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Abstract: Background: This study aimed to investigate the effects of different intra-session exercise orders
during concurrent training (CT) on endurance performance in elderly men, as well as to verify its influence on
individual responses in endurance performance. Design: Twenty-five healthy elderly men (64.7 + 4.1 years) were
placed into two groups: strength training prior to endurance training (SE, n=13), and one in the reverse order (ES,
n=12). CT was performed three times a week during 12 weeks. Before and after training, peak oxygen uptake
(VO2peak), maximal workload (Wmax), absolute and relative cycling economy at 25, 50, 75 and 100 W (i.e.,
average VO?2 at different stages) were assessed. Results: Similar increases in VO,  were observed in the SE and
ES groups (SE: 8.1 +£9.9%; ES: 9.3 + 9.8%; P<0.001), as well as in Wmax (SE: 19.9 + 19.3%; ES: 24.1 £ 24.0%;
P<0.001). Moreover, significant reductions were observed in the absolute VO, at 100 W (P<0.05) in the SE and
ES groups. No difference between groups was observed. In the ES group, one subject did not respond positively
in terms of both VO, and Wmax, whereas 4 subjects did not respond positively in terms of both VO, and
Wmax in SE group. Conclusions: CT improved maximal and submaximal endurance performance in elderly
men, independent of intra-session exercise order. However, it seems that the ES order elicited more individual
responsiveness in terms of maximal endurance performance than SE order.
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Introduction

Along with a decline in neuromuscular function, aging is
associated with a decrease in cardiorespiratory fitness that
results in an impaired capacity to perform daily activities and
maintain independence and quality of life (1-4). In fact, it is
well established that low cardiorespiratory fitness is associated
with mortality in elderly men and women (5, 6). To counteract
this effect, regular exercise training can prevent the loss of
cardiorespiratory function and age-associated diseases such as
hypertension, diabetes and dyslipidemia. Although endurance
training promotes more pronounced cardiorespiratory
adaptations, such as maximal aerobic power (VOzpeak) (7,
8) strength training also induces increases in submaximal
endurance performance, which can contribute to overall
cardiorespiratory enhancement in the elderly (3-9). Indeed,
submaximal endurance performance may be particularly
important in the elderly because most activities of daily living
are performed at low rates of oxygen consumption (10).

A combination of strength and endurance training (i.e.,
concurrent training) in elderly populations appears to be the
most effective strategy for improving both neuromuscular and
cardiorespiratory functions during aging (7, 9, 11). In addition,
concurrent training promotes endurance adaptations similar
to those produced by endurance training alone (7, 9, 12, 13).
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Previously, we showed that different intra-session concurrent
exercise sequences (i.e., strength-endurance or endurance-
strength) resulted in similar increases in peak oxygen uptake,
maximal workload on a cycle ergometer, and power at the
second ventilatory threshold (14). However, we observed in
that study that only the strength-endurance order improved
power at the first ventilatory threshold (14), we hypothesized
that greater contrasts between different exercise sequences
could occur for other endurance performance markers, such as
cycling economy. Nevertheless, to the best of our knowledge,
only one study conducted in young men and women has
previously addressed the order effect on submaximal endurance
parameters (15). This study demonstrated a reduction in the
submaximal oxygen consumption during exercise on a cycle
ergometer for both exercise orders after concurrent training in
young men after 24 weeks of training but not after 12 weeks.
Notwithstanding, due to the evident difference in physical
fitness between young and elderly individuals (1), there is a
need to expand the knowledge regarding the effects of different
exercise sequences during concurrent training on submaximal
endurance performance in the elderly, because the order
effects on sub-maximal oxygen consumption have not been
investigated in health elderly performing concurrent training.
There is considerable interindividual variability in response
to endurance training (i.e., VO2max and Wmax) that has not been
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clarified in elderly (16-19). This means that under the same
stimulus, some subjects may achieve positive benefits after
training (i.e., responders — R) (16, 20, 21) while others exhibit
a worsened or unchanged response and are thus termed non-
responders (NRs) (18, 21-23). Recently, it has been shown
that responders to high-intensity interval endurance training
(HIIT) do not necessarily respond to low-intensity continuous
endurance training (21). Although variability in individual
responses to endurance training is well established (16, 20,
21, 24), the influence of intra-session exercise order during
concurrent training on individual endurance performance
responsiveness has not been investigated in elderly populations.
This knowledge could be especially important for determining
which intra-session exercise order would produce greater
responsiveness in a group of elderly men.

Considering the relevance of submaximal endurance
performance in the elderly, the present study aimed to
investigate the prevalence of non-responders and the effects
of different intra-session exercise orders during concurrent
training on maximal and submaximal endurance (i.e., cycling
economy) performance in healthy elderly men. Because of
the greater strength gains obtained in the strength-endurance
order (14), we hypothesized that this order (i.e., strength-
endurance) during a concurrent training would provide greater
improvements in cycling economy at different intensities in
elderly individuals when compared with the inverse order.
In addition, a second purpose of this study was to verify the
influence of intra-session exercise order during concurrent
training on individual responses in terms of maximal endurance
performance. We also hypothesized that both exercise orders
would provide similar prevalence of non-responders.

Material and methods

Experimental design and approach to the problem

To investigate the effects of the exercise sequence of
concurrent endurance and strength training on cycling economy
in elderly subjects, two training groups performed prolonged
training that had previously resulted in marked improvements
in both endurance and strength performance (7, 25). The present
study is part of a larger research project in which we aimed to
investigate the neuromuscular and cardiovascular adaptations to
different concurrent strength and endurance training protocols
in elderly men (14). Because the aim of the present study was
to expand our previous results by comparing the cardiovascular
adaptations to two different ways of prescribing concurrent
training (i.e., different intra-session exercise orders), a control
group was not tested. However, to test the stability and
reliability of the performance variables, some of the subjects
were evaluated twice before the start of training (weeks —4 and
0). Testing pre- and post-intervention was performed by the
same investigator, who was blinded to the training group to
which the subjects belonged. The ambient conditions were kept
constant throughout all tests (temperature: 22-24°C). This study

was conducted according to the Declaration of Helsinki and was
approved by the Ethics Committee of Federal University of Rio
Grande do Sul, Brazil.

Subjects

Twenty-five healthy community-dwelling elderly men (mean
+ SD: 64.7 = 4.1 years) who had not engaged in any regular
and systematic training program in the previous 12 months
volunteered for this study after completing an ethical consent
form. The subjects volunteered for the present investigation
following announcements in a widely read local newspaper.
The subjects were carefully informed about the design of the
study, and special information was given regarding the possible
risks and discomfort related to the procedures. Subsequently,
the subjects were randomly assigned and placed into two
groups: strength training prior to endurance training (SE,
n=13) or endurance training prior to strength training (ES,
n=12). Concealment was guaranteed by a researched who
was blinded with respect to participants. The sample size was
calculated using the G POWER software (version 3.0.1), which
determined that a sample of n=13 subjects would provide a
statistical power of over 0.85 for all variables. Eight subjects
(66.0 £ 2.7 years) were evaluated twice before the start of
training (weeks —4 and 0).

The exclusion criteria included any history of
neuromuscular, metabolic, hormonal and cardiovas-cular
diseases. The subjects were not taking any medications that
could influence hormonal or neuromuscular metabolism. The
subjects were advised to maintain their normal dietary intake
throughout the study. Medical evaluations were performed
using clinical anamnesis and an effort electro-cardiograph
(ECG) test to ensure each subject’s suitability for the testing
procedure. The physical characteristics of the subjects are
shown in Table 1. Body mass and height were measured
using an Asimed analog scale (resolution of 0.1 kg) and an
Asimed stadiometer (resolution of 1 mm), respectively. Body
composition was assessed using the skinfold technique. A
seven-site skinfold equation was used to estimate body density
(26), and body fat was subsequently calculated using the Siri
equation (27). The subjects’ characteristics are shown in Table
1.

Peak Oxygen Uptake, Ventilatory thresholds and Maximal
workload

The subjects performed an incremental test on a cycle
ergometer (Cybex, USA) to determine their peak oxygen
uptake (VOzpeax), second ventilatory threshold (VT2), maximal
workload (Wmax), and cycling economy at 25, 50, 75 and 100
W. We chose to assess the metabolic economy at intensities
up to 100 watts to guarantee that all our subjects were able to
complete these intensities before and after training. During the
test, the subjects initially cycled with a 25 W load, which was
progressively increased by 25 W every two minutes, while
maintaining a cadence of 70-75 rpm until exhaustion. The test
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was finished when the subjects were no longer able to maintain
a cadence of 70 rpm. All the incremental tests were conducted
in the presence of a physician. The participants were instructed
to not to perform vigorous physical activity 24 h before the test,
not to consume any stimulant beverages (i.e., with caffeine)
and to sleep at least 8 h the night before the test. Expired
gas was analyzed breath by breath using a metabolic cart
(CPX/D, Medical Graphics Corporation, St. Paul, MN). VT2
was determined using the second breakpoint in the ventilation
using an intensity curve and corresponded to the point of
exponential increase in the ventilation in relation to the load
(25). In addition, to confirm the data, VT2 was determined using
the CO: ventilatory equivalent (VE/VCO2). The maximum
VO: value (mL-kg'-min"') obtained close to exhaustion was
considered the VOozpeak. Wmax (Watts) was calculated using the
formula Wmax= Wcom+(t/120).AW, in which Wcom was
the load at the last stage completed, t was the time at the last
incomplete stage and AW was the load increment in the last
stage (25 watts) (2). The cycling economy at each intensity
was determined as the average oxygen consumption during the
entire stage (i.e., two minutes) (15). The maximum test was
considered valid if at least 2 of the 3 following criteria were
met: 1) the maximum heart rate predicted by age was reached
(220 - age); 2) the cadence of 70 rpm was not maintained; and
3) an RER greater than 1.1 was obtained. Three experienced,
independent physiologists deter-mined the corresponding
points. For the data analysis, the curves for exhaled and inhaled
gases were smoothed by visual analysis using the software
Cardiorespiratory Diagnostic Software Breeze Ex version 3.06.
Heart rate (HR) was measured using a Polar monitor (model
FS1, Kempele, Finland). The test-retest reliability coefficients
(ICC) ranged from 0.85 to 0.88 for all the cardiorespiratory and
workload variables.

Determination of responders and non-responders

Responsiveness to concurrent training was determined using
the typical error criteria (19, 21). Eight participants in this study
completed the maximal endurance test on a cycle ergometer
twice before the start of the concurrent training intervention to
determine the typical error in the VO2max and Wmax. The typical
error (TE) of measurement was calculated using the equation
TE = SDdiff/\/2, in which SDdiff is the standard deviation of
the difference scores observed between the 2 tests performed
(28). Non-responders for VO2max and Wmax were defined
as subjects who failed to achieve an increase or decrease that
was greater than two times the TE away from zero. A change
beyond two times the TE indicates a high probability (i.e., 12
to 1 odds) that the response is a real physiological adaptation
greater than might be expected to result from biological and/or
technical variability (21, 29). The calculated typical error was
1.15 mL-kg*min"! for VO2max and 8 watts for Wmax.

Concurrent training programs

The participants in the study performed both strength and
endurance training in the same session three times a week
on non-consecutive days. One group performed the strength
training prior to the endurance training (SE), and the other
group performed the endurance training prior to the strength
training (ES). Prior to the intervention, the subjects completed
two familiarization sessions to practice the exercises they would
perform during the training period. The strength and endurance
training programs have been previously described in detail
(7, 25). The subjects performed nine exercises (bench press,
inclined leg-press, seated row, knee extension, inverse fly, leg
curl, triceps curl, biceps curl and abdominal exercises). During
weeks one and two, the subjects performed two sets of 18-20
repetitions maximum (RM; i.e., the heaviest possible load was
used for the designated number of repetitions; mean + SD of
relative load: 39.8 + 7.4% of pre-training 1 RM), progressing
to 15-17 RM (weeks 3-4; 48.3 + 5.7% of pre-training 1RM). In
weeks five to seven, the subjects performed two sets of 12-14
RM (64.1 + 8.7% of pre-training 1RM), eventually progressing
to three sets of 8-10 RM (weeks 8-10; 81.3 = 12.3% of pre-
training 1RM) and advancing to 6-8 RM (weeks 11-12; 93.1
+ 14% of pre-training 1 RM). The workload was adjusted
when the repetitions performed were either above or below
the number of repetitions established. All sets were performed
until failure (29). The recovery time between sets was 90 to 120
seconds. The strength training sessions lasted approximately 40
minutes.

The endurance training was performed using a cycle
ergometer at an intensity relative to the heart rate (HRvr2)
corresponding to the VT,. During the first two weeks, the
subjects cycled for 20 minutes at 80% of HRvr2, progressing
to 25 minutes at 85-90% of HRvr2 during weeks five to six.
During weeks seven to ten, the subjects cycled for 30 minutes
at 95% of HRvr2, and in the last two weeks of training, the
subjects performed six four-minute bouts at 100% of HRvr
(weeks 11-12) with one minute of active recovery between
bouts. VT2 was used as a parameter to prescribe the intensity
of endurance training; it corresponded to 73.8 + 4.9% of the
VO2peak. All the training sessions were carefully supervised by
at least three experienced personal trainers.

Statistical Analysis

The SPSS statistical software package was used to analyze
the data. Normal distribution and homogeneity parameters were
checked using Shapiro-Wilk and Levene tests, respectively. The
results are reported as the mean + SD. Statistical comparisons
during the control period (from week —4 to week 0, n=8)
were performed using Student’s paired t-tests. The effects of
training were assessed using a two-way analysis of variance
(ANOVA) with repeated measures (group x time). Selected
relative changes between groups were compared via a one-way
ANOVA. The effect size (ES) between pre and post training
for each group was calculated using Hedges’ effect size based
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on the following formula:effect size = (Mpost - Mpre)/SDpre,
where Mpost is the mean post-training measure, Mpre is the
mean pre-training measure for each group, and SDpre is the SD
of the pre measurements (30). Threshold values for assessing
the magnitude of standardized effects, which are a fraction or
multiple of the baseline standard deviation, were 0.20, 0.60, 1.2
and 2.0 for small, moderate, large and very large, respectively
(31). The retrospective statistical power provided by SPSS after
analysis was 1.00 for all variables in which a significant time-
effect was observed. Statistical significance was accepted when
p<0.05.

Figure 1
Flowchart for screening, recruitment, allocation and
intervention

Enrollment | *Assessed for eligibility (n=39) |

Excluded (n=9)
+Declined to participate

|_;

]

Randomized (n=30)

Allocation

Allocated to SE group (n = 15) ‘ | Allocated to ES group (n = 15)

Excluded (n = 5):
*2 change of address
*3 professional reasons

Analysis

SE group:
Analyzed pre and post (n = 13)

|

ES group:
Analyzed pre and post (n = 12)

Results

Of the 39 elderly who were approached, 30 agreed to
participate in the trial. From the initial sample of 30 elderly
who volunteered to take part in this study and met the inclusion
criteria. Five subjects dropped out due to reasons like change of
address to a different city (2) or related to professional reasons
(3). Twenty-five elderly men completed the pre- and post-
measurements (SE group: n=13; and ES group: n=12) (Figure
1).

During the control period (i.e., between week -4 and week
0), no significant changes were observed in VOzpeak (28.7 + 3.8
vs. 27.6 £ 3.6 mL-kg''min™.) and Wmax (129.0 + 20.0 vs. 130.7
+ 21.3 watts). At baseline, there were no differences between
the groups in body mass (kg), height (cm), age (years) and body
fat percentage (%). Additionally, VOa2peak and Wmax, absolute
and relative VT2, and cycling economy at 25, 50, 75 and 100
W did not statistically differ between the two groups (Figures 1
and 2).

Maximal aerobic performance (i.e., VOzpeak and Wmax) are
shown in Table 1. Throughout the train-ing period, similar
increases (P<0.001) in the VOzpeak in SE (274 = 6.1 vs. 29.5
+ 6.6 mL-kg'min’", effect size: 0.34) and ES (26.6 + 6.9 vs.
28.8 + 6.5 mL.kg.min-1, effect size: 0.33) were found, with no

differences between groups (SE: 8.1 + 9.9%; ES: 9.3 + 9.8%).
In addition, significant increases were observed in W __ in
SE (121.0 £ 134 vs. 143.9 + 19.8 W, effect size: 1.71) and
ES (1252 + 40.8 vs. 1553 = 44,0 W effect size: 0.74), with
no difference between groups (SE: 19.9 + 19.3%; ES: 24.1 +
24.0%).

Table 1
Physical characteristics cardiorespiratory fitness before and
after training. Mean + SD

Strength-endurance group  Endurance-strength group

SE,n=13 ES,n=12
pre post pre post
Age (yrs) 64.7+3.7 649+39 64.0+3.7 64.0+3.7
Body mass (kg) 79.7+105 795+95 83.0x124 823+13.0
Height (cm) 1700 £59 1700+59 173.0+49 173.0+49
% Fat mass 273+3.7 25.6 £3.3% 280+25 264 +3.2%
VO, (mL*kg*min™') 274 +6.1 29.5+6.6* 266+69 288+6.5
Wmax(watts) 1210+ 134 1439+198*% 1252+408 1553 +44

*Significant difference from pre training values (P <0.001).

There were no significant differences in the relative and
absolute VO:2 at 25, 50 and 75 W after training in both the SE
and ES groups. However, after training, significant reductions
were observed in the absolute VO2 at 100 W (P<0.05, effect
size: 0.37 and 0.48 for SE and ES, respectively) in SE and ES,
with no differences between groups (Figure 2). In addition,
there was a strong trend toward significant differences in the
relative VO2 at 100 W (P=0.058, effect size: 0.38 and 0.35 for
SE and ES, respectively) in the SE and ES groups, with no
differences between groups (Figure 3). After training, all the
absolute loads performed during incremental test (i.e., 25, 50,
75 and 100 watts) represented significantly less relatively to
Wamax (P<0.001), with no differences between SE and ES (Table
2).

The inter-individual variability results are shown in Figures
3 (VOzpeak) and 4 (Wmax). Regarding VOzpeak, the ES group
presented 10 responders and 2 non-responders (16.6%), while
the SE group presented 8 responders and 5 non-responders
(38.4%). Regarding W __, the ES group presented 9 responders
and 3 non-responders (25%), while the SE group presented
8 responders and 5 non-responders (38.4%) for this variable.
In Wmax, both the ES and SE groups included 1 subject whose
scores were close enough to be considered a responder (i.e., 2
watts less than two times the typical error). In the ES group,
only one subject did not respond positively on both VOzpeax
and Wmax (8.3%). Regarding the SE group, 4 subjects did not
respond positively on both VOzpeak and Wmax (30.7%).
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Figure 2
Mean = SD of absolute oxigen uptake (VO,) (L'min™) pre and
post 12 weeks of concurrent training. SE, strength prior to
endurance training; ES, endurance prior to strength training

Figure 4
Mean of individual absolute changes of relative maximal oxigen
uptake (VO, ) (mL-kg!min™)
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*Significant difference from pre training values (P <0.001).

Figure 3
Mean + SD of relative oxigen uptake (VO,) (mL-kg"-min™') pre
and post 12 weeks of concurrent training. SE, strength prior to
endurance training; ES, endurance prior to strength training
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*Significant difference from pre training values (P <0.001).

Table 2
Absolute loads relative to maximal power at cycle ergometer
(Wmax) characteristics cardiorespiratory fitness before and
after training. Mean + SD

Strength-endurance group Endurance-strength group

SE,n=13 ES,n=12
pre post pre post
25 watts (%) 210+24 17.8 £2.9* 219+69 174 £49*
50 watts (%) 420+48 357 +59% 439+13.8 34.7+9.8*
75 watts (%) 62.7+70 532 +8.5% 65.9 £20.7 522+ 14.8*
100 watts (%) 839+9.6 714 +11.7* 87.8+27.6 69.4 +19.4*

*Significant difference from pre training values (P <0.001).

SE, strength prior to endurance training; ES, endurance prior to strength training.

Figure 5
Mean of individual absolute changes of maximal workload at
cycle ergometer (W__ ) (Watts)

max
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Subjects

SE, strength prior to endurance training; ES, endurance prior to strength training.
Discussion

The main finding of the present study was that both intra-
session exercise orders during concurrent training led to
improved cycling economy at the highest intensity assessed
(i.e., 100 W, which corresponded to 70.2 £ 15.6% of the
Wmax after training). In addition, both concurrent endurance
and strength training regimes led to similar enhancements
of peak oxygen consumption and maximal workload during
an incremental cycling ergometer test. Hence, the present
study indicates that concurrent training improves maximal
and submaximal aerobic performance in healthy elderly men
irrespective of the exercise order. However, when considering
individual responses, the ES group presented greater
responsiveness since only 1 subject did not respond positively
in terms of both VOzpeak and Wmax, whereas 4 subjects did not
respond positively in the SE group.

Concurrent strength and endurance training typically lead
to similar improvements in maximal aerobic performance (i.e.,
VO2peak) compared with endurance training alone in elderly
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populations (8, 9, 11-13, 25). Furthermore, changes in the
maximal aerobic capacity do not differ when endurance training
is preceded by strength training or vice versa (14). Previous
studies have shown that strength and power development may
improve metabolic cost at submaximal intensities during aer-
obic exercise (3) and during activities of daily living (10).
Interestingly, in the present study we observed a significant
reduction in the absolute oxygen consumption at 100 watts
(corresponding to 85.6 and 70.2% of Wmax before and after
training, respectively) and a statistical trend toward signif-
icant reductions in relative oxygen consumption at the same
intensity. However, it is unclear why our subjects were not able
to improve the economy of their movement at lower intensities.
The changes may have been observed only at the highest
intensity because the subjects performed at a high-intensity
during the strength (i.e., 14 - 6 RM) and endurance (90 - 100%
of anaerobic threshold) training during the latter half of the
training program. As we have previously shown (14), after a
concurrent training period in health elderly men, cycling power
at the second ventilatory threshold ranges from approximately
100 to 150 watts, which indicates that the subjects performed
a major part of their training close to 100 watts and as a result,
the changes were more prominent. This result agrees with the
specificity principle of training.

Increased exercise economy has typically been attributed to
earlier findings showing that an increase in maximal strength
leads to a larger recruitment of type I fibers for the same
submaximal load, adjustments in firing rate, and/or better
muscular coordination and therefore better mechanical
efficiency, subsequently reducing oxygen consumption for the
same submaximal intensity (2, 3, 10). In fact, it has previously
been shown that after 12 weeks of concurrent training, elderly
subjects reduced their electromyographic (EMG) activity when
performing at submaximal intensities during cycling exercise
(i.e., neuromuscular economy), which also suggests a reduction
in the recruitment of type II fibers (32). Moreover, in the
present study, absolute rather than relative workloads were used
to investigate exercise economy. Thus, the observed changes
in the economy may simply be the result of a training-induced
increase in the maximal workload and, therefore, a lower % of
activated motor units at submaximal exercise intensities (2, 3,
10, 25). The absence of changes at lighter intensities could also
be explained by the fact that at these intensities, subjects were
sufficiently economical because many typical activities of daily
living occur at these intensities (10). However, this explanation
should be further investigated and remains to be elucidated.
An improvement on metabolic economy at submaximal effort
has an important clinical consequence: if older subjects are
metabolically more economic during daily living activities, it
means that the cardiovascular responses to a such effort will
be lower and consequently, the cardiac risk will be also lower.
Furthermore, it also means that elderly can displace/lift the
same load with the same meta-bolic cost compared to the pre
training condition. This result could be especially important

to elderly individuals with decreased ability to perform daily
living activities. However, the feasibility of the training
regimens used in the present study and its adaptations should be
further investigated in elderly with impaired functional capacity
before to extrapolate these findings.

Interestingly, in the present study, no difference in metabolic
economy was observed between different intra-session exercise
orders during concurrent training. These results are partially
in agreement with those from of Schumann et al. (15), who
demonstrated a reduction in submaximal oxygen consumption
on a cycle ergometer after concurrent training performed in
both exercise orders in young men after 24 weeks of training,
but not after 12 weeks. However, the subjects in the previous
study were physically active and, as such, accustomed to
cycling exercise. This discrepancy can be explained by different
exercise intensities, the initial training status of the subjects and
the different ages of their subjects and ours (i.e., young versus
elderly men).

Studies using endurance training in adults have described
the occurrence of interindividual variability in response to its
stimuli in performance variables, such as VOomax and Wmax
(16, 21, 24). In addition, it seems that the same is observed
when endurance training is performed simultaneously with
strength training (i.e., concurrent training) (20). More recently,
it has been shown that under the same HIIT or resistance
training regimens or under different health status conditions,
there are similar and different prevalences of NRs (i.e.,
percentage of NR cases) defined by improved anthropometric,
cardiovascular, metabolic and performance variables in adults
(19). The present study has shown that while ES and SE
increased similarly to VOozpeak and Wmax, at the group level,
there was a higher responsiveness in the maximal endurance
performance in ES group considering VOzpeak (16 vs. 38%
for ES and SE, respectively) and Wmax (25 vs. 38% for ES
and SE, respectively). This finding may suggest that some
individuals who are exposed to both strength and endurance
training in the same training session may experience impaired
endurance performance when endurance training is preceded
by strength training. This phenomenon can be explained by
the acute effect phenomena related to peripheral or central
fatigue resulting from the first modality of concurrent training
session (33). Indeed, it has been shown in young subjects that
different strength training protocols may impair endurance
performance when the latter is performed immediately before
the former exercise (34). Notwithstanding, previous studies
have confirmed the hypothesis that individuals may be more
sensitive to a given exercise protocol and may not respond
to a different one (18, 21, 35). In this case, the mechanisms
underlying individual variability could be different peripheral
adaptations, such as different changes in skeletal muscle
oxidation capacity, glycogen content and different fiber-
type predominance between groups (36) as well as different
central adaptations (37). Nevertheless, because we did not use
a cross-over design in the present study, we could not verify
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this hypothesis. It should also be stated that the use of two
times the typical error to define our subjects as responders or
non-responders may have led to greater incidences of non-
responders since this method is considered as very conservative
(21, 28) compared with other methods (35, 38). However, it
should be noted that some individuals who did not respond in
some physical manner after 12 weeks had a positive response
after longer period of training (i.e., 24 weeks) (39) or after the
training frequency was increased (40).

The present study has some limitations. First, there was an
absence of an assessment of cycling economy at intensities
higher than 100 watts. However, we chose to assess
the metabolic economy at intensities of up to 100 watts to
guarantee that all our subjects were able to complete these
intensities before and after training. In addition, we only
assessed the inter-individual variability in maximal endurance
adaptations, and not the individual response in submaximal
endurance. Moreover, we did not perform a cross-over design
in the present study, and therefore, we cannot conclude whether
the differences in the subjects’ responsiveness between ES and
SE groups were based on individual sensitiveness or different
training regimens. Future studies with a cross-over design
are required to confirm if the different prevalence of non-
responders observed is due to an individual sensitiveness or
due to the different concurrent training regimens. On the other
hand, our results expand the knowledge regarding the effects
of different intra-session exercise orders during concurrent
training in maximal and submaximal aerobic performance in
healthy elderly. The key-findings of the study are presented in
the Box 1.

Box 1
Key-findings of the study

Concurrent training improved cycling economy and maximal aerobic power
in elderly, independently of exercise order (i.e., SE or ES).

The ES order presented lower prevalence of non-responders in VO2peak and
Wmax than the inverse order.

Although no differences were observed in the group analysis, ES order
induced greater responsiveness in the maximal endurance performance and
this result should be considered when prescribing concurrent training in

elderly men.

In summary, concurrent strength and endurance training
performed three times a week improved cycling economy at a
greater intensity (i.e., 100 watts) independent of intra-session
exercise orders; and, similar improvements in the maximal
aerobic power were noted. From a practical standpoint, to
improve maximal and submaximal endurance capacity,
concurrent training can be performed in either strength-
endurance and endurance-strength exercise orders in healthy
elderly men. However, based on individual responses, it can
be concluded that ES order may induce greater responsiveness
in the maximal endurance performance, and this result should
be strongly considered when prescribing concurrent training in
elderly men.
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