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Abstract 

It has been shown that water intake (WI) improves post-exercise parasympathetic 

recovery after moderate-intensity exercise session. However, the potential 

cardiovascular benefit promoted by WI has not been investigated after high-intensity 

exercise. Purpose: To assess the effects of WI on post-high-intensity 

parasympathetic recovery. Methods: Twelve recreationally active young men 

participated in the study (22 ± 1.4 years, 24.1 ± 1.6 kg.m-2). The experimental 

protocol consisted of two visits to the laboratory. Each visit consisted in the 

completion of a 30-min high-intensity [~80% of maximal heart rate (HR)] cycle 

ergometer aerobic session performing randomly the WI or control (CON, no water 

consumption) intervention at the end of the exercise. RR intervals (RRi) were 

continuously recorded by a heart rate monitor before, during and after the exercise. 

Differences in HR recovery [e.g., absolute heart rate decrement after 1 min of 

recovery (HRR60s) and time-constant of the first order exponential fitting curve of 

the HRR (HRRτ)] and in post-exercise vagal-related HRV indexes (rMSSD30s, 

rMSSD, pNN50, SD1 and HF) were calculated and compared for WI and CON. 

Results: A similar HR recovery and an increased post-exercise HRV [SD1 = 9.4 ± 

5.9 vs. 6.0 ± 3.9 ms, HF(ln) = 3.6 ± 1.4 vs. 2.4 ± 1.3 ms2, for WI and CON, 

respectively; p < 0.05] was observed in WI compared to CON. Conclusion: The 

results suggest that WI accelerates the post-exercise parasympathetic reactivation 

after high-intensity exercise. Such outcome reveals an important cardioprotective 

effect of WI.               

Key-words: Exercise, Water Intake, Heart Rate Recovery, Heart Rate Control, 

Autonomic Nervous System, Parasympathetic Nervous System  
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INTRODUCTION 

Despite the benefits of regular exercise on cardiovascular health being well 

known (Pattyn, Cornelissen, Eshghi, & Vanhees, 2013), a single high-intensity 

exercise session produces a significant disturbance in cardiac autonomic 

homeostasis, as expressed by a reduction in parasympathetic control and by an 

increase in sympathetic activation of the heart (Albert et al., 2000; Martinmaki, 

Hakkinen, Mikkola, & Rusko, 2008; Perini, Orizio, Gamba, & Veicsteinas, 1993). This 

autonomic imbalance persists even for a while after exercise cessation and is linked 

to increased cardiac ectopic activity observed during the post-exercise period, 

thereby raising the risk of cardiovascular events in this time frame, even in healthy 

subjects (Albert et al., 2000). 

Cardiac parasympathetic control, commonly assessed through heart rate (HR) 

recovery (HRR) and HR variability (HRV) calculation (Buchheit, Laursen, & Ahmaidi, 

2007), exerts a protective effect on the heart (Thayer & Lane, 2007). Accordingly, the 

delay in parasympathetic reactivation has been shown to be associated with 

increased risk of lethal arrhythmias (Smith, Kukielka, & Billman, 2005) and 

cardiovascular mortality (Cole, Blackstone, Pashkow, Snader, & Lauer, 1999). 

Therefore, it is clinically relevant to investigate means to improve the 

parasympathetic reactivation after exercise, in order to reduce this post-exercise risk 

exposure window.  

Strategies such as the adoption of a supine posture, cold or thermo-neutral 

whole-body immersion and cold face immersion have all been shown to accelerate 

the post-exercise parasympathetic reactivation (Al Haddad, Laursen, Ahmaidi, & 

Buchheit, 2010; Al Haddad, Laursen, Chollet et al., 2010; Bastos et al., 2012; 

Buchheit, Peiffer, Abbiss, & Laursen, 2009). Recently, we have tested the effects of 
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water intake (WI) on post-exercise parasympathetic reactivation (De Oliveira, 

Ferreira, Mattos, Silva, & Lima, 2011). Through the calculation of a vagal-related 

HRV index (i.e. rMSSD30s) during the post-exercise period, we observed a greater 

parasympathetic recovery when WI was performed. However, the exercise intensity 

used in our earlier study was light-to-moderate. Given the autonomic imbalance 

promoted by the high-intensity exercise, it would increase the clinical applicability of 

a WI strategy if its benefits could also be found after this type of exercise.  

Therefore, the aim of this study was to test the effects of WI on post-exercise 

parasympathetic reactivation, assessed by the analysis of HRR and post-exercise 

HRV. 

METHODS 

Subjects 

The study included 12 healthy recreationally trained men with the following 

characteristics: age = 22 ± 1 years, height = 1.74 ± 0.1 m, body mass = 74.0 ± 6.8 

kg, body mass index = 24.1 ± 1.6 kg.m-2. To participate in the study, the subjects 

were free of underlying medical conditions, nor were currently taking any medication 

or supplement. All of the subjects provided written voluntary informed consent, which 

was approved by the University Human Ethics Review Board and followed the 

recommendations from the Declaration of Helsinki. 

Preliminary Tests 

As a preliminary evaluation, the individual’s body mass and height were 

measured. They also performed an incremental maximal exercise test on an 

electromagnetically braked cycle ergometer (Ergo-Fit, Ergo Cycle 167, Pirmasens, 

Germany) with an initial power of 50 W followed by 25 W increases every minute, 

until maximum voluntary exhaustion. Analyses of the ventilatory indices and gas 
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exchanges were performed with a VO2000 metabolic analyzer (MedGraphics, USA), 

which was manually calibrated before each test. Averages were determined over 20 

s for ventilation (VE, l∙min−1), O2 uptake (VO2, l∙min−1) and CO2 production (VCO2, 

l∙min−1). The highest work rate, VO2 (l∙min−1) and HR (bpm) achieved during the 

exercise test was defined as the WVO2peak, VO2peak and HRmax, respectively.  

Experimental Sessions  

The experimental sessions were randomly performed on two non-consecutive 

days, in the afternoon (between 2 and 4 pm). All subjects were instructed not to drink 

alcohol or caffeine-containing beverages and not to do any physical exercise in the 

previous 24 h, and not to consume any liquid in the 2 h preceding the tests.  

Initially, the subjects were assessed for their initial body mass (BMi). For this 

purpose, they wore light clothing and no shoes. Subsequently, they rested in the 

supine position for 10 min for resting measurements. Then, subjects performed the 

exercise bout, which consisted of 30-min of cycling, at a fixed rate of 60 rpm, at a 

workrate eliciting 80% (± 5%) of HRmax. There was no consumption of liquid during 

the submaximal cycle ergometer exercise. Immediately after exercise, within 30 s, 

the volunteers: a) ingested a volume of 7.5 ml of water per kg of body weight [WI 

session; mean volume ingested ~ 500 ml (Routledge, Chowdhary, Coote, & 

Townend, 2002)] or b) performed no water consumption (CON). After these 

interventions, the subjects started the recovery protocol, in a supine position, for 10 

min.  

The ambient temperatures in both sessions were kept between 18 and 24ºC 

(WI = 18.1 ± 1.2 °C, CON = 19.1 ± 2.5 °C; p = 0.2). The water temperature was kept 

at ambient temperature in both conditions. During the whole protocol, the individual’s 

HR was continuously registered by a HR monitor (Polar RS800cx, Kempele, Finland, 
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sampling frequency = 1000 Hz) (Nunan et al., 2009), and during the exercise the 

subject’s rating of perceived exertion (RPE, BORG CR-10) (Borg, 1982) was 

measured every 5 min. Immediately after the recovery protocol, the subjects’ body 

mass were reassessed (final body mass – BMf).  

Procedures 

Hydration status 

The pre-exercise hydration status was verified by variations in BMi in both 

sessions. The change in hydration status promoted by exercise sessions was 

assessed from the difference between the initial and final body mass [BMi and BMf, 

respectively (ID-1500, Filizola® scale, Brazil, with a resolution of 0.1 kg)] and was 

expressed in terms of absolute (kg) or percentage (%) body mass loss. 

Heart Rate Measurements 

The HR data recorded during both WI and CON were transmitted to the Polar 

Pro Trainer Software® (v. 5.0, Polar Inc., Kempele, Finland) for signal filtering, using 

a moving average filter. In this software, we calculated the values of resting and 

exercise HR (HRrest and HRex, respectively) from the average of the last 5 min period 

recorded in each of these moments. 

Post-exercise HRR 

The HRR indices were assessed using the first 5-min HR segment after the 

exercise session. The following indices were calculated: a) HRR60s, which 

quantifies the difference between the peak heart rate attained at the end of exercise 

and the heart rate recorded at 60 seconds into recovery; and b) HRRτ, which 

evaluates the time constant of HR decay curve after a mono-exponential fitting of the 

5-min post-exercise HR signal (Pierpont, Stolpman, & Gornick, 2000). We also c) 
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compute the raw HR values, during the whole 5 min post-exercise period, divided 

into averages of 30-s windows.   

Time-varying vagal-related HRV index 

Since the behavior of the RRi signal in the first 5 min of recovery is non-linear, 

for the analysis of the HRV in such a period we calculated the time-varying vagal-

related index rMSSD (square root of the mean of the sum of the squares of 

differences between adjacent normal R-R intervals) on subsequent 30-s non-

overlapped segments (rMSSD30s), as proposed by Goldberger et al. (2006). To 

smooth out any transient outliers in the rMSSD30s plots, a median filter operation was 

applied, where each outlier value was replaced with the median of the value as well 

as the preceding and following values. The first and last values were not median 

filtered (Goldberger et al., 2006). 

Resting and Post-exercise vagal-related HRV indexes 

Resting and post-exercise vagal HRV indexes were calculated for the last 5 

min of the supine resting and recovery protocol, respectively. The RRi signal in such 

periods is relatively stable; for this reason, it is possible to calculate the HRV using 

traditional methods (Task-Force, 1996). The HRV was analyzed both on time- and 

frequency-domains using the Kubios HRV software (Biomedical Signal Analysis 

Group, Department of Applied Physics, University of Kuopio, Finland). In the time-

domain, the following vagal-related indexes were calculated: a) RMSSD - the square 

root of the mean of the sum of the squares of differences between adjacent RRi; b) 

pNN50 – percentage of pairs of adjacent RRi differing by more than 50 ms in the 

whole recording; and c) SD1 - standard deviation of instantaneous beat-to-beat RRi 

variability derived from the Poincaré Plot analysis. In the frequency-domain, the high 

frequency (HF) spectral power was calculated in absolute units. For this purpose, the 
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RRi series were initially interpolated at 4 Hz and then the signal linear trend 

component removal was performed using the smoothness priors approach. For the 

power spectral density function calculating, the RRi signal was multiplied by a 

Hanning window and the Fast Fourier Transform (FFT) of the product was taken. HF 

power was calculated as the integral of its power spectral density curve (0.15–0.4 

Hz) (Task-Force, 1996). 

Statistical Analysis 

The results of this study are reported as mean ± standard deviation. Statistical 

analysis was carried out in Statistica software (v. 8.0, StatSoft, Inc., USA). Since the 

Shapiro-Wilk test rejected the hypothesis of normality of rMSSD30s, RMSSD and HF 

indices, they were transformed into their natural logarithm (ln) and analyzed by 

parametric tests. Paired t-tests were used for comparisons of pre-exercise and 

exercise variables as well as of HRR between WI and CON. For the HRV (time-

varying or traditional analysis) within- (pre- vs. post-exercise) and between-condition 

(WI and CON) comparisons, we conducted a two-way ANOVA for repeated 

measures and Newman–Keuls post hoc test. The association between the hydration 

status and the HRV indexes affected by WI was assessed by Pearson’s product–

moment correlation coefficient. In all tests, the significance level was set at 5%. 

A power analysis was performed to determine the required sample size for the study. 

For a power of 80%, an alpha error of 5% and a standard deviation of 0.73 of the 

logarithm-transformed HF index (i.e. lnHF) (Kleiger et al., 1991), the minimum 

sample size required to show a 0.26 difference in post-exercise lnHF [i.e. 2.0 times 

the standard error of measurement (Hopkins, 2000)] was 9 subjects. 
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RESULTS 

Preliminary test 

Mean values of WVO2peak, VO2peak and HRmax were 258 ± 37 watts, 3.2 ± 0.8 

l∙min−1 and 197 ± 5 bpm, respectively. 

Experimental variables 

The experimental variables are shown in Table 1. There was no difference on 

BMi between Wi vs. CON conditions, indicating that subjects initiated the protocol 

equally hydrated. There were also no differences between conditions for HRrest, HRex 

and RPE. With respect to the post-exercise hydration status, a greater body mass 

loss was observed in the CON session compared to the WI session.  

Effects of water intake on post-exercise heart rate recovery 

HRR60s and HRRτ were similar for WI and CON conditions (HRR60s = 31 ± 

15 vs. 37 ± 16 bpm, HRRτ = 106.5 ± 83.5 vs. 124.1 ± 93.7 s; respectively). The raw 

HR values of the first 5-min period after exercise, divided into 30s windows, are 

shown in Figure 1. Values of HR during the first 5 min of the post-exercise period 

were significantly higher than the resting values in both conditions. The between-

conditions comparison, however, showed no differences in such values in any time 

point for WI and CON conditions.  

Effects of water intake on post-exercise heart rate variability recovery 

The rMSSD30s index curve derived from the time-varying HRV analysis in both 

experimental conditions is shown in Figure 1. There were no differences between WI 

and CON in the rMSSD30s index at any point of recovery. Furthermore, during the 

whole recovery period, the values of rMSSD30s in both WI and CON conditions were 

significantly reduced compared to their pre-exercise values. However, a significant 
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increase in rMSSD30s was observed from the 210s window in WI condition 

(compared to the first recovery window), a fact that was not observed after the CON. 

Effects of water intake on vagal-related HRV indexes pre- versus post-exercise 

Figure 2 presents the vagal-related HRV indexes at rest and at 5-10min of the 

post-exercise period. As expected, there were no between-conditions differences in 

any index at rest. Furthermore, at 5-10 min of the post-exercise period, all indices 

were reduced compared to their resting values in both conditions. However, the post-

exercise values of SD1 and HF were significantly increased in WI compared with 

CON (Figures 2c and 2d).  

Association between pre- to post-exercise changes in HRV and hydration status  

In order to test if the differences in the post-exercise SD1 and HF between the 

sessions could be attributed to the different hydration status promoted by the distinct 

hydration protocols (WI vs. CON), we calculated the correlation between these HRV 

indices and the body mass loss (kg and %) promoted by the exercise + hydration 

protocol. A significant correlation between the HF reduction and BM loss and a 

strong tendency between SD1 reduction and BM loss were observed in CON 

session. These results were not observed after the WI protocol (Figure 3).  

DISCUSSION 

This study assessed the effects of WI on post-high intensity exercise HRR 

and HRV. The HR and RPE values in both sessions confirmed the nature of the 

effort performed. The results showed that WI promoted an accelerated 

parasympathetic reactivation, as showed by: a) a significant increase in rMSSD30s 

during the first 5 min period, and b) greater values of SD1 and HF vagal-related HRV 

indexes at 5-10 min post-exercise. The results of the present study add to the results 
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of our previous study, which have shown the beneficial effect of WI on post-exercise 

parasympathetic reactivation after moderate exercise (De Oliveira et al., 2011).  

The parasympathetic subdivision of the autonomic nervous system exerts a 

cardioprotective effect over the heart (Buch, Coote, & Townend, 2002; Thayer & 

Lane, 2007). One of its main functions is to promote energy conservation by 

maintaining the HR lower than the intrinsic HR (Buch et al., 2002). Other protective 

mechanisms include: inhibition of sympathetic nerve activity, which reduce the risks 

of ventricular arrhythmias (Watanabe et al., 1978); attenuation of the release of 

proinflammatory cytokines (Tracey, 2002); and direct anti-arrhythmic effects (Smith 

et al., 2005). Several studies have shown that the parasympathetic control of the HR 

is suppressed after high-intensity exercise (Buchheit et al., 2007; De Oliveira, 

Mattos, Ferreira, Rezende, & Lima, 2013; Hautala et al., 2001; Niewiadomski, 

Gasiorowska, Krauss, Mroz, & Cybulski, 2007). The results of the present study 

confirm this information, since the rMSSD30s curve and all vagal-related HRV indexes 

analyzed were significantly reduced compared to their resting values, in both 

conditions. This suppression is behind the raised risks of lethal arrhythmias and 

cardiovascular mortality after vigorous exercise, even in healthy subjects (Albert et 

al., 2000; Buch et al., 2002). For this reason, it is relevant to investigate strategies to 

improve post-high-intensity exercise parasympathetic reactivation, since it could 

prevent such outcomes. Regarding this, Vanoli et al. (1991) have demonstrated that 

an extrinsic vagal stimulation strategy in the post-exercise period significantly 

reduced the occurrence of post-exercise ventricular arrhythmias in ischemic animals 

susceptible to ventricular fibrillation. However, this extrinsic vagal stimulation 

involves the placement of an electrode directly to the vagus nerve of the animals, a 

method that is not feasible to apply in humans. The findings of the present study thus 
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support the consumption of water after high-intensity exercise as a simple and 

effective strategy to improve the post-exercise autonomic status.  

In contrast to the vagal-related HRV indexes, the HRR was not affected by the 

WI protocol. The HRR indexes calculated in the present study, i.e. HRR60s and 

HRRτ, evaluate the parasympathetic reactivation in the first or within the first five min 

of recovery. In contrast, the post-exercise HRV assessment was mostly calculated in 

the second phase of the recovery period (i.e. 5-10 min). We can suppose then that 

the effects of WI could be better observed not immediately, but late in the recovery. 

However, this is not entirely true, since the WI produces a slightly improved post-

exercise parasympathetic reactivation, in HRV recovery analysis performed 

immediately after exercise using the rMSSD30s index. It should be said further that, 

despite the HRR indices being widely used as putative markers of vagal reactivation 

(Al Haddad, Laursen, Chollet et al., 2010; Buchheit et al., 2009; Cole et al., 1999), 

evidence indicates that HRR could also be influenced by sympathetic withdrawal, 

particularly after high intensity exercise (De Oliveira et al., 2013; Savin, Davidson, & 

Haskell, 1982). As WI seems to promote an acute overall sympathetic over-

activation (Jordan et al., 2000; Scott, Greenwood, Gilbey, Stoker, & Mary, 2001) (see 

details below), it could affect the HRR in the opposite way, thus explaining the 

absence of an influence of WI on HRR. The rMSSD30s time-varying analysis, 

proposed by Goldberger et al. (2006), however, is probably less sensitive to 

sympathetic withdrawal, therefore being a good method to evaluate the post-

exercise parasympathetic reactivation immediately after high-intensity exercise.     

The tools of the present study do not allow us to identify the mechanisms 

whereby the parasympathetic reactivation is increased post-WI. In fact, the study of 

Vianna et al. (2008) also demonstrated the positive influence of water consumption 
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on vagal reactivity 30-min after moderate-to-high intensity exercise. Regarding the 

mechanisms behind this response, these authors have suggested that this raised 

cardiac vagal activity after WI could occur to counterbalance a potential sympathetic 

pressor effect evoked by this strategy.  

Some studies evaluating the resting cardiovascular responses to WI indeed 

support this double vagal-sympathetic response hypothesis. Jordan et al. (2000) 

have shown that water drinking raises resting plasma norepinephrine levels in young 

and old individuals and Scott et al (2001) demonstrated that WI promotes a powerful 

neural sympathetic-mediated vasoconstrictor effect. It is not well known by which 

mechanisms this sympathetic pressor response occurs. One of the hypothesis lies 

on the presence of mechanoreceptors in stomach that when stimulated by gastric 

distention, causes a reflex increase in sympathetic efferent activity (Rossi et al. 

1998; van Orshoven et al. 2004). Some recent investigations have also linked this 

sympathetic response to the activation of TRPV4 osmolarity-sensitive receptors 

within the portal and intestinal circulation (May & Jordan, 2011; McHugh et al., 

2010). In order to avoid an acute blood pressure increase, Routledge et al. (2002) 

and Brown et al. (2005) have shown that this vasoconstrictive sympathetic response 

is immediately counterbalanced by a concomitant increase in cardiac vagal activity 

which promotes a bradycardic effect.  

There are no studies that have investigated if such mechanisms also act to 

regulate the cardiovascular responses to water intake in the post-exercise period. 

However, in a recent study, Endo et al. (2012) showed that WI during exercise can 

prevent hypotension in the post-exercise period. It seems likely, therefore, that the 

greater parasympathetic reactivation after WI may be a compensatory response to a 

raised blood pressure at this time.  
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The correlation analysis showed a moderate significant association between 

pre- to post-exercise HF and SD1 reduction and the body mass loss induced by the 

CON protocol (Figure 3). This association was not found for WI session. The body 

mass change has been used as a safe, low-cost, easy-to-implement and accurate 

method to evaluate the body water change after acute interventions (Armstrong, 

2005, 2007; Maughan & Shirreffs, 2008). Thus, the correlation found suggests that 

the magnitude of vagal reduction could be attributed in part to the hydric loss 

promoted by the exercise. This result is interesting, since the CON protocol did not 

promote even a minimal dehydration. Regarding this, it could be speculated that the 

negative alterations promoted by the hydric loss could be observed even with a small 

hydration status modification. This finding reinforces the post-exercise water 

consumption independently of the type of exercise performed.   

The main limitation of this study is the absence of a group with elevated risk of 

cardiovascular events. Even though it has been shown that the risk of sudden death 

after vigorous exertion is increased, even in apparently healthy subjects (Albert et 

al., 2000), it is well known that this risk is further enhanced in patients with 

cardiovascular disorders (Corrado, Migliore, Basso, & Thiene, 2006). It would 

increase the clinical applicability of post-exercise water intake if this strategy proves 

effective in improving the autonomic recovery after exercise in subjects with 

hypertrophic cardiomyopathy, congenital heart disease and arrhythmogenic 

alterations, among others. Thus, future studies should investigate WI as a preventive 

strategy in these subjects. Finally, the diet was not controlled prior to the trials. Since 

the ingestion of food increases HR at rest and during exercise (Kelbaek et al. 1987), 

it could affect in part our results. However, to minimize this limitation, all subjects 
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were instructed to maintain a regular feeding routine during their participation in the 

study and there was no ingestion of food two hours preceding the experiments.  

CONCLUSION 

Results of the present study showed the beneficial effect promoted by water 

intake on post-high-intensity exercise parasympathetic reactivation. This finding 

strengthens the clinical importance of post-exercise water consumption, since it is 

after high-intensity exercise that the risks of adverse cardiovascular events are 

increased. Future studies should investigate whether this water intake mediating 

cardiac autonomic improvement in the post-exercise period is also true in 

populations presenting with cardiovascular disease.  
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Figure 1 – Heart rate (HR) and heart rate variability (ln rMSSD30s) at rest and during 
the first 5 min post-exercise period. * = significant difference versus rest, † = 
significant difference versus first 30s recovery window (p < 0.05). There were no 
differences between conditions in any point of recovery.  
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Figure 2 – Vagal-related heart rate variability indexes at rest (pre) and at 5-10 min 
interval of the post-exercise period (post). A = rMSSD - the square root of the mean 
of the sum of the squares of differences between adjacent RRi; B = pNN50 - 
percentage of pairs of adjacent RRi differing by more than 50 ms in the whole 
recording; C = SD1 - standard deviation of instantaneous beat-to-beat RRi variability 
derived from the Poincaré Plot analysis; D = HF – power of high-frequency 
oscillations (0.15 – 0.4 Hz), derived from the spectral analysis. * significant difference 
(p < 0.05). 
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Figure 3 – Correlations between pre- to post-exercise SD1 and HF reduction and 
absolute or percentage body mass loss. 
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Table 1 – Experimental session variables 
 
Variables WI CON p 

Pre-exercise    

HRrest 64 ± 9 65 ± 8 0.623 

BMi (kg) 75 ± 7 75 ± 7 0.986 

Exercise    

HRex (bpm) 159 ± 8 161 ± 9 0.325 

HRex (%HRmax) 81 ± 4 82 ± 4 0.328 

RPE 5.8 ± 0.9 5.7 ± 1.2 0.759 

Post-exercise    

BMf (kg) 74.5 ± 7.3
†
 74.1 ± 7.4

†
 0.910 

BM loss (kg) 0.09 ± 0.09* 0.4 ± 0.1 < 0.001 

BM loss (%) 0.1 ± 0.1* 0.6 ± 0.2 < 0.001 

Values are expressed in mean ± standard deviation. HRrest = resting heart rate, BMi = initial body 
mass, HRex = heart rate during the exercise, RPE = rating of perceived exertion, BMf = final body 
mass. * Significant difference versus CON condition. 

† 
Significant difference versus initial body mass 

(p < 0.05). 

 


