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Effects of Single versus Multiple Bouts of Resistance Training
on Maximal Strength and Anaerobic Performance
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This study examined the effects of one single bout daily versus triple bouts of resistance exercise for 12 weeks
on muscular strength and anaerobic performance of the upper body. Twenty young male adults (age: 22.0 + 1.0 years,
bench press: 44.0 + 10.3 kg) were randomly assigned to a single bout (SB) or triple bouts (TB) of resistance exercise
group. Maximal strength and anaerobic performance of the upper body using the bench press (one-repetition maximum)
and the modified 30 s Wingate test were determined before and after the intervention. Additionally, changes in lactate
levels before and after the Wingate test were measured. Although the SB and TB groups showed a significant increase
in maximal strength (post-intervention, SB: 67.2 £ 9.2 and TB: 67.6 + 7.6 kg, respectively) compared with the values at
pre-intervention (SB: 44.6 + 11.4 and TB: 43.9 + 8.7 kg, respectively), there was no significant difference for this
variable between the two groups post-intervention (p > 0.05). The anaerobic performance of the upper body in the SB
and TB groups also displayed improvements without significant difference between the two groups after the completion
of different training regimes. On the basis of the same training volume, multiple bouts of resistance training showed
similar improvements in maximal strength and anaerobic performance to one bout of resistance training in young adult
men without prior experience in resistance training
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Introduction

The American College of Sports Medicine multiple bouts versus one single bout of aerobic
(ACSM) and the American Heart Association exercise, for example brisk walking or walking
(AHA) jointly recommend that adults need a and displayed
minimum of 30 minutes of moderate-intensity improvements  in  cardiopolumary fitness
aerobic physical activity 5 days a week or a (Macfarlane et al., 2006), blood pressure (Serwe et

minimum of 20 minutes of vigorous aerobic al., 2011), blood glucose and insulin resistance
(Baynard et al., 2005) as well as blood lipids

running, comparable

activity 3 days a week to promote and maintain

health (Haskell et al, 2007). However, busy
schedules often present obstacles to finding
sufficient time to exercise (Reichert et al., 2007). To
counter this, multiple bouts of aerobic exercises or
physical activities totaling 30 minutes or longer
are an alternative recommended regime (Haskell
et al., 2007; Tremblay et al., 2011). Regarding the
effect of multiple bouts vs. one bout of aerobic
exercise, several studies have reported that
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(Miyashita et al., 2008) on the basis of the same
exercise duration or volume. However,
researchers have emphasized that the minimum
duration for a single session in a multiple-bout of
aerobic exercise should be at least 10 minutes
(Miyashita et al., 2008; O'Donovan et al., 2010).

On the other hand, resistance exercise
using major muscle groups with 8-10 exercises for
two or more nonconsecutive days per week is also
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recommended for adults as muscular strength
and endurance (Fitzgerald et al., 2004; Liu-
Ambrose et al., 2010), bone density (Bemben et al.,
2011; Vanni et al., 2010) and insulin phenomenon
(Ng et al,, 2011) can be improved by a regular
resistance or weight training program. In addition
to the aforementioned merits, anaerobic
performance was enhanced after regular
resistance training (Fatouros et al., 2005; Santos
and Janeira, 2012).

Considering the aspect of muscular
performance, multiple sets or sessions of
resistance training were superior to one single set
or session of resistance training because of more
training volume or loading (Bottaro et al., 2011;
Krieger, 2010). However, in contrast to the above-
mentioned studies regarding multiple bouts of
aerobic exercise and dose-response from multiple
sets vs. one single set of resistance exercise, only
few studies have examined whether there was
any difference for muscular strength performance
and anaerobic capacity between one single bout
and multiple bouts of resistance exercise with
equal training volume.

Therefore, the aim of this study was to
investigate the effects of one single bout versus
triple bouts of resistance exercise on muscular
performance of the upper body. In addition, the
difference in anaerobic capacity (Wingate
anaerobic test, WANT) and lactate response to the
WANT due to these two different resistance
training regimes were investigated in this study.
Given an equal total training volume (loading and
sets) in the two resistance training regimes, the
hypothesis of this study was that the
improvements in maximal strength would be
similar between these two different regimes.

Methods

Participants and experimental overview

Eligible participants who were juniors in a
military college and had no experience in
resistance training qualified for the study.
Although the subjects did not participate in any
structured training, they had 3-4 times of
extracurricular ball sports such as basketball,
volleyball, table tennis and soccer per week,
approximately 30 min per session. All participants
(age: 22.0 + 1.0 years, body height: 170.5 + 6.2 cm,
body mass: 68.2 + 5.3 kg) were given an initial
medical and physical examination and were
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excluded if they had metabolic, cardiovascular or
musculoskeletal diseases, or ingested any
medications, anabolic steroids or nutritional
supplements known to affect resistance exercise
performance or muscle protein synthesis at least
one year before this study. During the study
period, the aforementioned substances were not
allowed either. The sample size was determined
using power analysis software G*Power 3.0
(Franz Faul, Kiel University, Germany), on the
basis of the results of the maximal bench press
performance in Baker et al. (2013). Accordingly,
each group should comprise 10 participants to
provide 80% power at the 0.05 Ilevel of
significance. All participants (male, age = 22.0
1.0 years) were randomly assigned to one of the
two following groups: one single bout (SB) or
triple bouts (TB) group. Before the intervention,
each participant’s maximal strength (bench press)
was determined; furthermore, the upper body
Wingate test was applied and changes in lactate
concentration from pre- to 30 min post-Wingate
test performance were measured. All the
assessments were repeated after the 12-week
resistance training intervention. The subjects were
adequately informed about the risks and benefits
involved in the study and provided written
informed consent to participants. This study was
approved by the institutional review board of the
Ani Tai Hospital, Taiwan.
Anthropometry

Body height and mass of all participants were
measured with an electronic stadiometer (Seca,
Model 242, Hanover, MD) and digital scales
(Tanita, Model BWB-627A, Hong Kong, China),
respectively. The body mass index (BMI) was
calculated by dividing body mass (kg) by body
height (m) squared (kg/m?). In addition, the body
fat percentage (%) and fat-free mass (kg) were
measured using an InBody 720 analyzer
(BIOSPACE, Seoul, South Korea). The
measurements were performed in the morning
after an overnight fast.
Maximal Strength Measurement

The one-repetition maximum (1-RM) bench
press was used for the maximal strength
assessment of the upper body. It was determined
by three to six sets with 2 min rest intervals
between sets. The pre- and post-training
assessments were scheduled at least 24 h before
the first training session and after the final
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training session, respectively. After a 3-5 min
warm-up, participants started their maximal
bench press evaluation. The participant lowered
the bar to the mid-chest and then pressed the
weight until the elbows were fully extended for at
least 3 s. Pre- and post-assessments were
scheduled at the same time of the day in order to
limit confounding variables.
The Wingate Test

Before and after the resistance training
program, an arm WANT for upper body power
was arranged approximately one hour after the
maximal strength assessment. A Monark 824E
ergometer was modified with an arm crank and
the resistance load was equal to 0.05 kp/kg body
mass. After a 2 min warm-up with no load,
participants were signaled to crank for 30 s as
rapidly as they could. The peak power output
(PP) during any 5 s period, the average power
output (AP) for total 30 s, and the fatigue index
(FI) were calculated according to standard
equations (Inbar et al, 1996). Verbal
encouragement was provided during this testing
period.
Lactate Measurement

Immediately before and after the WAnT, and
at the 3, 5%, 15% and 30" min post-WAnT,
participants’ finger capillary blood samples were
collected for the lactate analysis using a Lactate
Pro analyzer (Arkray, Shiga, Japan). Before taking
the blood sample, participants immersed one
hand in warm water (~40 °C) for 30 s. The hand
was dried and then one finger was pierced with a
sterile lancet (1.5 mm). The first drop of blood was
removed and ~10 pL of blood was used to
determine lactate concentrations. For the lactate
concentrations after the WAnNT, there were five
collection time points. The first three
(immediately, 3 and 5 min after the WAnT) and
last two points (15 and 30 min after the WAnNT)
represented the effectiveness of the anaerobic and
aerobic energy systems, respectively (Gleeson,
1996; Rimaud et al, 2010). The Ilactate
measurements were also scheduled before and
after the resistance training program.
Training Program

All participants performed the resistance
training program on three nonconsecutive days
per week for 12 weeks. The training exercises
consisted of the lateral raise, lateral pull-down,
shoulder press, biceps curl, triceps extension,
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pectoral fly, abdominal crunch, back extension
and abdominal crunch exercises. All exercises
were performed on resistance equipment
(Johnson, Taipei, Taiwan) and consisted of three
sets for each exercise. The loadings and
repetitions during the W1-W4, W5-W8, and W9-
W12 were 50-55% of 1 RM and 12-15 repetitions,
65% of 1 RM and 10 repetitions, and 75% of 1 RM
and 8 repetitions, respectively. In the SB group,
participants engaged in their training program at
5 pm and finished three sets of one exercise before
starting the next exercise. The rest intervals
between sets and exercises were 30 and 60 s,
respectively. In the TB group, each bout was
performed at 8 am, 5 pm and 9 pm, respectively.
The participants performed only one set for all
exercises in each bout and the rest time between
exercises equaled 30 s. Because the minimum
period for each bout of resistance training in the
multiple-bout regime had not been previously
determined, 10 min for each bout in the TB regime
was established by referring to the model of daily
multiple exercise bouts in previous studies
(Miyashita et al., 2008; O'Donovan et al., 2010).
Diet logs were collected before the initiation
of the training program, at the 6t and 12 week.
Each collection comprised a 3 day period,
including one weekend day and two weekdays. In
addition, the diet instruction sessions were
scheduled twice, the first time at one week before
the start of the training program and the other
time at the 6" week. In the diet instruction
sessions, a nutritionist instructed the participants
how to recognize and record food categories and
portions. Diet software (DietOrganizer 2.2,
MulBerrySoft, USA) was used for analyses of total
calories and nutrient composition. On the other
hand, participants were required to maintain their
habitual physical activities. However, the physical
activities in each week during the experiment
were categorized as two parts: weekdays and
weekends. On the basis of the physical activity
record (International Activity
Questionnaire (IPAQ) - short form, Craig et al,,
2003), most of the physical activities during the
weekdays were similar as the subjects were
students of the same military college. During the
weekends, although all participants could engage
in any activities freely, no resistance or weight-
lifting exercise was allowed. The results regarding
daily physical activity did not show any

Physical
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significant difference between the two groups.
Statistical analysis

All data were expressed as means + standard
deviation (SD). The Kolmogorov-Smirnov method
was used to test for normality of the data (p > .05).
The variables were analyzed using a two-way
mixed-design analysis of variance (ANOVA)
(group x time) followed by post hoc comparisons.
The associations between the variables were
performed by the Pearson product-moment
correlation coefficient. The statistical significance
was set at p < .05. The statistical procedures were
conducted using SPSS (version 16, Chicago, IL,
USA).

Results

The BMI and body composition of the two
groups are presented in Table 1. No significant
differences were evident between the two groups
in terms of the BMI, body fat percentage or fat-
free mass before the training program began (p >
0.05). On completion of the training program,
although both of the two groups displayed a
slight decrease in the body fat percentage, no
significant differences were observed either
within the same group or between the two groups
(p > 0.05). On the other hand, the fat-free mass at
post-intervention showed significantly higher
values in the SB (pre: 62.0 + 6.3 and post: 64.3 +5.9
kg, p <0.05) and TB (pre: 62.3 + 6.0 and post: 64.7 +
6.0 kg, p = 0.021) compared with pre-intervention
by 11% and 12%, respectively. However, the fat-
free mass after the completion of different training
regimes did not significantly differ between the
two groups (p > 0.05).

As for the diet log results, the average daily
intake of calories for the SB and TB groups was
2500 + 224 versus 2484 + 301, 2737 + 204 versus
2648 + 313, and 2897 + 263 versus 2793 + 288 kcal
at the start, middle and end of the resistance
training program, respectively. Although the
average daily calorie intake showed no significant
difference between the two groups at the three
measured points, a gradually increasing trend for
food intake was visible for each group between
the beginning and the end of the training program
and the mean total caloric consumption per day
was significantly greater for each group (p < 0.05)
at the 12" week compared to the values at the
beginning of the experiment.
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Maximal strength assessment and the Wingate Test

The results of the bench press and Wingate
test are displayed in Table 2. Although the results
for bench press in the SB (pre: 44.6 + 11.4 kg and
post: 67.2 + 9.2 kg, respectively; p < 0.05) and TB
(pre: 439 + 8.7 kg and post: 67.6 + 7.6 kg,
respectively; p < 0.05) groups were significantly
higher compared with the values at pre-
intervention by 33% and 37%, the maximal
strength at the post-intervention between the two
groups did not show a significant difference.

The Wingate test showed no significant
difference in PP, AP, or FI between the SB and TB
groups before the training program. After
resistance training, the PP, AP, and FI in the SB
and TB groups showed significantly higher values
than at pre-intervention by 15% and 19%, 11%
and 9%, 28% and 22%, respectively. However,
these three variables of the Wingate test did not
show any significant differences between the two
groups after different resistance training protocols.
Lactate

Table 3 shows the lactate results at each
measured point during the Wingate test and the
area under the curve for lactate (AUCL) across all
measured points for both groups before and after
the intervention. Although the lactate levels of the
two groups were significantly higher immediately
after the Wingate test and at the 34, 5%, and 15t
min post-Wingate test compared with pre-
Wingate test before and after the intervention of
resistance training (p < 0.05), there was no
significant difference for each measured time
point between different training regimes (p > 0.05).
In addition, the AUCL did not show a significant
difference between the groups before or after each
training program, either.

With respect to the relationship between the
variables in this study, the changes in fat-free
mass were significantly associated with the
changes in maximal strength (» = 0.81 and 0.80 in
the SB and TB groups, respectively, p < 0.05) and
the Wingate test (r = 0.78 and 0.75 for the PP in the
SB and TB groups, respectively; r = 0.72 and 0.78
for the AP in the SB and TB groups, respectively; r
= 0.60 for the FI in the SB group, all p < 0.05). On
the other hand, no significant relationships were
found between the changes in the body fat
percentage and the changes in maximal strength
or the Wingate test.
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Table 1
Age and body composition of the SB and TB groups at pre- and post-training intervention
SB (n=10) TB (n=10)
pre post pre post Within Between
group groups
Age (years) 220+ 219+ x x
1.1 1.0
BMI 241+ 243 + 244 + 244 + x x
(kg/m?) 1.0 1.0 1.1 0.9
Body fat % 172+ 16.6 = 17.0 = 16.4 + x x
2.1 2.0 2.3 2.1
FFM (kg) 62.0 + 64.3 + 62.3 + 647+  SB:p<0.05, x
6.3 5.9 6.0 6.0 TB:p=
0.021
Data are mean + SD, x means p > 0.05
BMI: body mass index; FFM.: fat free mass.
Table 2
Pre and post-intervention results of the bench press and Wingate test for both groups
SB (n=10) TB (n=10)
pre post pre post Within Between

group groups

Maximal 44.6 + 672+ 439+87 676+ p<0.05
strength 114 9.2 7.6

Wingate 843.9 + 857.1 + 833.3 + 876.7 + p<0.05

128.9 101.8 126.5 104.1
PP x
AP 4292 + 448.7 + 426.0 + 4448 + p<0.05 x
43.6 35.0 38.1 49.3
FI 69.7+72 722+ 67.8+57 702z p<0.05 x
6.9 5.6

Data are mean + SD, x means p > 0.05.
PP: peak power, AP: average power, FI: fatigue index; Units: kg
for the maximal strength, watt (W) for AP and PP, % for FI.
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Table 3

Changes in lactate concentration pre and post Wingate test before and after ?he fntervention

Before Intervention After Intervention 4
SB (n=10) TB (n=10) SB (n=10) TB (n=10)

Pre 1.5+0.3 1.5+04 15+03 15+04 x
Imm Post-* 6.8+25 6.1+£28 61+23 6.0£22 x
3 min Post- * 127+ 6.8 134+6.1 12.6 +6.5 13.0+6.0 x
5 min Post- * 93+3.1 92+28 89+23 9.0£22 x
15 min Post- * 46+1.1 42+1.7 43+1.0 43+12 x
30 min Post- 20+1.1 20+1.1 1.9+0.8 1.9+09 x
AUCL 98.1+82 101.7+7.9 97.2+8.0 100.0+7.7 x

Data are mean + SD, x means p > 0.05 between the SB and TB groups.
Unit: mmol/L; * means significantly different from pre- and 30 min post. Pre: pre-Wingate test,
Imm Post-: immediately post-Wingate. AUCL: the area under the curve of lactate

Discussion

Only few studies have examined the effect
of long-term one single bout versus multiple
bouts of resistance exercise on maximal strength
or anaerobic capacity of the upper body. The
current study shows that multiple bouts of
resistance exercise (ITB) vs. a traditional one bout
of resistance training (SB), with equal training
volume (sets and loads), elicited corresponding
improvements in maximal strength and anaerobic
performance of the upper body. For those who are
unable to tolerate high loading or volume in one
bout of resistance training, dispersed bouts of

resistance  training can result in similar
improvements in fat-free mass and muscle
performance to one bout of resistance training.
Body Composition

Before and after the intervention, the
body fat percentage and BMI did not significantly
differ between-group or within-group. On the
other hand, although the fat-free mass in both
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groups showed a significant increase at post-
intervention compared with the values at pre-
intervention, there were no significant differences
in this variable between the two groups after the
training program. The former result was similar
to the findings in the studies of Rabelo et al. (2011)
and Washburn et al. (2012) which identified a
significant increase in fat-free mass in elderly
women and young adults after a resistance
training intervention, respectively. Of the several
variables affecting body composition, diet and
training are the two of factors observed during the
intervention. After analyzing participants’ diet
logs, it was found that the calorific intake of both
groups significantly —higher at post-
intervention than at pre-intervention, although
this variable did not show a significant difference
between the studied groups at the three measured
points. On the other hand, Candow and Burke
(2007) concluded that training volume, frequency,
intensity (sets and loading) and duration might

was
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have influence on the changes in fat-free mass and
strength performance due to resistance training
intervention. Therefore, the observed increases in
average daily calorie intake and training volume
likely produced a synergistic effect leading to an
increased fat free mass in this study, however, the
similar gradual increases in training volume and
calorie intake between the two groups might be
the reasons for the comparable change in fat free
mass between them.
Maximal Strength

It has been reported that the primary
outcome of resistance training intervention is the
enhancement of muscular strength performance
(Fitzgerald et al., 2004; Liu-Ambrose et al., 2010).
In addition to similar findings to the
aforementioned studies and in support for the
hypothesis of this study, our results show that
changes in fat free mass were significantly related
to changes in maximal strength (bench press). The
literature (Hunter et al., 2004; Rabelo et al., 2011;
Reeves et al., 2004) suggests that an increase in fat
free mass due to resistance training intervention
could contribute to an enhancement in maximal
strength. On the basis of the findings of this
study, an increase in fat free mass resulting from
resistance training programs might be a factor
contributing to the enhancement of maximal
strength. On the other hand, there was a
comparable improvement in maximal strength
found in both groups. This study is the first to
compare the results between one single bout
versus multiple bouts of resistance exercise and
there was little data available for reference. One
study (Moraes et al., 2013) reported that different
resistance programs with similar training volume
could lead to similar enhancement in maximal
strength in untrained adolescents. As a result, this
study deduced that equal training volume, the
same loading and total sets, might play a role in
strength gains. Yet, neuromuscular adaptions can
also contribute to improvement in maximal
muscular strength (Blazevich et al., 2007). This is a
limitation of our study as we did not perform any
measurements of neural control. Therefore,
although the results concerning maximal strength
supported the hypothesis of this study, further
research regarding changes in neural control as
well as muscle mass is necessary.
Anaerobic Performance

In addition to maximal strength,
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resistance training intervention can enhance
anaerobic sport performance, measured in terms
of the Wingate test, vertical jump, and
countermovement jump (Fatouros et al., 2005;
Santos and Janeira, 2012; Slade et al., 2002). In this
study, comparable improvements in the Wingate
test variables (PP, AP and FI) were found in both
groups. However, previous studies had utilized
the Wingate test for the lower body as opposed to
the upper body. Hence, the current study adds the
evidence that resistance training generates
improvement in anaerobic performance of the
upper body as well. Several authors (Vardar et al.,
2007; Kim et al., 2011) have concluded that an
increase in fat free mass due to resistance training
was related to the improvement in anaerobic
performance. Significant correlations between the
changes in the fat free mass and most variables of
the Wingate test in both groups also occurred in
the present study. As a result, the increased fat
free mass might be one of the factors contributing
to the improvements of anaerobic performance as
well as maximal strength of the upper body in this
study. With respect to the changes in lactate levels
from baseline to 30 min post-Wingate test,
although the lactate levels did significantly
increase after the Wingate test, there were no
significant differences in lactate levels for each
measured point between the SB and TB groups.
Furthermore, there were no significant differences
for the AUCL before and after 12 weeks of
resistance training, either. Several studies
(Chromiak et al., 2004; MacDougall et al., 1977)
have suggested that the enhancement of the
anaerobic energy system is one possible factor
responsible for the improvement in anaerobic
sport performance due to resistance training
intervention. Beneke et al. (2002) indicated that
the energy supply proportions of the aerobic
system, phosphate system, and lactic acid system
in the Wingate test were 18.6%, 31.3%, and 50.3%,
respectively. This study found that the lactate
levels on completion of the intervention were
lower at each post-Wingate test time point
compared with the same measured point before
the resistance training intervention, although no
significant difference was found between the
groups. Thus, this study infers that the lactate
levels may be affected by resistance training
intervention via enhancing lactate clearance from
these trivial differences. On the other hand, the
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effectiveness of the anaerobic and aerobic energy
systems might be similar as lactate concentrations
at each post-WANT measured point did not show
a significant difference between the two different
resistance training regimes. However, comparable
effectiveness in the energy system of the WAnT
was our speculation, because the energy systems
were not considered in this study. As a result, the
energy systems and related enzymes deserve
further research when comparing one single bout
versus multiple bouts of resistance exercise in the
future.
Limitations

Although the total time spent on
resistance exercises for each day was equal
between the SB and TB groups, there was an
obvious difference in terms of the rest time within
each bout between the two groups (SB: ~17 min
and TB: ~4 min, respectively). Several studies
(Oliveira et al., 2008; Villanueva et al., 2015) have
indicated that different rest intervals between
resistance exercises or sets might affect muscle
performance. However, those studies utilized the
protocol of multiple sets in one single bout of
resistance exercise, similar to the SB in this study.
Secondly, those studies focused on the effect of
rest between exercises on sport performance and
did not measure anaerobic performance or lactate
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metabolism. Thus, caution should be taken when
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maximal strength and anaerobic performance
compared to one bout of resistance exercise. These
findings indicate comparable efficacy observed
between one single bout versus multiple bouts of
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