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ABSTRACT

Purpose: To analyze the acute effect a short
high intensity interval training (HIIT) protocol or
a longer high-intensity continuous running
protocol upon subsequent resistance exercise
performance in young women. Materials and
Methods: Fifteen physically active healthy
women (24%5 years) performed three
randomized experimental sessions, with a
minimum of a 48-hour rest period between
them. Participants performed three sets of half-
squat at 80% of one repetition maximum to
volitional failure, preceded by a) a HIIT protocol
(8 x 40s sprints at the velocity corresponding to
maximal oxygen uptake); b) a 20-min
continuous protocol (at heart rate
corresponding to second ventilatory threshold);
or c¢) a control condition with no previous
endurance exercise. The maximum number of
half-squat repetitions were recorded, and
results were analyzed with repeated measures
analysis of variance, with Bonferroni post-hoc
test. Results: A progressive reduction in the
number of half-squat repetitions was observed
across the HIT protocol (p<0.001) in
comparison to the control session. A reduction
in the number of repetitions in the continuous
protocol was observed only in the first and
second sets (p=0.037). The total work was
greater in the control (26.0+8.4 repetitions)
protocol in comparison to the continuous
(19.7+£7.1 repetitions) and HIT (17.7+6.6
repetitions) protocols (p<0.001). Conclusion:
Continuous or high-intensity interval running
before strength training may compromise half-
squat performance with the same load,
suggesting that both affect the quality of
subsequent lower limb exercise.
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RESUMO

Efeito agudo de protocolos intermitentes e
continuos de alta intensidade com eficiéncia de
tempo no desempenho do meio agachamento

Objetivo: Analisar o efeito agudo de um
protocolo curto de treinamento intervalado de
alta intensidade (HIIT) ou de um protocolo
longo de corrida continua de alta intensidade
sobre o desempenho subsequente de
exercicios de forca em mulheres jovens.
Materiais e Métodos: Quinze mulheres
saudaveis fisicamente ativas (2415 anos)
realizaram trés sessfes experimentais
randomizadas, com um periodo de descanso
de 48 horas entre elas. As participantes
realizaram trés séries de meio agachamento a
80% de uma repeticdo maxima até a falha
voluntéria, precedidas por a) um protocolo HIT
(8 sprints de 40s na velocidade correspondente
ao consumo maximo de oxigénio); b) um
protocolo continuo de 20 minutos (ha
frequéncia cardiaca correspondente  ao
segundo limiar ventilatorio); ou ¢) uma condi¢ao
de controle sem exercicio de corrida prévio. O
namero maximo de repeticbes do meio
agachamento foi registrado e os resultados
foram analisados por analise de variancia com
medidas repetidas e teste post-hoc de
Bonferroni. Resultados: Em comparagédo com o
controle, uma reducdo progressiva no nimero
de repeticdbes do meio agachamento foi
observada em todo o protocolo HIIT (p<0,001).
A reducdo no numero de repeticdes no
protocolo continuo foi observada apenas na
primeira e segunda séries (p=0,037). O volume
total foi maior no protocolo controle (26,0+8,4
repeticdes) comparado aos protocolos continuo
(19,7£7,1 repeticbes) e HIT (17,7+6,6
repeticbes) (p<0,001). Conclusédo: A corrida
continua ou intervalada de alta intensidade
antes do treino de forca pode comprometer o
desempenho do meio agachamento com a
mesma carga, sugerindo que ambas afetam a
qualidade do exercicio subsequente dos
membros inferiores.

Palavras-chave: Forca muscular. Fadiga.
Desempenho fisico funcional.

Revista Brasileira de Prescricdo e Fisiologia do Exercicio

S&o0 Paulo, v. 19. n. 120. p.194-202. Margo/Abril. 2024. ISSN 1981-9900 Versdo Eletrdnica

www.rbpfex.com.br



RBPFEX

Revista Brasileira de Prescricao e Fisiologia do Exercicio

INTRODUCTION

Concurrent  training  consists  of
performing strength and endurance exercises in
the same or different exercise sessions
(Schumann et al., 2015), and it is commonly
employed as a training mode in the context of
both health and high-performance sports.

The acute hypothesis related to the
interference effect suggests that the volume of
each strength exercise session in concurrent
training may be reduced due to residual fatigue
from the previous aerobic exercise, potentially
leading to chronic impairment in the strength
gains (Craig et al., 1991; Leveritt et al., 1999).

If this hypothesis is correct, one may
speculate that the type and intensity of the
preceding endurance exercise may relate to the
magnitude  of impairment in  strength
performance.

Previous studies have analyzed the
acute effect of performing intermittent
endurance protocols on subsequent strength
performance, especially in young men (Andrade
et al., 2021; Andrade et al., 2022; Souza et al.,
2007; Leveritt, Abernethy, 1999; Panissa et al.,
2015; Panissa et al., 2012; Sporer, Wenger,
2003), and generally demonstrate that the
number of repetitions in lower limb resistance
exercises is reduced after a variety of
intermittent protocols.

According to Souza et al., (2007), an
endurance intermittent exercise performed at
intensity relative to the velocity of maximal
oxygen uptake (VO2max) brings about a greater
reduction in resistance exercise performance
(i.e., leg press) when compared to a continuous
session at 90% of the velocity at anaerobic
threshold.

The magnitude of this acute effect on
strength may depend on a number of variables,
including the muscle group involved in both
exercise modalities (Andrade et al., 2022;
Souza et al., 2007; Leveritt et al., 1999; Leveritt,
Abernethy, 1999), interval duration between the
endurance and strength exercises (Panissa et
al.,, 2012; Sporer, Wenger, 2003), and the
intensity of both exercise modes (Souza et al.,
2007; Docherty, Sporer, 2000).

A growing number of studies about
high-intensity  interval  training (HIT -
performance of a sequence of stimuli at
submaximal to supramaximal intensity, followed
by passive or active rest periods (Buchheit,
Laursen, 2013) and the increased application of
this type of protocol at gym and fitness centers,

have made its use as a training routine
widespread (Milanovic et al., 2015).

Since ‘lack of time” is frequently
reported as a barrier to exercise by the adult
population (Reichert et al., 2007; Sebastido et
al., 2013) and considering the high prevalence
of sedentarism (Mielke et al., 2014), time-
efficient exercise protocols may work as an
alternative to reduce this barrier.

Although previous studies (Andrade et
al., 2021; Andrade et al., 2022; Panissa et al.,
2012; Sporer, Wenger, 2003) have analyzed
the effects of HIIT sessions on subsequent
strength performance, to the best of the authors’
knowledge no study has investigated the
influence of a time-efficient intermittent protocol
compared to a continuous protocol on half-
squat resistance exercise.

Accordingly, the purpose of the present
study was to analyze the acute effect of
performing a prior short 2:1 HIIT protocol or a
longer high-intensity continuous protocol on
subsequent half-squat performance in young
women.

MATERIALS AND METHODS
Participants

Fifteen healthy young women from 18
to 35 years old, with previous strength training
experience, volunteered to participate in the
current study.

Exclusion criteria included tobbaco use,
and a history of neuromuscular, metabolic,
endocrine, and cardiorespiratory diseases.

Subjects were not taking any
medications that are known to influence
cardiorespiratory and neuromuscular
performance and were advised not to change
their nutritional practices throughout the study
period.

Each participant read and signed an
informed consent term, which described the
study risks and procedures.

The study was previously approved by
the Ethics Research Committee of the Federal
University of Pelotas (registration number
48474315.4.0000.5313).

Procedures

Participants visited the laboratory in six
separate sessions to: 1) a familiarization
session and body composition measurements;
2) determination of one maximum repetition
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(1RM) in the half-squat exercise, 3) perform a
running maximal incremental test to determine
participants’ individual endurance exercise
workloadsand; 4) three randomized protocol
sessions, with a minimum of a 48-h rest
between all the sessions.

In the first session, participants’ body
mass and height were measured using a digital
scale and stadiometer (Filizola, S&do Paulo,
Brazil).

Participants were then familiarized with
testing procedures, including commands for
each test, the half-squat exercise, and
equipment for the maximal incremental test
(treadmill, mask, and gas analyzer).
Participants performed 12 to 15 repetitions in
two to three sets of half-squat.

In the following session, the load
corresponding to the 1RM in the half-squat
exercise was determined. To this end,
participants performed a 5-minute general
warm-up in a cycle ergometer and a specific
warm-up in the half-squat exercise with 50% of
the predicted 1RM load. The initial 1RM testing
load was predicted based on participants’ body
mass, and each subject performed the maximal
number of repetitions (up to a maximum of 10)
in each trial.

When more than one repetition could
be completed, the new testing load was
adjusted according to Lombardi’s equation
(Lombardi, 1989) for the following trial.

A maximum of five attempts were
performed, with 4 min of rest interval between
each trial.

The half-squat movement cadence was
controlled with the assistance of a digital
metronome (MA-30, KORG, Japan), so that
each repetition was completed in 4 s (2 s for
concentric phase, and 2 s for eccentric phase).

The half-squat 1RM was then defined
as the highest load the participant could lift
within the determined range of motion (thigh
parallel to the ground) and movement cadence.

The maximal incremental test was
performed using a treadmill (Arktus, Santa
Tereza do Oeste, Brazil) to determine the heart
rate (HR) equivalent to the second ventilatory
threshold and the velocity corresponding to the
VO2max (VWO2max). The test started at 6 km.h!
during 2 min and velocity was increased
progressively at 1 km.hl each minute until
exhaustion. The test was finished when the
participant indicated exhaustion. Respiratory
gases were collected using a mixing-box-type
portable gas analyzer (VO2000; MedGraphics,

USA), previously calibrated according to the
manufacturer’s specifications.

The sampling rate was set at 1 for every
3 breaths, and data was analysed with the
Aerograph software (MedGraphics, USA).
During the incremental test, HR was recorded
every 30 s (FS1, Polar, Kempele, Finland), and
the test was considered maximal when at least
two of the following criteria were met: predicted
maximal heart rate was reached (220-age), a
respiratory exchange ratio greater than 1.15
was observed or a maximal respiratory rate of
at least 35 breaths per minute (Howley et al.,
1995).

The second ventilatory threshold was
determined using the ventilation-workload slope
and was confirmed through the slope of the
ventilatory equivalent of VO2 (Ve/VO2) and
VCO:2 (Ve/VCO2) (Wasserman, 1988). Blinded
analysis was performed by two independent
researchers, and in case of disagreement, a
third researcher was assessed to define the
point referent to the second ventilatory
threshold (Hug et al., 2004).

After the initial visits, participants
returned to the laboratory in three additional
occasions for the main experimental sessions.
In the control protocol participants performed
three sets of half-squat, completing the maximal
number per set at 80% of 1RM, with 2 min of
interval between them. A warm-up of 5 minutes
was performed on the treadmill at 6 km.h-1. Two
minutes  after warming-up  participants
performed half-squat protocol, with each set
performed until failure, defined the point when
the participant demonstrated 1) inability to
complete an entire repetition, 2) the repetition
when the stipulated full range of motion could
no longer be sustained; or 3) when the exercise
could no longer be performed at the pre-
stipulated cadence - (i.e. 2 s by contraction
phase) (Conceicdo et al., 2014).

In the intermittent protocol session, the
HIIT protocol was performed on treadmill prior
to the half-squat protocol. The same 5-minute
warm-up was performed and after 1minute
participants performed 8 sprints of 40 s at 100%
VWO2max, With 20 s of passive rest (i.e. 2:1
exercise to rest ratio). After 2-minute passive
rest interval, the participants completed the half-
squat protocol.

For the continuous protocol, a prior
walking and/or running continuous exercise was
performed, so that after the initial warm-up
participants performed a 20 minute exercise
bout on the treadmill at + 5 bpm of HR
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equivalent to their second ventilatory threshold
(HRvt2), followed by the half-squat exercise
session.

In all protocols the number of comple-
ted repetitions in each set were registered. Total
work was calculated based on the product of
total number of repetitions and load.

Data Analysis

Results are reported as mean = SD.
Data normality was verified by the Shapiro-Wilk
test. A two-way ANOVA with Bonferroni
adjustment was used to compare the protocol
and set effects in the number of repetitions. In
order to compare the total number of repetitions
and total load between protocols, a repeated
measures ANOVA was used, with Bonferroni
post hoc whenever necessary. In addition, the
partial n? was also identified to estimate the
effect size for the comparison among exercises.
Reference values for the interpretation of the
effect size correspond to 0.02 for small, 0.13 for
medium, and 0.26 for large. The significance
level adopted in this study was a = 0.05. All
statistical tests were performed in the SPSS vs.
20.0.

RESULTS
Table 1 presents the anthropometric
data and physical fithess parameters from the

participants.

Table 1 - Participants’ characteristics.

HRvr2 (bpm) 183.1+9.3
VO2max (ml.kg'l.min'l) 49.4+59
VW O2max (km.h'1) 124+15

Variables Mean = SD
Age (years) 242+ 4.6
Body mass (kg) 58.9+55
Height (cm) 161.5+5.4
1RM (kg) 61.6+9.8
HRmax (bpm) 195.8 +10.1

Note: 1RM, half-squat one repetition maximum;
HRmax, maximal heart rate; HRvt2, heart rate at
second the ventilatory threshold; VO2max,
maximal oxygen uptake; vVO2zmax, maximal
velocity of VOzmax

The number of repetitions between protocols
and sets is presented in Table 2. A significant
set*protocol  interaction was  observed,
revealing a distinct pattern of change in
completed repetitions throughout each protocol
(p=0.014).

Regarding protocols comparison, a
significant reduction in the number of half-squat
repetitions was verified for the HIIT protocol at
all sets, while a significant reduction was
observed only in the first and second sets for
the continuous protocol, both in comparison to
the control session. No differences between the
HIIT and continuous protocols were observed at
all sets. Regarding sets comparison, the HIIT
protocol resulted in no significant reduction
across the sets. On the other hand, the
continuous protocol revealed a significant
reduction from the first to the third set, while the
control session resulted in a significant
progressive impairment across the sets.

The total number of repetitions and total
work performed in the half-squat exercise in
each condition are presented in Figure 1.

The sum of repetitions completed for
the same absolute load (and thus the total work)
was greater in the control (26.0 = 8.4
repetitions) protocol in comparison to the
continuous (19.7 + 7.1 repetitions) and HIT
(17.7 £ 6.6 repetitions) protocols (p<0.001), with
no difference in the resistance exercise volume
between the continuous and HIIT protocols.

Table 2 - Number of maximal repetitions performed in the half-squat exercise in control, continuous and

high intensity interval training protocols (mean + SD).

E:Fg:;;o' E:F?;;l)nuous '&'2;) Protocol effect Set effect Interaction
SET1 10.7 +£3.83 7.4+292 6.1+3.32
b ab . Pp<0.001 p<0.001 p=0.014
SET2 8.1+23 6.3+2.7 6.1+1.8 Ne2=0.514 N2=0.595  np?=0.252
SET3 7.2+2.8% 6.1+1.9° 5.4+2.62

Note: Rep = repetitions; HIIT = high intensity interval training. *significant difference between control
and other protocols; #significant difference between control and HIIT protocol; Different letters indicate

significant difference between sets
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Figure 1 - Half-squat total work in the control, continuous and high intensity interval training (HIIT)
protocols. Different letters represent significant difference (p<0.05).

DISCUSSION

The main finding of this study was that
both continuous and HIIT exercise protocols led
to similar impairment in  subsequent
performance lower limb strength exercise
performance, as evidenced by the decrease in
the total number of repetitions completed in the
half-squat exercise compared to the control
condition.

Regarding each endurance exercise
protocol, the HIIT protocol resulted in an acute
reduction in the number of half-squat repetitions
across all three sets. In contrast, the continuous
protocol only impaired strength exercise
performance during the first and second sets
compared to the control  condition.
Nevertheless, no significant difference was
observed between the HIIT and continuous
protocols in the total number of repetitions
performed in the whole strength exercise
sessions.

The present study sought to investigate
the acute hypothesis in different endurance
protocols performed prior to a strength exercise
session. The acute hypothesis states that an
impairment in chronic strength gains during
concurrent training results from a lower strength
training volume and quality due to the fatigue
caused by the aerobic exercise previously

performed (Craig et al.,, 1991; Leveritt et al.,
1999), as observed in the present study. In fact,
some studies have observed impaired
concurrent training-induced strength gains in
older adults when endurance exercise
preceded strength exercise in comparison to
opposite concurrent exercise sequences
(Cadore et al., 2012; Pinto et al., 2015).

On the other hand, some studies have
reported no difference in strength adaptations to
either concurrent training exercise sequence in
young and older adults (Chtara et al., 2008;
Schumann et al., 2015; Wilhelm et al., 2014),
suggesting that several confounding factors
factors possibly influences the acute
hypothesis.

Results from the present study have
shown a decrease in the strength performance
in three sets of a squat exercise at 80% of 1RM
after a treadmill high- intensity interval exercise
session (8 x 40s:20s at 100% VvVOzmax), in
agreement with Leveritt and Abernethy (1999)
and Andrade et al., (2022).

Leveritt and  Abernethy  (1999)
investigated the effect of five 5-minute bouts of
high-intensity exercise on a cycle ergometer (1
min at 40%, 1min at 60%, 1min at 80%, and 2
min at 100% of VOzpeak, With 5-minute passive
rest interval) on the number of maximal
repetitions on half-squat exercise at 80% of
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1RM. More recently, Andrade et al., (2022)
applied the same HIIT protocol as the present
study (8 x 40s:20s at 100% vVO2max) but with
young men as participants. A significantly lower
number of repetitions for the same load was
performed after the high-intensity endurance
protocols in both studies.

Accordingly, Panissa et al., (2015) also
observed acute interference in the strength
exercise after a treadmill and a cycle ergometer
HIIT protocol.

The maximal number of repetitions and
the total volume performed were significantly
lower in the first set after both HIT sessions
when compared with the control condition (6
3 repetitions for the treadmill, 4 + 5 repetitions
for the cycle ergometer, and 10 * 4 repetitions
for the control), with further impairment in the
repetitions completed in the second set after the
cycle ergometer HIIT protocol (5 * 4 repetitions
for cycle ergometer and 7 = 5 repetitions for
control).

Such results are partially in agreement
with the present findings, and differences
related to ergometer and interval protocol
between studies may be due to the distinct
endurance exercise bout duration and rest
interval on treadmill protocols (the present study
found differences between HIT and control
protocols throughout the three sets of strength
exercise).

Despite the lower duration of effort in
the present study (40 s) in comparison to
Panissa et al., (2015) (1 minute), the different
effort: rest interval ratio (2:1 versus 1:1,
respectively) may have resulted in higher
fatigue in the present study and, thus, greater
impairment in squat exercise performance.

Previous studies have explored the
impact of the type of endurance exercise (i.e.,
continuous vs interval) on lower limb
performance.

Sporer and Wenger (2003) compared
two endurance exercise sessions on a cycle
ergometer: intermittent (6 x 3 minutes: 3
minutes at 85 - 100% of maximal aerobic power)
and continuous (36 minutes at 70% of maximal
aerobic power), followed by four sets of leg
press and bench press at 75% of 1RM with
recovery ranging from 4 to 24-h after the
endurance exercise.

Leg press strength performance was
impaired even with 8-h of recovery after the
endurance protocols, without significant
difference between types of endurance exercise
training. In the present study, we employed a

shorter recovery interval between the
endurance and the strength sessions (i.e. 5
minutes between the treadmill exercise and the
strength exercise session) to simulate a typical
training session in non-athletic settings (e.g.,
gyms and fitness training centers) and our
findings are in accordance to Sporer and
Wenger (2003).

In a more similar study, Souza et al.,
(2007) analyzed two endurance treadmill
protocols (5 km continuous at 90% of anaerobic
threshold velocity and 5 km intermittent
Imin:1min 100% vVO2zmax) on the number of
repetitions in leg press and bench press
exercises and reported an impairment in
strength exercise performance only after the
high-intensity interval session.

Such differences may be due to the
intensities used during the continuous protocols
since Souza et al, (2007) employed a
continuous at 90% velocity of the anaerobic
threshold, whereas the current continuous
exercise was performed at 100% of the HR of
anaerobic threshold.

These differences in the intensity of
training may have led to distinct physiological
stress and adjustments (central or peripheral)
(Docherty, Sporer, 2000).

For example, according to the
concurrent training interference zone
hypothesis proposed by Docherty and Sporer
(2000), the continuous exercise employed in
this study may not be characterized to have
either a complete central or a complete
peripheral neuromuscular impact.

Notwithstanding, the proposal of
interference zone from Docherty and Sporer
(2000) is not well consolidated in the literature
and more studies are necessary to investigate
and confirm this hypothesis.

The present study has some limitations.
For example, the lack of central and peripheral
measures of muscular fatigue limits the analysis
of the site of fatigue after each endurance
protocol.

In addition, the assessment of
additional measures of muscular strength (e.g.
maximal strength, endurance, etc) would be
useful in explaining the acute effect of
endurance exercise on different strength
exercise conditions.

Therefore, future studies should
investigate different interval protocols (different
work: rest ratios and ergometers) and explore
higher strength exercise volume (greater
number of sets).
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CONCLUSION

Compared to control conditions, both
the continuous and the interval endurance
exercise protocol employed in the present study
reduced the total number of repetitions to failure
performed in a subsequent half-squat exercise
session.

Despite a similar impairment in strength
exercise total volume with the two endurance
modes, the intermittent protocol (effort: rest =
2:1) caused an acute interference in strength
exercise performance throughout the three sets
of the half-squat exercise, while the continuous
protocol performed at the anaerobic threshold
hampered half-squat performance only in the
first and second sets.

These findings highlight that regardless
of the endurance exercise mode, a previous
endurance session may impair the quality of the
subsequent lower limb strength exercise
sessions in young women.

These findings highlight that the aerobic
training performed at the beginning of the
session of concurrent training at the analyzed
intensities (100% HRar for continuous and
sprints 2:1 at 100% vVO2amax for intermittent
protocol) may impair the quality of the
subsequent lower limb strength exercise
sessions in young women.

Therefore, if the aim is to improve
strength and muscle hypertrophy, caution must
be taken when choosing the training order.

The aerobic training performed at the
analyzed intensities should be avoided before
the strength training in order to minimize the
interference effect during the training session
and consequently in the neuromuscular
adaptations along the training.
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