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ABSTRACT

Oliveira TP, Lima JRP. Post-Exercise Cardiac Full Vagal Reactivation: Initial Proposal and Influence of Physical Training. JEPonline 2012;15(6):103-111.  The optimal autonomic recovery after physical exercise has an important impact on the health status and in sports training. There is no easy-to-apply method to assess the body's ability to fully recover the autonomic balance after the exercise stress. The purpose of this study was to make an initial proposal of a method to evaluate the time needed for restoration of cardiac vagal modulation after exercise and investigate the influence of physical training on this time. Cardiac vagal modulation was evaluated through the analysis of RMSSD at rest and during 60 min after a submaximal exercise (50% VO2 max) on a cycle ergometer in healthy young males (n = 18). Then, the time required individually for the post-exercise RMSSD to reach its resting values (full vagal reactivation time, FVR) and the influence of the level of physical training on this time. The t-test for independent measurements was performed to compare the FVR time between the low and the high physical training groups (P<0.05). On average, 17 min (± 14 min) was required for FVR after submaximal exercise. Individuals with higher levels of physical training had faster FVR (9.5 ± 7.6 min) than their counterparts with lower levels of physical training (24.8 ± 17.1 min). The method proposed by this study is efficient and promising. Also, the positive effects of physical training on post-exercise FVR support the practice of regular exercise as an efficient strategy to improve the cardiac autonomic recovery after exercise. 
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INTRODUCTION
Physical exercise produces an acute body stress, with substantial effects on cardiac autonomic control (23). The increase in heart rate (HR) that occurs during physical exercise is the outcome of a coordinated neural adjustment system that produces reflexly a decrease in cardiac vagal activity and an increase in cardiac sympathetic activity (17). This autonomic imbalance produced by exercise creates an environment conducive to the emergence of cardiovascular arrhythmias that often persists for some time during post-exercise recovery (1,19,23).
Given the cardioprotective role attributed to cardiac vagal modulation (4,18), it is believed that the individual remains under the risks of physical exercise while cardiac vagal modulation is returning to its resting condition. Thus, one can say that the shorter the time required to completing post-exercise vagal reactivation, the better the individual's clinical condition. It is reasonable then that strategies promoting the acceleration of this response are welcome. 
Physical exercise is considered a non-drug therapy with a positive impact on the cardiovascular system and cardiac autonomic modulation (21,26). Studies have shown that exercise training also enhances the cardiac vagal reactivation (5,6). However, most of these studies evaluated only the first moments of cardiac autonomic recovery, disregarding the time of post-exercise full vagal reactivation (FVR), whose clinical significance was defined previously. This is probably due to the lack of methods for FVR assessment. 
The purpose of this study was to make an initial proposal of a method to study the time required to achieve the full post-exercise cardiac full vagal reactivation, and also to verify the role of physical training at this time.

METHODS	
Subjects
Eighteen healthy males participated in the study (age = 22.1 ± 2 yrs; BMI = 24.1 ± 2 kg·m-2). All subjects were instructed not to drink alcohol or caffeine-containing beverages, and also not to do any physical exercise in the 24 hrs preceding the tests. The use of any drug with a cardiovascular action was an exclusion criterion. The subjects were fully informed of the procedures to be undertaken, and provided written informed consent about their participation in the study. The procedures were adopted with respect to the international norms of experimentation on human subjects (Helsinki Declaration, 1975) and were approved by the ethics committee of the institution.

Experimental Protocol
The experiment was conducted in two sessions, on non-consecutive days. In order to avoid influence of circadian rhythm in the measured variables, all tests were performed in the morning (8-12 am). 

Day 1: On the first day, height and body mass, level of physical activity, and maximal aerobic capacity of the subjects were assessed. The level of physical activity was assessed through the Baecke Questionnaire of Habitual Physical Activity – BQHPA (3). Only the systematic practice of physical exercises/sports was considered, that is, the physical training through calculation of the gross score BQHPA question 9, regarding the practice of sports/physical exercises. In order to assess the subjects’ maximal aerobic capacity, they performed an incremental maximal exercise test, on an electromagnetically-braked cycle ergometer, with initial power of 100 W, with 25 W increases each minute until maximum voluntary exhaustion was reached. Analysis of the expired gases was continuously performed with the VO2000 metabolic analyzer (MedGraphics, USA), which was calibrated manually before each test. From the exercise test, VO2 max was identified. The exercise test was considered maximal under two of the following three conditions: (a) plateau in the VO2 curve in spite of increased load; (b) respiratory ratio >1.1; and (c) at least 90% of the maximal age-predicted HR.

Day 2: On the second day, the subjects underwent resting RR interval (RRi) recording, performed the submaximal exercise and then, realized the recording of post-exercise recovery RRi. The Polar S810i monitor (sampling frequency: 1000 Hz), was used to measure the RRi at rest and at post-exercise recovery (25). Initially, the subjects remained resting in the supine position for 15 min. Then, they performed the submaximal exercise on the cycle ergometer (50% VO2 max, 30 min) at constant cadence of 60 revolutions per minute (RPM). After exercise cessation, the subjects quickly proceeded to lie down on a stretcher where they rested and remained during the 60-min recovery period.

Procedures
Data Transmission, Signal Processing and HRV Analysis
After RRi recording by the monitor, the data were transmitted to a computer, through an interface with an infrared device and the Polar Precision Performance software. The data were subsequently sent to Kubios HRV (v. 2.0) to HRV analysis. The 5-min mean of root mean square of successive differences in RRi (RMSSD index) was used to analyze HRV at rest and during whole recovery (Figure 1). Although studies on HRV generally control for the respiratory rate, we chose not to do so in order to not interfere with the return of the HRV to baseline levels. 

Identification of Full Vagal Reactivation
For FVR identification, the last 5 min of resting iRR recording were divided into 10 windows of 30 sec each. The RMSSD index was then calculated for each window (RMSSD30s). The mean, standard deviation, and coefficient of variation (%CV) of the RMSSD30s values of the formed windows were then calculated. A mean %CV of 19% was observed among the RMSSD30s at rest. From this variation, a tolerance range was determined, which, when reached by recovery RMSSD values, would determine the FVR (Figure 1).
[image: ]
       Figure 1



Statistical Analyses
The data were presented as mean ± standard deviation. Because the Shapiro-Wilk’s test showed that the RMSSD index had a skewed distribution, the logarithmic transformation of this index (InRMSSD) was performed. The median was used for group definition according to the physical training. The low physical training group (LPTG) was the one whose physical training score was lower than the calculated median and the high physical training group (HPTG) was the one whose physical training score was higher than the calculated median. In order to compare FVR between the groups, student’s t-test for independent measurements was performed (α = 0.05).

RESULTS
Table 1 shows the characterization of the sample. The groups did not significantly differ as for age, weight, or VO2 max.
Table 1. Sample Characterization.
	Group
	N
	Age 
(yrs)
	Weight 
(kg)
	HR max (beats·min-1)
	VO2 max 
(mL·kg-1·min-1)
	PT (score)

	LPTG
	9
	22.1 ± 2
	 74.4 ± 10.7
	188.1 ± 9.2
	46.3 ± 3.6
	2.1 ± 1

	HPTG
	9
	22.0 ± 3
	76.4 ± 5.1
	187.0 ± 6.7
	47.4 ± 2.8
	 6.5 ± 2*


LPTG = low physical training group; HPTG = high physical training group; HR max = maximum heart rate; PT = physical training score (question 9 - Baecke’s questionnaire); (*) P<0.05 (‘between groups’ comparison).

Exercise
HR values during exercise were 143.0 ± 8.1 and 137.8 ± 10.9 beats·min-1 for the LPTG and HPTG, respectively. There was no statistically significant difference between these values. Exercise HR corresponded to a mean relative intensity of 75% of the HR max.

Influence of Physical Training on the Post-Exercise Full Vagal Reactivation 
Figure 2 shows the behavior of RMSSD at rest and during post-exercise recovery period in LPTG and HPTG groups. The FVR-method proposed by this study proved to be easy-to-apply and could be performed in all subjects (Figure 3). Figure 4 shows the mean FVR values (± standard deviation) of all individuals and in each formed group. Both groups reached the FVR in <1 hr (17.1 ± 14.8 min). Yet, whereas in the LPTG, the FVR occurred after 25 min (±17.1), only 9 min (±7.6) was necessary for FVR to be reached in the HPTG.
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DISCUSSION

This study made an initial proposal of a method to identify the required time for the post-exercise FVR and also tested the effect of physical training on this time. In this sense, the FRV-method proved to be easy-to-apply and sensitive to the effects of physical training. 
Several methods have been proposed to study post-exercise full vagal reactivation. The most widely known are: (a) HRR, the difference between HR at the peak of exercise and HR after 60 sec of recovery (2,9,20,29); (b) HRRt, calculated by the exponential-adjusted HR falling time constant (27); and (c) T30, which represents the negative reciprocal of the inclination of the regression curve of the natural logarithms of the HR corresponding to each R-R interval from the 10th to the 40th sec of recovery (16). In common between these indices, the fact they consider only the first minutes of recovery. Despite the potential clinical importance of the FVR study, there is no easy-to-apply index that mirrors the ability of the human subject to fully recover from exercise-induced cardiovascular autonomic stress.
Post-exercise FVR involves the restoration of many regulatory mechanisms. Among these, the following should be highlighted: (a) cessation of inhibitory vagal stimuli from the motor cortex (central command) (8); (b) cessation of mechanoreceptor action (7); and (c) the gradual reduction of the stimulation of skeletal muscle metaboreceptors (10). Besides these factors, it should be noted also the normalization of blood pH concentrations and of the partial pressure of arterial O2 and CO2, which deactivates the aortic and carotid chemoreceptors (14) are involved in post-exercise FVR. Another factor that should be highlighted is the restoration of body temperature, which possibly also has relation with the cardiac FVR (13). 
This study found positive influence of physical training on FVR. This finding is consistent with previous studies (5,6), which indicated that physical training influenced cardiac autonomic recovery. We observed that after moderate-intensity exercise, both groups had FVR in less than 1 hr. However, whereas the HPTG was fully recovered 9 min after exercise cessation, it took the LPTG 24 min to achieve FVR. Besides being statistically significant, these differences also have high magnitude, as the division of the difference of mean groups results by the pooled-standard deviations results in an effect size (Cohen d) of 1.3 (i.e., large effect). Although the methods of the present study do not allow for greater understanding of the causes underlying this response, it is speculated that the metabolites removal capacity (known to be enhanced by physical training), may have contributed to the faster FVR in the trained (22). 
Other factors that may also be enhanced in trained subjects and may have influenced the results are increased baroreflex sensitivity (30), lower chemoreflex activation (15), and better post-exercise body temperature cooling system (11). Future studies should investigate the behavior of these mechanisms during the post-exercise period, and the relation of each to the FVR responses. However, regardless of the mechanisms underlying the findings, the results of this study endorse FVR-method as promising, since even in a homogenous group of young and healthy subjects, whose only difference was the physical training level, the method was able to distinguish such groups.

Full Vagal Reactivation Method Proposition: Next Steps
For the FVR-method validation, it is necessary that a pharmacological blockade study confirms the theoretical assumptions of this study and, therefore, the ability of the method to assess the post-exercise FVR. It is also necessary to investigate the reproducibility of the method and its usefulness in studies involving clinical populations so that finally a possible prognostic value can also be investigated. Furthermore, factors such as exercise intensity, duration and type; co-morbidities and cardiovascular impairment; age; lifestyle; drug use; fatigue and overtraining levels; among others, may influence FVR, being amenable to investigation.

Study Limitations
The fact is there are no analyses of the HRV in the frequency domain of the post-exercise autonomic recovery could be considered a limitation of this study. HRV analysis in the frequency domain allows for greater understanding of the individual roles of the loops of the autonomic nervous system in post-exercise recovery (28). However, the use of these indices assumes the steady condition of the data, typical of analyses made at rest. The use of linear methods for obtaining HRV values in situations of HR variation, such as exercise and recovery, could lead to inconsistent results that hamper the reading of the results. Furthermore, a study by Ng et al. (24) suggests that analyses in the time domain are preferable to those in the frequency domain during recovery. According to this study, there is a high correlation between the two analyses, although the former is less prone to the mathematical anomalies. The choice of RMSSD is justified because this is a validated index of post-exercise full vagal reactivation (12).

CONCLUSIONS

The FVR method proposed by this study is efficient, easy-to-apply, and presents a potential practical application, since it was sensitive to the effects of physical training. The positive effects of physical training on post-exercise FVR endorse the practice of regular exercise as an efficient strategy to improve the cardiac autonomic recovery after exercise. 
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