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Abstract

The aim of this investigation was to evaluate theowery pattern of a whole body compression
garment on hemodynamic parameters and on ANS @cfollowing a swimming performance. Ten
young male athletes were recruited and tested indifferent days, with and without wearing the
garment during the recovery phase. After a warnefid5 minutes, athletes were instructed to
perform a maximal 400m freestyle swimming event| #ren time series of beat-to-beat intervals for
heart rate variability (HRV), baroreflex sensitwifBRS), and hemodynamic parameters were
recorded for 90 minutes of recovery. The vagallydimed HF power. of R—R intervals, NN50, and
pPNN50 showed a faster recovery due to the costumegnwhile; the LFRR index of sympathetic
modulation of the heart, as well as LF:HF ratio &RE5 alpha indexolLF) were augmented in control
than in garment condition. When athletes wore thinsuit, cardiac output was increased and the
returning of the blood to the heart, investigateds&roke volume, was kept constant due to the
reduction of the total peripheral resistances. mmrcontrol condition, HR was restored back to
baseline value 20 minutes later with respect tangat condition, confirming that the swimsuit
recover faster. The effectiveness of the swimsuibS activity after a maximal aerobic performance
has been shown with a greater recovery in termdR¥ and hemodynamic parameters. BRS was
reduced in both conditions, maybe due to prolongesbdilatation that may have also influenced the

post-exercise hypotension.

Keywords: heart rate variability, baroreflex sensitivity ngpression garments, recovery, swimming

Running head: Autonomic nervous system recovery in swimmers
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INTRODUCTION

The day of the competition, swimmers are subjettedeveral races that require maximum effort.
Performance may be affected because muscles, msdimtory parameters and blood homeostasis
could be dramatically reduced race after race.mguiocal or qualifying trial competitions, swimmers
take part in successive events, and when the recdivee is short, a subsequent effort cannot be
effectively applied unless an adequate restoraifdmomeostasis occurs (32). Therefore, there is the
need to find a way that speeds up the recovery, timdéping swimmers to perform better in a
subsequent event. Thus, it is important to haverin&tion on the most effective recovery time that
may improve performance during the next event (14).

Different studies have investigated the effectaipression garment (CG) on recovery, and
most of them did it during and/or after exercis&,29). Applying compression exclusively during
continuous exercise did not show any benefits éoovery 24 hours after exercise (2). Therefore, it
seems essential to wear compression clothing fdeast 12 to 24 hours after exercise to improve
recovery (29). Although such improvement has beeastigated mostly on sprinting ability, vertical
jumping exercise, and muscle damage markers (@@)rdésearchers have focused their studies on the
effects of clothing skin pressure exerted by comsgiten garments on the autonomic nervous system
(ANS) activity and hemodynamic parameters. Inde#ata directly demonstrating influences on
venous return, cardiac output or stroke volume appebe sparse (33), and none were identified for
athletes (24). Cardiovascular modification has bagsessed using heart rate, and findings indicate
little effect of CGs during exercise, so that cawdiscular influences of CGs in exercise (11) and
during recovery (29) remain largely unclear.

To our knowledge, no studies have investigatedeffect of wearing CG on hemodynamic
parameters and on ANS activity at rest, followingsiagle bout of aerobic exercise. Heart rate
variability (HRV), a non-invasive assessment ofoaomic regulation of heart frequency, and
baroreflex sensitivity (BRS), a reflex that modtigart period in response to variations in systolic
blood pressure (SBP), have been used to evaluatdiffierent body responses to physical exercise

(21,23) and during recovery times (18,30). Autormnaeicovery following an acute bout of exercise is
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specific to the mode and intensity of effort. Omeithfollowing mild exercise showed elevated values
of HRV and BRS (24) but depressed after 2 hoursupine recovery from multiple high intensity
interval exercise (30). Niemela et al. (18) fouhdtthigh and low frequency (HF and LF) power of
HRV, as well as blood pressure oscillations retdrie the control level after 30 min of aerobic
exercise. In earlier studies, BRS has been showgxteed the pre-exercise values at 60 min after
aerobic exercise (15), but this finding has notbeported by all (31). Somers et al (28) repotted
BRS is decreased only for 20 min, but others haeava the recovery period to be longer (9,31). BRS
is reduced after both aerobic and resistance eseermdmpared with baseline values (7), allowing
increases in BP and HR (10,27).

Thus, it would be of interest to explore a possiflanection between compression garment,
swimming performance, and the reliable physioldgparameter such as the autonomic nervous
system recovery. We hypothesized that a compresgsoment worn following a maximal 400-m
freestyle event would enhance the autonomic regoyeocess (8,13). Thus, the aim of this
investigation was to evaluate the recovery patwdra whole body compression garment after a
swimming performance on hemodynamic parametersoan8iNS activity on subsequent 90 minutes
of recovery. We measured HRV and BRS activity bylgsing the simultaneous spontaneous
variations of heart rate and systolic blood pressim order to determine autonomic nervous system
activity in a non-invasive manner (20). Therefd®® interval and SBP variability were investigated
on both frequency and time domain with short-temalgsis. In the past, this methodology has
furnished measurable indicators of vagal and syhatiat activity of heart rate and (19) of vasomotor

tone (25).

METHODS

Experimental Approach to the Problem
This study was developed in order to determinerélcevery pattern of wearing compression garment
compared with control condition. Athletes were a€sih two occasions, with and without wearing the

swimsuit during the recovery phase, separated l®yvoeek each other. The compression garment
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chosen for the experiment was manufactured of 668tamide, 34% elastane, and 1% of carbon fiber
on the periphery. The central body part was compdse58% polyamide and 42% elastane. The

pressure generated by the whole body compressionegd, measured by PicoPress M-700 (Microlab

Elettronica, Padova, Italy), wereél3mmHg on the forearms,10mmHg on the upper armsgmmHg

on the chest;15mmHg on the medial calk8mmHg on the mid front thighs arebmmHg on the

mid hip. The swimsuit (Powerskin Recovery Compm@ssiArena, Macerata, Italy) (Figure 1) was
made in order to ensure the maximum compressitimedevel of peripheral limbs. In these areas, the
compression has a measure of about 25-30% sniadieithe circumference of the specific area.
***Eigure 1 about here***
Subjects
Ten male athletes [age 21.60+1.58 yr., height @3+005 cm, and BMI of 23.17+1.33 kg/m2]
responded to volunteer and subsequently partidpatethe study. All subjects competed at the
national level and trained at least 14 hours pezkw&iven that all participants were athletes, they
were healthy, non-smokers, and they did not takeraedication during the study. Moreover, they
were advised to avoid training and any stimulary.(eoffee, energy drink) 24 hours before the test.
This study was approved by Bioethics Committeehef niversity of Bologna and all participants
were informed of the benefits and risks of the stigation prior to signing an institutionally appeal

informed consent document to participate in the\stu

Procedure
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On two separate occasions, same athletes werel t@gte (GAR) and without (CON) wearing the
compression costume only during the recovery pHafliewing a swimming performance. All
swimmers underwent non-invasive continuous bloagsgure monitoring using the servo-controlled
infrared finger plethysmography (Portapres devidegO/BMI) for analysis of HRV and BRS. Tests
were done under a standardized procedure at the tian® of the day (9:00-12:00) to avoid circadian
influence. In both occasions, each swimmer was té&sted in a supine position, in a room quiet and
with a comfortable temperature (22-25°C), for 10wmés (baseline). They were instructed to stand
still and be quiet, with a respiratory frequencyl@15 breaths/min. After a warm-up of 15 minutes,
they were instructed to perform a maximal 400-nedtgle as in competition, during which total and
intermediate time were recorded at each lengthni25The day of the GAR test, the compression
garment was dressed only during the recovery phmejuring the swimming performance. During
the recovery phase, signals were measured 20-380,480-70, and 80-90 minutes after the cessation
of the swimming performance. For the final analy@issutonomic function, the last 5 min of every
recovery phase were used for calculations, as rmewmomded by guidelines for HRV analysis during

short term recording (4).

HRV analysis. The Portapres recordings were used to extract$enes of R-R intervals and
systolic as well as diastolic pressures, to analR/ and BRS.Data were analysed with
Kubios HRV software (v. 2.0,:2008, Biosignal Anasysnd Medical Imaging Group, University of
Kuopio, Finland), in which all time series weretdiled to exclude artefacts. All measure were
analysed in according to conditions by the Taslkc&af the European Society of Cardiology and the
North American Society of Pacing and Electrophysigl (4). Time domain indices for HRV analysis
were: the number of interval differences of suceesR-R intervals greater than 50 ms (NN50), and
the proportion derived by dividing NN50 by the fotaimber of R-R intervals NN50 (pNN50).
Furthermore, we analysed two main frequency compisngf HRV: low frequency (LF) ranging from
0.04 to 0.15 Hz, and high frequency (HF) centetteithe breathing frequency (4). It has been shown

that the HF spectral component of HR variabilityfF®R) is an index of the vagal tone, whereas both
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sympathetic and vagal activities contributed toltRgLFRR) spectral component of HRV (6). Given
that LFRR does not provide an index of sympathaticiulation when measured in absolute units, we
expressed the power in both absolute and normaliags (19). Such normalized units are obtained by
dividing the power of each component by total vace from which the very-low-frequency
component had been subtracted, and multiplyinguhise by 100 (16,19). Therefore, low and high
frequency (LFRR and HFRR) spectral components medsa normalized units, or as LF/HF ratio,

provide quantitative markers of cardiac sympathatid vagal modulation respectively (19).

BRS analysis. Baroreflex sensitivity was computed from RR intdsvand SBP sequence subtracted
from the finger arterial pressure waveform. Theata dvere then utilised to define the oscillatioms i
both heart rate and systolic arterial pressure umeas Beatscope version 1.1a (TNO/BMI,
Amsterdam, The Netherlands) was used to evaluatgapeous BRS, with a BRS add-on module that
computes the time-domain cross correlation BRS.s Tieichnique is based on the computer
identification in the time domain of 4 or more sfareous sequences of consecutive beats,
distinguished by either a progressive increaseBR &nd R-R interval (+RR /+SBP sequences) or by a
progressive reduction of the same variables (-REB®-Sequences). The incline of the regression line
between SBP and RR interval fluctuations is takearaindex of the arterial baroreflex sensitivity o
the heart, same as the laboratory method base#.adnjéction of vasoactive drugs. This technigoe f
BRS identification has lower within-patient varianthan other methods, and provides more values
per minute than the standard time-domain basedadefB4). Moreover, a blood pressure spectral
analysis has been used. Low-Frequency (LF-SBP)trgpemmponent of SBP variability return the
sympathetic activity of the vascularadrenergic receptors, while high-frequency (HF-B&flect the
influence of breathing on systolic blood pressi@®).( Then, to obtain information about the effeict o
sympathovagal modulation on sinoatrial node sp@aas activity (19), we calculated the BRS alpha
index from the low-frequency bandL({F). It was computed as square root of the rativben the RR
power and the corresponding SAP spectral compo(&Mt This analysis was also confirmed by
Robbe et al. (26), who showed that the middle feegy band (0.07-0.14 Hz) between SBP and RR

interval time gives equivalent results to thoseanted using the phenylephrine method.
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Hemodynamic parameters. From the blood pressure waveform, stroke volume)(8atdiac output
(CO), and total peripheral vascular resistance (TW&e estimated by the pulse contour method of
Wesseling (the Modelflow method - software TNO/BMinsterdam, The Netherlands) that has been

validated extensively (3,12).

Statistical Analysis

Shapiro-Wilk test was used to check the normalribistion of data. Measures with  skewed
distribution were log transformed (Ln) before asédy The ICC was used to assess.the reliability of
time between the test and retest of 400m freestyét. A 5 x 2 repeated measures ANOVA was
performed separately to analyse all investigatathbbes. Time (Baseline; R20-30; R40-50; R60-70;
and R80-90) was the within-subjects factor and. itmd(GAR; CON) the between-subjects factor.
To examine changes between recovery phases (R2R4GB50; R60-70; and R80-90) and baseline
values on each condition, a paired sample t-testusad. Data were analysed with SPSS v20.0 (SPSS,
Chicago, IL, USA). Means were considered signifibamifferent at p< 0.05. Effect sizes were

calculated using partial eta squargg?).

RESULTS

No significant difference was observed betweenweswimming test (p > 0.05) in which the time to
complete 400-m was 269.9+13.1 sec in the first sioca and 269.6+13.0 sec for the second one. The
data from the swimming test and re-test days weatyaed using intra-class correlation coefficignt.
high degree of reliability was found between measwnts, in which the average measure ICC was
0.979 with a 95% confidence interval from 0.92M1@95 (k, ¢ = 86.74, p<.001). No significant
difference was also observed between the two Imeseklues (GAR vs. CON) (p > 0.05) for all
variables investigated. Analysis on main effectvatt a significant difference for time (p < 0.05),

which means that during the recovery period, alapeters, regardless of the type of condition (GAR,
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CON), changed significantly with respect to thedba® value. Paired sample t-test allowed us tp see

for each condition in each recovery time, whichialales differed from baseline.

Baroreflex sensitivity
After a maximal 400-m freestyle event, BRS meanboth conditions was reduced for 50 min
compared to baseline (F4,72 = 13.90, p < 0.0p2, = 0.44, Figure 2A ). Howeven).F showed a
significant reduction after 20-30 min only whenlatls wore the garment [t(9) = 2,19; p = 0.046,
Figure 2B]. Blood pressure remain almost stablenndgbjects wore the garment, changing after the
effort only during the control condition, with adwction for 70 min of SBP [t(9) = 2,38; p = 0.042,
Figure 2C], and for 50 min of DBP [t(9) = 2,62; p0-028, Figure 2D], showing a post-exercise
hypotension.

***Eigure 2 about here***
Heart rate variability indices
HRV value showed a clear effect influenced by themgent (Figure 3). HFRR, NN50, and pNN50
demonstrated, in both conditions, a lower valu&@dnin after the effortR4,72 = 18.06p < 0.001,
np2 = 0.50 for NN50F4,72 = 21.73p < 0.001mp2 = 0.55 for pNN50; anB4,72 = 7.83p = 0.005,
np2 = 0.30 for HFRR). The same variables exhibitguchonged reduction (60-70 min) only in CON
condition [t(9) = 3,03p = 0.014, t(9) = 2,54p = 0.031, and t(9) = 2,66 = 0.026, respectively].
Figure 3B shows the LFRR value unchanged in GARlewteturns to baseline value after 30 min in
CON [t(9) = 2,79;p = 0.021]. This is confirmed also by LF:HF ratio9t(= 2,34;p = 0.040, Figure
3C], with a conclusion that, wearing the swimsuitidg the post-exercise speeds up recovery after
performance.

***Figure 3 about here***
Hemodynamic parameters
Analysis of hemodynamic parametgdrowed that, wearing the garment during the postesse,

athletes exhibited higher value of CO for 20-30 f{8) = 3,46;p = 0.007, Figure 4A]. This result
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happens due to the stable value of SV that renaitise baseline level during the post exercise with
respect to CON condition, in which it was reducad30 min [t(9) = 2,61p = 0.028, Figure 4B].

HR significantly increased in both conditions f@ min (4,72 = 57.96p < 0.001mp2 = 0.76), while
maintaining higher value for 70 min only during C@hindition [t(9) = 2,41p = 0.039], confirming
that when subjects wore the garment they showeakterf recovery (Figure 4C). TPR significantly
decreases in both conditions for 30 nfi (72 = 15.72p < 0.001,np2 = 0.47), showing a significant
prolonged reduction for 50 min during GAR [t(9) 82;p = 0.019, Figure 4D].

***Figure 4 about here***
DISCUSSION

The aim of this investigation was to evaluate theowery pattern of a whole body compression
garment on hemodynamic parameters and on ANS fcfieilowing a maximal 400-m freestyle
event. We measured HRV and BRS activity by anafysite simultaneous spontaneous variations of
heart rate and systolic blood pressure. The prahdipding of the present study is that compression
garments had an effect on the pattern of autonfumiction recovery. Primarily, the vagally mediated
HF power of R-R intervals, NN50, and pNN50 showedaster recovery due to the costume,
meanwhile, the LFRR index of sympathetic modulatodrnthe heart, as well as LF:HF ratio were
augmented in control than in garment conditionsThiding indicates that the costume has a positive
influence on the ANS activity, which is predominigntelated to the significant fast recovery of
parasympathetic nervous system after the effortxt,Nthe LF power of BRS, which reflects
sympathetic tone, was not affected by the effecexdrcise during the recovery phase when the
athletes wore the costume. Graduated compressiphiesnthat the applied pressures are highest
distally, and decrease proximally, deriving from dweal applications that relate primarily to
circulatory roles such as the reduction of venoaslipg and augmentation of venous blood flow
return. In fact, cardiac output was increased,iding post-exercise hypotension, and the returiiing
the blood to the heart, investigated as strokemeluwas keep constant due to the reduction of the

peripheral resistances. Findings from our studyiccbave relevance for post-exercise recovery, since
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HR was restored back to the baseline level at 80ahrecovery during GAR condition and 80 min of
recovery during CON condition.

Swimming at high intensities, such as during raeng tough sets, can cause metabolites like
inorganic phosphate, ADP, hydrogen ions, and ofsmuactate, to accumulate in the muscles (14). A
build-up of these metabolites is associated withdi@ns that can compromise the next swimming
performance. The rate of recovery of the accumdl$tigue agents may differ during passive and
active recovery using short or long duration and thay affect performance (32). Active recovery
facilitates the removal/utilization of lactate afte race or tough set. The intensity of the active
recovery influences how quickly this removal/utiliion of lactate occurs. Too high an intensity may
produce additional lactate, while too low an intgngnay not create enough circulation to
remove/utilize the lactate faster than passive vego (32). For this reason in recent years it is
increased the need to find methods necessary tooumpthe recovery time. The increasing
attractiveness of compression garments in diffespiirts-is likely due to accumulating evidence of
enhanced performance and recovery (29). To our ladge, no research has documented the effect of
compression clothing on indicators of recovery genance such as HRV, BRS and hemodynamic
parameters.

During recovery from moderate and heavy exercisethrate remains elevated above the pre-
exercise level for a relatively long period of tirug to 60 min) (5). Niemela et al. (18) found HR
elevated at 60 min after aerobic and heavy registaxercise and at 30 min after light resistance
exercise .compared with the control level. Our st be catalogued among aerobic performances
because, even if we did not measure any metabalianpeter, subjects did the 400-m with a great
time, under 270 sec, in which the estimated coutiidh of anaerobic metabolism represented 20% of
total energy output (14). In our study, HR wasaoe=d to the baseline level after 60 min, compaoed t
control condition in which subject recovered ai@rmin. Furthermore, HF power of RR intervals, as
well as time domain indices like NN50 and pNN5@ognized as a marker of vagal activity (4), were
restored back after 50 min. Previous studies h&svs these indices reduced until 30 min after
aerobic exercise (9,18) compared to baseline lehikbwise, LFRR, that represents an index of

sympathetic modulation if analysed in normalizedsyras well as LF:HF ratio, were presumably back
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to the baseline level before the first recoveryiqeemvestigated (20-30 min). Overall, the effe€t o
compression garment on the neural control of thereumic nervous system results in a recovery back
to the baseline level 60 min after the performance.

Different studies showed that, immediately aftee tend of aerobic exercise, BRS is
significantly reduced (18,27,31). Our results ameagreement with Stuckey et al. (30) in which
baroreflex does not have as great role in maintgilP in acute recovery from exercise as it does
under prolonged resting conditions. As it was foundther studies (7,18,31), BRS value was reduced
significantly at 40-50 min after exercise, andradpally increases back to the baseline level &fler
70 min in both conditions. BRS alpha index ) had a significant reduction until 30 min onlyrohg
wearing garment, returning to baseline value ab@0wnin. Moreover, in both conditions, this value
tended to rise above the baseline level 80-90 rfier éhe cessation of the effort, as it was also
reported by Niemela et al. (18) after both aerainid light resistance exercise.

After an acute bout of exercise blood pressures fadbmetimes for several hours. This
hypotensive effect can be affected by the exer@se, it persists if the subject maintains supine
position (28), as it happens in our contral comditiin normotensive subjects, a reduction in system
vascular resistance after maximal exercise Is @batanced by the increase of cardiac output,
avoiding a clinically significant blood pressureduetion. Therefore, we can hypothesize that post-
exercise hypotension could be due not to an ovedesdtease in sympathetic tone but to persisting
vasodilatation (22). The decrease in total perighessistance (Figure 4D) is associated with a oub
reflex response: sympathetic activation (Figure @Byl depressed vagal tone (Figures 3A, 3D, 3E),
which may be responsible for the concomitant ineesan heart rate (Figure 4C) and cardiac output
(Figure 4A). They are associated even with or cdlisea reduction in baroreflex sensitivity (Figure
2A). This could also be attributed to the garmeoridition even if the reduction of arterial pressure
was not significantly different from baseline valhdoreover, data directly demonstrating influences
on venous return, cardiac output or stroke volupyear to be sparse (33), and none were identified
for people engaged in exercise or during recovenod. Possible mechanisms for flow augmentation
have been discussed (17) and include a myogenadiatory response. The myogenic response of

the vessels leads to vasodilatation and favouesiartinflow to the muscle, hence increasing local
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blood inflow. Improved venous hemodynamic has baaygested to result in increased end-diastolic
filling of the heart, increasing stroke volume araidiac output (1). Since stroke volume is a lingjti

factor for performance, the application of compi@sslothing could serve as an ergogenic aid.

PRATICAL APPLICATIONS

In conclusion, there were evident changes in autdnoegulation after exercise when subjects wore
the compression garment than during the controtitiem. The use of the compression garments,
allowed only during the recovery period, could pdeva functional recovery following a swimming
performance. First, HR was restored to the baséinel 60 min following exercise, cardiac output
augmented, stroke volume unchanged and total paphiesistance decreased. Secondly, vagal
outflow was significantly reduced during the cohtomndition compared with the compression
garment, as documented by the changes in the HFempoWwR-R interval fluctuation, NN50 and
pNN50 time domain indices. Thirdly, sympathovagalabce, assessed by LF:HF ratio, and the
sympathetic modulation of the heart, evaluated BRR, were unchanged during the recovery period
only when subject wore the swimsuit. After thesedatosions, we recommend to all athletes to use the
compression garment when they are involved in s¢v@ces close together, both during training
period and in competition; in order to obtain atéagecovery. Furthermore, we suggested further
investigations with the intention to see if the @uassion garments are able to reduce the recovery

time also in other type of swimming performance.
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FIGURE LEGENDS

Figure 1. Compression gar ment.
Athlete, in a supine position, is wearing the coesgion garment during the recovery period. An
infrared plethysmography is inserted in his finger non-invasive continuous blood pressure

monitoring.
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Figure 2. Baroreflex and blood pressure data.

Baroreflex sensitivity &), BRS low-frequency spectral banB)( systolic C) and diastolic blood
pressure @) indices at baseline level and during recoveryetim garment (GARblack line with
square) and control (CONgray line with triangles) condition.

* Differences of both conditions with respect tsbélne

t Differences of CON with respect to baseline

t Differences of GAR with respect to baseline

Figure 3. Heart rate variability data.

HRV high- and low-frequency spectral band, (B), HRV .time domain indicesD}, E), and
sympathovagal balanc€) at baseline level and during recovery time inngamt (GAR,black line
with square) and control (CONgray line with triangles) condition.

(*, T, ) Conventions as in Figure 2.

Figure 4. Hemodynamic data.

Cardiac output4), stroke volumeRg), heart rate ©), and total peripheral resistand®) (at baseline
level and during recovery time in garment (GARjck line with square) and control (CONgray line
with triangles) condition.

(*, T, ) Conventions as in Figure 2.
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