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Interval training during concurrent training
optimizes cardiorespiratory adaptations in
women
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Abstract — This study compared the effects of using continuous and interval aerobic exercise
during concurrent training on cardiorespiratory adaptations in women. Thirty-two participants
were randomly assigned into one of the following groups: continuous running and resistance
training (C-RUN, n = 10), interval running and resistance training (I-RUN, n = 11), or control
group that performed resistance training only (RT, n = 11). Each group trained twice a week
during 11 weeks. Oxygen uptake corresponding to the first ventilatory threshold (VO,,,),
second ventilatory threshold (VO,,.,) and maximal effort (VO,_ ) was measured in a maximal
incremental test performed before and after training. Significant increases in VO, .., VO,
and VO, _were observed in all training groups. VO, and VO, presented time-group
interactions, indicating that the magnitude of the increase in these variables was dependent
on the training group (VO,,.,: C-Run = 6.6%, I-Run = 15.7%, RT = 1.7%; VO,__: C-Run =
7.2%,1-Run = 14.3%, RT = 2.7%). The effect size observed for post-training values comparing
C-RUN and RT groups was &= 0.566 for VO, and &= 0.442 for VO, __.On the other hand,
values of 4= 0.949 for VO, and 4= 1.189 for VO, _ were verified between I-RUN and RT
groups. In conclusion, the use of continuous and interval aerobic exercise during concurrent
training improved different cardiorespiratory parameters in women, but in a greater magnitude
when interval aerobic exercise was performed simultaneously to resistance training.
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participantes foram randomizadas em trés grupos de treinamento: corrida continua + treinamento '

resistido (C-RUN, n = 10), corrida intervalada + treinamento resistido (I-RUN, n = 11), e apenas Received: May 13, 2020

treinamento resistido (RT, n = 11). Cada grupo treinou 2 vezes por semana ao longo de 11 semanas. Accepted: October 09, 2020
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Cardiorespiratory responses during concurrent training

INTRODUCTION

'The performance of regular resistance training during endurance training
routine improves long-distance running performance?. In this context,
simultaneous performance of resistance and aerobic exercises (i.e., con-
current training) has become an effective strategy to improve endurance
performance in physically active® and trained participants*. However, the
exact amount of aerobic exercise during concurrent training needed to
achieve favorable cardiorespiratory adaptations is not clear, since these
changes depend on training intensity and volume. Current guidelines
suggest 150 min per week and three days per week of aerobic exercise to
reach this goal®. However, concurrent training has shown positive results
on maximal oxygen uptake (VO,__ ) with lower volumes in different pop-
ulations®” of trained and untrained participants®®.

Regarding optimal intensity, although higher intensities resulted
in higher VO,  improvements compared to lower intensities in young
adults’, low to moderate intensities (i.e., 45%VO,__ ) seems to be enough
to improve VO, _, suggesting that different aerobic exercise intensities
are effective for improving VO, 1. Continuous aerobic exercise (CA) as
well as high-intensity interval training (HII'T) composed of intermittent
bursts of vigorous activity interspersed by periods of rest or low-intensity
exercise!', have been performed in order to improve VO, . HIIT
has become a popular form of exercise due to its potentially large effects
on exercise capacity and short time requirement'. A systematic review
and meta-analysis evaluated the effects of CA and HIIT on VO, and
suggested that HIIT improves VO,  to a greater extent than CA'.
However, studies comparing HII'T with CA are limited", especially when
performed simultaneously with resistance training'®. Moreover, previous
studies comparing HIIT vs. CA focused on VO,  improvements are
available, but there is scarce information about submaximal outcomes such
as ventilatory thresholds, which are markers of endurance performance.
Since concurrent training is able to improve these submaximal outcomes
more than endurance training alone?, it seems very relevant to investigate
what type of combination (i.e., Resistance + HIIT vs. Resistance + CA)
would induce maximal and submaximal endurance outcomes. In addition,
it would be interesting to investigate this issue in women, since there is
lack of data comparing the effects of CA and HIIT on this population and
men and women could respond differently to training®.

Based on the scarcity of data evaluating the effects of different aero-
bic exercise protocols and intensities during concurrent training, the aim
of the present study was to compare the effects of using continuous and
interval aerobic exercise during concurrent training on cardiorespiratory
adaptations in women. Our hypothesis was that concurrent training using
HIIT would induce higher cardiorespiratory improvement when compared
to concurrent training using CA.
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METHODS

Participants

Thirty-two active young women, most of them physical education students
who practice recreational sports but not engaged in any structured training
program in the last 3 months, volunteered to participate in this study. All
participants were free from any musculoskeletal, bone and joint, or cardiac
and pulmonary diseases. Participants were informed about the procedures
and potential risks and provided their written informed consent. Moreover,
all participants were advised to maintain their normal dietary intake and
daily physical activities throughout the study. The study was approved
by the local Research Ethics Committee (Protocol number: 15406) and
is in accordance with the Declaration of Helsinki. Participants’ baseline
characteristics are shown in Table 1.

Table 1. Participants’ baseline characteristics (means + SD)

(RT n=12) (C-RUN n=10) (I-RUN n=11)
Age (years) 235+25 22321 243+50
Body mass (kg) 59.2+8.3 59.8+6.7 59.0+5.9
Height (cm) 165.8£6.5 162.2+4.5 166.7 £4.0
% Fat mass 247 +£4.0 241+4.0 239+42
1RM Leg Press (kg) 89.8+16.8 100.5£16.3 104.2+19.6
1RM Bench Press (kg) 29.56.5 30.25.3 32.015.5

Note. C- RUN = continuous running and resistance training; | - RUN = interval running and resistance
training; RT = resistance training only

Experimental Design
To compare cardiorespiratory adaptations of continuous and interval
running exercise during concurrent training in women, participants were
randomly assigned into one of the following groups: continuous running
and resistance training (C-RUN, n=10), interval running and resistance
training (I-RUN, n=11), or resistance training only (RT, n=11). Participants
took part in a training program that lasted 11 weeks, and trained twice a
week on Mondays and Thursdays or on Tuesdays and Fridays. Before and
after training, participants performed a cardiorespiratory test in order to
determine VO, , first (V1) and second (V'T2) ventilatory thresholds
as well as the velocity and heart hate corresponding to these intensities.
Maximal strength and body composition were evaluated in order to
characterize the study population. Body mass and height were measured
using analog scale and stadiometer, respectively (Asimed, Camarate, Por-
tugal). Body composition was assessed using skinfold technique (LANGE,
Cambridge, United Kingdom). A seven-site skinfold equation was used
to estimate body density, and body fat was subsequently calculated using
the Siri equation?. Maximal dynamic strength was evaluated through the
one-repetition maximal test (IRM) of leg press and bench press. After
performing specific movements with 1 set of 15 repetitions with light load,
the maximal load of each participant was determined with no more than
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five attempts with 4-min recovery between attempts. A detailed description
of 1IRM procedures has been described elsewhere?!.

Cardiorespiratory test

Participants performed incremental test on treadmill INBRAMED;
Porto Alegre, Brazil). The protocol consisted of initial velocity of 5 km.h™
with 1% inclination during 2 min. Subsequently, the velocity was increased
every 1 min by increments of 1 km.h™, and the inclination was maintained
until participants reached their maximal effort. All incremental tests were
supervised by a physician. The assessment was considered valid when some
of the following criteria were met at the end of the test*: estimated maximal
heart rate was reached (220-age); oxygen uptake plateau with increase in
treadmill velocity; respiratory exchange ratio greater than 1.15; maximum
respiratory rate of at least 35 breaths per minute.

To evaluate ventilatory data, mixing-box-type portable gas analyzer
(VO2000, MEDGRAPHICS; Ann Arbor, USA) previously calibrated ac-
cording to manufacturer’s instructions was used. The sampling rate of collected
values was 1 sample every 10s, and data were acquired using the Aerograph
software. V'T'1 was determined through the ventilation curve and confirmed
by ventilatory curve equivalent for O,. VT2 was determined using ventila-
tion curve corresponding to the point of exponential increase in ventilation
in relation to the load. In addition, to confirm data, VT2 was determined
using the CO ventilatory equivalent®. Three experienced and independent
blind physiologists detected the corresponding points through visual inspec-
tion according to previously described criteria. Heart rate was continuously
measured using Polar monitor (model FS1, Shanghai, CHI). Environmental
conditions (e.g., room temperature at 22-24 °C) were kept constant during
tests. The test—retest reliability coefficient (ICC) was 0.87 for VO, _ .

Exercise training programs
All exercise training groups trained two times per week throughout 11
weeks. The same resistance-training program was performed for all groups.
At the beginning of each session, participants performed specific muscle
stretching and warm-up with 1 set of 25 repetitions with light load to
upper and lower body. The resistance-training program included seven ex-
ercises (leg press, knee extension, leg curl, bench press, inverted fly, upright
row and sit-ups) performed until fatigue (repetition maximum — RM).
During the first two weeks, participants performed two sets of 15-18 RM,
progressing to three sets of 12-15 RM (weeks 3-5), three sets of 10-12 RM
(weeks 6-8), and finally three sets of 8-10 RM (weeks 9-11). RM tests were
performed for all exercises at the beginning of each period (i.e., week 1,
3, 6 and 9). The workload was adjusted when repetitions performed were
either under or above established repetitions. The recovery time between
sets was 120 seconds.

Concurrent training groups performed running and resistance exer-
cises during the same day/session, starting with running and immediately
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followed by resistance exercises. The intra-session order based on previ-
ous study that found greater improvement in endurance performance and
aerobic capacity when endurance training preceded resistance training
was adopted °.

Aerobic sessions in both groups lasted the same time, beginning with
20 min in the first two weeks, progressing to 25 min (weeks 3-8), and
finishing with 30 min (weeks 9-11). These groups were differentiated by
the aerobic training intensity, in which C-RUN performed CA at HR
equivalent to 95% of VT, (i95%VT2) and I-RUN performed HIIT con-
sisting of one-minute bouts at velocity corresponding to VO, _ (iVO, ),
with one minute of active recovery bouts at 50% of iVO, . All training

2max’

sessions were carefully supervised by at least 2 experienced personal trainers.

Statistical Analyses

Descriptive statistics was used to analyze collected data presented as mean
+ SD. Shapiro-Wilk and Levene tests were used to verify normal data
distribution and homogeneity. Repeated measures ANOVA with group
factor was used to analyze data. When applicable, Bonferroni’s post hoc
tests were used to find significant differences. The effect size was determined
by partial n? for each main effect and interaction, as well as by Cohen’s &
for the comparison of post-training values. Alpha of p<0.05 was adopted.
SPSS software version 20.0 was used in analyses.

RESULTS

All participants complied with at least 90% of training with no difference
among groups in the number of sessions performed. In addition, no sig-
nificant differences among groups at baseline characteristics were found
(p > 0.05).

Main effect of training was observed for VO, (p < 0.001, partial
1= 0.402), VO, (p = 0.004, partial n*= 0.263) and VO, _ (p = 0.001,
partial 7 = 0.348). The main effect of group was not significant for any
variable (p > 0.05). However, the time-group interaction resulted in trend
for VO, (p = 0.093, partial n?= 0.162) and VO, _ (p = 0.085; partial n?
= 0.167), indicating that the magnitude of the increase in these variables
was dependent on the training group (VO,,.,: C-Run = 6.6%, I-Run =
15.7%, RT = 1.7%; VO, __: C-Run = 7.2%, I-Run = 14.3%, RT = 2.7%),
which results are shown in Figure 1.

In addition, the effect size observed for post training values in the
comparison between C-RUN and RT groups was & = 0.566 for VO,
considered as a moderate effect, and 4 = 0.442 for VO, _, considered as

a small effect. On the other hand, values of 4 = 0.949 for VO ... and 4

2VT2

= 1.189 for VO, were verified between I-RUN and RT groups, both

considered as a large effect.
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30 4 7 Pre training ™ Post training

C-RUN I-RUN RT

VO,VT2 (ml.kg-".min-')

C-RUN [-RUN

C-RUN [-RUN RT

Figure 1. Oxygen uptakes corresponding to the first ventilatory threshold (VO,VT1), second
ventilatory threshold (VO,VT2) and maximal oxygen uptake (VO,,. ) before and after training for
continuous running and resistance training (C-RUN), interval running and resistance training (I-RUN),
or resistance training only (RT) groups. * Different from corresponding pre training value (p<0.05);
# Trend toward significant time vs. group interaction for VO,VT2 (P=0.093) and VO,, .. (P=0.085)
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DISCUSSION

The primary finding of the present study was the positive effects of con-
current training on different cardiorespiratory parameters, especially when
HIIT was performed simultaneously to resistance training. Such results
are in agreement to our hypothesis, highlighting the efficiency of HIIT
to promote VO, and VO,
In a recent study, VO, __improvement after 8 weeks of HIIT was similar
to conventional CA in young adults". It should be highlighted that one of
the HIIT protocols in the abovementioned study was time efficient (i.e.,
4 min), while the other one was time-matched to CA (i.e., 20 min), all of
them performing aerobic exercise alone. In the present study, in which HIIT

improvements during concurrent exercise.

and CA were performed simultaneously to resistance exercise using a time-
matched protocol, results revealed larger effects on VO, from HII'T when
compared to conventional CA (C-RUN 7% and I-RUN 14%). It should
be considered that exercising at high relative intensity seems to induce

%24 a5 well as the

larger beneficial adaptation in the cardiovascular system
optimal training intensity that elicits acrobic capacity is highly dependent
on the initial training status of participants®. In this context, the different
results between the abovementioned study' and the present study could
be associated to the previous status of participants (sedentary vs. physically
active), and that training at or near iVO, _may be more effective to enhance
VO, in physically active women. The importance of designing effective
exercise programs and HII'T may be particularly critical for maximizing
the aerobic capacity improvement. Moreover, when using different aerobic
(running vs cycling) or resistance exercises targeting strength, hypertrophic

or power, training adaptations may be quite different®®

, and these protocol
differences could partially explain these discrepancies.

Minimum of three sessions per week has been suggested to increase
cardiorespiratory fitness after aerobic training’. The present study demon-
wrr YOt
sessions per week of 20-30 min of aerobic exercise in women. Our results

strated positive results on VO and VO, performing only two
corroborate those of Chtara et al.?, who demonstrated that two sessions per
week of concurrent training (HIIT + resistance exercise) increase VO,
in physically active men. A unique characteristic of the present study was
the comparison of different aerobic training intensities during concurrent

training. Both I-RUN and C-RUN improved VOZmaX and VO2VT2

magnitudes comparable to those observed in other studies™*. In addition,

values at

the use of HII'T during concurrent training confirms additional benefits of
this training when compared to CA. Although there was an increase in the
RT group, as expected, this improvement was smaller than that observed in
C-RUN and I-RUN groups. Indeed, some studies have shown that resis-
tance training can provide slight improvement in maximum aerobic capacity
in individuals not previously trained in aerobic exercise?. This increased
performance has been attributed in part to improved movement economy;,
since the increase in strength results in greater recruitment of type I fibers
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for the same submaximal load, better muscular coordination and therefore
better mechanical efficiency, which reduces VO, for the same submaximal
intensity and may have some influence on maximal aerobic capacity®®.

It could be observed that both concurrent training programs were ef-
fective to improve the cardiorespiratory capacity in young women (C-RUN
~7%, and I-RUN =14%). Such gains were also found in studies that evalu-
ated the effects of resistance training programs as an additive to an aerobic
running program in young individuals'. After a 10-week training period
performed three times per week, increases in VO, values of ~13% and
~7% for the concurrent training and aerobic training groups, respectively,
were found in young women'. It is important to highlight that in the present
study, participants performed only two aerobic exercise sessions of 20-30
min per week, whereas in the abovementioned study’, they performed three
sessions of 60 min per week, demonstrating the efficiency of lower frequency
concurrent training performed in the present study in this population.
wrr and VO,
after 11 weeks of training, and the use of the HII'T protocol demonstrated

Significant improvements were also found for VO

additional improvements in VO These results are in agreement with

literature regarding the use of I—ﬁ,f?r”'” and may be related to the use of
intensities close to VO, to promote optimal benefits in VO, which is
an important parameter related to running performance'. The mechanisms
believed responsible for the performance improvement associated with
training atiVO,  are an improvement in critical power improving cardiac
function®*, a reduction in oxygen deficit with less anaerobic contribution at
the onset of exercise and increases in ventilatory and lactate thresholds'#’.

'The present study has strengths and limitations. One could suggest
that resistance training performed by I-RUN and C-RUN could have
some influence in endurance training adaptations, since participants per-
formed concurrent training. However, all training groups performed the
same resistance-training program, and a possible influence would be the
same among groups. In addition, the prescription of resistance training
avoided the possibility that participants could engage themselves in some
resistance-training program outside our intervention, which could have
influenced results. Another possible limitation of the present study was
the assessment of participants after only 11 weeks of training, and these
results cannot be extrapolated to longer training interventions. On the other
hand, this is the first study to compare the effects of concurrent training
composed of CA and HIIT on the cardiorespiratory adaptations in young
women, which is a strenght and results bring new information regarding

concurrent training prescription in this population.
CONCLUSION

'The use of continuous and interval aerobic exercise during concurrent
training improved different cardiorespiratory parameters in women, but in
a greater magnitude when interval aerobic exercise was performed simulta-
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neously to resistance training. Based on the above, our results suggest that
concurrent training performed twice a week using continuous or interval

wro VO
when HIIT is performed during concurrent training.

running promotes improvements in VO and VO, _, especially

It should also be pointed out that, even in untrained women, HIIT
intervention performed in the present study was feasible and quite effective
to optimize cardiorespiratory gains in these individuals, even using vol-
umes increasing from 20 to 30 minutes per session. These improvements
in different cardiorespiratory parameters highlight the efficiency of low
frequency concurrent exercise interventions, with lower time expenditure,
which may facilitate training adherence.
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