 70%-
75% for the fifth and sixth months.

The exercise intensity was determined using the Karvonen method (13). 
The AEG participants performed aerobic exercises on treadmills and 
elliptical devices and some general strength exercises with different 
versions (sit-ups, back extensions, squats, push-ups) using only their 
body weight. A 30-second rest between movements with 3 minutes 
between sets was provided. The aerobic protocol required one to three 
sets, 10-20 repetitions of four to six exercises per session.

Resistance-exercise Programme

The exercise prescription consisted of 6 months of progressive resistance 
exercise at a local fitness centre. From the baseline assessment of 
maximum strength, the initial one-repetition maximum (1-RM) of the 
individual participants of REG was estimated. The fitness equipment 
weights that participants were able to move were determined by 
attempting to lift different weights. This procedure to evaluate maximal 
muscle strength has also proved to be relatively safe for children and 
adolescents (14). The resistance-exercise sessions consisted of total body 
workouts comprising a combination of different body weight and power 
exercises using a variety of equipment. Accordingly, the appropriate 
exercise programme for each individual was established by calculating 
50%-60% of 1-RM during the first two months, 60%-70% of 1-RM during 
the second two months and 70%-75% of 1-RM during the last two months. 
The initial 1RM measures were used to calculate exercise weights. The 
first workout consisted of two sets of 15 repetitions during weeks 1-8 
and three sets of 15 repetitions during weeks 9-24. Rest periods were 
provided for 60 seconds between movements and 2 minutes between 
sets. Exercises included chest pulls, leg extensions, leg curls, push-ups, 
reverse push-ups, chest presses, biceps, triceps and shoulder presses.

Statistical Analysis

Descriptive statistics were expressed as mean values, medians, SDs, first 
and third quartiles and value ranges. The normality of variables was 
tested by the Shapiro Wilks test. The nonparametric Wilcoxon signed-
rank test was used to determine within-group differences between 
the values of variables among time. The nonparametric Wilcoxon 
matched-paired signed-rank test was used to assess the significance 
of the differences between the mean values of variables in the groups. 
Differences between groups were computed using a nonparametric 
Mann-Whitney U test. The criterion for statistical significance was set 
as p<0.05.

Results
The demographic and body composition variables of pre-test and 
post-tests for the participants are presented in Table 1. There was no 
statistically significant difference between the pretest (p>0.05) results 
related to demographic, body composition (Table 1) and biochemical 
values (Table 2). All participants had obesity according to the 
international age-related cut-off points for childhood obesity. There was 
a significant difference (p<0.05) for height between pre- and post-tests 
for both groups (Table 1). The BMI decreased (p<0.05) between pre- and 
post-tests for the REG group. Body fat percentage decreased significantly 
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(p<0.05) after exercise in both groups (Table 1) with weight, body fat and 

fat-free mass stability (p>0.05).

In the AEG, there were significant differences between pre- and post-test 

values for HDL, adiponectin, glucose, insulin and HOMA-IR (Table 2). The 

AEG also had a positive effect on triglyceride, LDL and total cholesterol; 

however, the result was not statistically significant. In the REG, there 

were significant differences between pre- and post-test values for LDL, 

glucose and HOMA-IR parameters (Table 2). Resistance exercise had a 

positive effect on triglycerides, HDL, total cholesterol and adiponectin 

and insulin, although a statistically significant difference was not found. 

There were no significant differences for pre- and post-test results 

between groups for any of the demographic, body composition (Table 1) 

and biochemical (Table 2) variables of interest.

Discussion

The present study was conducted to compare the effects of structured 

6-month (3 days/wk, 60 min/day) resistance exercise versus aerobic-

exercise programmes on the serum lipid profile, adiponectin, insulin 

resistance and body composition. The main finding of this study was 

that HOMA-IR, insulin, glucose and body fat percentage significantly 
decreased in both exercise groups without losing weight. Adiponectin 
and HDL increased only in the AEG, and LDL decreased only in the REG. 
These results indicated that both types of exercises had positive effects 
on insulin resistance and per cent body fat with weight and fat-free 
mass stability. Long-term (6-months) aerobic and resistance exercises 
had different positive effects on adiponectin and lipid profiles. Although 
the effects of long-term aerobic exercise on biochemical parameters are 
higher than resistance exercise, resistance exercises could be proved as 
an alternative model to aerobic exercises.

Exercise leads to changes in glucose and lipid metabolism mediated 
by adipokines. However, the research findings regarding the effects 
of exercise on serum leptin, adiponectin, lipid and insulin levels 
in children with obesity and youth are not equivocal. Some studies 
reveal that adiponectin levels increase, and leptin levels decrease after 
aerobic exercises (15,16). Conversely, other studies show no changes 
in adiponectin and leptin levels after aerobic exercises (17). While the 
decrease in total cholesterol and LDL levels were minimal, the increase 
in HDL levels was significantly high in most exercise-lipid studies 
(18). On the other hand, Sénéchal et al. (19) investigated metabolic 

Table 1. Demographic and body composition variables of pretest and posttests for resistance-exercise group (n=8) and aerobic-exercise 
group (n=8)

Pre-exercise Post-exercise Difference
ap (post-pre)

Median (Q
1
, Q

3
) Median (Q

1
, Q

3
) Median (Q

1
, Q

3
)

Height (cm)

AEG 174.2 (167.25, 179) 177.15 (168.3, 180.5) 1.4 (0.95, 2.4) 0.012*

REG 174.4 (170.5, 181.7) 175.7 (171.85, 184) 1.5 (0.9, 2.6) 0.012*
bp 0.645 0.505 0.959 -

Weight (kg)

AEG 91.85 (89.1, 101.95) 94.8 (88.2, 102.6) 0.25 (-4, 3) 0.674

REG 98.65 (92.15, 110.3) 99 (84.35, 106.2) -2.95 (-9.6, 0.85) 0.237
bp 0.442 0.878 0.382 -

BMI (kg/m2)

AEG 32.15 (29.35, 34.65) 30.45 (29.9, 33.15) -0.9 (-1.95, 0.55) 0.208

REG 31.8 (30.65, 35) 30.4 (27.95, 33.2) -1.4 (-3.7, -0.45) 0.049*
bp 0.878 0.645 0.328 -

Percent body fat (%)

AEG 32.4 (30.35, 36.15) 30.7 (29.55, 33.6) -1.05 (-2.85, -0.7) 0.018*

REG 33.65 (30.5, 35.3) 31.6 (26.2, 33.6) -2.55 (-5.05, -0.6) 0.049*
bp 0.959 0.798 0.382 -

Body fat (kg)

AEG 29.75 (27.9, 36.2) 28.4 (26.4, 34.7) -1.8 (-3.95, 0.45) 0.068

REG 34.85 (28.1, 39.7) 31.5 (22.1, 37.4) -3.15 (-6.75, -0.45) 0.069

bp 0.721 0.959 0.721 -

Abdominal fat (kg)

AEG 4.95 (4.4, 6.7) 4.45 (4.2, 5.95) -0.4 (-1.15, 0) 0.058

REG 5.95 (4.45, 7.25) 5.2 (3.1, 6.65) -0.75 (-1.4, -0.15) 0.093
bp 0.645 0.959 0.645 -

Lean body mass (kg)

AEG 64.15 (60.65, 66.9) 64.95 (61.05, 68.65) 1.15 (-1.3, 2.15) 0.575

REG 66.4 (61.45, 70.6) 65.6 (62.25, 70.7) -0.5 (-2.85, 2) 0.575
bp 0.442 0.645 0.645 -

Body muscle mass (kg)

AEG 59 (55.55, 61.15) 59.8 (55.9, 62.9) 1.3 (-1.15, 2) 0.441

REG 60.85 (56.2, 64.4) 59.95 (57.4, 64.8) -0.35 (-2.35, 1.95) 0.674
bp 0.442 0.798 0.645 -

Notes: Data are presented as mean ± SD, SD: standard deviation, a: Wilcoxon signed-rank test, b: Mann-Whitney U test, *: p<0.05, Data are presented as mean ± SD, REG: resistance-
exercise group, AEG: aerobic-exercise group, BMI: Body Mass index, Q

1
: first quartile, Q

3
 : third quartile, cm: centimeter, kg: kilogram
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responses in overweight individuals and adolescents with obesity (13-

19 years old) following a 6-month (3 days/wk, 30-45 min/day) vigorous-

intensity aerobic exercise (>70% of heart rate reserve), a moderate-

intensity aerobic exercise (40%-55% of heart rate reserve), or a control 

group. They provided evidence that the metabolic response to aerobic 

exercise in overweight individuals and adolescents with obesity at risk 

of type 2 Diabetes Mellitus was significantly related to the increase in 

cardiorespiratory fitness.

Adiponectin is a novel adipose-specific collagen and plays a significant 

role in metabolic disorders (20). The review by Bouassida et al. (21) 

reported disparate findings on the responses of adiponectin to short- 

and long-term exercise in sedentary and trained subjects. In addition, 

there is a lack of consensus about the effects of exercise on adiponectin 

in children and adolescents. Regarding exercise modality, the systematic 

review reported that concurrent aerobic plus resistance exercise 

improves body composition, metabolic profiles and inflammatory 

state in the obese paediatric population (10). In the present study, the 

adiponectin level increased only in the AEG.

Contrary to our results, aerobic exercises did not affect the level of 

adiponectin in various studies in the paediatric population (22). 

However, our findings agree with previous reports where aerobic 

exercise increased adiponectin levels (23). On the other hand, the results 

of the present study do not support previous reports where resistant 

exercise increased adiponectin levels. Montrezol et al. (24)  have shown 

that resistance exercises increased adiponectin levels. Both aerobic and 

resistance exercise improved plasma adiponectin levels in about one-

third of trials, including sedentary, overweight and subjects with obesity 

or type 2 diabetes (19). These different findings regarding adiponectin 

levels can be explained by the study design or the subject profiles. A 

systematic review of the literature showed that a relationship between 

exercise and increased adiponectin levels were not observed in the 

majority of randomised controlled trials to date. However, this does not 

indicate that exercise is ineffective in this regard. Rather, it highlights 

the necessity for more robustly designed studies (25). Besides, in light 

of the recent conclusion that concurrent exercise is recommended to 

modify body composition and reduce adiponectin levels, at this point, 

the available data is insufficient to conclude the adipokine response to 

different modes of exercise (26).

The response of the lipid profile was partially different in our two exercise 

groups. While the total cholesterol and triglyceride levels remained 

Table 2. Biochemical test variables of pretest and posttests for resistance-exercise group (n=8) and aerobic-exercise group (n=8)

Pre-exercise Post-exercise Difference
ap (post-pre)

Median (Q
1
, Q

3
) Median (Q

1
, Q

3
) Median (Q

1
, Q

3
)

Glucose (mg/dL)

AEG 97.5 (96.5, 101.5) 91 (86.5, 94.5) -9.5 (-13, -4.5) 0.017*

REG 103.5 (99, 105) 88 (85, 91) -14.5 (-18.5, -9.5) 0.021*
bp 0.234 0.574 0.161 -

Insulin (µIU/mL)

AEG 17.55 (14, 24.7) 10.82 (6.43, 15.68) -7.88 (-9.49, -4.78) 0.017*

REG 13.05 (8.11, 20.4) 7.93 (5.99, 9.98) -4 (-8.07, -0.23) 0.036*
bp 0.382 0.328 0.382 -

HOMA-IR

AEG 4.35 (3.52, 5.91) 2.27 (1.49, 3.69) -2.16 (-2.57, -1.6) 0.017*

REG 3.41 (2.1, 4.92) 1.75 (1.38, 2.18) -1.46 (-2.27, -0.32) 0.012*
bp 0.382 0.279 0.328 -

Total cholesterol (mg/dL)

AEG 171.5 (152, 185.5) 173 (147.5, 185.5) -4.5 (-12, 15) 0.889

REG 141.5 (136.5, 175.5) 135.5 (120, 152.5) -16 (-22, 1) 0.068
bp 0.161 0.130 0.234 -

Triglyceride (mg/dL)

AEG 119.5 (116, 143.5) 145.5 (109.5, 171) 16.5 (-16, 41.5) 0.263

REG 117 (83, 169) 110 (86, 125) -14.5 (-30, 21) 0.528
bp 0.721 0.161 0.161

LDL (mg/dL)

AEG 110.7 (95.3, 118.3) 107 (77.4, 118.9) -10.9 (−8.1, 2.7) 0.141

REG 80.8 (77.2, 113) 72.5 (63.2, 99.5) -12.2 (-15.7, -1.5) 0.034*
bp 0.195 0.130 0.798 -

HDL (mg/dL)

AEG 34 (31, 37) 39 (33.5, 42.5) 4 (1.5, 6) 0.027*

REG 34 (30.5, 43.5) 36 (35, 38.5) 1.5 (-1.5, 3.5) 0.473
bp 0.798 0.442 0.195 -

Adiponectin (µg/mL)

AEG 5.86 (5.05, 14.35) 9.58 (7.27, 13.73) 2.58 (0.74, 3.72) 0.036*

REG 6.16 (4.2, 11.61) 8.91 (7.58, 11.39) 2.17 (1.17, 4.23) 0.123
bp 0.721 0.878 0.959 -

Notes: Data are presented as mean ± SD, SD: standard deviation, a:Wilcoxon signed-rank test; b: Mann-Whitney U test, *: p<0.05, REG: resistance-exercise group, AEG: aerobic-exercise 
group, HOMA-IR: insulin resistance, LDL: low-density lipoprotein, HDL: high-density lipoprotein, Q

1
: first quartile, Q

3
: Third quartile
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unchanged in both the AEG and REG, the HDL level increased only in 
the AEG, and the LDL level decreased only in the REG. Our findings are 
discordant with some, but not all, similar studies in children and adults. 
Previous studies demonstrated that the increase in HDL was found to be 
higher in the aerobic group in adults and children (27). Aerobic exercises 

should be preferred in risk groups because a high value for HDL is an 

important parameter concerning the prevention of cardiovascular 

diseases. Even though resistance exercise has  a strong potential for 

clearing circulating cholesterol, in our study in the REG the decrease in 

total cholesterol did not reach statistical significance. Our findings are 

in agreement with previous reports that studied the effects of resistance 

exercise on the lipid profile  in adolescents with obesity and reported 

no significant changes in concentrations of total cholesterol, triglyceride 

and HDL and LDL cholesterol levels (28-30). Although the participants 

were asked to maintain healthy eating habits, they had unrestricted 

living conditions. Therefore, we cannot exclude the potential bias 

induced by modified caloric intake, and, in particular, fat intake (31). 

Previous studies have reported the beneficial effects of exercise on 

insulin resistance in children and adolescents (32,33). Improved insulin 

sensitivity and reduced abdominal fat accumulation have been reported 

in response to exercise with and without weight loss in children and 

adolescents (22). A 12-week aerobic-exercise programme and an 8-week 

combined aerobic and resistance-exercise programme without weight 

loss resulted in decreased insulin resistance in sedentary children and 

adolescents with obesity (21,34). The findings of both these studies are 

in line with our results. In the present study, we observed that both 

resistance and aerobic exercises reduce HOMA-IR by decreasing the 

percentage of body fat. Our findings also provide preliminary evidence 

that aerobic and resistance-exercise models may also decrease insulin 

and glucose levels, although this outcome needs to be confirmed in a 

large cohort.

Body composition assessment is used to verify the health status of the 

population in general (35). BMI also provides a measure of obesity and 

is a predictor of overweight-related health risks and can be used when 

planning workplace intervention programmes (36). Although many 

studies looking at the effect of exercise on body composition have been 

published with obese adolescents, there is still no consensus in the field 

(26). Our results show that the reduction of BMI occurred in the REG but 

not in the AEG. These data indicate that BMI may be a poor indicator for 

the assessment of body composition and weight changes in children and 

adolescents (37). In the present study, we also showed that resistance or 

aerobic exercises without body weight loss or change in lean body mass 

resulted in a decreased percentage of body fat.

In contrast, Ackel-D’Elia et al. (1) showed that in adolescents with 

obesity aerobic plus resistance exercise (three times a week, one h 

per day, for six months), is effective in improving body composition, 

including a decrease in body fat and increase in lean  body mass. It 

has been reported that in adolescents, the combination of aerobic 

and strength  exercise resulted in the loss of more fat mass (38).  

Davis et al. (38)  showed decreases in the absolute body fat mass in 

overweight Latin American adolescents subjected to nutritional therapy 

and a combination of aerobic and strength exercise. Tsiros et al. (39) 

emphasised that dietary interventions are more effective in achieving 

weight loss when combined with other strategies,  such as increased 

physical activity levels and/or psychological  interventions to promote 

behaviour changes. However, only aerobic combined strength exercise 

was sufficient for maintaining lean body mass. A variety of factors might 

have contributed to the conflicting data in different studies. Although 

energy restriction and a combination of aerobic and strength exercises 

were not investigated in our study, it can be concluded that these factors 

may also affect body composition.

Study Limitations

The present study has some limitations that should be considered. 

Since we could not include a non-exercise control group and used a 

multidisciplinary intervention approach that involved nutritional and 

clinical counselling, it is difficult to delineate the independent effect of 

exercise in the current study. The small sample size of the participant 

group can be considered a further limitation of our study. Additional 

studies with larger  sample sizes and a non-exercise control group are 

needed with changes in metabolic parameters, fitness levels and body 

composition induced by different exercise models and a hypocaloric 

diet. It is also important to keep in mind that our sample included only 

young boys; therefore, the results of this investigation should not be 

generalised to both genders.

Conclusion

The present study provides important practical  applications for 

health and sport sciences. The results indicate that safe, effective and 

alternative-exercise modes can be useful in adolescents with obesity. Six-

month (3 days/wk, 60 min/day) aerobic or resistance exercises without 

caloric restriction were effective in reducing body fat percentage in 

adolescent boys with obesity. Furthermore, it was remarkable that 

resistance exercise proved to be an alternative to aerobic exercise, the 

effects of which on metabolic parameters (such as glucose, insulin, 

HOMA-IR, HDL and adiponectin) are well known. However, the positive 

effects of long-term aerobic exercise on biochemical parameters are 

higher than resistance exercise. The application of resistance and aerobic 

exercises in combination may have an additive effect on adipokines. 
The data presented here demonstrate important health implications for 
understanding the benefits of different exercise modalities to improve 
body composition and an additive effect on metabolic parameters in 
adolescents with obesity.
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