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Abstract

Background: Physical activity is recognized as a basic component of the management of children with obesity.
Objectives: The current study aimed at exploring the effect of a 12-week concurrent strength and aerobic training on body compo-
sition, glycosylated hemoglobin, fasting blood sugar (FBS), homeostasis model assessment-estimated insulin resistance (HOMA-IR),
plasma insulin, high-density lipoprotein (HDL), low-density lipoprotein (LDL), total cholesterol (TC), and triglyceride (TG) between
the females with overweight and obesity.
Methods: The current semi-experimental study was conducted on 40 females (20 with obesity and 20 with overweight) aged 13 -
15 years selected and randomly assigned into four groups. Strength training was performed three days a week each session for 30
minutes at 50% to 80% of 1 repetition maximum (1RM), and aerobic training started from 50% and progressively reached 80% of
maximum heart rate. Blood samples and anthropometric parameters were measured before and after practice. Data were analyzed
by covariance. P < 0.05 was considered the significance level.
Results: Significant changes were observed in body mass index (BMI), weight, body fat percentage (%BF), and skinfold fat after the
intervention (P < 0.05). But, no significant changes occurred in FBS, glycosylated hemoglobin, HOMA-IR, plasma insulin, HDL, LDL,
TC, and TG (P > 0.05).
Conclusions: The current study suggested that concurrent strength and aerobic training can improve body composition of females
with overweight and obesity, and normal blood lipid and glucose hemostasis. However, it did not affect glucose hemostasis and lipid
profile.
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1. Background

There are associations between adolescent obesity and
the increased overall risk of type 2 diabetes (1), cardiovas-
cular disease (CVD), and mortality in adults (2). In the past
two decades, the spread of obesity in children is witnessed
(3). Obesity is considered as the main determinant of in-
sulin resistance both in adults and children (4). Interest-
ingly, body fat distribution is recognized as an important
predictor of the adverse health consequences of obesity.
In fact, lower visceral adipose tissue is related to higher
cardiovascular and metabolic risk (5). The studies showed
that the development of insulin resistance both in adults
and children is affected more by abdominal visceral fat
than the overall body fatness (6). Also, higher plasma free
fatty acids (FFA) disrupt the glucose-fatty acid cycle in mus-

cles, hindering elevated plasma FFA in insulin-mediated
glucose transport (7). Moreover, it is shown that higher FFA
plasma levels impair hepatic insulin action, increase hep-
atic glucose output, and alter lipoprotein metabolism (7).
Weiss et al., (8) demonstrated that children and adults with
obesity and insulin resistance vs. their peers with obesity
and insulin sensitivity exhibited higher rates of visceral fat
and intramyocellular lipids despite similar degrees of adi-
posity.

Concurrent training refers to the simultaneous perfor-
mance of strength and aerobic training (9). Since skele-
tal muscles absorb more free fatty acid during muscle con-
traction (10), resistance training may play a role in dyslipi-
demia. In addition to its potential to increase muscle fiber
size and strength, resistance training helps the improve-
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ment of lipid metabolism by reducing the synthesis of free
fatty acids and inducing lipid oxidation (11). In compari-
son, aerobic exercise is a model usually recommended for
individuals with obesity (12, 13). Some researchers claimed
that combined trainings can produce even greater benefits
to lipid profile and insulin sensitivity as compared with ei-
ther aerobic or resistance trainings alone (14, 15).

Previous studies evaluating concurrent resistance and
aerobic exercise sessions showed significant improvement
in lipid profile (16, 17). In contrast, they did not find fa-
vorable changes in lipid profile (17, 18). Also, the effect
of concurrent training on glucose homeostasis showed
improvement (17) or no change (19). According to stud-
ies, concurrent exercise has better performance than re-
sistance and aerobic trainings alone in promoting body
composition (12, 20). On the other hand, two recent meta-
analysis in adults with obesity and patients with type 2
diabetes revealed that concurrent exercise was the best
method to enhance anthropometric indicators of adipos-
ity (21) glycemic control, and blood lipids (22) as compared
with aerobic or resistance alone. Although extensive stud-
ies are conducted on the benefits of aerobic and resistance
alone, concurrent exercise in the children population is
rarely examined (23). It cannot be confidently claimed that
they would be similarly advantageous to treat children
obesity. However, the evidence is ambiguous about the
impact of concurrent exercise training on blood glucose
homeostasis and lipid profile and the available data are
contradictory. Therefore, the current study aimed at eval-
uating and comparing anthropometric parameters, blood
glucose homeostasis, and blood lipid between the females
with overweight and obesity after 12 weeks of concurrent
training.

2. Methods

The current study was conducted on females with over-
weight and obesity in Lakan high school, Rasht, Guilan
province, Iran. The current quasi-experimental study was
conducted on 40 females within the age range of 13 - 15
years and body mass index (BMI) of 30.13 ± 3.73 kg/m2

that voluntarily participated in the study and were ran-
domly divided into four groups: obese (10 experimental
and 10 control) and overweight (10 experimental and 10
control). The inclusion criteria were no exercise training
in one year prior to the study and no illness. The tests were
conducted in such a way that the subjects were in the first
half of the menstrual cycle; i e, three to seven days after
menstruation. Exercise training included the concurrent
training of resistance and aerobic exercises for about 12
weeks. The study protocol was approved by human studies
review committee of Islamic Azad University, Rasht, Iran as

well as the ethics committee; the study was also registered
in the Iranian registry of clinical trials (IRCT) (number:
IRCT2015122222498N6). The participants provided written
informed consent before participation in the study.

The weight and height were estimated by a standard
calibrated scale and a stadiometer. BMI is weight in kilo-
grams divided by height in meters squared. Caliper mea-
sured skinfold fat in three areas (arm, super iliac, and
thigh). Then, the subcutaneous fat was calculated by the
Jackson-Pollock body fat percent formula (24).

In the beginning and end of the study, the pa-
tients’ blood glycemic tests of the brachial vein were
collected after 12 hours fasting. Baseline blood glucose
hemostasis tests including hemoglobin A1c (HbA1c), fast-
ing blood sugar (FBS) (mg/dL), homeostasis model assess-
ment (HOMA), and plasma insulin were measured. Blood
lipid tests including high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) were performed by the direct
method and Padco kits. Total cholesterol (TC) and triglyc-
erides (TG) were estimated using the cholesterol oxidase-
peroxidase (CHOD-PAP) method with Pars Azmoon enzyme
kits (Iran). HbA1c was obtained by Biosystem autoanalyzer
devices (Spain) and were performed using the turbid met-
ric method. Insulin was obtained by Monobind kit and
performed using the enzyme-linked immunosorbent as-
say (ELISA) technique. HOMA was measured by homeosta-
sis model assessment-estimated insulin resistance (HOMA-
IR).

HOMA-IR= FBS (mg/dL) × insulin (µU/mL) /22.5
The concurrent training was administered three times

a week. Strength training was performed with 50% to 80%
of 1 repetition maximum (1RM) for about 30 minutes, six
to eight repetitions in each set and three minutes rest be-
tween sets that included four moves in the upper body:
chest press machine, traction device, biceps, and butter-
flies and four moves in lower body: leg press, leg curl ma-
chine, leg extension machine, and standing calf machine.
1RM was calculated for eight moves in the experimental
group and exercise intensity was calculated by the Brzycki
formula to estimate muscle strength (25).

1 RM = 100 × load rep/ (102.78-2.78) × rep
Aerobic trainings were immediately applied as pro-

gression. First, the participants’ rest heart rate (HR) was
recorded and then their target HR was calculated by the
Karvonen formula. The participants started the trainings
on bicycle (15 minutes) and treadmill (15 minutes) with 50%
- 60% of target HR for 30 minutes at the week 1, and they
reached 70% - 80% of target heart rate by the weeks 7 and
8 (26). A treadmill and bicycle pulse test was used to check
the target HR.

Target HR = (max HR - resting HR) × %intensity) + rest-
ing HR example
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Table 1. The Range of Nutrient Intake of Females with Overweight and Obesitya

Variables NDNS

Energy, kcal 1700

Fat, % 25

Protein, % 20

Carbohydrate, % 55

Abbreviation: NDNS, National Diet And Nutrition Survey (Ruston et al.).
aData from females aged 11 to 18 years.

Dietary intake was individually prescribed by three-
day recall technique before and during the research. The
participants were asked to report the kinds and amounts
of food and beverages they consumed both at home and
away from home on a three-day recall basis; therefore, ap-
propriate food items could be added to their dietary regi-
men and junk food items could be removed.

Mean daily intakes for total energy were 1700 kCal (27).
The current study used a diet such as carbohydrates, pro-
tein, fat, fruits, and vegetables. Reduced fat spread (not
polyunsaturated) was the most commonly consumed fat
spread. The total consumption of vegetables and fruits was
about 170 g/day (27). These items were given as a brochure
in which the values of the indexes were mentioned (Table
1).

The normality of the data was indicated by the
Kolmogorov-Smirnov test and according to the normality
of the data, parametric statistics was used. Descriptive
statistics such as mean ± standard deviation (SD) was
used, and data were analyzed by covariance (ANCOVA)
among the groups. The LSD post-hoc test was used to
check the possible differences between time points. P
value ≤ 0.05 was used as the significance level for all
statistical analyses. Data processing was investigated with
SPSS version 20.

3. Results

Results of analysis of ANCOVA for intergroup compari-
son of variables in groups with overweight and obesity are
shown in Table 2. After 12 weeks of training, a significant
difference was observed in %BF, skinfold fat, weight, and
BMI among the four groups (P < 0.001), while FBS, HbA1c,
insulin, and HOMA showed no significant reduction. Also,
TC, LDL, HDL, and TG showed no significant changes.

LSD test showed a significant decrease in the weight,
BMI, BF% and subcutaneous fat in both training groups
with overweight and obesity (P < 0.0001) (Table 2).

4. Discussion

The current study compared the impacts of the concur-
rent resistance and endurance exercise training on body
composition, blood glucose homeostasis and lipid profile
after 12 weeks between the females with overweight and
obesity. Despite the fact that concurrent training led to
a significant reduction in BMI, weight, %BF, and skinfold
fat, it did not significantly change FBS, glucose hemosta-
sis, and blood lipid profile of females with overweight and
obesity, which was consistent with the results of Medeiros
et al., and Schranz et al. (12, 19). They showed that con-
current training was also effective on %BF and BMI. Lee et
al., reported a significant reduction in abdominal subcu-
taneous and visceral fat (kg) within the aerobic and resis-
tance exercise groups (11). The study was carried out on
male adolescents, and the current study had similar aer-
obic training frequency and intensities that resulted in
lower %BF in three months (12 weeks). Mello et al., looked
at the long-term influences of aerobic + resistance training
on the metabolic syndrome in 30 adolescents with obesity
(aged 15 - 19 years) and found significant decreases in BMI,
fat mass, and visceral fat (28). However, the study showed
an improvement in fat index after 10 weeks of training that
varied due to the maturity process between the two gen-
ders. Both genders exhibited higher body weight in the fi-
nal stages of maturation. The fat mass and fat-free mass
proportionally increased in females, while males demon-
strated high fat-free mass and lower fat mass (29). Body
fat may signal the risk of cardiovascular diseases (CVDs),
blood pressure variations, cholesterol concentrations, and
glucose tolerance (30, 31), whilst individuals with higher
fat deposits in the upper body may be exposed to a higher
risk of CVDs. However, the disease-related accumulations
of fat in the trunk region can be firmly curbed by exercise.

In contrast, there were no significant differences in the
weight and BMI in males with obesity aged 10 - 12 years af-
ter eight weeks of resistance training. The resistance train-
ing protocol included seven exercises consisting of three
sets with 10 - 15 repetitions to fatigue three days per week
(18). Furthermore, Alberga et al., assessed the effects of aer-
obic training, resistance training, or both in adolescents
with obesity and the metabolic syndrome on male and fe-
male post-pubertal adolescents aged 14 - 18 years about 22
weeks and found no significant improvement in body com-
position in the concurrent group (13). In comparison, in
terms of the training protocol the current study was dif-
ferent from Patel et al., which incorporated seven exercises
consisting of three sets with 10 - 15 repetitions after eight
weeks and Alberga et al., which incorporated aerobic ex-
ercise into their strength training program. These differ-
ences can be due short duration of the exercises with dif-
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Table 2. Results of Measuring Parameters Related to Body composition and Hematology (N = 40)

Variable

Overweight Obesity ANCOVAa

Experimentalc Controlc Experimentalc Controlc F Sigb

Body Composition

Weight, kg 14.83 0.000*

Before 70.66 ± 4.42 72.99 ± 7.26 88.85 ± 6.65 88.54 ± 12.03

After 68.51 ± 4.64d 73.81 ± 7.04d 85.46 ± 8.42d 89.24 ± 11.87d

BMI, kg/m2 14.89 0.000*

Before 26.45 ± 1.11 27.48 ± 1.55 32.73 ± 2.29 33.84 ± 2.44

After 25.65 ± 1.42d 27.80 ± 1.45d 31.47 ± 2.83d 34.11 ± 2.34d

Skinfold, mm 27.62 0.000*

Before 107.50 ± 14.15 122.60 ± 11.52 125. 50 ± 10.29 125.40 ± 12.13

After 90.40 ± 11.43d 124.6 ± 10.73d 107.8 ± 9.08d 128.1 ± 11.29d

Body fat, % 26.30 0.000*

Before 36.33 ± 3.54 39.76 ± 2.44 40.36 ± 2.06 40.32 ± 2.48

After 32.04 ± 3.02d 40.19 ± 2.25d 36.49 ± 2.18d 40.87 ± 2.27d

Biochemistry

FBS, mg/dL 0.51 0.6

Before 93.10 ± 12.22 91.30 ± 6.03 91.50 ± 8.55 93.6 ± 12.48

After 89.80 ± 6.57 89.10 ± 8.11 87.8 ± 5.7 92.6 ± 12.57

HbA1c, % 2.47 0.07

Before 3.87 ± 0.46 4.17 ± 0.48 3.77 ± 0.24 4.17 ± 0.52

After 3.84 ± 0.47 4.36 ± 0.50 3.74 ± 0.44 4.46 ± 0.61

HOMA-IR 1.03 0.3

Before 2.34 ± 0.89 2.68 ± 1.55 3.10 ± 2.29 3.36 ± 4.29

After 2.44 ± 2.48 5.97 ± 5.15 4.92 ± 4.48 5.33 ± 5.36

Insulin, IU/mL 0.9 0.4

Before 5.63 ± 1.90 6.63 ± 3.87 7.88 ± 6.64 7.89 ± 10.18

After 6.35 ± 7.32 15.13 ± 12.96 12.85 ± 11.80 12.81 ± 12.94

TG, mg/dL 1.03 0.3

Before 94.9 ± 44.76 106.40 ± 24.44 107.10 ± 44.49 108.80 ± 54.00

After 88.6 ± 41.91 122.5 ± 36.61 109.7 ± 46.33 107.2 ± 50.81

HDL, mg/dL 2.06 0.1

Before 40.80 ± 8.09 40.50 ± 8.88 39.80 ± 8.03 41.00 ± 5.14

After 41.30 ± 8.04 40.20 ± 8.57 40.00 ± 8.08 41.00 ± 5.27

LDL, mg/dL 1.22 0.3

Before 91.4 ± 23.81- 84.9 ± 16.2 92.9 ± 10.61 98.6 ± 22.09

After 89.9 ± 20.51 83.3 ± 17.61 97.6 ± 18.09 93.9 ± 21.86

Total cholesterol, mg/dL 1.42 0.2

Before 139.7 ± 24.38 132.6 ± 14.23 142.8 ± 12.29 150.4 ± 25.72

After 148.4 ± 22.52 141.6 ± 21.75 156.5 ± 22.52 149.7 ± 25.76

Abbreviations: %BF, Percentage of Body Fat; BMI, Body Mass Index; FBS, Fasting Blood Sugar; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; TG, Triglyceride.
aThe values were analyzed by ANCOVA.
bSignificant difference at P < 0.05.
cValues are expressed as mean ± SEM.
dThe values were analyzed by post hoc (LSD test) for the experimental and control groups in both groups of obesity and overweight.

ferent exercise modalities.

The current study also showed no significant differ-
ences in fasting blood sugar, insulin, HbA1c, and HOMA. Re-
cent studies showed that exercise results in higher GLUT4
(glucose transporter type 4) content, glycogen synthase ac-
tivity, mitochondrial enzyme activity, and density in skele-

tal muscles (32). In addition, exercise improves insulin sen-
sitivity via its improvement of body composition in long
term (32). It was shown that HbA1c decreased in females af-
ter eight weeks of concurrent high intensity intermittent
exercise (17). Ackel-D’Elia et al., evaluated the effects of aer-
obic plus resistance trainings after six months on males
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and females aged 15 - 19 years. They found that none of
them had significant impacts on glucose, HOMA, and in-
sulin (33). Also, Patel et al., exercised resistance training
on males with obese aged 10 - 12 years for eight weeks and
showed no decrease in insulin, HOMA, and glucose (18),
which were in agreement with those of the current study.
It is reported that higher skeletal muscle mass is associ-
ated with lower HbA1c supporting the hypothesis that re-
sistance training helps better glycemic control by ramping
up the skeletal muscle storage of glucose (33).

Inconsistent with the current study findings, Antunes
et al., observed a reduction in fasting blood sugar after a
20-week concurrent training on adolescents with obesity
and the age range of 12 - 15 years (mean: 13.4 ± 0.96) (26).
This difference could be explained by the effect of almost a
20-week concurrent training on glycaemia. Piano et al., ob-
served a change in glycaemia among adolescents with obe-
sity (34). Fifty-eight post-pubertal adolescents with obe-
sity were randomized to AT or AT + RT with diet. It seems
that training methods with diet were the main differences
of their study with the current study. Also, it was shown
that fasting glycaemia, serum insulin, and HOMA-IR for in-
sulin resistance decreased in females after eight weeks into
a program of combined physical exercise (high intensity
interval + resistance training) (17). In comparison, the cur-
rent study differed in training protocol and age from Al-
varez et al., which incorporated high intensity interval +
resistance training.

Overall, in many researches, the subjects experienced a
decrease in body mass and obesity along with a significant
improvement in blood lipid profile after concurrent train-
ing. However, some studies reported no effects. Patel et al.,
after eight weeks of resistance training on males with obe-
sity aged 10 - 12 years, observed no decreases in lipid pro-
files (18). Also, consistent with the current study findings
for LDL-c and TC, similar results were found for concurrent
training after 20 weeks in adolescents with obesity (20). In
contrast, the current study results were in disagreement
with those of Antunes et al., Monteiro et al., and Sung et al.
In the study by Antunes et al., samples included 25 adoles-
cents with obesity aged 12 - 15 years. It was reported that
just the female group showed significant decreases in LDL
and TC after 20 weeks. Training protocol in their study was
similar to that of the current study (18, 20, 30). In a study on
82 children with obesity aged eight to eleven years, Sung et
al., observed significant reductions in TC and LDL-C after a
six week resistance training (35). The study by Sung et al.,
differed in training methods, training duration, and par-
ticipants’ age.

The reason for the lack of significant changes in glu-
cose hemostasis and blood lipid indices in the current
study was probably the normal level of the variables and

the type, duration, and intensity of the exercise trainings.
The limitations of the current study should be highlighted.
Although the diet was used in the study, the amount of
their follow-up to the diet is unclear. A more accurate diet
and larger samples are recommended in future researches.

Overall, exercise training plays a key role to control
the complications and symptoms of the obesity in females
with overweight and obesity. As a result, concurrent train-
ing had a positive effect on body composition and it can
be recommended to teachers and coaches to use concur-
rent training since these types of training can be an effec-
tive method to improve body composition in females with
overweight and obesity.
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