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Abstract

Problem Statement: Few studies have been published regarding the effect of Pilates on the cardiovascular
system. Purpose: to investigate the acute and chronic effects of Pilates on heart rate variability (HRV).
Methods: a total of 25 inactive adult women were randomized into two groups: Pilates (n=14; 35.3+1.4 years)
and Control (n=11; 36.0+1.3 years) groups. The training sessions were divided into warm-up, 11 Pilates
exercises and stretching (~45 min; 3 times/wk.; 8 wk.). The control group relaxed (35 min; 3 times/wk.; 8 wk.).
Results: there was a decrease in the time domain in the standard deviation— SD (80.14£24.4 vs. 50.3£14.8 ms;
p<0.001), variance (6939.1+3552.8 vs. 2736.8+£1485.6 ms?; p<0.001) and root mean square of standard deviation
— RMSSD (49.1422.6 vs.10.5+5.8 ms; p<0.001) during the acute Pilates session when compared to the control
group. The acute Pilates session induced a decrease in the low-frequency — LF (1,147.4£665.6 vs. 191.3+197.3
ms?; p<0.001) and high-frequency — HF (932.5+888.4 vs. 72.1+82.4 ms?; p<0.001), and an increase in the LF/HF
ratio (5.7£2.4 vs. 1.9£1.2; p<0.001) in the frequency domain. After 8 weeks of training, the acute Pilates session
induced an increase in the LF/HF ratio (4.7+1.8 vs. 2.5£1.3; p<0.001) and the RMSSD (14.85£5.6 vs.
29.27+19.7ms; p<0.001). Conclusion: our data show that Pilates training induces acute responses exacerbated in
the cardiac autonomic control pathways and that the 8 weeks of intervention promoted positive adaptations in
simpatovagal balance. Therefore, we conclude that Pilates induces significant adaptations in the autonomic
balance and can be used as a training method for improving cardiovascular performance.

Keywords: Exercise; strength training; flexibility training; heart rate variability; spectral analysis.

Introduction

Pilates is a resistance training method performed on specific devices which consists of springs with
different tensions and accessories such as magic circle, elastic band, ball, and slide which allow increased
resistance in the exercises (Bhadauria & Gurudut, 2017). Thus, Pilates is expected to be able to increase the
strength of practitioners (Cruz-Diaz et al., 2018). This method is widely indicated because it has a beneficial
effect on health status, relieves chronic low back pain and improves quality of life (Bhadauria & Gurudut, 2017;
Cruz-Diaz et al., 2018). In addition, it is indicated for increasing flexibility, muscular endurance, balance, and
functional capacity (Bird et al., 2012; Curi et al., 2018; de Oliveira et al., 2015; Markovic et al., 2015; Rayes et
al., 2019), also being recommended for individuals who have heart failure aiming to improve the cardiovascular
health (Fernandez-Rodriguez et al., 2019; Guimaraes et al., 2012).

Regarding the effect of Pilates on cardiovascular health, studies have been carried out on this subject. A
meta-analysis indicated that Pilates has a positive effect on the cardiovascular system, both in healthy subjects
(Fernandez-Rodriguez et al., 2019) and in those with cardiovascular disease (Cetin et al., 2019; Fernandez-
Rodriguez et al., 2019). Tinoco-Fernandez et al. (2016) found that 10 weeks of Pilates were sufficient to improve
cardiovascular parameters (decrease in heart rate and gas exchange ratio, and an increase in peak VO,, VO,max
and maximum ventilation). Practicing Pilates offers benefits for the cardiovascular system, particularly through
its focus on respiratory control during movement (Fernandez-Rodriguez et al., 2019; Tomasi et al., 2024). This
method enhances the strength of inspiratory and expiratory muscles (Baglan Yentiir et al., 2024), leading to
improved respiratory efficiency and increased oxygen flow to muscles during physical activity (Tarnas et al.,
2024). Enhanced oxygen transport promotes better peripheral blood circulation (Tinoco-Fernandez et al., 2016).
In fact, a recent meta-analysis has shown that Pilates is safe for hypertensive patients and can be effectively
integrated into rehabilitation programs (Gonzalez-Devesa et al., 2024). Another significant benefit of Pilates
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training on the cardiovascular system is its impact on resting heart rate control (Gultekin et al., 2024; Tarnas et
al., 2024). Gultekin et al. (2024) note that a typical Pilates session involves cardiopulmonary exercises
comparable to those found in moderate-intensity aerobic workouts. Furthermore, a recent narrative review
highlighted that long-term Pilates training positively influences cardiovascular health in patients with heart
conditions (Tarnas et al., 2024).

Despite de effect in the cardiovascular health, to the best of our knowledge, there is limited evidence
regarding the influence of Pilates on heart rate variability (HRV). HRV describes the oscillations of the intervals
between heartbeats, and is widely used to analyze modulation of the autonomic nervous system (Meeusen et al.,
2006). HRV reflects the balance between the sympathetic and parasympathetic nervous systems. During rest,
HRYV is controlled by the parasympathetic system, which modulates the action of the cardiac vagal nerve. In
general, the action of the parasympathetic on the heart of a healthy subjects results in a higher variation in the
heartbeat rhythm (High HRV). On the other hand, a Low HRV values indicate insufficient adaptation of
autonomic nervous system in response to environmental stimuli (Drury et al., 2019; McCraty & Shaffer, 2015;
Tomasi et al., 2024). In fact, studies have shown the clinical relevance of HRV in the manifestation of some
diseases such as obesity (Striiven et al., 2021), depression, gastrointestinal disorders (Drury et al., 2019) and
lower back pain (Sanchis-Soler et al., 2024). It is known that age and fitness level modulate HRV, thus, it is
expected that subjects undergoing Pilates training obtain similar effects (Berntson et al., 1997; Drury et al,,
2019). Before conducting this study, we performed a literature search and discovered only a few studies
exploring the effect of Pilates on HRV. In an acute design, Pilates can promote a positive effect on HRV because
it presented a reduction in rIMMSSD and pNN50 after an exercise session (Rocha et al., 2020) or not to produce
any acute effects on HRV (Batista et al., 2019). In addition to the still contradictory results, the cited studies only
measured the acute effects of exercise, and in samples which presented health conditions that can affect
autonomic responses, such as hypertension (Rocha et al., 2020) and old age (Batista et al., 2019). In a recent
study, Yoo (2022) found that practicing Mat Pilates (performed on the ground without equipment) enhances the
responsiveness of the autonomic nervous system. Since HRV is regulated by this system, we believe that chronic
Pilates practice can lead to positive adaptations in both the time and frequency domains, which are indicators of
improved cardiovascular health (Joyce & Barrett, 2019). We found studies highlighting the chronic benefits of
Pilates on women's mental health (Ju et al., 2023) and its role in breast cancer treatment (Espindula et al., 2017).
To the best of our knowledge only, a study evaluated the chronic effect of Pilates in HRV in women. Adigiizel et
al. (2023) performed 20 sessions in 10-wks. The main results indicated a positive chronic effect on frequency
domains parameters (LF and HF). In contrast to the previous study, our protocol was characterized a progressive
training regimen that increased intensity by reducing the interval every two weeks, aiming to enhance outcomes
in the time domain. Therefore, the present study aimed to investigate the acute and chronic effects of Pilates on
HRYV in healthy young adult women. We hypothesized that the Pilates group would exhibit both acute and
chronic adaptations in the time-domain and frequency-domain parameters HRV.

Methods
Experimental approach

The present study is an experimental protocol of a chronic investigation in which a sample of inactive
adult women was randomized into two groups: Pilates (Case) and Relaxation (Control). All participants were
measured before and after 24 sessions. A dissemination campaign was initially carried out with possible
participants. Next, we held an information meeting to explain the adopted objectives and procedures, as well as
the associated risks. Those who met the inclusion criteria and consented to participate answered the physical
activity readiness questionnaire (PAR-q). After this stage, anthropometric measurements, muscle strength test
and familiarization with Pilates training (test group only) were performed. After 3 days of familiarization, an
acute session was performed to record HRV data, and the intervention began. The HRV data was also recorded
again in the last session. The strength measurements were carried out one day later. Figure 1 shows the
organization of experimental procedures.

15t Session 24t Session

Baseline Intervention After
| | |

I 1

¥ Anthropometric
v Consent and Par-q mensurements

¥" Anthropometric mensurements|

v' Session Familiarization

v 24 Sessions

v Fasting blood glucose v Fasting blood glucose

v Standard snack v Standard snack

v 30 rest v 30 rest

v 48 Pilates/ 35" Relaxation v 43’ Pilates/ 35’ Relaxation
¥ *HRV Mensurements ¥ *HRV Mensurements

Figure 1. Chart of experimental procedures.
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Ethics and participant selection

This protocol was approved by the Research Ethics Committee of the university (Protocol 1.089.162)
prior to data collection, respecting the standards established by the Helsinki declaration for experiments on
human beings. Each participant signed an informed consent form before starting data collection agreeing with
the processes and procedures. Women considered fit to practice physical exercise (PARq) participated in the
study. All were instructed to maintain their dietary routine during the intervention period. The inclusion criteria
were: 1) not having participated in another training program in the last two months, and ii) being between 20-40
years old. The exclusion criteria were: i) having a history of injuries in the previous six weeks, ii) being
hypertensive or diabetic or presenting any other condition which would put their health at risk; iii) not
participating in all stages of the project; and iv) wanting to stop participation.

The minimum sample size was determined based on a prior study assessing the chronic effects of
Pilates on HRV (Adigiizel et al., 2023). To achieve a target effect size of 0.30, with an alpha of 0.05 and a power
of 0.95, the software estimated that at least 11 participants would be required per group (Granmo 7.12, IMIM,
Barcelona, Spain). Initially, 52 volunteers agreed to participate in the study. However, 17 did not meet the
inclusion criteria. Therefore, 35 were randomly allocated to the Pilates (n=17) and Control (n=18) conditions.
After start the intervention; 13 dropped out because they did not adapt to the research procedures or due to a lack
of time. Thus, the final sample of this study was composed of 25 participants (Pilates n = 11; age: 353 + 1.4
years; Weight: 59.5 £ 1.9 kg; Height: 1.6 = 0.01; %FAT: 25.4 + 1.1; Control n = 14; age: 36.0 + 1.3 years;
Weight: 60.5 £ 1.6kg; Height: 1.6 + 0.01; %FAT: 25.5 £ 1.2). Figure 2 shows the sample selection chart of
procedures.

Invite and sign the
consent (n=52)

Excluded | Did not meet the
inclusion criteria

(n=17)
Start (n=35)

Abandon Lack of time (n=8)
Did not adapt (n=5)

Finished

(n=25)

Pilates group Control group
(n=11) (n=14)

Figure 2. Chart of participants selection.

Anthropometry

Body mass was measured using a 100-g precision scale (Glass-Pro, G-Tech®, China). Height was
measured with a 1-cm precision stadiometer (Model 405, Cescorf, Brazil). Body mass and height were used to
calculate the body mass index (BMI) = body mass (kg)/height (m”). The body density was calculated using the
equation for women between 18-51 years of age by Filardo and Petroski (2007). The fat percentage was
estimated from the body density using the Siri equation (Siri, 1956). Fat-free mass and fat mass were estimated
through the difference between body mass and fat percentage.

Heart Rate Variability (HRV)

Heart rate was continuously monitored by telemetry during data collection using a
cardiofrequencymeter (Polar RS800CX, Kempele, Switzerland). The measured variables were processed in a
specific software program to record HRV values (Polar Pro Trainer 5; PPT 5, Kempele, Switzerland) and later
analyzed in the CardioSeries 2.4 software. The generated records were analyzed for the presence of spurious
values. When detected, they were corrected and stored on a hard disk as a data file in text format.

For data analysis, 10 minutes of rest period were selected during the training session and during
recovery. The measurement range analyzed from rest and recovery was selected from 10 minutes to 20 minutes.
During the intervention (Pilates or Control) we used the 10-minute records referring to the middle of the session.
Spectral density was obtained by rapid Fourier transformation and segment size was fixed at 512 points with
50% overlap. Spectral components were evaluated using band widths that were previously described for VLF
bands from 0.00 to 0.4 Hz; LF from 0.04 to 0.15Hz; and HF from 0.15 to 0.4 Hz (Camm et al., 1996).

Training protocol (Pilates group)

This protocol was developed based on previously published papers (Cruz-Diaz et al., 2018; Curi et al.,
2018; Hoseini Niya et al., 2020; Roh, 2016). The Pilates training protocol consisted of 24 sessions (3 times/wk.).
Each session consisted of warm-up (5 min.), main exercises and relaxation (5 min.). The first two weeks lasted
48 minutes and 30 seconds, the third and fourth 46 minutes and 40 seconds, the fifth and sixth 44 minutes and 50
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seconds, the last two weeks lasted 43 minutes. During the warm-up the participant remained lying down, and the
Pilates breathing technique was performed in the first minute only; the pelvis movement was added in the second
minute; then the arms were positioned in front of the body and the shoulder was rotated in the third minute;
lateral rotation of the neck in the fourth minute; and the lateral and medial rotation of the hips was performed in
the last minute. The main part consisted of 11 exercises performed twice as a circuit, adding 22 stimuli of 60
seconds each.

The main part of the workout featured 11 exercises organized in a circuit format, totaling 22 sets of 60
seconds each. Each exercise comprised 10 repetitions, with each repetition lasting 6 seconds (3 seconds for both
the concentric and eccentric phases). Participants also focused on controlled breathing: exhaling during the
concentric phase and inhaling during the eccentric phase. For the upper body, one exercise targeted the pectoral
muscles, deltoids, and triceps (Exercise 7), while two exercises focused on the rib cage and biceps (Exercises 1,
and 2). The lower body segment included four exercises: two for knee and hip flexion and extension in
abduction, and one specifically for knee flexion and extension (Exercises 3, 4, 9 and 10). Lastly, four exercises
concentrated on the trunk muscles (Exercises 5, 6, 8 and 11). To increase intensity throughout the training
weeks, the recovery between sets was done regressively, the recovery for the first two weeks was 45 seconds, the
third and fourth 40 seconds, the fifth and sixth 35 seconds, and 30 seconds in the last two weeks. The main part
of the workout lasted approximately 36 minutes during the first and second weeks, 34 minutes in the third and
fourth weeks, 32 minutes in the fifth and sixth week, and 30 minutes in the final two weeks. The Swiss ball,
elastic, step barrel, half ball, slide board, chair, wall unit, roller and solo pilates technique were used to perform
the exercises. stretching of the adductors of the lower limbs, posterior chain, shoulder rotation, cervical
stretching and trunk rotation were performed in relaxation. Figure 3 showed the eleven exercises performed
along the workout protocol.

Exercise 3

Exercise &

Exercise 7 Exercise 8

Exercise 10 Exercise 11

Figure 3. Main part of the workout performed by Pilates group. Upper-limbs exercises: 1 — Rowing with band;
2 — Rowing with wall unit and; 7 — Push up. Lower-limbs exercises: 3 — Leg press; 4 — Double leg pump heels; 9
— Side hip abduction and; 10 — Shoulder bridge with knee flexion and extension. Trunk exercises: 5 — Roll up
(knees in flexion); 6 — Knee stretches on the ball; 8 — Knee stretches on the slide and; 11 — Back extension.

Table 1 shows the protocol which corresponds to the 24 sessions performed by the Pilates group.
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Table 1. Training protocol carried out by the Pilates group (24 sessions).

Component Weeks 1-2 Weeks 3-4 Weeks 5-6 Weeks 7-8
Intensity -- --- -

Volume 2 sets x 10 rep. 2 sets x 10 rep. 2 sets x 10 rep. 2 sets x 10 rep.
Duration of rep. 6 seconds 6 seconds 6 seconds 6 seconds
Pause 45 seconds 40 seconds 35 seconds 30 s seconds
Density 1.33 1.5 1.71 2.0

No. of exercises 11 11 11 11

Rep. = repetition.

Relaxation protocol (control group)

The control group performed 24 relaxation sessions lasting 35 minutes, three times a week. The
duration of the control session was aligned to match that of the main Pilates group training session. All sessions
were guided by sounds of nature through the Soothing Sleep Sounds app- Copyright® 2018 Phase4 Mobile, Inc.
Version 2.0.

Statistical analysis

Firstly, we tabulate the data in a spreadsheet, followed by conducting the Kolmogorov-Smirnov test to
assess the normality of all variables. For the inferential analysis, we employed generalized estimating equations
for longitudinal data, incorporating covariate group interactions and measurement moments as recommended by
Liu and Colditz (2017). Bonferroni’s post-hoc was used when significant differences were detected. A value of
p<0.05 was used and all calculations were performed using the SPSS 20.0 software for all analyzes.

Results
Time domain

Figure 4 presents the results in the time domain for the Pilates and Control groups measured in the acute
and chronic session.
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Figure 4. Heart rate variability parameters in time domain during an acute Pilates session (ACUTE) and after 8
weeks of training (~45 min; 3 times/wk.; CHRONIC). Mean = mean heart interval; Variance = (mean heart
interval) 2, SD = standard deviation; RMSSD = mean square root of the difference of successive wave range); *
= different from the Control group.
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Statistical differences were observed for this set of variables in many comparisons. We chose to only
report those which are relevant to elucidating the objectives of this study to better visualize the results. There
was an effect of group interaction and measurement moment for the mean variable (W = 316.819; df = 5.0;
p<0.001), in which the means observed in the Pilates group at acute rest were statistically higher in relation to
those observed in acute recovery [p<0.001; 132.5 (85.6; 179.4 ms)] similar results were observed between the
chronic rest and recovery means [p<0.001; 126.1 (59.3; 193.0 ms)]. Pilates showed lower averages for the
comparisons between groups in the acute intervention [p<0.001; -429.5 (-507.7; -351.3 ms)], acute recovery
[p=0.001; -176.8 (-277.7; -75.8 ms)] and chronic intervention moments [p<0.001; -347.9 (-430.5; -265.4, ms)].

For SD means, there was an effect of group interaction and measurement moment (W = 52.075; df =
5.0; p<0.001). Similar to that observed for the mean variable, there was a significant difference between acute
rest and recovery [p=0.001; 17.2 (4.8; 29.7 ms)] and chronic [p=0.021; 13.9 (1.0; 26.8 ms) for the Pilates group.
There was a group interaction and measurement moment effect for the variance (W = 19.501; df = 5.0; p = 0.02).
Higher means were observed for the Pilates group at rest versus acute recovery [p = 0.027; 2,005.7 (122.3;
3,889.1 ms”)]. The means observed in the Control for the comparisons between groups were higher in the
intervention [p<0.001; 3,843.6 (1,793.8; 5,893.4 msz)] and acute recovery [p<0.001; 2,510.4 (1,108.3; 3,912.5
ms?)]. There was also a group interaction and measurement moment effect for the RMSSD means (W = 87.885;
df = 5.0; p<0.001), when compared the moments, Pilates showed differences between the Rest, intervention and
recovery at acute measurement [p<0.001 for all comparison; 28.9 (17.1; 40.8) ms vs. intervention; 20.1 (10.1;
30.2) ms vs. recovery]. At the same moment Control showed differences between rest vs. intervention [p=0.02; -
8.9 (-15.8; -2.0 ms)]. At the Chronic moment Pilates showed the same differences observed at acute [p<0.001 for
all comparison; 33.4 (16.3; 50.6) ms vs. intervention; 19.1 (7.4; 30.7) ms vs. recovery]. For group comparison
there were differences at acute exercise [p<0.001; -39.0 (-51.1; -26.9 ms)], acute recovery [p<0.001; -20.2 (-
30.4; -10.0 ms)] and chronic exercise [p=0.01; -19.2 (-33.7; -4.6. ms)] vs. Control.

Frequency domain
Figure 5 presents the results in the frequency domain for the Pilates and Control groups measured in the
acute and chronic session.
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Figure 5. Heart rate variability parameters in frequency domain during an acute Pilates session (ACUTE) and
after 8 weeks of training (~45 min; 3 times/wk.; CHRONIC). VLF = very low frequency; LF = low frequency;
HF = high frequency; LF/HF = sympathovagal balance; * different from the Control group.
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There was a group interaction and measurement moment effect for the VLF variable (W = 21.128; df =
5.0; p = 0.001), where the means observed in the Pilates group were higher at rest compared to recovery at the
acute [p=0.046; 275.9 (2.1; 549.6 ms?)] and chronic moments [p=0.04; 465.3 (10.2; 920.5 ms?)], between the
groups Control showed a significative lower variability at acute intervention [p=0.005; -1,168.3 (-1,979.1; -357.5
msz)] and chronic recovery [p=0.022; -816.3 (-1,512.3; -120.3 msz)]. In addition, there was a group interaction
and measurement moment effect for the LF variable (W = 26.621; df = 5.0; p<0.001), where the means observed
in the Pilates group were increased frequency at rest in acute intervention [p=0.016; 440.4 (44.8; 836.0 msQ)] and
recovery [p=0.015; 339.8 (36.0; 643.6 ms?)] vs. rest. There was also a difference between acute intervention
[p<0.001; -882.1 (-1,238.7; -525.5 ms?)] and recovery [p=0.009; -426.5 (-744.3; -108.7 ms)].

There was a group interaction and measurement moment effect for the HF variable (W = 40.538; df =
5.0; p<0.001), where the means observed in the Pilates group were higher at rest compared to intervention at
acute moment [p=0.021; 712.2 (57.0; 1,367.5 msz)] at chronic moment we found differences between the rest vs.
exercise [p=0.002; 865.4 (208.1; 1,522.7 ms2)] and recovery [p=0.035; 398.9 (14.7; 783.2 ms?)]. For the Control,
the means observed a significative difference between the chronic rest vs chronic intervention [p=0.047; 196.9
(1.1; 392.7 ms®)]. Between the groups, there was a significant difference at acute [p<0.001; -838.3 (-1,309.9; -
392.7 ms?)] and chronic intervention [p=0.003; -550.7 (-913.1; -188.2 ms®)] and acute recovery [p=0.046; -377.0
(-747.9; -6.2 ms®)]. There was also a group interaction and measurement moment effect for the LE/HF (W =
70.734; df = 5.0; p<0.001), where the means observed in the Pilates were lower at acute rest vs. intervention
[p<0.001; -4.6 (-6.3; -2.8)] and recovery [p<0.001; -1.1 (-1.7; -0.4)] and chronic rest vs. chronic intervention
[p<0.001; -4.0 (-5.4; -2.5)]. Finally, there was a difference between the acute intervention [p<0.001; 3.6 (2.3;
5.0)], recovery [p=0.006; 1.1 (0.3; 1.8)], and chronic intervention [p<0.001; 2.7 (1.5; 3.9)] for the comparison
between groups.

Discussion

Pilates training can be acutely (Rocha et al., 2020) and chronically (Adigiizel et al., 2023) beneficial for
HRYV modulation. To the best of our knowledge, (Adigiizel et al., 2023) were the only ones to measure the
chronic effect of Pilates on HRV in women, however, we sought in our protocol to establish a progressive
training load, where we reduced the interval between exercises by 5 seconds every two complete weeks of
training. Our main results indicated that Pilates training acutely induced a significant decrease in HRV when
compared to control in both the time domain and the frequency domain parameters. Our results corroborate the
findings of two studies that measured the chronic effect of Pilates on HRV. Gouveia et al. (2022) observed that 8
weeks (2 workouts per week) of training have a positive effect on autonomic modulation in diabetics of both
sexes. Meanwhile, Adigiizel et al. (2023) observed after 10 weeks (2 workouts per week) positive modulation in
the frequency domains. In addition to the agreement with the two chronic studies, our results also indicated
positive modulation in the time domain. Despite the similar duration, our study totaled 24 training sessions, thus,
we suggest that the higher weekly frequency associated with progressive intensity, adopted in our protocol, is
necessary to observe positive modulation in both HRV domains. The effect of the volume of weekly Pilates
training has not been the subject of scientific investigations, however a meta-analysis for the reduction of back
pain suggested that there is a positive effect depending on the number of sessions performed per week
(Fernandez-Rodriguez et al., 2022). The data obtained in the present study are relevant because higher HRV, in
the frequency and time domains, are associated with lower risk of all causes of death and cardiovascular events
(Fang et al., 2020).

The SD and variance variables in the time domain, which indicate the general cardiac capacity to adjust
to different stressors (Berntson et al., 1997), showed a lower variability during the Pilates session. These results
show that Pilates induces increased cardiovascular demand and consequently reduced vagal modulation, as
verified by the decrease in the RMSSD parameter during the session. This set of results shows the
cardioprotective effect of chronic pilates practice. A study with US war veterans monitored for 12 years
indicated that an increase in 1SD reduces the risk of death by 22%. Also, our results corroborates the findings of
Rocha et al. (2020) who verified a decrease in this parameter after a session. Furthermore, Pilates induced a
decrease in the LF component in the frequency domain, which indicates a mixture of sympathetic and
parasympathetic modulation. There was also a decrease in the HF component, which indicates a reduction in
vagal modulation. In turn, the LF/HF ratio was calculated to specifically analyze the impact of Pilates on
sympathetic modulation, and this parameter increased during the session. Together, these results indicate that
Pilates training acutely represents a significant stimulus on the autonomic system, which is a mediator of
cardiovascular aerobic adaptations.

The rest measures for the chronic results showed no differences in the parameters in the time domain, as
well as in the frequency domain when comparing Pilates with Control. These results showed that 24 Pilates
sessions with the load configuration used in the present study in healthy young adult women did not induce
chronic adaptations in the autonomic nervous system. The exercise volume and the amount of muscle mass
mobilized in this protocol possibly did not generate enough adaptations to lead to a significant difference
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between the group which did Pilates and the control. In fact, the meta-analysis of Sandercock et al. (2005)
emphasizes that the chronic effects of HRV training are inconsistent, thus justifying the development of new
chronic protocols which investigate this topic. We believe that future studies can modify this protocol by
increasing the frequency of repetitions and also the stimulation time or choose exercises which involve greater
muscle volume.

Our results also showed that the acute Pilates session was able to change the parameters in the time
domain (SD, variance and RMSSD). These parameters have been widely used in the area of health and sports
sciences to verify the acute effects of various types of exercises on the autonomic nervous system (McCraty &
Shaffer, 2015). Aerobic exercises are those which are known to increase cardiovascular capacity and acutely
alter HRV parameters in the time domain (Sandercock et al., 2005). It should be noted that we had a greater
emphasis on strength stimuli in our protocol. Previous studies have shown that acute high or low intensity (Rezk
et al., 2006) or chronic (Forte et al., 2003; Kanegusuku et al., 2015) resistance training has little or no effect on
HRV. According to Forte et al. (2003), the training intensity is possibly the main variable to determine the
absence of effect of the resistance training in producing cardiac autonomic variations. This is because regardless
of the intensity, the stimulus of each series lasted between 2 and 3 minutes per muscle group, and it is necessary
to cause a higher stress level to observe due changes. Furthermore, the stimulus time in our study was shorter
(Table 1). A training compliment with aerobic activities is possibly necessary to induce positive chronic
adaptations in HRV (Masroor et al., 2018).

Therefore, it is questioned whether Pilates would represent a sufficient stimulus to induce modulation in
the parameters measured in the present study. According to the acute data, it can be said that Pilates is an
important stressor for the autonomic nervous system, so it is expected that this training model promotes
improvement in cardiac function (Perini & Veicsteinas, 2003). The RMSSD is considered an important
parameter for control and training prescription, given that it estimates vagal adaptations and Pilates was able to
sharply reduce this parameter. Our results corroborate those observed by Adigiizel et al. (2023) either through
Pilates training or through the addition of respiratory control exercises (5s/5s inhalation and exhale cycle). A
single acute session was able to induce autonomic adjustments with a decrease in LF and HF parameters in
response to sympathetic and parasympathetic adaptations, as well as an increase in the LF/HF parameter which
indicates sympathetic modulation caused by training (Berntson et al., 1997; Masroor et al., 2018). This study
also observed that the acute Pilates session allowed for significant changes in autonomic modulation in the
frequency domain. In addition, when analyzing the chronic effects of Pilates in the time domain, the
cardiovascular adaptations that occurred in the acute post-intervention session were analogous to the acute
responses in the pre-intervention session, however there was no improvement in cardiac capacity in the
autonomic modulation parameters when compared to the relaxation group. The RMSSD can be used for training
prescription (Masroor et al., 2018; Perini & Veicsteinas, 2003), since this index is increased in trained
individuals compared to sedentary people (Benichou et al., 2018). Although we did not observe chronic
differences regarding the RMSSD, it is possible to change the configuration of the training load, such as
frequency of repetitions and stimulation time, making the training more aerobic, allowing for greater
cardiovascular adaptations (Masroor et al., 2018).

We did not observe differences during the training moments or the post-intervention recovery of the LF
and HF variables in the frequency domain, in which there was a reduction in vagal modulation; however, there
was no significant difference. On the other hand, the LF/HF ratio increased, showing that the acute post-
intervention session was able to increase sympathetic activity (Bond Jr et al., 2016), corroborating with studies
that observed that exercise is capable of generating adaptations in modulating the sympathetic system (Berntson
et al., 1997; Masroor et al., 2018; Molina et al., 2016). Our results must be interpreted in light of limitations,
such as the small sample size. For future studies, we suggest new protocols could be carried out with a larger
sample size and combined with complementary aerobic training. Taken together, the data presented herein show
promising information on acute and chronic effects of the method. In this study, we sought to provide as much
detail as possible regarding our training program. This action aims to help guide professionals who work with
Pilates so that they can apply this protocol in practice.

Conclusion

Based on the methods established for the present study and the results obtained, we conclude that a
progressive intensity protocol can result in greater HRV in both time and frequency domains, especially for the
LF/HF ratio and the RMSSD. Thus, the present study indicates the chronic practice of Pilates as an important
modulator of HRV, which can result in a greater cardioprotective effect.
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