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SUMMARY

Background: Post-exercise heart rate recovery (HRR) is determined by cardiac
autonomic restoration after exercise and is reduced in hypertension. Post-exercise
cooling accelerates HRR in healthy subjects, but its effects in a population with cardiac
autonomic dysfunction, such as hypertensives (HT), may be blunted. This study
assessed and compared the effects of post-exercise cooling on HRR and cardiac
autonomic regulation in HT and normotensive (NT) subjects. Methods: Twenty-three
never-treated HT (4318 ys) and 25 NT (4518 ys) men randomly underwent two
exercise sessions (30 min of cycling at 70%VOxpea) followed by 15 min of recovery. In
one randomly allocated session, a fan was turned on in front of the subject during the
recovery (cooling), while in the other session, no cooling was performed (control). HRR
was assessed by heart rate reductions after 60 (HRR60s) and 300s (HRR300s) of
recovery, short-term time constant of HRR (T30), and the time constant of the HRR
after exponential fitting (HRRT). HRV was assessed using time- and frequency-domain

indices. Results: HRR and HRV responses in the cooling and control sessions were

similar between the HT and NT. Thus, in both groups, post-exercise cooling equally
accelerated HRR (HRR300s = 39+12 vs. 36£10 bpm, p<0.05) and increased post-
exercise HRV (InRMSSD = 1.8+0.7 vs. 1.6+0.7 ms, p<0.05). Conclusion: Differently
from the hypothesis, post-exercise cooling produced similar improvements in HRR in
HT and NT men, likely by an acceleration of cardiac parasympathetic reactivation and
sympathetic withdrawal. These results suggest that post-exercise cooling equally

accelerates HRR in hypertensive and normotensive subjects.

Keywords: heart rate variability, thermoregulation, autonomic nervous system,

parasympathetic, hypertension, blood pressure
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INTRODUCTION

Post-exercise heart rate recovery (HRR) is a non-invasive tool to assess
cardiac autonomic function (Cole, et al. 1999; Imai, et al. 1994). HRR presents a
biphasic behavior, with an initial fast decay determined by parasympathetic reactivation
(Imai, et al. 1994) and a second slow decay that is determined by sympathetic
withdrawal and further parasympathetic reactivation (Perini, et al. 1989).

A reduced HRR reflects autonomic dysfunction, and has been observed in
several chronic diseases (Pecanha, et al. 2014) and is associated with poor prognosis
(Cole, et al. 1999). Several strategies have been used to improve cardiac autonomic
restoration after exercise and, thus, to accelerate HRR (Al Haddad, et al. 2010; de
Oliveira Ottone, et al. 2014; Leicht, et al. 2009). Of note, Leicht et al. (2009) observed a
faster HRR when subjects were exposed to a fan with water spray or ice pack
application during the post-exercise period. Likewise, Al Haddad et al. (2010) observed
similar effects using cold water immersion. These strategies are based on the
recognized relationship between the autonomic control of HRR and thermoregulation
(e.g., heat stress-induced impairments in HRR) (Pec¢anha, et al. 2017b). It should be
noted, however, that these cooling studies were conducted with healthy subjects, and
little is known regarding the effects of such strategies on HRR and its regulation in
subjects with cardiovascular disorders usually associated with autonomic dysfunction
and reduced HRR.

Hypertension is a highly prevalent cardiovascular disease characterized by the
presence of autonomic dysfunction, i.e., a decrease in parasympathetic and an
increase in sympathetic nerve activities (Mancia & Grassi 2014). This autonomic
imbalance culminates with reduced HRR and increased cardiovascular risk in
hypertensive (HT) when compared to normotensive (NT) subjects (Erdogan, et al.
2011). In light of the benefits of post-exercise cooling on HRR in healthy subjects, one

could hypothesize that this strategy could be as effective in accelerating HRR in HT.
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Clinical Physiology and Functional Imaging

However, previous evidence suggests negative cardiovascular responses to cooling in
hypertension. Greaney et al. (Greaney, et al. 2017) reported exaggerated increases in
sympathetic nerve activity during whole body cooling in HT, and this response may
mitigate the potential beneficial effect of post-exercise cooling on HRR in HT, which to
the best of our knowledge has not been investigated yet.

Thus, this study was designed to assess the effects of post-exercise cooling
with a fan on HRR in never-treated HT and normotensive (NT) men. The hypothesis
was that the acceleration of HRR promoted by cooling would be blunted in HT
compared with NT. To better clarify the mechanisms underlying the responses of HRR
to post-exercise cooling in NT and HT, the effects of such a strategy on post-exercise

heart rate variability (HRV) and blood pressure (BP) were also evaluated.

MATERIAL AND METHODS
Subjects

The participants were middle-aged (30—60 years) and physically inactive HT
(systolic/diastolic BP between 140/90 and 159/99 mmHg) and NT (i.e. systolic/diastolic
BP <120/80 mmHg) men. The exclusion criteria included smoking; established
cardiovascular diseases; body mass index 235 kg/m?; use of medications that could
directly affect cardiovascular responses to exercise; and abnormal resting or exercise
electrocardiogram. Additionally, HT subjects had never been treated with
antihypertensive drugs and had no target organ damage or secondary hypertension.
After a detailed explanation of the experimental procedures, subjects provided their
written informed consent. This study was conducted in accordance with the Declaration
of Helsinki and was approved by local Institutional research ethics committee
(281.905/2013).

Preliminary assessment
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Health status was investigated through a detailed anamnesis. Resting BP was
measured by a mercury sphygmomanometer (Uniteq, S&o Paulo, Brazil), three times
after 5-min seated rest in two distinct visits to the laboratory (Chobanian, et al. 2003).
All HT subjects also underwent the routine screening of the Hypertension Unit of the
General Hospital of the University of Sdo Paulo to detect target organ damage,
secondary hypertension, and/or other clinical conditions that preclude exercise
participation.

On a separate day, subjects performed a maximal cardiopulmonary exercise
test with assessments of resting and exercise electrocardiograms. This test was
performed on a cycle ergometer (Computrainer, RacerMate, Seattle, USA) with an
initial workload of 50 Watts and increments of 20 Watts every 3 min until volitional
exhaustion. Immediately after exercise, workload was reduced to 50 Watts, and the
subjects completed a 5 min recovery. During the test, ventilatory variables were
continuously measured using a metabolic cart (CPX-Ultima, Medical Graphics
Corporation, Minnesota, USA). Peak oxygen consumption (VOgpea) and HR (HRpeak)
were determined by the maximal values attained at the end of exercise (average of
30s). HRR was assessed through the calculation of the HRR60s index (i.e. HRpeak —
HR at 60s of recovery) (Peganha, et al. 2014).

Experimental protocol

All subjects randomly underwent two experimental sessions conducted in the
morning of two separate days, with a minimum interval of 48h between sessions.
Temperature and humidity of the room were kept constant across the sessions (20—
22°C and 75-80%). Subjects were instructed to arrive at the laboratory in a fasted
state, and to avoid alcohol and exercise for 24h and caffeine ingestion for 12h prior to
the sessions. In each session, they received a standardized meal (two 25g cereal bars
and 50ml of juice) and experiment began 30min after the ingestion of the meal. The

experimental sessions started with resting measurements in the seated position for
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10min and, then the subjects were submitted to 30min of cycle ergometer exercise
(Computrainer, RacerMate, Seattle, USA) at 70%VO,...«. After exercise, subjects
immediately stopped pedaling and remained seated on the cycle ergometer for a 15min
recovery. In one of the sessions, an industrial fan was turned on in front (~1 meter) of
the subjects during all of the recovery period (cooling session), while in the other
session, the recovery was performed without fanning (control session).
Experimental Measurements

T. was measured in 10-s intervals via a telemetric temperature pill system
(CorTemp®, HQlInc., Palmetto, USA) ingested, at least, 2h before the experiments
(Byrne & Lim 2007). HR was continuously measured using a three-lead
electrocardiogram (EMG System, Sao Paulo, Brazil) and beat-by-beat BP was
obtained using finger photoplethysmography (Finometer, FMS, Arnhem, The
Netherlands). These signals were continuously acquired online (Windaq, Dataq
Instruments, Ohio, USA; 500 Hz/channel). Mean T., HR and SBP were calculated for
rest (5—10 min), exercise (25-30min), and immediate (0—5min) and late (10—15min)
recovery periods. In addition, VO, was continuously measured during exercise with a
metabolic cart (CPX-Ultima, Medical Graphics Corporation, Minnesota, USA).
Cardiovascular Autonomic Assessment

Preprocessing procedures. HR signals were exported to HeartScope software

(A.M.P.S. LLC, New York, USA) for the generation of RR intervals (RRi) time series.
These series were visually inspected and occasional misdetections were corrected.
Likewise, ectopic beats were identified and replaced with interpolated RRi values (<2%
of the total signal).

Heart Rate Recovery Analysis. HRR was assessed as previously reported (Pecanha,

et al. 2016). The following indices were calculated: a) HRR60s and HRR300s, i.e. the
absolute differences between peak HR (mean of the last 60s of exercise) and the HRs

obtained, respectively, at 60 and 300s of recovery; b) T30, i.e. the short-term time
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constant of HRR obtained from the negative reciprocal of the linear regression line
between the log-transformed HR and the first 30 s of recovery (Imai et al., 1994) and;
c) HRRY, i.e. the time-constant of HRR after exponential fitting of the HR during the
entire 300s of recovery.

Heart Rate Variability. HRV was assessed at rest, during immediate recovery (0—5min)

and during late recovery (10—15min) after exercise. For the immediate recovery period,
given the non-stationary behavior of RRi, the assessment of HRV was performed using
a time-varying approach (Goldberger, et al. 2006). Firstly, the RRi time series of
recovery was filtered using a median filter operation. Then, HRV was assessed through
the calculation of RMSSD (root mean square of successive differences in RRi) and
RMS (root mean square residual of RRi) indices, on successive non-overlapped 30s
segments, during the entire 5min immediate recovery.

At rest and late recovery, given the relative stationarity of the cardiovascular
signals, HRV was assessed via spectral analysis using the Heart Scope software
(A.M.P.S. LLC, New York, USA) and following international Task Force
recommendations(1996). The power spectral density analyses of RRi (250-300 beats)
were performed using the autoregressive method and the spectral components were
calculated via the Levinson-Durbin recursion employing Akaike’s criteria for choosing
the order of the model (Malliani, et al. 1991). Low- (LF: 0.04-0.15Hz) and high-
frequency (HF: 0.15-0.4Hz) components of RRi variability were expressed in
normalized units (Task-Force 1996).

Statistical Analysis

Based on an expected Cohen's d effect size of 0.87 of post-exercise cooling on
HRRG60s (Al Haddad, et al. 2010), the sample size required to achieve a power of 90%
and an a level of 5% was 32 subjects (i.e. 16 subjects per group) (G*Power v. 3.1.9.2,

Universitat Kiel, Germany).
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Following the use of the Shapiro-Wilk test, the hypothesis of normality was
rejected only for RMS and RMSSD. Thus, these variables were natural log-transformed
(In) and normality was achieved. T-tests were employed for comparing baseline
characteristics between groups. Two- (group vs. session) or three-way (group vs.
session vs. time) mixed ANOVAs were used for comparisons of responses between NT
and HT groups. When a main effect or an interaction was significant, post-hoc
comparisons were made using the Newman-Keuls test. Values of p<0.05 were

considered significant. Data are presented as mean + 1 standard deviation.

RESULTS

Forty-eight men (HT=23 and NT=25) took part in the study. Their baseline
characteristics have already been presented in a previous publication which assessed
the influence of the metaboreflex on HRR (Peganha, et al. 2016). The HT and NT
groups were similar regarding age, body mass index, VOgpea and HRyea (Table 1;
p>0.05 for all comparisons). By design, SBP and DBP were higher in the HT vs. NT
group (Table 1; p<0.01 for both comparisons). Finally, HRR60s after the maximal test
was reduced in the HT group (23+10 vs. 1816 s; p=0.04).

Responses to exercise in the experimental sessions were also similar between
groups. There were no differences in HR or VO, between groups and sessions. In both
groups and sessions, exercise intensity corresponded to approximately 70% of VOjpeax

(Table 2).

SSSSSSSSSSSSSSSSSSSSSSSSSSSSTABLE 1555555555555 555>>>

Core Temperature and Hemodynamics
Figure 1 displays T¢, HR and SBP responses throughout the experimental

protocol. There were no differences between the groups in T, and HR at any time point,
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whereas SBP was consistently greater in HT throughout the protocol (p<0.01 for main
effect of group). Regardless of group, T. increased significantly during exercise
(~0.4°C) with a further increase at 5 min of recovery (~0.3°C in comparison with
exercise). At 15 min of recovery, T. decreased in the cooling session (~0.1°C in
comparison with 5 min of recovery) and did not change in the control session.
Consequently, T, at 15 min of recovery was significantly lower in the cooling session
(p=0.01 for session vs. time interaction; Fig1a). For HR, regardless of group, in both
sessions, HR increased significantly from rest to exercise and, then, decreased
progressively during recovery. The decrease in HR was greater in the cooling session
and, consequently, HR at 5 and 15 min of recovery was lower in the cooling than the
control session (p<0.01 for session vs. time interaction; Fig1b). Finally, regardless of
group, in both sessions, SBP increased significantly from rest to exercise and, then,
decreased during recovery. This decrease was reduced in the cooling session and,
thus, SBP measured at 5 min of recovery was significantly higher in the cooling than
the control session. In addition, only in the control session, SBP was significantly
decreased at 15min of recovery in comparison with rest (p<0.01 for session vs. time

interaction, Fig1c).

SSSSSSSSSSSS5555555SSSSSSSSSFIGURE 1555555555555 5555>555555>55>>

Cardiovascular Autonomic Variables during Recovery

Heart Rate Recovery. Regardless of group, T30 and HRR300s were, respectively,

lower and higher in the cooling than the control session (p=0.04 and 0.01 for main
effect of session, respectively, Figure 2). HRR60s and HRRt were similar between the

groups and sessions (p>0.05 for main effects and interactions, Figure 2).

SSSSSSSSSSSS>S>5>5>>5>SS5>SS>SFIGURE 2555555555555 5555555555555>5>>>
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Heart Rate Variability. For HRV assessed during immediate recovery (Figure 3),

regardless of group and time, both RMSSD and RMS were significantly higher in the
cooling than the control session (p=0.01 and p<0.01 for main effect of session,
respectively). In addition, regardless of group and session, both RMSSD and RMS
were significantly increased from 60-300s of recovery in comparison with 30s of

recovery (p<0.01 and p<0.01 for main effect of time, respectively).

SSSSSSSSSS>SS5555>555S5>SSSSSSSFIGURE 3555555555555 5555555555555>>>>

For the HRV spectral indices (Figure 4), LF was higher and HF lower at rest in
the HT than NT regardless of session (p=0.04 and 0.03 for group vs. time interaction,
respectively). In addition, regardless of group, in both sessions, LF increased and HF
decreased from rest to late recovery, and during this phase, LF was lower and HF was
higher in the cooling than the control session (p=0.02 and 0.05 for time vs. session

interaction).

SSSSSSSS5>55555>55>5>S5SSS>SFIGURE 4555555555555 55555555555555>5>>

DISCUSSION

The main findings of this study were: (1) post-exercise cooling with a fan
induced a similar acceleration in HRR in NT and HT subjects; and (2) this effect was
supported by a greater parasympathetic reactivation and sympathetic withdrawal
induced by the cooling after the exercise.

To the best of our knowledge, this is the first study to assess the effects of post-
exercise cooling on HRR and autonomic regulation in a population with autonomic

dysfunction and increased cardiovascular risk, such as HT men (Mancia & Grassi
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2014). The presence of autonomic dysfunction in the HT group was shown by their
increased resting LF- and decreased HF-HRV as well as by the reduced HRR60s after
the maximal exercise test in comparison with NT consistent with other reports (Aneni,
et al. 2014; Best, et al. 2014; Erdogan, et al. 2011; Mancia & Grassi 2014; Pagani &
Lucini 2001).

Based on recent evidence showing exaggerated sympathetic responses to
cooling in hypertension (Greaney, et al. 2017), the hypothesis of the present study was
that the previously reported benefits of cooling accelerating HRR would be blunted in
HT compared with NT. On the contrary, the present results showed that cooling
induced similar changes in HRR in both groups, suggesting that the presumed cooling-
induced sympathetic overactivity in HT did not occur. This discrepancy may be due to
the fact that in the present study cooling was used after exercise, i.e., a condition in
which body temperature was elevated, while in the previous study cooling was
employed at rest, when body temperature is normal. Thus, the present results suggest
that HT do not have an exaggerated sympathetic response to cooling when this
strategy is employed after exercise.

Based on HRR and HRYV indices used in the present study, it is possible to
suggest the autonomic mechanisms behind the improved HRR observed in both
groups in the cooling session. T30, RMSSD and HF are indices accepted as mainly
dependent on parasympathetic reactivation (Goldberger, et al. 2006; Hayano, et al.
1991; Imai, et al. 1994), while, despite some criticism (Goldstein, et al. 2011),
HRR300s, RMS and LF indices are considered, at least in part, markers of sympathetic
modulation (Malliani, et al. 1991; Ng, et al. 2009; Pe¢anha, et al. 2017a). Thus, the
lower T30 and LF observed in the cooling session together with the higher RMSSD,
HF, HRR300s and RMS suggest that the cooling strategy likely accelerated both

cardiac parasympathetic reactivation and sympathetic withdrawal after exercise,
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supporting both mechanisms as responsible for the cooling-induced faster HRR in both
NT and HT subijects.

Besides accelerating HRR, the cooling protocol also increased SBP during
recovery. In fact, cooling prevented the decrease in SBP below pre-exercise levels
(i.e., post-exercise hypotension) that was observed at 15 min of recovery in the control
session. The mechanisms behind this divergent BP response to the sessions are
beyond the scope of this study, however, the existing literature might help to elucidate
them. In the control session recovery, the thermoregulatory-induced skin vasodilatation
alongside the interruption of the muscle pump might have reduced vascular resistance
and stroke volume, promoting a decrease in BP (Carter, et al. 1999; Pecanha, et al.
2017b). So, the increased HR (i.e. reduced HRR) observed in the control session might
partly reflect the baroreflex’s attempt to counteract a BP decrease (Peganha, et al.
2017b). On the other hand, in the cooling session, despite the interruption of the
muscle pump, skin vasodilatation was reduced by the effect of the fan facilitating heat
loss via convection (Barwood, et al. 2009), which might have limited the decrease in
vascular resistance, keeping central blood volume and BP higher than in the control
session. As a response, the baroreflex might have produced a greater reactivation of
cardiac parasympathetic and withdrawal of cardiac sympathetic modulations,
accelerating HRR. Therefore, it seems reasonable to suggest that the effect of post-
exercise cooling on HRR and autonomic regulation probably involves its effects on BP.

Results of the present study may have relevant clinical impact. As HT subjects
present impaired autonomic responses after exercise (Greaney, et al. 2014; Pecanha,
et al. 2016), any strategy that could ameliorate this response has clinical importance,
promoting a likely preventive effect on acute cardiac events (Cole, et al. 1999; Nishime,
et al. 2000). In this sense, the present results showed the clinical applicability of post-
exercise cooling with a fan in a population with recognized autonomic dysfunction and

increased cardiovascular risks (Mancia & Grassi 2014). Other studies with healthy
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subjects have also reported positive effects of different strategies for post-exercise
cooling, such as ice packs (Leicht, et al. 2009) or cold water immersion (Al Haddad, et
al. 2010). However, the use of a fan, may be more practical and safe, especially in
subjects with cardiovascular disease and/or risk factors, since cold water immersion
and ice use can trigger cardiac arrhythmia (Shattock & Tipton 2012) and considerably
increase vasoconstriction and BP (Mawhinney, et al. 2017; Sramek, et al. 2000).

This study has some limitations. Firstly, it only involved men, and as
thermoregulatory responses might differ between genders (Kaciuba-Uscilko & Grucza
2001), future investigations should be conducted with women. Other limitations include
the absence of hydration control prior to the sessions. However, subjects in the present
study presented similar pre-exercise body masses in both sessions (NT=87+11 vs.
8611 kg and HT=91+15 vs. 92116 kg for the cooling and the control sessions,
respectively), which suggests no difference in hydration status. Finally, the results of
the present study are limited to the first 15 min of the post-exercise period. Assessment
of cardiac autonomic variables for a longer period of recovery might help to improve the

comprehension of the benefits of cooling on cardiac autonomic restoration.

CONCLUSION

In conclusion, post-exercise cooling with a fan equally reduced core
temperature and improved HRR in never-treated HT and NT men. The effects of post-
exercise cooling accelerating HRR appeared to be promoted by accelerated post-
exercise cardiac parasympathetic reactivation and sympathetic withdrawal, which might
be partially related to the increased SBP with cooling. The positive effects of post-
exercise cooling on HRR and post-exercise HRV in HT subjects highlight the clinical
applicability of such a strategy for populations with increased cardiovascular risk and

cardiac autonomic dysfunction.



oNOYTULT D WN =

346

347

348

349

350

351

352

353

354

355

356

Clinical Physiology and Functional Imaging

14

Acknowledgements

The authors thank Rhenan Bartels for his assistance with the mathematical
procedures, and all of the volunteers for their willingness to participate in this study.
This study was supported by the Fundagcao de Amparo a Pesquisa do Estado de Sao
Paulo under Grants 2013/04997-0, 2013/05519-4 and 2015/15466-0; Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldégico under Grant 304003-2014-0;
and Coordenagéao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES-PROEX)

— Finance Code 001.

Conflict of interest

The authors declare no conflicts of interest.

Page 14 of 24



Page 15 of 24

oNOYTULT D WN =

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

Clinical Physiology and Functional Imaging

15

REFERENCES

Al Haddad H, Laursen PB, Chollet D, Lemaitre F, Ahmaidi S and Buchheit M. Effect of
cold or thermoneutral water immersion on post-exercise heart rate recovery and
heart rate variability indices. Auton Neurosci (2010); 156: 111-116.

Aneni E, Roberson LL, Shaharyar S, Blaha MJ, Agatston AA, Blumenthal RS,
Meneghelo RS, Conceicao RD, Nasir K and Santos RD. Delayed heart rate
recovery is strongly associated with early and late-stage prehypertension during
exercise stress testing. Am J Hypertens (2014); 27: 514-521.

Barwood MJ, Davey S, House JR and Tipton MJ. Post-exercise cooling techniques in
hot, humid conditions. Eur J App! Physiol (2009); 107: 385-396.

Best SA, Bivens TB, Palmer MD, Boyd KN, Galbreath MM, Okada Y, Carrick-Ranson
G, Fujimoto N, Shibata S and Hastings JL. Heart rate recovery after maximal
exercise is blunted in hypertensive seniors. Journal of Applied Physiology
(2014); 117: 1302-1307.

Byrne C and Lim CL. The ingestible telemetric body core temperature sensor: a review
of validity and exercise applications. Br J Sports Med (2007); 41: 126-133.

Carter R, 3rd, Watenpaugh DE, Wasmund WL, Wasmund SL and Smith ML. Muscle
pump and central command during recovery from exercise in humans. J Appl/
Physiol (1999); 87: 1463-1469.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL, Jr., Jones DW,
Materson BJ, Oparil S, Wright JT, Jr. and Roccella EJ. The Seventh Report of
the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the JNC 7 report. JAMA (2003); 289: 2560-
2572.

Cole CR, Blackstone EH, Pashkow FJ, Snader CE and Lauer MS. Heart-rate recovery
immediately after exercise as a predictor of mortality. N Engl J Med (1999); 341:

1351-1357.



oNOYTULT D WN =

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

Clinical Physiology and Functional Imaging

16

de Oliveira Ottone V, de Castro Magalhaes F, de Paula F, Avelar NCP, Aguiar PF, da
Matta Sampaio PF, Duarte TC, Costa KB, Araujo TL, Coimbra CC, Nakamura
FY, Amorim FT and Rocha-Vieira E. The Effect of Different Water Immersion
Temperatures on Post-Exercise Parasympathetic Reactivation. PLoS One
(2014); 9: e113730.

Erdogan D, Gonul E, Icli A, Yucel H, Arslan A, Akcay S and Ozaydin M. Effects of
normal blood pressure, prehypertension, and hypertension on autonomic
nervous system function. Int J Cardiol (2011); 151: 50-53.

Goldberger JJ, Le FK, Lahiri M, Kannankeril PJ, Ng J and Kadish AH. Assessment of
parasympathetic reactivation after exercise. Am J Physiol Heart Circ Physiol
(2006); 290: H2446-2452.

Goldstein DS, Bentho O, Park MY and Sharabi Y. Low-frequency power of heart rate
variability is not a measure of cardiac sympathetic tone but may be a measure
of modulation of cardiac autonomic outflows by baroreflexes. Exp Physiol
(2011); 96: 1255-1261.

Greaney JL, Kenney WL and Alexander LM. Sympathetic function during whole body
cooling is altered in hypertensive adults. Journal of Applied Physiology (2017);
123: 1617-1624.

Greaney JL, Matthews EL, Boggs ME, Edwards DG, Duncan RL and Farquhar WB.
Exaggerated exercise pressor reflex in adults with moderately elevated systolic
blood pressure: role of purinergic receptors. Am J Physiol Heart Circ Physiol
(2014); 306: H132-141.

Hayano J, Sakakibara Y, Yamada A, Yamada M, Mukai S, Fujinami T, Yokoyama K,
Watanabe Y and Takata K. Accuracy of assessment of cardiac vagal tone by
heart rate variability in normal subjects. Am J Cardiol (1991); 67: 199-204.

Imai K, Sato H, Hori M, Kusuoka H, Ozaki H, Yokoyama H, Takeda H, Inoue M and

Kamada T. Vagally mediated heart rate recovery after exercise is accelerated in

Page 16 of 24



Page 17 of 24

oNOYTULT D WN =

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

Clinical Physiology and Functional Imaging

17

athletes but blunted in patients with chronic heart failure. J Am Coll Cardiol
(1994); 24: 1529-1535.

Kaciuba-Uscilko H and Grucza R. Gender differences in thermoregulation. Current
Opinion in Clinical Nutrition & Metabolic Care (2001); 4: 533-536.

Leicht AS, Sinclair WH, Patterson MJ, Rudzki S, Tulppo MP, Fogarty AL and Winter S.
Influence of postexercise cooling techniques on heart rate variability in men.
Exp Physiol (2009); 94: 695-703.

Malliani A, Pagani M, Lombardi F and Cerutti S. Cardiovascular neural regulation
explored in the frequency domain. Circulation (1991); 84: 482-492.

Mancia G and Grassi G. The autonomic nervous system and hypertension. Circ Res
(2014); 114: 1804-1814.

Mawhinney C, Jones H, Low DA, Green DJ, Howatson G and Gregson W. Influence of
cold-water immersion on limb blood flow after resistance exercise. Eur J Sport
Sci (2017); 17: 519-529.

Ng J, Sundaram S, Kadish AH and Goldberger JJ. Autonomic effects on the spectral
analysis of heart rate variability after exercise. Am J Physiol Heart Circ Physiol
(2009); 297: H1421-1428.

Nishime EO, Cole CR, Blackstone EH, Pashkow FJ and Lauer MS. Heart rate recovery
and treadmill exercise score as predictors of mortality in patients referred for
exercise ECG. JAMA (2000); 284: 1392-1398.

Pagani M and Lucini D. Autonomic dysregulation in essential hypertension: insight from
heart rate and arterial pressure variability. Auton Neurosci (2001); 90: 76-82.

Pecanha T, Bartels R, Brito LC, Paula-Ribeiro M, Oliveira RS and Goldberger JJ.
Methods of assessment of the post-exercise cardiac autonomic recovery: A
methodological review. International Journal of Cardiology (2017a); 227: 795-

802.



oNOYTULT D WN =

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

Clinical Physiology and Functional Imaging

18

Pecanha T, de Brito LC, Fecchio RY, de Sousa PN, da Silva Junior ND, de Abreu AP,
da Silva GV, Mion-Junior D and Forjaz CLdM. Metaboreflex activation delays
heart rate recovery after aerobic exercise in never-treated hypertensive men. J
Physiol (2016); 594: 6211-6223.

Pecanha T, Forjaz CLdM and Low DA. Passive Heating Attenuates Post-exercise
Cardiac Autonomic Recovery in Healthy Young Males. Frontiers in
Neuroscience (2017b); 11.

Pecanha T, Silva-Junior ND and Forjaz CL. Heart rate recovery: autonomic
determinants, methods of assessment and association with mortality and
cardiovascular diseases. Clin Physiol Funct Imaging (2014); 34: 327-339.

Perini R, Orizio C, Comande A, Castellano M, Beschi M and Veicsteinas A. Plasma
norepinephrine and heart rate dynamics during recovery from submaximal
exercise in man. Eur J Appl Physiol Occup Physiol (1989); 58: 879-883.

Shattock MJ and Tipton MJ. 'Autonomic conflict': a different way to die during cold
water immersion? J Physiol (2012); 590: 3219-3230.

Sramek P, Simeckova M, Jansky L, Savlikova J and Vybiral S. Human physiological
responses to immersion into water of different temperatures. Eur J Appl Physiol
(2000); 81: 436-442.

Task-Force. Heart rate variability. Standards of measurement, physiological
interpretation, and clinical use. Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology.

Eur Heart J (1996); 17: 354-381.

Page 18 of 24



Page 19 of 24

459

460

oNOYTULT D WN =

26 461
28 462
30 463
32 464

34 465

36 466

467

TABLES

Table 1. Baseline data

Clinical Physiology and Functional Imaging

19

NT HT P
(n =25) (n=23)

Age (years) 45+ 8 43 +8 0.29
Body mass 28.6x£2.7 29.4+3.6 0.37
(kg.m2)

SBP (mmHg) 11544 14249 < 0.01
DBP (mmHg) 77+2 9643 < 0.01
VOypeak (Ml.kg™".min") 26.614.2 2514 .4 0.24
HReax (bpm) 169+11 169116 0.93

Values are presented as mean £ SD. SBP = systolic blood pressure. DBP = diastolic blood

pressure. VOqeak = peak oxygen uptake achieved during the maximal exercise test. HRpeax =

peak heart rate achieved during the maximal exercise test.

Table 2. Physiological variables measured during experimental sessions in
normotensive (NT) and hypertensive (HT) groups.
NT HT P P P
(n = 25) (n=23) (session) (group) (session*group)
Cooling Control Cooling

HR (bpm) 129+12 130£13  129+13 0.97 0.73 0.73

HR (%peak) 7615 7717 7717 0.99 0.65 0.70

VO, (ml.kg™!.min"") 17.7£2.6 16.4£3.1 16.0£3.1 0.63 0.12 0.07

VO, (% peak) 7216 695 685 0.95 0.07 0.30

Values are presented as mean + SD. VO2 = oxygen uptake. HR = heart rate.
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FIGURE LEGENDS

Fig. 1 Core temperature (T.; 1a), heart rate (HR; 1b) and systolic blood pressure (SBP;
1c) measured at rest, during exercise and at 5 and 15 min of recovery in the cooling
and control sessions in the normotensive (N; n = 25) and the hypertensive (HT; n = 23)
groups. * = p < 0.05 vs. rest. $ = p < 0.05 vs. exercise. & = p < 0.05 vs. 5 min of
recovery. £ = p < 0.05 vs. control session. On panel ¢, groups were different in all time
points (i.e., main effect of group). The connecting lines were removed to improve
visualization.

Fig. 2 Heart rate recovery indices assessed after the control and the cooling sessions
in the normotensive (NT; n = 25) and hypertensive (HT; n = 23) groups. HRR60s —
heart rate decrease at 60s of recovery (3a); T30 = short time-constant of heart rate
recovery (3b); HRR300s — heart rate decrease at 300s of recovery (3c); HRRt = long
time-constant of heart rate recovery (3d). £ = p < 0.05 vs. control session

Fig. 3 RMSSD (4a) and RMS (4b) indices of heart rate variability assessed in
segments of 30 s in the first 5 min of recovery after the control and the cooling sessions
in the normotensive (NT; n = 25) and the hypertensive (HT; n = 23) groups. RMSSD =
square root of the mean of the sum of the squares of differences between adjacent
normal RRi, RMS = root mean square of residual of RRi. £ = p < 0.05 vs. control
session. # = p < 0.05 vs. 30s

Fig. 4 Spectral indices of heart rate variability (HRV) assessed at rest and at the late
recovery (Late Rec) of the control and the cooling sessions in the normotensive (NT; n
= 25) and the hypertensive (HT; n = 23) groups. LF (nu) = low frequency component of
HRV assessed in normalized units (5a); HF (nu) = high frequency component of HRV
assessed in normalized units (5b). * = p <0.05vs. rest. T =p<005vsNT.1=p =<

0.05 vs. control session. The connecting lines were removed to improve visualization
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