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Abstract

The purpose of this study was to investigate the effects of two water-based aerobic programs
on cardiorespiratory and neuromuscular outcomes in older women. Forty-one women (60 to
75 years old) volunteered to participate in the study. Participants were randomized into a
water-based continuous (CTG; n = 21; 63.9 £ 2.5 years) or an interval (ITG; n = 20; 64.8 +
3.6 years) aerobic training group. Both training programs were performed for 12 weeks (45-
min sessions twice a week), with exercise intensity based on rating of perceived exertion
(Borg’s RPE 6-20 Scale). Pre and post training assessments of cardiorespiratory and
neuromuscular outcomes were performed. Data analyses were conducted using Generalized
Estimating Equations and Bonferroni post-hoc test (a = 0.05). After the intervention, the CTG
and the ITG displayed similar improvements in time to exhaustion (8% vs. 11%), peak
oxygen uptake (9% vs. 7%), maximal dynamic knee extension strength (5% vs. 6%), dynamic
muscular endurance of knee extensors (10% vs. 11%), maximal vastus lateralis
electromyographic signal amplitude (13% vs. 35%), as well as an increase in muscle thickness
(5% vs. 6%) and decrease in muscle echo intensity (-2% vs. -3%) of the quadriceps femoris.
In conclusion, older women benefited from water-based exercise training prescribed based on
participants’ RPE, with both the interval and the continuous training programs resulting in

similar increases in the cardiorespiratory and neuromuscular parameters.

Keywords: aerobic training, aquatic exercise, aging, interval exercise, muscle strength,

aerobic capacity, muscle thickness, muscle echo intensity.



1. Introduction

Aging is characterized by several physiological processes, including cardiorespiratory
and muscular deconditioning, which are generally related to muscle wasting and negatively
affect the health of older individuals (Aagaard et al., 2010; Izquierdo et al., 2001). Although
biological aging is inexorable, regular practice of physical exercise can counteract some of the
deleterious effects, leading to a healthy aging phenotype (American College of Sports
Medicine et al., 2009).

Exercise performed in the aquatic environment promotes several health-related
benefits, due to the drag force created by the water (Torres-Ronda and Schelling i del Alcézar,
2014). The effectiveness of water-based training programs to improve cardiorespiratory
capacity (Bocalini et al., 2008; Kanitz et al., 2015; Meredith-Jones et al., 2009; Takeshima et
al., 2002) and neuromuscular function (Bento et al., 2012; Kanitz et al., 2015; Meredith-Jones
et al., 2009; Takeshima et al., 2002; Tsourlou et al., 2006) of older adults has been reported in
a number of investigations. Nevertheless, the majority of studies investigated both
cardiorespiratory and neuromuscular adaptations as a result of water-based, combined training
programs (i.e., aerobic and resistance exercises; Bento et al., 2012; Kanitz et al., 2015;
Katsura et al., 2010; Meredith-Jones et al., 2009; Takeshima et al., 2002; Tsourlou et al.,
2006).

Recent findings suggest that the drag force generated during water-based aerobic
exercises may create enough resistive load to bring about improvements not only in
cardiorespiratory parameters but also in neuromuscular outcomes (Costa et al., 2018; Kanitz
et al., 2015). Studies comparing neuromuscular adaptations to aerobic training to combined
(Kanitz et al., 2015) or resistance (Costa et al., 2018) water-based training programs revealed
similar strength gains between training routines, with superior cardiorespiratory adaptations

after water-based aerobic training. To the best of the authors’ knowledge, studies on the



effects of water-based aerobic training on physical fitness are scarce (Broman et al. 2006;
Kanitz et al., 2015; Pasetti et al., 2012; Reichert et al., 2016), especially in a shallow water
pool (Bergamin et al. 2013; Bocalini et al. 2008; 2010; Costa et al., 2018; Rica et al., 2013).
Although the neuromuscular adaptations to water-based aerobic training programs in older
individuals have been described (Costa et al., 2018; Kanitz et al., 2015), the benefits of
different training routines (e.g., interval or continuous training) upon cardiorespiratory and
neuromuscular outcomes are largely unknown.

Movement velocity exerts great influence on water drag force (Alexander, 1977), so
increasing exercise velocity during water-based aerobic exercises also increases exercise
resistance. As such, greater force output and muscle activation are necessary to overcome
water resistance during high velocity movements (Alberton et al., 2011; Pinto et al., 2011).
Accordingly, interval training performed with high intensity efforts, interspaced by active
recovery, could create a greater stimulus for neuromuscular adaptations than continuous
exercise performed at a moderate intensity, but this hypothesis remains speculative.
Therefore, the purpose of the present study was to investigate the effects of 12 weeks of
water-based continuous and interval aerobic training programs on cardiorespiratory and
neuromuscular parameters in older women. It was hypothesized that (a) both training
programs would result in positive cardiorespiratory and neuromuscular adaptations; (b) but
superior improvements would be observed after the interval training program because of the

greater water drag force and resistance created during this exercise routine.

2. Methods
Experimental design and approach to the problem
The study, Effects of Two Water-based Aerobic Training Programs in Elderly

Women (WATER), is characterized as a randomized clinical trial, registered in



ClinicalTrials.gov (NCT03289091). To compare the effects of water-based continuous and
interval aerobic training programs on cardiorespiratory and neuromuscular outcomes in older
women, both training programs were performed for 12 weeks, with a frequency of two 45-
min sessions per week. Forty-one individuals were evaluated at baseline and one week after
the intervention period (i.e. weeks 0 and 13). A sub-sample of twelve participants (63.9 * 3.7
years) was assessed twice prior to the beginning of the intervention as a control period (weeks
-4 and 0). In each of the aforementioned time points, all participants completed the
assessments within a week and each test was conducted by the same investigator blinded to
the participants’ group assignment, using the same equipment and procedures. Four to six
days of recovery were given between the last training session and the post-training assessment
period. In addition, participants were instructed to maintain their usual eating habits

throughout the study period.

Participants

Sample size calculation was performed in the GPower version 3.1 software, adopting
the data corresponding to peak oxygen uptake (VO2peak) and maximal dynamic knee extension
strength from the study by Kanitz et al. (2015). Assuming alpha level of 5%, and an effect
size of 0.34 for VOgpeak and 0.28 dor dynamic strength, a sample size of 15 participants for
each water-based training group was required to identify differences between groups with a
power of 80%. Assuming a drop-out rate of about 30%, 41 participants were included in the
study.

Older women (from 60 to 75 years old) were recruited to take part in the study from
March to July 2017. Participants had not been engaged in any systematic training program in
the previous six months. Exclusion criteria included the presence of any history of

cardiovascular disease (except hypertension controlled by medications) and/or osteoarticular



limitations for practice of exercise. Volunteers meeting the criteria signed a written informed
consent form and were informed regarding the details of the study and research procedures.
The study was approved by the Local Research Ethics Committee
(CAAE: 69931817.5.0000.5313) and was conducted in accordance with the Declaration of
Helsinki.

Participants were randomly allocated (1:1 ratio) to either the continuous training group
(CTG) or the interval training group (ITG) after baseline assessments by a researcher who
was not engaged in the recruitment and assessment procedures. Participant allocation was
performed using a randomization list with block sizes of 6 to 12, based on participants’
baseline VOgpeak (Classified into three categories: <23 mlkgtmin?; between 23-28 mlkg

Lmin; and >28 ml'kgtmin™).

Antropomethrical measurements

An initial session was performed with each participant for familiarization with tests
and research procedures, as well as to take anthropometric measurements. Participants’ body
mass and height were measured using a digital scale with a stadiometer (WELMY, Santa
Barbara d’Oeste — S80 Paulo, Brazil). A 7-skinfold thickness protocol was used to estimate
body density (Jackson et al., 1980) using a skinfold caliper (CESCORF, Porto Alegre, Brazil),

and body fat was then calculated using Siri’s equation (Siri, 1993).

Cardiorespiratory capacity

A maximal incremental treadmill exercise test (Arktus, Santa Tereza do Oeste, Brasil)
was performed for cardiorespiratory fitness assessment. Participants rested during 5 min for
resting heart rate (HRrest) assessment, and then performed a 3 min warm-up with gradual

velocity increments up to 3 kmh™. The test started at 3 km-h'* with sequential increments of



0.5 kmh every minute, and a 1% increase in grade every 2 min until maximum effort. The
test was finished when the participant was no longer able to exercise at a given workload and
indicated exhaustion. All tests were supervised by a medical doctor. Oxygen uptake was
recorded during the incremental protocol using a mixing-box-type portable gas analyzer
(V0O2000, MedGraphics; Ann Arbor, USA) for determination of participants’ peak oxygen
uptake (VO2peak), OXygen uptake at the first (VO2vr1) and second ventilatory threshold
(VOavT2). Data were acquired as an average of three breaths using the Aerograph software
(MedGraphics; Ann Arbor, USA). Heart rate (HR) was obtained every 30 s using a heart rate
monitor (FT1, Polar, Kempele, Finland), and participants’ rating of perceived exertion (RPE)
was assessed at the end of each stage with the Borg’s RPE 6-20 scale. Tests were considered
valid when at least two of the following criteria were met: a) a plateau in oxygen uptake with
an increase in the protocol stage; b) when an estimated maximal HR was reached (220 — age);
C) a respiratory exchange ratio > 1.15; or d) a RPE > 18 (Howley et al., 1995).

The individual VOzpeak Was determined as the higher 15 s mean oxygen uptake value in
the last test stage (Schaun, 2017). The VT and VT2 were determined based on the ventilation
by test stage plot and confirmed by the ventilatory equivalent of oxygen (Ve/VO2) and carbon
dioxide (Ve/VCOy), respectively (Wasserman et al., 1973). Three experienced physiologists
independently detected VT: and VT through visual inspection while blinded to the
participants’ experimental group. When there was no agreement among them, the median
value was used for analysis. Time to exhaustion was considered as the total test time in

minutes, including the warm-up.

Muscle thickness and muscle quality
Participants’ right quadriceps femoris muscle thickness and echo intensity were

assessed by B-mode ultrasonography (Tosbee, Toshiba, Japan), with a 7.5 MHz linear array



probe. Each participant rested for 15 min in supine position with legs extended and relaxed
and then transversal images of the four portions of the quadriceps femoris were recorded.
Images of the vastus lateralis (VL), rectus femoris (RF) and vastus intermedius (V1) muscles
were obtained at the midpoint between the anterosuperior iliac spine and upper edge of the
patella, whereas the vastus medialis (VM) was assessed at 30% of the distance between the
lateral condyle and the greater trochanter of the femur, as adapted from previous studies
(Korhonen et al., 2009; Kumagai et al., 2000). To ensure similar probe position in subsequent
tests, the assessment site of each muscle was marked on transparent paper and used for probe
repositioning (Narici et al., 1989). All images were analyzed using the software ImageJ
(National Institutes of Health, USA, version 1.37).

Muscle thickness was assessed as the distance from the superior and inferior muscle
aponeurosis for each muscle (Abe et al., 2000), and overall quadriceps femoris muscle
thickness was calculated as the sum of each individual muscle thickness (i.e.
RF+VL+VM+VI). Muscle quality was determined by the echo intensity (EI) values, which
were calculated from gray-scale analysis using the standard histogram function in Imagel
(National Institute of Health, USA, version 1.37). A region of interest was selected in each
muscle including as much of the muscle as possible while avoiding surrounding fascia, and
the EI within the region of interest was calculated and expressed in values between 0 and 255
(0 = black; 255 = white; Radaelli et al., 2013; Wilhelm et al., 2014). The EI of quadriceps
femoris was calculated as the mean EI of the four individual quadriceps femoris muscles
((RF+VL+VM+VI)/4). Based on data from our control period (weeks -4 and 0), muscle

thickness and El intraclass correlation coefficients (ICC) were 0.97 and 0.95, respectively.

Neuromuscular activity



The neuromuscular activity of the right vastus lateralis (VL) muscle was assessed
using surface electromyography (EMG) during knee extension maximal isometric voluntary
contractions (MVC). Briefly, after shaving and cleaning the skin with alcohol, bipolar
electrodes were positioned on the muscle according to the SENIAM project
(www.seniam.org). The position of each electrode was recorded on transparent paper, which
was used in the post tests to ensure a similar electrode positioning between pre and post
intervention period (Narici et al., 1989). A reference electrode was fixed on the participant’s
anterior crest of the tibia. After the electrode positioning, participants warmed-up for 5 min on
a cycle ergometer, and then seated with their hips and thighs firmly strapped (hip angle at 90°,
and knee angle at 60°, considering 0° as the anatomic position). Participants were instructed
to perform isometric knee extensions, exerting maximal force as fast as possible against a
fixed resistance, while receiving strong verbal encouragement. Three 5-s MVC attempts with
2 min of rest intervals were performed, and the raw EMG signal was acquired at 2000 Hz per
channel using an EMG acquisition system (Miotool, Miotec®, Porto Alegre, Brazil). Signals
were then band-pass filtered by a fifth order Butterworth filter using a cutoff frequency of 20—
500 Hz, and the root mean square (RMS) value was determined during the greatest stable 1-s
period at the force-time signal. Force was measured using a load cell (Miotec®, Porto Alegre,
Brazil) with 200 kgf capacity and 2000 Hz sampling rate. The VL EMG signal obtained
during the three MVCs were recorded, and the MVC attempt with highest 1-s stable force
signal was used to analyze the maximal voluntary muscle activation. Based on data from our

control period, ICC for the VL EMG signal was 0.78.

Maximal dynamic strength
A bilateral knee extension one repetition maximum (1RM) test was performed using a

knee extension machine (New Fitness, Sdo Paulo, Brazil) for maximal dynamic strength



assessment. The 1RM value was considered the greatest load that the participant could lift for
one complete repetition (i.e., concentric and eccentric phase) following a predetermined
cadence (i.e., approximately 2 s per phase). Participants performed a 5-min warm-up on a
cycle ergometer and a specific warm-up (i.e. 10 submaximal repetitions on the bilateral knee
extension machine). Participants started the test at ~90° of knee flexion and moved to full
knee extension, which was individualized for each participant and controlled by a range of
motion custom-build device. The 1RM of each participant was determined within five
attempts, and at least 3 min of rest interval was given between trials. When the participant
could perform more than one complete repetition, a new load was estimated following the
Lombardi’s coefficient (Lombardi, 1989) for the next trial. We highlight that during baseline
the 1RM test was performed twice, with a 48-h interval period between tests (ICC = 0.95). In

addition, based on the control period data, 1RM ICC was 0.96.

Dynamic muscular endurance

The same knee extension machine was used for the assessment of dynamic muscular
endurance. To do so, participants completed the maximal number of bilateral knee extension
repetitions at 60% of their 1IRM. The test cadence (2 s for each contraction phase) and range
of motion was the same used for the 1RM test, and the post-intervention assessment was
performed using the same absolute load employed at baseline (i.e. 60% of baseline 1RM).

Based on the control period data, dynamic muscular endurance ICC was 0.93.

Training Programs
The water-based aerobic continuous and interval training programs were performed
during 12 weeks, two times per week on non-consecutive days. Before the beginning of the

training programs, participants performed two water-based exercise sessions to become



familiarized with the exercises and the Borg’s RPE 6-20 Scale (Borg, 1990). Sessions for both
the CTG and ITG lasted 44 min (4 min of warm-up, followed by 36 min of exercise, and 4
min of stretching) throughout the intervention period. Each training session was composed by
the same exercise sequence as follows: stationary running, frontal kick and cross-country
skiing. The training intensity was based on the Borg’s RPE 6-20 Scale, with a progressive
increase in intensity as presented in Table 1. For CTG the target intensity was constant
throughout the entire session, while for ITG an effort to rest ratio of 1:1 was employed. The
study by Alberton et al. (2016) showed water-based aerobic exercise RPE of 12.1-12.7
corresponded to 50-59%V Ozpeak; 13.7-14.8 to0 60—69%V O2peak; 15.8-16.4 to 70—79%V O2peak;
17.3-18.1 to 80-89%V O2peax; and 18.5-18.9 to 90-99% VOqpeak in active women. Therefore,
small changes in the RPE values (<2 points) may represent different training zones during
water-based aerobic exercises.

All training sessions were supervised by two experienced instructors trained to deliver
the water-based protocols employed in the present study. Furthermore, participants received
constant feedback regarding exercise intensity and participants reported achieving their target
RPE in each training session. The water temperature was maintained between 30 e 32°C and

the depth immersion between the participant’s xiphoid process and the shoulders.

Table 1. Description of the aerobic training programs.

] Intensity (Borg’s RPE 6-20 Scale)
Weeks Total time

Continuous training  Interval training

1-4 36 min RPE 13 9x (2 min RPE 16 + 2 min RPE 11)

5-8 36 min RPE 14 12x (1.5 min RPE 17 + 1.5 min RPE 11)
9-10 36 min RPE 15 18x (1 min RPE 18 + 1 min RPE 11)
11-12 36 min RPE 16 18x (1 min RPE 18 + 1 min RPE 11)

RPE = rating of perceived exertion.



Statistical Analysis

Results are presented as mean + standard deviation (SD). Data distribution was tested
using the Shapiro-Wilk test, and paired samples t-tests were used to compare the outcomes
between time points in the control period (weeks -4 and 0). Independent t-tests were used for
comparing sample characteristics data between groups after testing normality and
homogeneity data using Shapiro-Wilk and Levene tests. Generalized Estimating Equations
(GEE) and Bonferroni post-hoc tests were used for comparison between time points (baseline
and post-training) and groups (CTG and ITG) for both per protocol and intention to treat
analysis. A GEE was chosen in the present study as it is appropriate for analysis of continuous
variables in longitudinal models, even for data displaying violation of sphericity and
presenting nonparametric distribution (Liang and Zeger, 1986). Furthermore, the GEE can
cope with missing data (Liu et al., 2006), and according to Ma et al. (2012), for the same
statistical power, it requires a smaller sample size compared to factorial ANOVA to identify a
similar effect size. The intention to treat analysis included all randomized participants
whereas per protocol analysis excluded those who missed more than two subsequent sessions
or presented a total attendance lower than 80% throughout the training period. All tests were

processed in the SPSS version 20.0 software adopting an alpha level equal to 5%.

3. Results

The study flowchart is presented in Figure 1. One hundred ninety-six women were
contacted. From these 126 did not meet the eligibility criteria and 29 refused to take part in
the study. Therefore, 41 older women were selected and randomized for the CTG or the ITG.
Seven participants dropped out during the intervention period due to health-related issues not
related to the study (3 from CTG and 4 from ITG) and 2 of participants from the CTG did not

complete post intervention measurements. As such, a total of 32 participants (16 from CTG



and 16 from ITG) concluded the interventions and were assessed for intention to treat
analysis. For per protocol analysis, however, 10 participants (3 from CTG and 7 from ITG)

were not included because of low attendance rate (i.e. < 80%).

Assessed for eligibility (n=196)

Excluded (n=155)
» * Not meeting inclusion criteria (n=126)
» Declined to participate (n=29)

Y
Control period:
-4 and 0 weeks assessments (n=12)

}

Randomized and included in
intention-to-treat analysis (n=41)

}

v Allocation 3
Allocated to intervention: Allocated to intervention:
Continuous Training Group (n=21) Interval Training Group (n=20)
v Follow-Up v
1 I

Lost to follow-up (n=5): Lost to follow-up (n=4):
» Health problems not related with the intervention » Health problems not related with the intervention
(n=3) (n=4)
- Did not perform the post-training tests (n=2)

Y Y

Completed the 12 weeks of intervention (n=16) Completed the 12 weeks of intervention (n=16)

v Analysis l
Included in the per protocol analysis (n=13) Included in the per protocol analysis (n=9)
Adherence exclusion <80% (n=3) Adherence exclusion <80% (n=T)

Figure 1. Participants’ flowchart.

The attendance of participants who completed the intervention was similar between
groups (CTG = 82.6 £ 2.7%; ITG = 82.2 = 3.5%; p = 0.941). No injuries or adverse events
were reported in either study group. Age, height, body mass, body mass index, body fat and

VOgzpeak Were also similar between groups at the baseline (Table 2).

Table 2. Participants’ characteristics at baseline (mean + SD).

Variables Continuous group (n=21) Interval group (n=20) P

Age (years) 63.9+25 64.8 £ 3.6 0.389



Height (cm) 1534 +£4.3 155.1£5.8 0.293
Body mass (kg) 74.4+14.7 73.1+13.9 0.777
Body mass index (kg'm2) 31.7+£6.4 30.2+4.6 0.416
Body fat percentage (%) 429+5.2 43.1+£55 0.881

No differences in the study outcomes were observed between time points in the
control period (weeks -4 and 0), with the exception of quadriceps femoris EI and maximal
neuromuscular activity of the VL muscle, which increased from week -4 to week 0 (p < 0.05;
Table 3).

Table 3. Cardiorespiratory and neuromuscular parameters during the control period
(—4 and 0 weeks; mean + SD).

. n=12
Variables
Week -4 Week 0 P

HRrest (bpm) 78 +13 75+ 13 0.262
VOzpeak (Ml.kgt.min?) 26.24 + 4.28 26.13 +£4.92 0.890
VO2vr1 (mlkg™.min?) 14.67 + 2.60 14.40 + 2.27 0.746
VOov12 (Mlkgt.min™) 20.04 + 2.96 20.16 +3.11 0.896
TTE (min) 13.62 + 2.63 13.99 + 2.57 0.238
KE 1RM (kg) 29.50 + 6.04 29.25+£6.25 0.714
KE DME (repetitions) 11.00 +1.80 10.92 +1.78 0.754
VL EMG (uV) 118.58 + 65.23 167.96 + 103.22 0.039*
QF MT (cm) 6.41 + 0.82 6.46 + 0.72 0.508
QF El (a.u.) 118.51 +7.80 121.45+9.15 0.015*

HRyest = resting heart rate; VOzpeak = peak oxygen uptake; VOayr1 = o0xygen uptake in the first ventilatory
threshold; VOoyr2 = oxygen uptake in the second ventilatory threshold; TTE = time to exhaustion; KE =
knee extension; 1RM = maximal dynamic strength; DME = dynamic muscular endurance; EMG =
neuromuscular activity during KE maximal isometric voluntary contractions; VL = vastus lateralis; QF =
quadriceps femoris; MT = muscle thickness; EI = echo intensity. * Significant difference between weeks

—4 and 0 (p <0.05).

The cardiorespiratory outcomes analyzed per protocol and by intention to treat
revealed similar results. Based on per protocol analysis, a significant reduction in HRyest
(CTG: -6.8 = 15.4%; ITG: -6.2 £ 11.8%) and a significant increase in VOzpeak (CTG: 9.2 £

10.3%; ITG: 6.6 £ 16.5%) and time to exhaustion (CTG: 7.5 £ 5.6%; ITG: 11.0 + 13.5%)



were observed in both groups (p < 0.05), with similar results between them (p > 0.05; Table

4).



Table 4. Cardiorespiratory parameters before and after training (mean £+ SD).

. Continuous group Interval group Group Time Group*Time
Variables Pre Post Pre Post P p P
HRrest (bpm) 83x21 7511 80+ 14 75114 0.847 0.009* 0.611
VO2peak (Ml.kg.min)  26.30 + 3.68 28.76 £5.05 24.07+4.10 26.01+7.95 0.352 0.030* 0.799
VOovti (Mml.kgt.mint) 16.34 +2.87 1547+146 1652+335 1521+285 0.964 0.201 0.797
VOovt2 (ML.kgt.mint) 20.27 +3.34 21.47+235 20.31+2.38 19.75+3.87 0.416 0.722 0.330
TTE (min) 13.08 £1.91 14.02+1.88 12.75+1.45 14.04+1.40 0.818 <0.001* 0.526

HRyest = resting heart rate; VOzpeak = peak oxygen uptake; VOayr1 = oxygen uptake in the first ventilatory threshold; VOayr2 = oxygen uptake in the second ventilatory
threshold; TTE = time to exhaustion. *Significant difference between pre and post-training in both groups.



The neuromuscular outcomes analyzed per protocol and by intention to treat revealed
similar results. Based on per protocol analysis, a significant increase in maximal dynamic
strength (CTG: 5.0 £ 5.9%; ITG: 6.3 £ 12.5%), dynamic muscular endurance (CTG: 10.1 +
15.3%; ITG: 10.6 £ 6.7%) and maximal neuromuscular activity of the VL (CTG: 12.8 £
38.4%; ITG: 35.3 + 47.7%) was found in both groups after training (P < 0.05), with no
difference between groups (P > 0.05). As for the morphological outcomes, similar increases in
quadriceps femoris muscle thickness (CTG: 4.5 + 4.8%; ITG: 5.5 + 3.9%) and reductions in
El (CTG: -1.7 £ 5.4%; ITG: -2.9 £ 4.3%) were observed in both groups after the training

period (p < 0.05; Table 5).



Table 5. Neuromuscular parameters before and after training (mean + SD).

. Continuous group Interval group Group Time Group*Time
Variables Pre Post Pre Post P P P
KE 1RM (kg) 30.92 £ 6.29 3242 £6.42 28.00 + 5.68 29.50 £5.21 0.230 0.020* 0.999
KE DME (repetitions) 11.83 +2.21 13.08 + 3.48 12.63 £ 2.07 14.00 £ 2.62 0.425 <0.001* 0.851
VL EMG (uV) 94.16 + 40.82 102.30 £45.26 121.00 +67.62 151.13 +72.62 0.117 0.005* 0.105
QF MT (cm) 6.07 £0.79 6.35 £ 0.87 6.26 £ 0.98 6.62+1.11 0.589 <0.001* 0.534
QF El (a.u.) 11543 £6.17 11350+8.79 12148+9.33 117.91+9.42 0.136 0.021* 0.489

KE = knee extension; 1RM = maximal dynamic strength; DME = dynamic muscular endurance; EMG = neuromuscular activity during KE maximal isometric voluntary
contractions; VL = vastus lateralis; QF = quadriceps femoris; MT = muscle thickness; EI = echo intensity. *Significant difference between pre and post-training in both
groups.



4. Discussion

The present study shows that periodized water-based continuous or interval aerobic
programs can improve both cardiorespiratory and neuromuscular parameters in older women,
irrespective of the training pattern employed. In contrast to our initial hypothesis, the interval
training did not bring about superior neuromuscular gains compared to the continuous water-
based exercise routine in older women, even though water drag, and thus resistance to
movement, was supposedly higher in the ITG.

According to the general fluid equation (Fa = 0.5pAV2Cy), fluid density (p),
projected area (A), velocity of motion (V) and drag coefficient (Cq) are directly proportional
to the drag force (Fq; Alexander, 1977). Since movement velocity is squared, it becomes a
main influential factor during water-based exercises. Therefore, as movement velocity is
increased during water-based exercise a greater force is necessary to overcome the resistance
imposed by the water and, thus, training intensity and RPE increases (David et al., 2017). In
contrast to our hypothesis, no additional increment in the cardiorespiratory conditioning and
muscle strength were observed for ITG. Although the exercise intensity stimulus (i.e., RPE
16-18) for water-based ITG was greater in comparison to CTG (i.e., RPE 13-16) during
exertion throughout the 12 weeks, the mean session RPE (i.e., exertion + recovery Vvs.
exertion) and the similar duration (i.e., 36 min) may have resulted in equivalent total exercise
volume in both groups. For example, during weeks 1-4, the ITG performed 3,888 RPE min of
exercise, whereas the CTG performed 3,744 RPE'min of exercise; during weeks 5-8, both
groups performed 4,032 RPEmin of exercise; and during weeks 9-12, the ITG group
performed 4,176 RPE'min and CTG performed 4,464 RPE'min of exercise.

In the present study, the CTG and ITG presented similar improvements in VO2peak,
time to exhaustion, and HRrest, all of which reflect cardiorespiratory adaptations to exercise

training. These results are in accordance to previous studies in which positive



cardiorespiratory adjustments were also observed in other water-based training programs with
varying duration (8-12 weeks), performed by older individuals (Bocalini et al., 2008; Broman
et al., 2006; Costa et al., 2018; Kanitz et al., 2015; Meredith-Jones et al., 2009; Takeshima et
al., 2002). However, the literature is scarce regarding cardiorespiratory adaptations to water-
based training programs employing only aerobic exercises (Bocalini et al., 2008; Broman et
al., 2006; Costa et al., 2018; Kanitz et al., 2015). The improvements in VOozpeak after water-
based aerobic training programs reported in the literature ranged between 11-42% (Bocalini et
al., 2008; Broman et al., 2006; Costa et al., 2018; Kanitz et al., 2015) in older individuals.
Such findings suggest that the higher increase in VO»-related outcomes (i.e., VOzpeak, VO2vT2
and VOavyt1) may relate to either greater weekly training frequencies or longer training
sessions. In addition, the improvement in time to exhaustion observed for both groups in the
present study (8-11%) was similar to those reported by Costa et al. (2018; 10%), which may
be explained by the increase in both cardiorespiratory capacity and lower limbs muscular
strength.

The improvement in VOzpeak in response to exercise training generally relates to
central and peripheral adaptations, as evidenced by increases in maximal stroke volume,
skeletal muscle capillarization, mitochondrial biogenesis and activity of oxidative enzymes in
trained muscles (Wilmore et al., 2015). Although we could not investigate whether such
adaptations took place in the current study, the increase in cardiorespiratory function suggests
that some improvement in the oxygen carrying capacity and/or skeletal muscle oxidative
capacity took place in response to the water-based exercise programs performed in the present
study. The current findings are relevant for the older population, since aging is associated
with a progressive decline in VO2max, Which may lead to impairments in the functional

capacity and performance of daily living activities of older adults (Fleg and Lakatta, 1988).



Our results show that both types of water-based endurance training employed in the present
study are useful to counteract this aging-related decrement in cardiorespiratory capacity.

The present findings regarding the reduction in HRrst corroborate with previous
studies investigating cardiorespiratory adaptations to water-based programs (Bocalini et al.,
2008; Broman et al., 2006; Kanitz et al., 2015). Although the mechanisms underlying the
reduction in HRrest were not investigated, this response generally reflects an improvement in
the heart pumping efficiency. For example, endurance-type exercise training leads to
intermittent volume overload and can bring about physiological (non-pathological) cardiac
hypertrophy resulting in increased ventricular filling and contracting capacity (Wilmore et al.,
2015). An increase in parasympathetic activity of the heart, associated with a reduction in
sympathetic activity may also explain the reduction in basal heart rate observed after aerobic
training (Wilmore et al., 2015). Since elevated HRrest has been associated with an increased
risk of cardiovascular disease, cancer, and all-cause mortality (Aune et al., 2017), the present
findings from water-based exercise may have positive clinical implication for older women.

Regarding neuromuscular outcomes, the present study found an increase in the
maximal dynamic strength and dynamic muscular endurance corresponding to 5% and 10%
after CTG and 6% and 11% after ITG, respectively. Such similar muscle strength
improvement between intervention groups was unexpected, since the ITG exercised against
greater water resistance (i.e. drag), which was hypothesized to produce a superior stimulus for
neuromuscular adaptation due to the more strength-like nature of the interval training routine.
Previous studies have shown that water-based training programs can improve neuromuscular
parameters in older individuals, however, the most of them investigated the effects of a
combined training program (i.e., aerobic and resistance exercises; Bento et al., 2012; Kanitz et
al., 2015; Katsura et al., 2010; Meredith-Jones et al., 2009; Takeshima et al., 2002; Tsourlou

et al., 2006). Therefore, the observed improvements probably resulted not only from aerobic



exercises, but also from specific resistance exercises applied in these studies. Nevertheless,
the present findings support the evidence that training employing only water-based aerobic
exercises can bring about improvements in muscle strength of sedentary older individuals
(Costa et al., 2018; Kanitz et al., 2015). It should be highlighted, however, that these previous
experiments employed interval protocols throughout the aerobic training program and,
therefore, the present study adds to the current body of knowledge by showing that a
continuous water-based protocol can result in similar increase in muscle strength in
previously sedentary older women.

The lack of difference in strength gains is supported by the similar neural and
morphological adaptations observed in the participants of both training groups. For example,
the maximal neuromuscular activity of the VL muscle increased similarly after both
interventions, and quadriceps femoris muscle thickness also increased similarly after training,
indicating a greater neuromuscular capacity and hypertrophy of the quadriceps femoris
muscle. In addition, quadriceps femoris El reduced after training in both groups, which
suggests a decrease in the content of non-contractile elements in the studied muscles (e.g. a
reduction in fat and connective tissues; Pillen et al. 2009; Arts et al. 2010). The EI adaptation
observed in the present study agrees with changes observed after resistance or combined
training programs performed on dry land (Radaelli et al., 2013; Wilhelm et al., 2014). These
neuromuscular adaptations are relevant since the older population is at greater risk of
dynapenia and sarcopenia, which can lead to impairment in their functional capacity (Clark
and Manini, 2008; Manini and Clark, 2012).

The present results, therefore, show that 12 weeks of water-based aerobic training,
regardless of the continuous or interval-mode prescription, improved muscle strength of the
lower limbs, leading to similar neural and morphological adaptations in sedentary older

women. Moreover, the present study is the first reporting such positive adaptations with



water-based exercise based on RPE, a method of training prescription that may have greater
external validity and practical application for the population investigated.

This study has some limitations, such as the lack of individual record of RPE during
training sessions to confirm the progression of subjective training intensity throughout the
intervention programs. In addition, no control group was included in this study, although a
control period was employed to minimize this issue. It should also be stressed that logistic
issues hindered us from acquiring neuromuscular economy data, which is a variable registered
at clinicaltrials.gov. In addition, the EMG signal from the rectus femoris muscle was also
recorded during the MVIC, but its results were not included in the present manuscript because
it displayed low reproducibility (ICC=0.08) based on data from our control period (weeks -4
and 0). Finally, it should be highlighted that our results apply specifically to previously

sedentary older women.

5. Conclusion

In summary, both water-based training programs employed in the present study
resulted in similar improvements in the cardiorespiratory capacity and lower limb muscular
strength, which were supported by positive adaptations in terms of maximal neuromuscular
activity, muscle mass and muscle quality in older women.

A water-based aerobic program performed in a continuous or interval model resulted
in positive adaptations after 12 weeks of training in both cardiorespiratory and neuromuscular
parameters, which were similar in nature. Therefore, employing 45-min water-based aerobic
sessions twice a week can be considered an efficient strategy to counteract the negative
impact of biological aging in sedentary older women. In addition, it should be highlighted that
training prescription based on RPE is a simple method of easy applicability for group classes

in the aquatic environment and can be used to bring about positive adaptations for relevant



health parameters in this population. It is suggested that future studies analyze the effect of
water-based CTG and ITG programs on cardiorespiratory and neuromuscular outcomes

during longer training periods, in other populations and different training status.
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