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Abstract: In this study we evaluated the effects of concurrent training protocols (strength-endurance against
endurance-strength), on lipid profile and body composition in overweight females. Thirty overweight female
students (age 23.2 ± 2.4 yr, BMI 27.87 ± 1.3 Kg/m ) were randomly divided into a three groups (n=10 in each2

group), concurrent strength-endurance (SE) group, concurrent endurance-strength (ES) group and control
group (C). Concurrent training was conducted three times a week on alternate days for 8 weeks. The strength
training consisted of 3 sets of 8 repetitions with 80% of the 1RM for Leg extensions, lying leg curl, triceps
pushdown, bench press, lateral pull down and dumbbell lateral raise. Also the endurance training was
performed a running for 10 min on the first day and increase the time of 30 seconds per session with 70-75%
maximum heart rate (MHR) in the first 4 weeks and 75-80% MHR in the second 4 weeks. Blood samples were
collected before and 48 hours after the exercise protocols. The result showed that both groups SE and ES
significantly improved lipid profile (significantly reduces in TC, TG, LDL-C, VLDL-C and significantly increased
HDL-C) and body composition (significantly decreased in body fat, body weight and increased body fat free
mass but no significant) when compared to C group. Also no significant difference found between SE and ES
groups in the lipid profile and body composition. It can be concluded that both SE and ES protocols nearly
identical effects in positive transformation of lipid profile and body composition.
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INTRODUCTION it has been proven that the diet alone cannot completely

Nowadays in the developed countries, advances in one of the best ways to weight control and improve body
technology and changing lifestyles has led to a relative composition and usually endurance training is used for
decrease in daily physical activity and on the other hand weight loss program [5]. Also, strength training can be
unsuitable diet and tend to the fast food; the incidence of effective in weight loss program [6]. Both strength and
diseases related with overweight has increased even endurance training are often performed concurrently in
among young people [1]. Obesity is a syndrome which is most exercise programs in wellness, fitness and
determined by the increase in the amount of fat tissues rehabilitative settings, in an attempt to reach different
and is considered a negative factor for health and physical fitness goals [7]. Haskell et al. reports that for
longevity [2]. The diet and nutrition therapy is one of the whole-body physical fitness conditioning and exercise
basic methods for weight control [3]. On the other hand, prescriptions for health, both endurance and resistance

control body composition [4]. The sports activities are
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exercises should be included in training programs with a could be a priority and primer is training program, so
frequency of up to three and two times a week, maybe the better results to be achieved in the lipid profile
respectively [8]. and body composition. So that can be compared the

Moreover, doing a combination of strength and effects of endurance-strength training against the
endurance training is more beneficial for weight loss and strength-endurance training. Thus the purpose of this
change body composition [6]. The obtained results study was to determine the influence of order execution
indicated that concurrent training can significantly components of the strength and endurance in the
increase basal metabolism and decrease body fat relative concurrent training on lipid profile (TC, TG, HDL-C, LDL-
to the obtained amounts in the before-training period [9]. C and VLDL-C) and body composition (body mass, body
In addition, Maioranam et al. and Akbarpour et al. fat, percent body fat, fat-free mass and BMI) in
reported the significant decrease of subcutaneous fat, overweight females.
body fat percentage and waist-to-hip ratio after
performing eight weeks of combined strength and MATERIALS AND METHODS
endurance training [10,11]. Also Pholman et al. and Le
Mura et al. stated lack of change in body composition Subjects: Thirty non athlete healthy young overweight
after performing 10 and 16 weeks of combined strength female students volunteered to participate in this study.
and endurance training in healthy women [12, 2]. Subjects were randomly divided into a three groups:

A strong positive correlation between fat mass and concurrent strength-endurance (SE, N=10) group,
serum lipid concentrations has been reported [13]. So that concurrent endurance-strength (ES, N=10) group and
Hsu et al. reported the serum lipids were significantly control group (C, N=10). After signing the informed
correlated with fat mass and lean mass [14]. The lipid consent, demographic information regarding each subject
profile includes total cholesterol (TC), triglyceride (TG), was collected. This information included the subject’s
high density lipoprotein-cholesterol (HDL-C), low density age, height and body composition (Table 1). All subjects
lipoprotein-cholesterol (LDL-C) and very low density were overweight and a BMI were over 25. Before
lipoprotein-cholesterol (VLDL-C) [15]. Also reported that undergoing the tests, the subjects were given
TC, TG and LDL concentrations and the ratio of LDL to explanations about the assessment procedures, study
HDL were positively correlated with fat mass, but HDL objectives and the possible benefits and risks. The
was negatively correlated with fat mass [15]. In Institutional Review Board of the University approved of
comparison with endurance training, it has been reported the research protocol. According to the medical
that resistance exercise will properly reduce LDL-C information questionnaire, all subjects were healthy and
concentration and increase HDL-C concentration [16]. none complained of hypertension, a cardiovascular
Azarbayjani et al. reported that resistance exercise has disease, diabetes, a kidney disease a liver disease,
more positive effects on changes in lipid profile than respiratory and bone injuries and did not report any
aerobic and concurrent exercises [17]. supplement use in past 6 months. None of them had

Ghahramanloo et al. reported that concurrent continuous exercise history. The study protocol was
endurance and resistance training can be used to explained to the volunteers and all of them signed a
simultaneously improve both the serum lipid profile and written consent for the study. Before the study, the
body composition of previously untrained, apparently subjects were informed about the type, severity and
health young men [18]. LeMura et al. assessed the effects number of days in a week and the time of activities and
of various modes of training (endurance, resistance and they were asked to keep the diet and the intensity of
combination exercise) on changes in blood lipids after 16 activities constant during the study period and not to use
weeks of training and 6 weeks of detraining in young any other dietary supplements. 
untrained women. It was reported that 16 weeks of
combination training did not result in any significant Experimental Design: The concurrent training was
changes in blood lipids [2]. performed 3 days, each week for 8 weeks and consists of

However, despite the conducted studies, it is not two training protocol: strength-endurance protocol and
clear if these two training methods (strength and endurance-strength protocol. Strength-endurance
endurance) are combined in session training, which one protocol  differed from endurance-strength protocol only
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Table 1: Study participants’ demographics
SE group ES group C group

Parameters (N=10) (N=10) (N=10)
Age (yrs) 23.4 ± 2.4 22.6 ± 2.5 23.8 ± 2.1
Height (cm) 163.3 ± 3.85 161.8 ± 4.34 164.7 ± 5.22
Body mass (kg) 73.7± 9.04 72.5± 4.88 76.9 ± 5.01
Body fat (kg) 17.77± 2.99 19.79± 3.06 20.55 ± 2.01
Body fat (%) 24.06± 2.33 27.23± 3.29 26.89 ± 2.30
Fat-free mass (kg) 55.96± 6.76 52.7± 3.52 56.93 ± 6.43
BMI (Kg/m ) 27.59± 1.08 27.69± 0.75 28.32 ± 1.15 2

Note: Data are presented as means ± standard deviations. SE: concurrent
strength-endurance group, ES: concurrent endurance-strength group, C:
control group.

in  the  order  of  execution.  In the concurrent strength-
endurance training, strength training preceded endurance
training but in the concurrent endurance-strength
training, endurance training preceded strength training.
The strength training included Leg extensions, lying leg
curl, triceps pushdown, bench press, lateral pull down and
dumbbell lateral raise. The training consisted of 3 sets of
8  repetitions  and  the  initial  weight was  80%  of  the
pre-1RM. Six different lifts were performed and they were
identical to those used in the 1RM measurements. Rest
times between sets were 2-3 minutes and 3-5 minutes
elapsed between the 6 different lifts. The warm-up prior to
each session consisted of 10 min and 2 sets of 12
repetitions of the first exercise at 40% of the 1RM load
and then 80% of the 1RM load was selected as the load
used in testing [18]. Also the endurance training was
performed a running for 10 min on the first day and
increase the time of 30 seconds per session with 70-75
maximum heart rate (MHR) in the first 4 weeks and 75-80
MHR in the second 4 weeks. Maximum heart rate was
measured for each person using the following formula
[19]:

MHR=208-(0.7×age).

Anthropometry and Body Composition: Body
composition was determined from four skinfold sites
(triceps, suprailiac, abdominal and thigh) according to the
method of Jackson and Pollock [20], using a Lange
skinfold caliper. Skinfold measurement were based on the
average of three trials and obtained on the right side in
serial fashion by the same investigator. Also the Siri
equation (two-component model of body composition)
was used for subtracted body fat from total body mass to
obtain the fat-free mass [21]. Their body mass was
measured to the nearest 0.1 kg using an electronic body
mass scale (Seca 707; Seca GmbH and Co. KG. Hamburg,
Germany) also height was measured by rod (Iran). 

The body mass index (BMI) was calculated according
to the formula of body weight/stature  (Kg/m ).2 2

% Body Fat = (0.29669 × sum of skinfolds) - (0.00043
× square of the sum of skinfolds) + (0.02963 × age) +
1.4072, where the skinfold sites (measured in mm) are
abdominal, triceps, thigh and suprailiac.

Blood Collection and Analyses: The subjects were asked
to fast for 12 hours before the study. After the fasting
stage, blood samples were drawn from an antecubital
forearm vein a 5 cc needle and Vacutainers to determine
TC, TG, LDL-C, VLDL-C and HDL-C concentration. Also,
the second stage of blood samples (post-test) were
collected again 48 hours after the last training session to
prevent  the  acute  effects  of exercise on blood lipids.
The blood was processed and centrifuged and the
resultant serum was stored at -80°C until analyzed. Lipid
profile were determined by using enzymatic colorimetric
method and Analysis were assayed via Technicon
Corporation kits and Auto Analyzer obtained from
Diagnostic Systems Laboratories.

Statistical Analyses: All statistical analyses were
performed using SPSS software (version 17.0; SPSS Inc.).
Descriptive statistics were calculated as the mean and
standard deviations (Mean ± SD). Changes from baseline
were assessed using the paired sample t-test. In addition,
PRE-POST comparisons between groups were analyzed
with independent student’s t-tests. A one-way analysis
of variance (ANOVA) and tukey's post hoc test were
applied for examining the difference in the means of the
three groups. A criterion á level of P ? 0.05 was used to
determine statistical significance.

RESULTS

Lipid Profile: The Lipid profile changes measured are
presented in Table 2. Significant decreases in TC, TG,
LDL-C, VLDL-C and significantly increase HDL-C from
before to after 8-weeks protocol training in both groups of
SE and ES (P<0.05) but this changes not observed in C
group (P>0.05).

The mean changes differences between groups are
presented in Table 3. Results of one-way analysis of
variance indicated significant differences between groups
\in TC, TG, LDL-C, VLDL-C and HDL-C after training (see
Table 3). Tukey's post hoc test was showed that lipid
profile significantly differenced between SE and also ES
with the C group (p<0.05). However TC, TG, LDL-C,
VLDL-C and HDL-C in SE group greater improvement
compare to ES group but these differences no significant.
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Table 2: TC, TG, LDL-C, VLDL-C and HDL-C in the SE (N=10), ES
(N=10) and C (N=10) groups during the pre and post-training
period. Data presented as mean ± SEM.

Variables SE ES C
TC (mg/dl) Pre 185.6 ± 23.66 190.3 ± 16.43 192.2 ± 30.51

Post 169.4 ± 20.69* 171.7 ± 14.09* 198.1 ± 32.37
TG (mg/dl) Pre 187.6 ± 21.48 190.5 ± 43.98 193.7 ± 18.87

Post 165.4 ± 19.03* 168.7 ± 38.75* 198.8 ± 18.36
HDL-C (mg/dl) Pre 47.3 ± 8.45 46.2 ± 4.77 42.8 ± 4.61

Post 56.1 ± 5.74* 50.7 ± 4.97* 43.7 ± 4.85
LDL-C (mg/dl) Pre 100.7 ± 20.39 105.18 ± 11.03 110.7 ± 31.69

Post 80.2 ± 18.30* 88.16 ± 13.55* 114.7 ± 32.57
VLDL-C (mg/dl) Pre 37.5 ± 4.30 38.9 ± 8.82 38.7 ± 3.77

Post 33.1 ± 3.81* 33.7 ± 7.75* 39.8 ± 3.68
Notes: SE: concurrent strength-endurance group, ES: concurrent endurance-
strength group, C: control group. * Significantly different from
corresponding to pre training value.

Table 3: The results of one-way analysis of variance
F df p-Value
---------------- --------------- ---------------------

Variables Pre Post Pre Post Pre Post
TC (mg/dl) 0.477 4.556 27 27 0.626 0.020*
TG (mg/dl) 0.102 4.616 27 27 0.903 0.019*
HDL-C (mg/dl) 1.041 11.113 27 27 0.367 0.000*
LDL-C (mg/dl) 0.481 6.170 27 27 0.623 0.006 *
VLDL-C (mg/dl) 0.101 4.616 27 27 0.904 0.019*
Notes: * denotes significant difference between the means (P  0.05)

Table 4: Body mass (kg), Body fat (kg), Body fat (%), Fat-free mass (kg)
and BMI (Kg/m ) in the SE (N=10), ES (N=10) and C (N=10)2

groups during the pre and post-training period. Data presented as
mean ± SEM.

Variables SE ES C
Body mass (kg) Pre 73.7± 9.04 72.5± 4.88 76.9 ± 5.01

Post 69.8 ± 8.9* 69.5 ± 5.08* 77.3 ± 5.29
Body fat (kg) Pre 17.77± 2.99 19.79± 3.06 20.55 ± 2.01

Post 12.98 ± 3.04* 5.77 ± 3.30* 21.3 ± 2.21
Body fat (%) Pre 24.06± 2.33 27.23± 3.29 26.89 ± 2.30

Post 18.47 ± 2.81* 22.56 ± 3.75* 27.61 ± 2.28
Fat-free mass(kg) Pre 55.96± 6.76 52.7± .52 56.93 ± 6.43 

Post 56.85 ± 6.81 53.77 ± 3.50 56.00 ± 4.34
BMI (Kg/m ) Pre 7.59± 1.08 27.69± 0.75 28.32 ± 1.152

Post 26.17 ± 0.59* 26.55 ± 0.76* 28.49 ± 1.6 
SE: concurrent strength-endurance group, ES: concurrent endurance-strength
group, C: control group. * Significantly different from corresponding to pre
training value.

Table 5: The results of one-way analysis of variance
F df p-Value
---------------- --------------- ---------------------

Variables Pre Post Pre Post Pre Post
Body mass (kg) 0.956 4.309 27 27 0.397 0.024*
Body fat (kg) 2.855 21.371 27 27 0.075 0.000*
Body fat (%) 1.495 23.171 27 27 0.253 0.000*
Fat-free mass (kg) 1/482 0.981 27 27 0.245 0.388
BMI (Kg/m ) 1.504 12.419 27 27 0.240 0.000*2

Notes: * denotes significant difference between the means (P  0.05)

Body Composition: The mean changes in body
composition in SE, ES and C groups are shown in table 4.
They were significantly (P<0.05) decreased was observed
in the SE and ES groups in the body mass, body fat and
BMI in post-test when compared to the pre-test, but this
changes not observed in C group (P>0.05). Also a no
significant (P>0.05) increase in Fat-free mass from PRE
occurred for both SE and ES groups.

Analysis of variance (ANOVA) was used to
determine the significance of the difference in body
composition of the participants between SE, ES and C
groups (Table 5). Tukey's post hoc test was showed that
body mass, body fat and BMI significantly differenced
between SE and also ES with the C group (p<0.05). Also
no significant difference in Fat-free mass between groups.
One-way Analysis of Variance (ANOVA) showing no
difference in the body composition between SE and ES
group.

DISCUSSION

In the present study we investigated the influence of
order execution components of the strength and
endurance in the concurrent training on lipid profile (TC,
TG, HDL-C, LDL-C and VLDL-C) and body composition
(body mass, body fat, percent body fat, fat-free mass and
BMI) in overweight females. The present research study
results demonstrate that statistically (p<0.05) improved
their lipid profile (significantly reduces in TC, TG, LDL-C,
VLDL-C and significantly increased HDL-C) from Post test
occurred for both SE and ES groups when compared to
the pre-test but this differences not observed in C group.
Also, the results showed significant differences between
groups, so that significantly differenced between SE and
also ES with the C group. However, the SE group showed
greater improvements in lipid profile but no significant
difference between SE and ES groups. These findings
were similar to the study by Ghahramanloo et al. Park et
al. and Fahlman et al. [18,22,23]. Furthermore, Park
reported that TC, TG, LDL-C were significantly decreased
and HDL-C increased through combined training [24]. It
is alleged that regular exercise has positive effects on the
lipid profile [25]. However, there are controversial studies
related with the exercise type and duration leading to
changes in the lipid metabolism. Considering physical
activities and exercise physiology are primarily intended
for sportsmen, more detailed researches are required into
the exercises for sedentary people. We planned this study
for this intention. The biological mechanisms by which
improvements  in blood lipids occur with exercise are not
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fully understood, but it is apparent that the activities of studies is the age, gender and fitness of participants.
some lipid-regulating enzymes (LPL and HTGL) are altered Existing methodological differences, such as exercise
with exercise. The present study has several limitations methods, test specifications, nutrition control and
and evokes suggestions for future studies. The first sampling time after activity may also change the results in
limitation is that our study not measured the enzyme exercises [30].
(such as: LPL). Lipoprotein lipase is known to hydrolyze Also the results of this study demonstrate that
TG in chylomicrons and VLDL to replenish intramuscular statistically (p<0.05) improved their body composition
TG stores which may have been depleted during (significantly decreased in body fat, body weight and
prolonged exercise. The peak in LPLa usually occurs increased body fat free mass but no significant) from Post
about 18 - 24 hours after exercise [26]. Surface remnants test occurred for both SE and ES groups when compared
from TG hydrolysis appear to be converted into nascent to the pre-test but this differences not observed in C
HDL-C and lipids are transferred to existing HDL, thus group. Also, the results showed significant differences
raising HDL-C. For instance, it is not uncommon for between groups, so that significantly differenced between
reductions in TG to occur without any significant SE and also ES with the C group. However, the SE group
elevations in HDL-C concentrations in trained subjects. It showed greater improvements in body composition but
is generally held that alterations in LPLa may occur if the no significant difference between SE and ES groups.
exercise intervention is of sufficient volume and intensity Decrease of body fat in the training groups in this study
to deplete intramuscular TG stores [26]. One reason for was in line with the results of Tarasi et al. Akbarpour,
the significant change in TC and TG concentrations in the Antunes et al. Arazi et al. and Ghahramanloo et al.
current study could be the relatively high baseline lipid [18,31,32,33,34]. In contrast to these results, a number of
profiles of the untrained subjects. It has been suggested previous studies reported the highest reduction of body
that individuals with the highest baseline TC and TG fat in the endurance training group and not in the
values tend to show the greatest post-exercise reductions concurrent group [35,36]. Whereas Balabinis et al. have
[27]. reported the highest decrease in body fat in the

It has been suggested that the LDL-C: HDL-C ratio concurrent training group [37]. Therefore, concurrent
is a strong predictor of coronary heart disease (CHD) risk training is an effective method in reducing body fat and
[28]. The significant decreases in LDL-C: HDL-C ratio in improving body composition [38]. The loss of body fat in
this study indicates that concurrent training has a both experimental groups (SE and ES) may be related to
positive effect on CHD risk. the basal metabolic rate [9].

Our finding is in agreement with O’Donovan et al. The results also showed that the percentage of body
and Haskell et al. who proved that they a high intensity fat (BF%) was significantly reduced in both experimental
and volume exercise intervention is more effective in groups (SE and ES) after 8 weeks of exercise training,
improving cardio respiratory fitness than a moderate while the control group reflected an increase in BF%. This
intensity and volume intervention of equal energy cost reduction was higher in the SE group. In the present
[8,29]. The concurrent training in this study performed study, a reduction in BF% was expected in the exercise
both forms of strength and endurance training and hence groups.
almost double the total training volume (and energy Fat-free mass increased in both experimental groups
expenditure) compared with the strength and endurance (SE and ES) with no significant differences between them.
alone. Other researchers have proposed that resistance This increase was higher in the SE group. Another
training is unfavorable in terms of the potential benefits of limitation of the study was that hormone changes such as
improving blood lipid profile due to limited improvements testosterone and cortisol not measured. This fat-free mass
in VO2max, as well as the amount of energy expended in the training groups may be due to the increased muscle
during this form of training [2]. However the results of the mass, caused by an increasing anabolic trend resulting
current study indicate that concurrent training have from resistance training. It is possible that anabolic
positive effects on serum lipid concentration. hormonal alternations in SE vs. ES group were different

In contrast, they were not in correspondence with since increased fat-free mass, caused by the concurrent
the findings of Pholman et al. [12]. One of the difficulties training program, can increase muscle mass due to an
in comparing the current study with findings from these increase in the anabolic responses [36].
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In the present study, body weight decreased in SE 2. LeMura,     L.M.,   S.P.   Duvillard,   J.   Andreacci,
and ES groups. Given that the results of this study this
can be justified that consumption of body fat more than
to obtain the fat free mass, thus, the body weight is
reduced.

Previous literature reviewed during the project did
not parallel the study, thus comparing methods and
results was difficult. Furthermore, variables such as the
participants’ comfort levels, muscle soreness or fatigue
from concurrent training, diet and rest were not controlled,
which may have slightly affected the results.

Finally no difference was found between order
execution components of the strength and endurance in
the concurrent training on lipid profile and body
composition. Probably due to exercising the same
influence on the duration, volume, intensity and type of
training is similar. However, these results have need to
further study at future.

CONCLUSION

In conclusion, the results of this investigation
suggested that 8-weeks concurrent training (Strength-
Endurance and Endurance-Strength) improved lipid profile
(significantly reduces in TC, TG, LDL-C, VLDL-C and
significantly increased HDL-C) and body composition
(significantly decreased in body fat, body weight and
increased body fat free mass but no significant) but no
difference was found between two methods of concurrent
training (Strength-Endurance and Endurance-Strength).
Thus influence of order execution components of the
strength and endurance in the concurrent training can not
necessarily be effective on lipid profile and body
composition.

Recommendations: It is also recommended that a similar
research be carried out with laboratory tests, measured
the enzyme and hormonal response, different age groups
and with male subjects.
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