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ABSTRACT

Purpose: Exercises for increasing muscle strength and cardiorespiratory fitness are traditionally
prescribed separately, based on the different characteristics of the modalities and the adaptations
that each typically promotes. This separation has been questioned by recent studies that suggest
that the intensity of effort at which the exercise is performed seems to impart greater influence
than the equipment involved. Based on this assumption, it has been proposed that ‘cardio’
training and resistance training might promote similar adaptations as long as effort and duration
are equated. The objective of the present study was to compare two ‘High Intensity Interval
Training’ protocols matched for effort and duration using different exercise modalities, leg press
(resistance training) and cycle ergometry (‘cardio’), upon changes in muscle strength,
cardiorespiratory fitness, and lower limb composition in recreationally trained men. Methods:
Twenty-five trained men (28.9 + 5.6 years, 6.6 + 5.6 years of training experience) were
randomly divided into two groups. One group performed sprint interval training on a cycle
ergometer (4 sets of 30 seconds sprints) and the other performed leg press (4 sets of 10-12
repetitions to momentary failure). Both groups trained three times a week for 5 weeks. Before
and after the training period, the participants performed a 10-repetition maximum (10RM) for
knee extension, An incremental exercise test on a treadmill for time to exhaustion (TTE) and
peak oxygen consumption (V Ozpeax), and underwent dual energy X-ray absorptiometry to assess
lower limb composition. Results: Knee extension 10RM and TTE increased in both groups with
no statistically significant between group difference (p = 0.614 and p = 0.210). There was a
statistically significant between group difference for change in VOzpeax (p = 0.023) with only the
cycle ergometer group showing a significant within group increase. For all lower limb
composition outcomes, changes were minimal. Conclusion: The results of the present study
suggest that 5 weeks of effort and duration matched ‘High Intensity Interval Training’ using
cycle ergometry ‘cardio’ or leg press resistance training may produce similar strength and
endurance (TTE) adaptations. However, ‘cardio’ modality training may produce greater

increases in cardiorespiratory fitness.



Key Words: Aerobic training, strength training, strength, cardiorespiratory fitness, effort,

intensity.



1. INTRODUCTION

Physical activity and exercise is associated with reduced risk of all-cause mortality (Nocon
et al., 2008) in a seemingly dose-response manner with respect to volume (Lee & Skerrett,
2001; Loprinzi, 2015). As a result, most guidelines for physical activity and exercise are
primarily focused upon the accumulation of a minimum volume (Garber et al., 2011). The
benefits, however, may result more so from the outcomes of physical activity (i.e.
improvements in cardiorespiratory fitness and strength) rather than the behavior per se, and all-
cause mortality is associated with both cardiorespiratory fitness (Kodama et al., 2009; Lee et al.,
2011), and muscle strength (Dankel, Loenneke, & Loprinzi, 2016). Further, it is argued that
greater improvements in these outcomes occur from higher effort physical activity and exercise
compared to more moderate physical activity (Steele et al., 2017). Indeed, the intensity of effort
of physical activity and exercise seems to be a more impactful moderator of all-cause mortality
risk reduction than the amount performed (Lee et al., 2003; Wisloff et al., 2006; Loprinzi &

Davies, 2015).

Considering this, and that lack of time is a commonly reported barrier to physical activity
and exercise (Arzu, Tuzun, & Eker, 2006; Gomez-Lépez, Gallegos, & Extremera, 2010; Kimm
et al., 2006), higher intensity of effort based approaches have been a focus of recent discussion
and debate (Biddle and Batterham, 2015; Steele et al., 2017). Indeed, less than 5% of the US
population meet guidelines to accumulate at least 30 minutes per day of moderate physical
activity (Troiano et al., 2008) and in Brazil surveys report 69.8% of respondents have stated
they abandoned exercise due to lack of time (Rossi, Candido, Sitta, Jabur, & Sanz, 2015).
However, it has been argued that conceptualisation of physical activity and exercise from an
effort driven model may open up a wider range of options to increase reach to broader and more
representative portions of the population, and indeed to some extent can help address the
reported barrier of time (Steele et al., 2017). Further, it has been argued that, when considering

exercise from the perspective of the intensity of effort required, modality may be of lesser



importance in determining the physiological outcomes produced thus also potentially reducing
barriers caused by logistical concerns such as lack of specific equipment or facilities (Fisher &

Steele, 2014; Steele et al., 2017).

Intensity of effort during exercise can be defined in relation to the current ability to
meet the demands of the task being attempted, and for resistance training this is often
considered with respect to the proximity to momentary failure (Steele, 2014; Steele et al., 2017);
though, this conceptualisation can also be argued to apply to traditional ‘cardio’ modalities (e.g.
cycle ergometry; Phillips & Winett, 2010). Broadly speaking, exercise is often dichotomized
into these two primary modalities, ‘cardio’ (also referred to as ‘aerobic training’), and resistance
training, with the former primarily thought to stimulate improvements in cardiorespiratory
fitness, and the latter primarily stimulating improvements in strength, power, and muscle size.
However, some studies evidence that ‘cardio’ modalities can promote increases in muscle
strength and size (Konopka & Harber, 2014; Ozaki, Abe, et al., 2015; Ozaki, Loenneke,
Thiebaud, & Abe, 2015; Ozaki, Loenneke, Thiebaud, Stager, & Abe, 2013), especially when
training is performed at high intensities of effort (Harber et al., 2009; Lundberg, Fernandez-
Gonzalo, Gustafsson, & Tesch, 2013), while on the other hand others suggest high effort
resistance training is capable of improving cardiorespiratory fitness (Ozaki, Loenneke,
Thiebaud, & Abe, 2013; Steele, Fisher, McGuff, & Bruce-Low, 2012). Despite this, there are
relatively few studies directly comparing resistance training and ‘cardio’ modalities whilst

controlling for variable such as intensity of effort and the duration of the exercise bouts.

Acute studies that have matched conditions by effort and duration have found similar
physiological responses between resistance training and ‘cardio’ modalities (Steele et al., 2018;
Vilaca-Alves et al., 2016). Steele et al. (2018) examined the effect of modality upon acute
physiological response during high intensity of effort interval based exercises; leg press exercise
(4 x 12RM using 2 seconds concentric and 3 seconds eccentric repetition durations thus

meaning each set lasted ~ 60 seconds), and cycle ergometry (4x 60 seconds bouts using



resistance level permitting 80 — 100 rpm but culminating with being unable to sustain the
minimum cadence for the final 5 — 10 seconds). VO, respiratory exchange ratio, blood lactate
accumulation, estimated energy expenditure, muscle swelling, electromyographic activity and
perceptual responses were evaluated in both conditions and there were no significant effects by
condition in any physiological responses examined. Thus, the acute responses suggest that there
might be similarity in the physiological responses to different forms of exercise when the effort
and duration is matched.

However, studies comparing resistance training and ‘cardio’ modalities with respect to
chronic adaptations show contrasting results. When comparing resistance training and ‘cardio’
approaches, though some studies suggest no significant differences for changes in
cardiorespiratory fitness (Messier and Dill, 1985; Hepple et al., 1997; Sawczyn et al., 2015), the
majority suggest that ‘cardio’ type approaches favour cardiorespiratory fitness increases
(Goldberg et al., 1994; Poelhman et al., 2000; Ferrara et al., 2006; Wilkinson et al., 2008;
Silanpaa et al., 2008; Athianen et al., 2009). Similarly, for strength changes, though there are
exceptions (Messier and Dill, 1985), the majority of research suggests that resistance training
produces greater increases in strength than ‘cardio’ type training (Goldberg et al., 1994;
Poelhman et al., 2000; Ferrara et al., 2006; Wilkinson et al., 2008; Silanpaa et al., 2008;
Athianen et al., 2009). Furthermore, a recent meta-analysis has also shown that resistance
training produces more favorable changes in muscle hypertrophy compared to ‘cardio’ type
approaches (Grgic et al., 2018). Though, none of these studies matched effort or duration of
exercise and thus comparisons were for two different patterns of exercise behaviour and not
necessarily between modalities per se. As noted, the intensity of effort may be of importance
when drawing comparisons between modalities and where studies have matched these the
adaptations produced seem to be largely similar (Androulakis-Korakakis et al., 2017; Alvarez et

al., 2017; Gil-Sotomayor et al., 2018).

If it is possible to improve both cardiorespiratory fitness and muscle strength using a

single modality (resistance training or ‘cardio’), then it would be possible to design exercise



programs and provide physical activity recommendations that bring many functional benefits
while reducing time commitment, which could be valuable to increase adherence. At present,
guidelines recommend that both modalities be engaged in (Garber et al., 2011). Yet if outcomes
were found to be similar, this would allow practitioners and individuals to choose among many
possible activities, according to personal preference, equipment availability and logistics.
However, there is still limited research examining exercise modality from the perspective of an
effort-based paradigm. Therefore, the purpose of the present study was to compare two ‘High
Intensity Interval Training’ protocols matched for effort and duration using different exercise
modalities, leg press (resistance training) and cycle ergometry (‘cardio’), upon changes in
muscle strength, cardiorespiratory fitness, and lower limb composition in recreationally trained

men.



2. METHODS

Participants

Eighty-four healthy men were initially recruited through social media and word of
mouth. Eligibility criteria for entering the study included being at least 18 years old, having at
least 12 months of previous resistance training experience, having been engaged in resistance
training uninterruptedly for the previous 6 months, and being free of clinical problems that
could be aggravated by the study procedures. Participants reported having previous experience
of ‘cardio’ training but this was not an inclusion criteria. Twenty-five were excluded during the
pre-test period and 59 were randomized in cycle ergometer (Bike) and leg press groups. All
completed a Physical Activity Readiness Questionnaire (PAR-Q) to evaluate general health
status. Thirty-four volunteers did not complete the study for several reasons (figure 1); 15 of
them claimed that the intensity of effort and associated discomfort was too high and 19 dropped
out for personal reasons. All 25 participants (28.9 + 5.6 years; 178.8 = 7.6 cm; 80.4 + 12.7 kg;
6.6 = 5.6 years of training) that concluded the study had a history of training 3 — 4 times per
week performing both resistance training and ‘cardio’, with the performance of 229.6 + 59.5
minutes of exercise per week in the previous 6 months. At the end of the study 25 subjects met
all criteria to be included in data analysis (Table 1). The participants were all notified of the
research procedures, requirements, benefits and risks before providing written informed consent
prior to participation in the study, and all the experimental protocols of the present study were
approved by Ethics Committee of the Federal University of Goias (CAAE:

56907716.5.0000.5083).

Knee extension 10 repetition maximum (10 RM)

Tests were conducted using a knee extension machine (Rocha’s equipment Goiania,

Brazil). This exercise was chosen to avoid the possible influences of learning (Gentil, Del



Vecchio, Paoli, Schoenfeld, & Bottaro, 2017), as neither training group performed it during the
study interventions. At baseline prior to the intervention, the 10RM load for each participant
was assessed twice on separate days at least 72 hours apart according to the procedures reported
by Gentil, Oliveira & Bottaro, (2006). Technical error of measurement was calculated using
Hopkins (2015) spreadsheets as 2.11 kg [95%CI 1.65 to 2.94]. Prior to the tests, participants
performed specific warm-ups with 30% of their usual training load, performing three sets of 15
repetitions with two-minutes of rest intervals between sets. After the warm up, the 10RM test
was performed. To minimize errors, all subjects were instructed regarding test procedures and
correct exercise technique. All tests were supervised by professionals with experience in this
type of procedure, who were blinded to group allocation. The participants were verbally
encouraged to exert maximum efforts during the tests. Repetitions were performed using a
duration of 2 seconds for concentric and 2 seconds for eccentric muscle actions, without pause
in the transition between phases. However, due to fatigue the repetition duration necessarily
lengthened as momentary failure was approached. A 5-minute interval was given between each
attempt with loads being adjusted >2kg between attempts. No more than five attempts were

necessary for any participant.

Maximal graded exercise testing.

Graded exercise testing (GXT) was administrated to determine peak oxygen uptake
(VO2zpeak). Prior to performing GXT, participants were given a standardized set of instructions
explaining the test. On completion of these preliminary procedures each participant underwent
incremental maximal exercise test on a motorized treadmill (ATL, Inbramed Porto Alegre,
Brazil) with 0% incline. The test consisted of a 5 min warmup at 7 km.h, and the initial speed
was progressively increased by 1 km.h* every 1 minute until exhaustion (de Lira et al., 2013).
All tests were supervised by the lead investigator with experience in this type of procedure, who

was not blinded to group allocation. During the GXT participants were verbally encouraged to
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exercise for as long as possible and give a maximal effort. Respiratory gas samples of oxygen
consumption (VO2) and carbon dioxide production (VCO,) were analysed by a metabolic gas
collection system (V0O2000, MedGraphics, Saint Paul USA) averaged over 10 second periods.
Prior to testing, the metabolic system was calibrated according to the manufacturer’s
instructions. After exhaustion the load was reduced to 3.0 Km.h™! to perform a recovery of a 2
min. The VO2peak Was determined by the highest 10 second average VO, during the test. Heart
rate was continuously monitored using a cardiac monitor (Polar Finland RS-800 Kempele,

Finland) and RPE was evaluated every minute using the 6-20 Borg, (1982) scale.

DXA (Dual X-ray Densitometry)

Body composition was measured at baseline and after 5 weeks of intervention by dual
energy X- ray absorptiometry (DXA), using a DPX NT densitometry equipment (General
Electric Medical Systems Lunar, Madison, EUA) with Encore 2011 software (version 13.60,
GE Healthcare). Participants were instructed not to exercise in the 24 hours before the test, and
all tests were conducted at the same time of the day (between 7 a.m. and 12 noon); During the
tests, the participants were barefoot and wearing light clothing. All tests were supervised by
professionals with experience in this type of procedure, who were blinded to group allocation.
The same operator performed all the measures and calibrations. The coefficient of variation for

the DXA tests of lean and fat mass were 0.75% and 1.03%, respectively.

Assessment of nutritional habits

In the first and last weeks of the study, dietary intake was assessed using the 24-h
dietary recall method. The participants were instructed to record their daily dietary intake for 3
days, including a weekend day. The volunteers were instructed to not change their nutritional

habits during the study period, all of them verbally confirmed that they maintained their diet
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throughout the trial period, and no relevant change was reported. Dietary caloric intakes and
macronutrient values was performed by Dietpro software (version 5.8, Minas Gerais, Vi¢osa,

Brazil). All participants were instructed to maintain a habitual diet and water intake ad libitum.

Training Program

Training classes were offered every hour at the University Training facilities.
Participants chose the training schedules that best met their routine, to facilitate their adherence
to the research. Then, the classes were randomly divided into the two possible training
interventions; a resistance training intervention using the leg press, and a ‘cardio’ condition
using the cycle ergometer.

The training protocols were performed a circuit model, with one-and-a-half-minute
passive interval between each exercise in the sequence described in Table 2. Both conditions
performed the same supplementary exercises including chest press, lat pulldown, knee flexion,
and trunk flexion using resistance machines interspersed between the leg press or cycle
ergometer sets matched for effort by training to momentary failure as described below.
Considering the importance of supervision during training ( Gentil & Bottaro, 2010),
participants were supervised by at last one trainer during each session. During the first training
session participants were instructed to report their perceived effort and perceived discomfort for
the leg press or cycle ergometer on two separate 0-10 scales designed to differentiate the two
perceptual responses (Steele et al., 2017).

The leg press condition involved participants performing 4 sets of ~10 RM in the 45°
leg press (Rotech, RS SP) culminating in participants reaching momentary failure at the 10"
repetition. Repetitions were performed using a 1 s concentric and 2 s eccentric repetition
duration. Thus, each set lasted ~ 30 s in total. If participants could not perform all 10 repetitions,
the load was decreased for the next set by 10%. If the participants were able to exceed all 10

repetitions they were still encouraged to continue until momentary failure, as previously defined
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(Steele, Fisher, Giessing, & Gentil, 2017), and based on the number of repetitions the load was
adjusted for the next set by 5-10%.

The cycle ergometer condition involved participants performing 4 sets of 30 seconds
sprints using a stationary cycle ergometer (Evolution SR, Schwinn, EUA). At the beginning of
the intervention all participants started with the same resistance level on the cycle ergometer
and were encouraged to maintain the highest revolutions per minute possible (i.e. give a
maximal effort) at that resistance for the duration of each set. If participants were able to
maintain a similar cadence throughout then the resistance was increased by a one quarter turn of
the resistance setting on the cycle ergometer for the next set or session. If the volunteer lost the
ability to move the pedal before 30 seconds (i.e. reached momentary failure), the time was
recorded, and the resistance reduced by one quarter turn of the resistance setting on the cycle

ergometer for the next set or session.

Statistical analysis

The independent variable was ‘group’ (leg press or bike) and the dependent variables
were the absolute change (post- minus pre-test) in knee extension 10RM, VOzpeak and time to
exhaustion (TTE) during the GXT, and total lower limb mass, lower limb lean mass, and lower
limb fat mass determined from DXA. Analysis of Covariance (ANCOVA) was used to compare
absolute change for each outcome variable between groups with pre-test values used as
covariates for each analysis. Acute perceptual responses for effort and discomfort were
examined for effects by ‘group’ and ‘set number’ (i.e. set 1 to set 4) using a two way repeated
measured Analysis of Variance (ANOVA, a Greenhouse-Geisser correction was applied where
assumptions of sphericity were found to be violated using Mauchly’s test). Analysis was
conducted using R and the ‘jamovi’ package (version 3.5.2; R Core Development Team,

https://www.r-project.org/). An a. for statistical significance was set at 0.05. Further, estimated



https://www.r-project.org/

marginal means with 95% confidence intervals (CI) were calculated and plotted with fitted

values from the ANCOVA model for visualisation of results.

13
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RESULTS

Knee extension 10RM

There was no statistically significant between group effect for change in knee extension
10RM (F,22)=0.261, p = 0.614). Both groups appeared to improve as evidenced by 95%Cls
not containing zero. Changes appear similar for both bike and leg press groups and figure 1a

shows estimated marginal means with 95%Cls and fitted values from the ANCOVA model.

Time to Exhaustion in IXT

There was no statistically significant between group effect for change in TTE for the
IXT (Faz22 = 1.665, p = 0.210). Both groups appeared to improve as evidenced by 95%Cls not
containing zero and, though not significantly different, improvements appeared slightly greater
for the bike group. Figure 1b shows estimated marginal means with 95%ClIs and fitted values

from the ANCOVA model.

V 02peak (Peak 0xygen consumption)

There was a statistically significant between group effect for change in VOzpeak (F1,22)=
5.93, p = 0.023). The bike group appeared to improve as evidenced by 95%Cls not containing
zero, whereas the 95%Cls for change in the leg press group overlapped zero. Figure 1¢ shows

estimated marginal means with 95%ClIs and fitted values from the ANCOVA model.

Lower Limb Composition

There was no statistically significant between group effect for change in total lower

limb mass (F.22= 1.589, p = 0.221), lower limb lean mass (F,22 = 0.491, p = 0.491), or lower
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limb fat mass (F,22= 1.238, p = 0.278). Though not significantly different, for all measures the
leg press group appeared to increase as evidenced by 95%CIs not containing zero, whereas the
95%Cls for change in the bike group overlapped zero. Figures 3a, 3b, and 3c show estimated

marginal means with 95%Cls and fitted values from the ANCOVA model.

Perceptual Responses

Two way repeated measures ANOVA revealed no significant effects by ‘group’ for
effort (Fa,23) = 1.69, p = 0.206) or discomfort (F,23 = 3.40, p = 0.078). There was a significant
effect by ‘set number’ with both effort (Fge9) = 67.05, p < 0.001) and discomfort (Fe9) =
51.21, p < 0.001) increasing across sets. There was no significant interaction effect for either
effort (F.2451.45) = 1.54, p = 0.223) or discomfort (F.s2.41.88) = 1.23, p = 0.301). Estimated
marginal means and 95% confidence intervals for both effort and discomfort between groups

and across sets are shown in Figure 4a and 4b respectively.

Dietary intake

There were not any meaningful changes in dietary patterns in either the bike or leg press groups.
Daily caloric intake, percentage of calories derived from proteins, carbohydrates and total fat

from the pre-training period are shown in Table 3.
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3. DISCUSSION

The present study compared the effects of different modalities of training whilst
matching effort and duration of exercise upon strength, cardiorespiratory fitness, and lower limb
composition in recreationally trained men. Resistance training was performed using a leg press
and ‘cardio’ training was performed using a cycle ergometer. The primary findings of the
present study were that, after 5 weeks of training, strength and endurance (TTE) adaptations
may be similar, ‘cardio” modality training appeared to produce greater increases in
cardiorespiratory fitness. For both training interventions though, lower limb composition
changes were trivial.

A number of previous studies comparing resistance training with ‘cardio’ training
modalities have reported that resistance training produces greater increases in strength than
‘cardio’ type training (Goldberg et al., 1994; Poelhman et al., 2000; Ferrara et al., 2006;
Wilkinson et al., 2008; Silanpaa et al., 2008; Athianen et al., 2009) though there are exceptions
(Messier and Dill, 1985). As noted though, few studies have compared modalities whilst
matching effort or duration of exercise. In addition, and a particular issue for strength outcome
testing (Buckner et al., 2017; Gentil, 2017), studies have often tested their outcomes in manners
that might favour particular interventions (i.e. strength was tested using the exercise for which
the resistance training intervention was specifically trained). Where studies have matched effort
and duration, but used testing outcomes favouring the resistance training intervention there
seems to be greater strength changes for resistance training compared to ‘cardio’ (Alvarez et al.,
2017). Yet, similarly to the findings reported here, where effort and duration have been matched
but the testing outcome was independent of either intervention, strength changes appear to be

largely similar (Androulakis-Korakakis et al., 2017).
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The comparative strength adaptations may result from similar neuromuscular stimulus
in both modalities when effort and duration are analogous. Both Steele et al. (2018) and
Kuznetsov et al. (2011) have reported findings suggesting that motor unit recruitment may be
similar between modalities and indeed effort has been argued to arise from the central motor
command required to drive the musculature to perform the task being attempted (Marcora,

2009; Pageaux et al., 2016). Thus, it is thought that effort, both that required and perceived, is
likely intrinsically linked to motor command and motor unit recruitment (de Morree et al., 2012;
Guo et al., 2017) and possibly due to Henneman’s size principle (Potvin and Fuglevand, 2017).
Indeed, both high effort resistance training (Nuzzo et al., 2017) and ‘cardio’ based high intensity
interval training (Kinnunen et al., 2019) have been shown to strength likely due to neurmuscular

adaptations.

Regarding cardiorespiratory fitness, both groups improved in time to exhaustion
(though this appeared slightly greater for the ‘cardio’ group) which may have been facilitated to
some degree by the improvements in strength. Indeed, Alvarez et al. (2017) reported endurance
performance tested as 2 km walking test improved in both resistance training and ‘cardio’ effort
and duration matched ‘high intensity interval training’ with no statistically significant

differences between them (both improving by ~2 minutes; p = 0.284).

For change in VOzpeakn however, there was a significant difference between groups for
with only the ‘cardio’ group seemingly improving. Though this finding is in agreement with a
number of previous studies suggesting ‘cardio’ type approaches favor cardiorespiratory fitness
increases (Goldberg et al., 1994; Poelhman et al., 2000; Ferrara et al., 2006; Wilkinson et al.,
2008; Silanpaa et al., 2008; Athianen et al., 2009), it contradicts the findings of studies where
modalities have been compared with effort and duration matched (Alvarez et al., 2017; Gil-
Sotomayor et al., 2018). This may be due to the fact that participants were already trained as
both groups had multiple years previous training experience. Indeed, it is well known that the

magnitude of changes in cardiorespiratory fitness along with many other variables diminishes
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with training experience. However, training experience was similarly long between groups and
it might be expected that any ceiling effect would thus be similar. Further, some previous effort
and duration matched modality comparisons have been in highly trained populations (i.e.
powerlifters and strongmen) and found similar changes in cardiorespiratory fitness
(Androulakis-Korakakis et al., 2017). Though it should be noted that (Androulakis-Korakakis et
al., 2017) indirectly measured cardiorespiratory fitness using a step test whereas in the present
study VOazpeak Was measured directly. In the present study though there was considerable
variation in maximal criteria from the incremental treadmill protocol with none of the
participants reaching a respiratory exchange ratio >1.15 and also a number of participants
showing differences in end of test max heart rate (>10 beats.min) between pre- and post-tests
suggesting that truly maximal efforts may not have occurred during this testing. Thus, though
VOzpeak Changes may be similar in untrained participants (Alvarez et al., 2017; Gil-Sotomayor et
al., 2018) and may rise from similarity in acute physiological responses (Steele et al., 2018), it is
at present not wholly clear whether VOzpeax changes similarly when comparing effort and

duration matched modalities in trained participants.

Changes in lower limb composition where minimal for both groups. Changes in muscle
mass are relatively minimal following the initial training period (Counts et al., 2017) which may
explain the minimal changes reported here. However, though there were no statistically
significant difference between groups, only the resistance training group saw significant within
group changes in both lean and fat mass contributing to an increase in total lower limb mass. It
is not clear the degree to which this is meaningful, nor why both lean and fat mass might have
increased. This may merely reflect variation in the measurement over the duration of the study.
A recent meta-analysis has shown that resistance training produces more favourable changes in
muscle hypertrophy compared to ‘cardio’ type approaches (Grgic et al., 2018) though the
included studies were not effort and duration matched. Gil-Sotomayor et al. (2018) however

reported in untrained persons performing effort and duration matched resistance training or
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‘cardio’ that changes in lean mass were minor (g = -0.07 to 0.00). Thus, it would seem that

changes in lean mass are likely minimal with either training modality.

Acute perceptual responses did not differ significantly between groups suggesting that
the two were succesfully matched in terms of effort, but both perceievd effort and discomfort
increased with set number. These findings are similar to the acute findings reported by Steele et
al. (2018) using the same scales and again, presumably these increases occurred across sets as a
function of accumulated fatigue. However, in the present study participants were encouraged to
exercise maximally in both conditions (i.e. to momentary failure on the leg press and to sprint
maximally on the cycle ergometer) from set 1, yet maximal ratings of perceievd effort did not
near maximal values for most participants until the final set. On average the ratings of perceived
effort reported in the present study were around ~1 point lower than those reported by Steele et
al. (2018), though in their study the exercise protocols were designed to be high, but not
necessarily maximal. Despite this, in the present study participants perceptions of discomfort
were around ~2-3 points higher than those reported by Steele et al. (2018). This suggests the
possibility of an exponential increase in discomfort when efforts are near maximal in both
exercise modailities, but that this response may be similar between them. Participants in the
present study were encouraged to provide maximal efforts in both groups and yet our data
suggest that they may not have perceived themselves to be doing so. This may have been due to
some element of pacing as participants were aware they had to complete multiple sets of the
exercises. Indeed, pacing strategies have been shown even in maximal effort voluntary
contractions (Halperin et al., 2014). Whether or not a lower volume appraoch utilising a single
set of either condition might enable participants to be able to give a maximal effort straight
away and also elicit similar adaptations is not clear. Some studies have suggested that both
lower volume single set resistance training (Marshall et al., 2011), and single sprint cycle
ergometry (Tjonna et al., 2013) may be able to elicit strength and cardiorespiratory fitness

increases respectively. Considering the time efficiency of ‘High Intensity Interval Training’
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type aproaches, and the evidence here that this might be accomplished with a variety of

modalities, this might be an interesting area of future research.

The limitations of the present study should be aknowledged. The duration of the study
was relatively short and it is not possible to confirm if the results would be simlar over longer
durations, or whether adaptations from either modality might exceed the other for certain
outcomes. Morever, we experienced a number of dropouts during the study. Although many
where due to personal reasons, the intensity of effort and associated perceived discomfort was
very high for both interventions, which 15 participants claimed was the reasons for their dropout
from the study (~25% percent of the initial sample). Therefore, though these appraoches may
demonstrate some degree of comparative efficacy, it could be argued that their effectiveness
requires further investigation and consideration for how to reduce associated perceievd
discomfort, and thus dropout rates. Lastly, we selected two common exercise types
representative of the two broad modalities we were interested in comparsing (resistance training
= leg press, ‘cardio’ = cycle ergometer). Future work should look to test the effects of
differentes types of exercise (e.qg,. elliptical, running) in addition to upper body exercise (e.g.
bench press, arm ergometry) and whether these may produce similar adaptations, since it as
been suggested that the exercise type used for ‘High Intensity Interval Training’ may influence

adaptation (Viana et al., 2018).

4. CONCLUSION

The results of the present study suggest that 5 weeks of effort and duration matched
‘High Intensity Interval Training’ using cycle ergometry ‘cardio’ or leg press resistance training
may produce similar strength and endurance (TTE) adaptations. However, ‘cardio’ modality
training may produce greater increases in cardiorespiratory fitness. For both training
interventions though, lower limb composition changes (total lower limb mass, lower limb lean

mass, and lower limb fat mass) are minimal as might be expected in trained participants. This
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suggests that there may be more flexibility in choice of exercise modality when using a high
intensity of effort which potentially expands the options available to persons seeking to improve

health and fitness.
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Table 1: Participant demographics
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Age (years)

Height (cm)

Training experience (years)
Weekly training

Minutes per week of exercise
Total body mass (kg)

Lean mass (kg)

Fat mass (kg)

% Body fat

BMI (kg/m?)

VO2peak (ML.kgt.min't)

10 Maximum repetition (kg)

Leg Press (n =12) Bike (n = 13)
28.5+6.8 29.3+45
179.7+9 178.0+6.2
8.1+6.8 51+41
40+0.2 40+0.3

210.8 £13.2 246.9 +18.5
78.0+1.0 82.7+134
58.3+ 75 60.5%+5.9
19.7+8.2 21.9+09.7
23.7+7.0 248+8
242+39 26.0+3.8
56.6 +6.9 56.1+ 9.5
454+ 8.6 50.0+95

Data are expressed as mean + standard deviation;

Abbreviations: VOzpeak. Peak Oxygen consumption; 10RM, 10 Repetition Maximum



Table 2: Training routine
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Leg Press

Bike

Chest Press (~10 reps to MF)
Leg Press 45° (~10 reps to MF)
Chest Press (~10 reps to MF)
Leg Press 45° (~10 reps to MF)
Lat Pull Down (~10 reps to MF)
Leg Press 45° (~10 reps to MF)
Lat Pull Down (~10 reps to MF)
Leg Press 45° (~10 reps to MF)
Knee Flexor (~10 reps to MF)
Trunk flexion (~15 reps to MF)
Knee Flexor (~10 reps to MF)

Trunk flexion (~15 reps to MF)

Chest Press (~10 reps to MF)
Cycle Ergometer (30s sprint)
Chest Press (~10 reps to MF)
Cycle Ergometer (30s sprint)
Lat Pull Down (~10 reps to MF)
Cycle Ergometer (30s sprint)
Lat Pull Down (~10 reps to MF)
Cycle Ergometer (30s sprint)
Knee Flexor (~10 reps to MF)
Trunk flexion (~15 reps to MF)
Knee Flexor (~10 reps to MF)

Trunk flexion (~15 reps to MF)

Abbreviations: MF: Momentary failure; Rep: Repetition
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Table 3: Change in dietary intake after training protocol

Leg Press (n=12) Bike (n = 13) Between
group
Baseline Post Baseline Post ES p
Energy 2432.7 + 2348.6 = 2004.2 = 1891.9 + 037 091
(kcal) 390.7 710.7 330.7 406.1
Protein (%) 21.1%6.1 21.6 = 23.8+7.38 26.0 £ 0.20 0.72
8.4 12.6
Carbohydrate 46.9+148 522+ 54.5+5.7 53.6 + 0.05 0.53
(%) 20.2 6.9
Total fat (%) 23.7£5.9 239+ 324+6.9 37.4 0.59 0.40
7.7 10.2

Values are presented as mean + standard deviation; 95% CI; ES = Cohen’s. ES: effect
size. Comparison of post test effects of between group training, p value obtained by

ANCOVA - using pre values as covariates
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Table 4. Estimated marginal means and 95%CIs for perceived effort and discomfort.

Set 1

Set 2

Set 3

Set 4

Effort
Bike
Leg Press
Discomfort
Bike

Leg Press

7.6 [7.2108.0]

8.2 [7.9 0 8.6]

8.0 [7.5 t0 8.5]

7.4[6.9107.9]

8.8[8.5t09.2]

9.1[8.7 10 9.5]

9.2[8.7109.8]

8.4[7.9108.9]

9.8 [9.4 t0 10.2]

9.8 [9.4 t0 10.2]

9.8 [9.3 to0 10.4]

9.3[8.8 10 9.8]

9.9 [9.5t010.3]

10.0 [9.6 to 1.4]

9.9 [9.4 to 10.5]

9.8 [9.2 to 10.3]
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Figure 1. CONSORT flow diagram.

Figure 2. Estimated marginal means, 95%Cls, and fitted individual values from ANCOVA

model for changes in a) knee extension 1RM, b) time to exhaustion, and c) VOzpea.

Figure 3. Estimated marginal means, 95%Cls, and fitted individual values from ANCOVA
model for changes in a) total lower limb mass, b) lower limb lean mass, and c) lower limb fat

mass.
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CONSORT 2010 Flow Diagram
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