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ABSTRACT

Background and objectives: It has been suggested that
concurrent training (CT) improves both health and performance
during aging. However, possible effects of CT order have not been
evaluated in menopausal women. Therefore, the aim of this study
was to evaluate effects of CT order on follistatin, physical fitness
factors and functional capacity of postmenopausal women.

Methods: In this semi-experimental study, 33 healthy,
sedentary, postmenopausal women were divided into three groups
of endurance training-resistance training (ET+RT; n=11),
resistance training-endurance training (RT+ET; n=10) and
control (C; n= 12). The training exercises were performed three
times a week for eight weeks.

Results: Weight and body fat percentage did not differ
significantly between the groups (P>0.05). Muscular strength,
endurance and aerobic capacity increased significantly in both
training groups (P<0.05). However, there was no significant
difference between the effects of the training orders. There was a
significant time X group interaction regarding the follistatin
levels after the CT intervention. However, there was no
significant difference in the follistatin levels between the groups.

Conclusion: Based on the results, the order of eight weeks of CT
training does not significantly affect body fat percentage,
physical  fitness factors and functional capacity of
postmenopausal women. However, the percentage changes in the
mentioned variables are higher in the ET+RT exercise order.

Keywords: Resistance Training, Endurance Training, Menopause,
Body Composition.
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INTRODUCTION

The aging process in humans is
accompanied with a progressive reduction in
muscle mass, strength and function, which has
a critical influence on individuals’ abilities in
performing daily activities (1). Women are
more susceptible to cardiovascular disease
compared to men due to a higher amount of
adipose tissue (2). Reduction in the secretion
of estrogen and progesterone  during
menopause leads to fat accumulation and
osteoporosis and increases the risk of
fractures, especially in the pelvic area (3).
Oxidative stress, blood lipids and body fat
percentage (BFP) after menopause have an
important  role  in  development  of
cardiovascular disease, hypertension,
atherosclerosis, diabetes, cardiac hypertrophy
and myocardial infarction (4). Physical
inactivity is one of the factors that increases fat
accumulation in the body, which results in
increased risk of obesity and reduced sex
hormones in postmenopausal women (5).
Various physical activities have been
suggested to cope with fat accumulation and to
improve functional capacity in the aging
process. The primary goals of resistance
training (RT) are increased strength, muscular
endurance, increased bone density and
decreased blood pressure and BFP (6).
Endurance training (ET) is another type of
exercise that is used to increase maximum
oxygen consumption and to change cardiac
function and blood volume (7). Improvement
of endothelial function and arterial stiffness
and reduction of oxidative stress are other
effects of these exercise interventions. The
combination of RT and ET known as
concurrent training (CT) can improve physical
performance as well as body composition in
older people (8). This strategy has greater
benefits than RT or ET alone and is often used
to promote fat loss, weight control, increased
physical function and cardiovascular fitness
9).
Follistatin (FLST) is a myokine involved in
the regulation of muscle mass and is a positive
regulator of skeletal muscle mass. It has been
shown that FLST is able to decrease biological
effects of growth differentiation factor family,
which positively increase skeletal muscle mass
(10). It has been shown that FLST levels
increase significantly after lower-body RT in
trained volleyball players (11). Also, FLST
levels increase significantly after combined
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lower body + upper body RT in middle-aged
men (10). Some studies revealed that RT alone
has a negative effect on ET benefits, but CT
would have positive effects on cardiovascular
adaptations as well as muscle mass, strength
and power (12).
The question remains that whether RT and ET
would interfere with their physiological effect.
On the other hand, some studies have shown
that CT has no effect on long-term adaptations,
and the strength gains are equal in both
training methods. In addition, it has been
shown that CT can increase basal metabolic
rate and help reduce fat mass. Considering the
importance of body fat indices in metabolic
syndrome and cardiovascular disease, we
aimed to investigate the effects of CT orders
on different physical fitness indicators and
functional capacity of postmenopausal women.
MATERIALS AND METHODS

In this semi-experimental study, 33 healthy,
sedentary, postmenopausal women were
divided into three groups of ET-RT (ET+RT,;
n=11), RT-ET (RT+ET; n=10) and control (C;
n= 12). Sample size was estimated by the G-
Power software. The minimum sample size for
three groups was 36 participants with respect
to effect size of 0.27, power of 0.8 and 0=0.05.
Height and weight of the subjects were
measured with precision of 1 cm and 0.1 kg,
respectively. Body mass index (BMI) was
calculated by dividing body weight by height
squared (kg/m?). Subjects who had any
diseases such as diabetes or heart disease,
musculoskeletal injury, history of smoking,
history of drug or supplement consumption
and history of exercise in the last six months
were excluded from the study. During the
study period, physical injury and irregular
attendance at training sessions  were
considered as the exclusion criteria.
Both experimental groups performed the same
RT and ET procedures. However, the order of
the training was changed. The training
interventions were carried out for eight weeks
from low to high intensity according to
overload principle. Both groups performed the
exercises simultaneously after 15 minutes of
warm-up. The RT+ET group first performed
RT for 45 minutes, then after 10 minutes of
rest, they performed ET for 20 to 40 minutes.
The ET+RT group first performed ET for 20 to
40 minutes, then rested for 10 minutes and
then performed RT for 45 minutes. Resistant
training exercises included biceps curl, triceps



pushdown, lat pulldown, lateral raise, incline
chest press, leg extension, leg curl and calf
raise. In the first two weeks, the exercises were
performed three sessions per week. Between
the third and eighth week, some upper and
lower body exercises (biceps curl, triceps
pushdown, incline chest press, leg extension
and leg curl) were performed on Saturday and
the remaining exercises were performed on
Sunday.

Endurance training exercises (aerobic exercise
i.e., lower and upper body exercises) were
performed at 65% of maximum heart rate in
the initial training sessions, and the exercise
intensity reached 80% of maximum heart rate
by the end of the training protocol. A polar
heart rate monitor (Polar S810, Polar Electro,
Kempele, Finland) was used to control the
exercise intensity. The total ET exercise
volume was 20 minutes in the initial training
sessions and was increased to 40 minutes by
the end of the training protocol, which was
performed with four sets followed by a minute
rest interval.

Leg extension exercise was used to determine
lower body strength. The participants
performed the test three times with 3-5
minutes rests between each attempt to reduce
measurement error due to fatigue. All three
attempts were recorded, while the highest was
used for analysis. After the testing session, the
participant’s maximal strength was predicted
using the following formula:

1 repetition maximum (1RM) = weight/
(1.0278-0.0278xreps).

After the lower body strength test, the
participants used 50% of the calculated
strength test until muscular fatigue. Then, the
total number of attempts was multiplied by
lifted weight recorded as lower body
endurance. Body fat percentage was
determined using a caliper device (Lafayette,
model 01127, USA) with an accuracy of 1mm.
Three skinfolds were measured, namely above
the iliac femoral neck and triceps brachia on
the right side. Then, BFP was calculated by
using the Jackson and Pollock formula (13).
Before blood sampling, the participants were
asked to fast for 12 hours (an overnight fast)
and abstain from physical activity for 36
hours. Blood samples (5 mL) were obtained
from the cubital vein 48 hours before the first
training session and 48 hours after the last
training session. After clotting, blood samples
were centrifuged at 3,000 RPM for 10
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minutes. Spun serum was removed and frozen
at —80°C for analysis. Serum FLST (bound)
concentrations were measured using enzyme-
linked immunosorbent assay Kkits (human
follistatin,  ZellBio GmbH,  Germany)
according to the manufacturer’s instructions.
Normality of data was confirmed using the
Shapiro-Wilk test. The difference between
variables such as age, weight and BMI was
evaluated by ANOVA. Statistical analysis of
variance (repeated measures ANOVA) and
Bonferroni post hoc test were used for data
analysis. All  statistical analyses were
performed using SPSS software (version 22) at
significance level of 0.05.

Spun serum was removed and frozen at —-80°C
for analysis. Serum FLST  (bound)
concentrations were measured using enzyme-
linked immunosorbent assay Kkits (human
follistatin,  ZellBio GmbH,  Germany)
according to the manufacturer’s instructions.
Normality of data was confirmed using the
Shapiro-Wilk test. The difference between
variables such as age, weight and BMI was
evaluated by ANOVA. Statistical analysis of
variance (repeated measures ANOVA) and
Bonferroni post hoc test were used for data
analysis.  All  statistical analyses were
performed using SPSS software (version 22) at
significance level of 0.05.
RESULTS

At baseline, weight and BFP did not differ
significantly between the groups. The effects
of CT on the study variables are presented in
table 1. Main effect, time effect and interaction
effect of all variables are presented in table 2.
The time x group interaction regarding weight
and BFP was not statistically significant.
However, this was significant regarding leg
extension for strength and endurance as well
as the 6-minute walking test (P<0.05). The
Bonferroni post hoc revealed a significant
increase in bench press strength and
endurance. However, we saw a significant
decrease in the control group. The 6-minute
walking test values significantly increased in
both experimental groups. Percent changes
were more profound in the ET+RT group for
all variables. There was no significant time x
group interaction regarding the FLST levels
after the CT intervention. In addition, there
was no significant difference in the FLST
levels between the study groups.
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Table 1. Pre- and post-intervention values of the study variables following eight weeks of concurrent training

Group Endurance training + resistance training Resistance training + endurance training Control

Weight (kg) 66.6+9.4 65.3+8.5 -0.01 70 + 8.4 69.8+ 8.1 -0.009 70.8+ 11.5 70.7+ 10.4 -0.001

Follistatin 10.1+ 1.6 9.86+ 2.04 -0.028 8.72+2.94 7.68+2.79 -0.119 8.81+2.63 8.58+2.08 -0.026

Lower limb 29+ 11.5 56+ 17 0.9 40.5+12.1 57£11.5 0.4 43.3+13.2 454+ 15.5 0.04
strength

(kg)

Table 2. Effects of the eight-week concurrent training exercises on the research variables analyzed by repeated measures ANOVA

Group effect Time effect Interaction effect (Time x Group)

Weight (kg) 08 04 0.05 31 0.08 0.09 1.79 0.18 0.1

Follistatin 0.163 1.93 0.11 0.122 2.53 0.07 0.549 0.611 0.03

Lower Limb 0.566 0.5 0.036 165.06 0.000 0.846 39.61 0.000 0.725
strength (kg)
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DISCUSSION

This study investigated the effects of eight
weeks of different CT orders on physical
fitness,  functional capacity and body
composition  factors of postmenopausal
women. The results of this study showed that
CT order had no significant impact on the
variables. Weight and BFP changes were not
significant in all three groups. Previous
research on the effects of CT exercises on BFP
is very limited and contradictory. Inconsistent
with our findings, previous studies showed a
significant decrease in the BFP compared to
the control group in both CT orders, although
there was no difference between the groups
(14, 15).

BFP may change following CT exercise if the
energy input is less than the energy consumed
(16). Some studies reported that CT exercise
significantly reduced BFP compared to other
types of exercises but not compared to
different exercise orders (17). Eddens et al.
concluded that CT did not have a significant
effect on BFP (18). In addition, Davitt et al.
reported that ET performed before or after RT
had the same effect on body composition (19).
According to Alves et al., the order of CT does
not affect the energy consumption (20), which
is line with our findings. It has been suggested
that CT with different orders can promote
weight loss by reducing BFP in obese men,
although the RT+ET sequence has better
effects (21). However, we found that the
effects of ET+RT was more notable compared
to the RT+ET order. This may be due to the
difference in the type of ET protocol used in
the two studies. In the present study, strength
and endurance of the lower limb muscles
increased significantly in both experimental
groups. However, there was no significant
difference between the two groups in terms of
strength and endurance of the lower limb
muscles. Although FLST levels decreased in
both experimental groups, this change was not
statistically significant. Consistent with our
study, Karatrantou et al. did not observe any
significant change in muscular strength and
endurance (22). However, this finding is
inconsistent with findings of some previous
studies (24, 25). Two other studies also
reported that CT order does not affect strength
gain (23, 24). It has been proposed that the
effect of exercise order strongly relies on the
type of ET or RT in a way that after high-
intensity ET, the power production decreases,
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while low-intensity ET less likely contributes
to fatigue (25). Some studies pointed out that
by adding ET stimulus to RT, fatigue reduces
muscular adaptation (26) and the level of
intracellular glycogen (27). In addition,
maximal muscle strength would be decreased
due to a reduction in neural and peripheral
contraction mechanisms (28). It is supposed
that when ET is performed immediately before
RT, total acute and systematic fatigue
interferes with long-term RT (29).
In our study, aerobic capacity did not differ
significantly between the two exercise groups,
but the percentage changes in the ET+RT
group was higher. Researchers argue that
simultaneous combined exercises can create
long-term adaptations compared to a single
exercise type (30, 31).
Our findings showed that CT exercise with
different orders had no significant effect on
BFP in postmenopausal women. The volume
and intensity of ET and RT, the number of
sets, the number of repetitions per set and
tempo of the exercises are critical factors that
may contribute to decreased BFP and
increased  muscular  hypertrophy.  Since
menopause is associated with cardiovascular
risk factors and metabolic disorders (32),
reduced sex hormones, fat accumulation and
reduced body mass may be evident in
menopausal women (4). In postmenopausal
women, physical activity has a significant
effect on the physical activity outcomes and
BFP changes. The results of the present study
suggest that there is no significant difference
in blood and physical fitness factors between
the CT orders. Therefore, both CT exercise
orders can be performed interchangeably to
increase strength and muscular endurance.
The present study had some limitations
including the lack of precise monitoring of the
participants’ diet and daily activities.
CONCLUSION

Based on the results, the order of eight
weeks of CT training does not significantly
affect BFP, physical fitness factors and
functional capacity in postmenopausal women.
However, the percent changes in the
mentioned variables are higher in the ET+RT
exercise order.
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