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ABSTRACT

Wyatt FB, Bhanushali PP. Influence of the Parasympathetic Nervous System on Heart Rate after the Onset of Exercise and Immediate Post-Exercise Recovery. JEMonline 2023;8 (2):1-9. This study followed an analysis of archived data in the form of heart rate response to incremental workloads to volitional fatigue. The subjects were 33 healthy males between 19 and 47 years of age. They were divided into 2 Groups: Very Fit (VF) Group and Moderately Fit (MF) Group, based on their maximal oxygen consumption (VO2 max) from the median for the group. The median value obtained was 57.2 mL·kg-1·min-1. There were 16 subjects in the VF Group (above 57.2 mL·kg-1·min-1) and 17 subjects in the MF Group (below 57.2 mL·kg-1·min-1). The parasympathetic withdrawal includes the heart rate (beats·min-1) data collected during the first 3 minutes of exercise. The parasympathetic reinfusion includes the heart rate data collected during the 3 minutes post-exercise. Means and standard deviations (M ± SD) were determined across variables. Associations between variables were determined through correlation analyses (Pearson Product R) and paired differences were determined using an Independent Samples t-Test. Statistical significance was determined a priori at P ≤ 0.05. The correlation coefficient for the VF Group parasympathetic withdrawal versus the parasympathetic reinfusion was -0.81 (P < 0.05) and was found to be significant. An Independent Samples t-Test found parasympathetic withdrawal and reinfusion between the VF and the MF Groups was significantly different, P < 0.002 and P < 0.001, respectively. The conclusion indicates significant association between parasympathetic withdrawal and parasympathetic reinfusion for the VF Group of subjects but not for the subjects in the MF Group.
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INTRODUCTION
Cardiovascular fitness is an important component of training programs of various sports. Heart rate is one of the most important cardiovascular parameters used in sports measuring athletic performance. Heart rate response to exercise has always been a field of argument for many sports scientists and athletic trainers. The heart rate is variable, and the measures of heart rate variability are used to investigate the dynamics of the cardiovascular control system (17,20). Heart rate is directly proportional to intensity of exercise (10). There are many factors that cause heart rate variability. The main extrinsic factors responsible are the autonomic nervous system and the endocrine system (1,18). The parasympathetic nervous system is a branch of the autonomic nervous system, and reaches the heart through the vagus nerve (8). The vagus nerve has a depressant effect on the heart, and it results in a decrease in heart rate (4). The sympathetic nervous system is another branch of the autonomic nervous system. It has the opposite effect in comparison to the parasympathetic nervous system (19). After the onset of exercise, the heart rate first increases due to withdrawal of vagal tone, with a further increase if necessary due to sympathetic activation (11,12). The purpose of this study is to investigate the influence of parasympathetic system on heart rate after the onset of exercise and immediate post-exercise recovery. 

METHODS


Subjects

The demography of the subjects was determined via the archived data. The subjects comprised of past research data during cycle ergometry testing to volitional fatigue. Demographic information included age (y), gender (m/f), weight (kg), height (cm), and maximal oxygen consumption (VO2 max, mL·kg-1·min-1). The subjects were 33 healthy males between 19 and 47 years (y) of age. The 50th percentile of the VO2 max was determined by using the median for the subjects. The median value obtained was 57.2 mL·kg-1·min-1. The subjects with the VO2 max above 57.2 mL·kg-1·min-1 were grouped into a very fit category, and the subjects with VO2 max below 57.2 mL·kg-1·min-1 were grouped into moderately fit category. There were 16 subjects in the Very Fit Group and 17 subjects in the Moderately Fit Group. Ethical approval for the investigation was obtained from the Institutional Review Board for Human Subjects at Midwestern State University.    

Procedures

This study followed an experimental approach to the problem through the analysis of archived data in the form of heart rate response to incremental workloads to volitional fatigue. It was a comparative study between 2 Groups based on their fitness status. The testing protocol was the active independent variable involved in the study. Analysis included two levels of heart rate response: (a) the heart rate response at the onset of exercise; and (b) the heart rate response at immediate post-exercise. The subjects’ beats per minute (beats·min-1) rate were recorded and averaged over 20 seconds.    

. 

Statistical Analysis

Descriptive analysis included group mean and standard deviation (M ± SD) of the subjects’ height (cm), weight (kg), age (y), and VO2 max (mL·kg-1·min-1). Heart rate data for the completed tests utilized a linear-logarithmic cross over design to determine the end point of parasympathetic withdrawal. Heart rate (beats·min-1) data from peak heart rate at volitional fatigue to the first 3 minutes of immediate post-exercise was analyzed for parasympathetic reinfusion. The parasympathetic withdrawal included the heart rate data collected during the first 3 minutes of exercise. The parasympathetic reinfusion included the heart rate data collected during the last 3 minutes of exercise.  
Slope for heart rate analysis was established through a linear regression analysis. A Pearson Product R correlation coefficient was run to determine associations between heart rate response due to parasympathetic withdrawal at the onset of exercise and the heart rate response due to parasympathetic reinfusion at immediate post-exercise. An Independent Samples t-Test was used to determine the difference between the heart rate response due to parasympathetic withdrawal and heart rate response due to parasympathetic reinfusion for both the Very Fit and the Moderately Fit Groups). Statistical significance was set at an alpha level of P≤0.05. 

RESULTS

The archived data included only male subjects. The mean and standard deviation of age, height, weight, and maximal oxygen consumption (VO2 max) are shown in Table 1. 

Table 1. Mean and Standard Deviation of Demographic Data.
	
	Age 
(y)
	Height (cm)

	Weight 
(kg)
	VO2 max (L·min-1)
	VO2 max 
(mL·kg-1·min-1)

	Mean
	 25.74
	173.09
	  74.52
	  4.53
	 59.82

	Standard Deviation
	± 8.05
	± 29.69
	± 14.05
	± 0.52
	± 8.16


Post hoc analysis determined 2 Groups of four comparisons utilizing VO2 max as the criterion measure to establish fitness level. The difference between the 2 Groups’ fitness status was found to be statistically significant by using an Independent Samples t-Test, with a t-score of 7.7 (P<0.001). The mean VO2 max for the Very Fit Group was 66.53 mL·kg-1·min-1 and for the Moderate Fit Group was 53.50 mL·kg-1·min-1. Figure 1 (bar and error) presents the graphical difference between the 2 Groups. 
Each Group had two comparisons: (a) parasympathetic withdrawal; and (b) parasympathetic reinfusion (13). Parasympathetic withdrawal consisted of the first 3-minute heart rate measures of the subject. Parasympathetic reinfusion consisted of the last 3-minute heart rate measures of the subject.
Figure 1. Graph Depicting the Difference between Very Fit and Moderately Fit Group.

*VF = Very Fit; MF = Moderately Fit

Figure 2 is a scatterplot utilizing time on the X-axis and the four variables on the Y-axis: (a) very fit parasympathetic withdrawal; (b) very fit parasympathetic reinfusion; (c) moderately fit parasympathetic withdrawal; and (d) moderately fit parasympathetic reinfusion. The slope for very fit parasympathetic withdrawal was 0.0982. The slope for moderately fit parasympathetic withdrawal was 0.079. The slope for very fit parasympathetic reinfusion was -0.217. The slope for moderately fit parasympathetic reinfusion was -0.135. Further, an Independent Samples t-Test was run between the four variables on the Y-axis. 
The difference between heart rate response due to parasympathetic withdrawal in Very Fit Group and heart rate response due to parasympathetic withdrawal in Moderately Fit Group was found to be statistically significant (P=0.02). The difference between heart rate response due to parasympathetic reinfusion in Very Fit Group and heart rate response due to parasympathetic reinfusion in the Moderately Fit Group was found to be statistically significant (P=0.03).
Figure 2. Scatter Plot Depicting Slope.  
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*Very Fit Para With = Very Fit Parasympathetic Withdrawal; Mod Fit Par With = Moderately Fit Parasympathetic Withdrawal; Very Fit Para Reinfusion = Very Fit Parasympathetic Reinfusion; Mod Fit Para Reinfusion = Moderately Fit Parasympathetic Reinfusion

A post hoc correlation analysis was run to determine if the heart rate response due to parasympathetic withdrawal was associated with heart rate response due to parasympathetic reinfusion, in both the Moderately Fit and the Very Fit Groups of subjects. The correlation coefficient for Very Fit Group parasympathetic withdrawal versus parasympathetic reinfusion was -0.81 was found to be significant (P<0.05). The correlation coefficient for Moderately Fit Group parasympathetic withdrawal versus parasympathetic reinfusion was 0.65 and was found to be non-significant. The Independent Samples t-Test was run to determine the difference between the heart rate response due parasympathetic withdrawal and the heart rate response due to parasympathetic reinfusion for both the Very Fit and Moderately Fit Groups of subjects. Significant differences were found at P=0.002 and P=0.001, respectively.

DISCUSSION
The current study included 33 male subjects with high aerobic capacity that differs to previous studies. The subjects were divided into 2 groups based on their aerobic capacity. There were 16 subjects in the Very Fit Group and 17 subjects in the Moderately Fit Group. The difference between the 2 Groups’ fitness status was found to be statistically significant (P=0.001) (9). The mean VO2 max for the Very Fit Group was 66.53 mL·kg-1·min-1 and for the Moderately Fit Group was 53.50 mL·kg-1·min-1. Each of the 2 Groups had two comparisons: (a) parasympathetic withdrawal; and (b) parasympathetic reinfusion. 
Physical exercise is associated with parasympathetic withdrawal and increased sympathetic activity resulting in an increase in heart rate (12). After the onset of exercise, the heart rate first increases due to withdrawal of vagal tone, with an additional increase if necessary due to sympathetic activation (19). Sympathetic activation occurs through feedback mechanisms from peripheral mechanical and chemical receptors (10). This is necessary to meet the increased demand of the body after the onset of exercise. In the current study, the parasympathetic withdrawal measurement of heart rate was taken during the first 3 minutes at the onset of exercise while the parasympathetic reinfusion measurement of heart rate was taken during the 3 minutes of immediate post-exercise. Heart rate recovery after exercise involves a coordinated interaction of parasympathetic re-activation and sympathetic withdrawal (3). The parasympathetic reinfusion during the post-exercise recovery period plays a very important role in bringing the heart rate back to normal and establishing homeostasis. 
Figure 2 was plotted using a scatter plot, keeping time on the X-axis and the following four variables: (a) very fit parasympathetic withdrawal; (b) very fit parasympathetic reinfusion; (c) moderately fit parasympathetic withdrawal; and (d) moderately fit parasympathetic reinfusion on the Y-axis. The slope for very fit parasympathetic withdrawal was 0.0982, and the slope for moderately fit parasympathetic withdrawal was 0.079. This indicates the slope for very fit parasympathetic withdrawal was steeper when compared to the slope for the moderately parasympathetic withdrawal. This finding suggests that the subjects in the Very Fit Group have faster parasympathetic withdrawal versus the subjects in the Moderately Fit Group. The slope for very fit parasympathetic reinfusion was -0.217, and the slope for moderately fit parasympathetic reinfusion was -0.135. Again, this indicates that the slope for the very fit parasympathetic reinfusion was steeper as compared to the slope for the moderately parasympathetic reinfusion. 
This finding suggests that subjects in the Very Fit Group have a faster recovery as compared to the subjects in the Moderately Fit Group. Lamberts et al. (16) performed a study on changes in heart rate recovery after high intensity in well trained cyclists. They found that heart rate recovery was significantly improved in the well-trained cyclists after high intensity training sessions (16). Moreover, this indicates heart rate recovery is a sensitive marker that tracks changes in training status and recovery in well-trained cyclists, and it has the potential to have an important role in monitoring and prescribing training regimens (6,15). A decrease in resting heart rate and a relative lower heart rate at any stage of exercise at any given submaximal VO2 is a common adaptation in long term endurance training (2,7). 
However, the magnitude in the heart rate reduction during endurance training may be much smaller than that reflected in some of the cross-sectional studies comparing elite endurance athletes with sedentary controls (19). Further, the Independent Samples t-Test run between the Groups indicated significant heart rate changes based on fitness status. The difference between heart rate response due to parasympathetic withdrawal in the Very Fit Group and heart rate response due to parasympathetic withdrawal in the Moderately Fit Group was found to be statistically significant (P=0.02). This suggests that fitness status affects the parasympathetic withdrawal in the subjects (5). 

The difference between heart rate response due to parasympathetic reinfusion in the Very Fit Group and heart rate response due to parasympathetic reinfusion in the Moderately Fit Group was also found to be statistically significant (P=0.03). This finding suggests that fitness status affects the parasympathetic reinfusion in the subjects. A post hoc correlation analysis was run to determine if heart rate response due to parasympathetic withdrawal was associated with heart rate response due to parasympathetic reinfusion in both the Moderately Fit Group and the Very Fit Group. The correlation coefficient for Very Fit Group parasympathetic withdrawal versus parasympathetic reinfusion was -0.81, and it was significant (P < 0.05). This finding suggests that there is significant association between heart rate response due to parasympathetic withdrawal and heart rate response due to parasympathetic reinfusion in the Very Fit Group. The correlation coefficient for the Moderately Fit Group parasympathetic withdrawal versus parasympathetic reinfusion was 0.65, which was non-significant. This finding suggests that there is no statistically significant association between heart rate response due to parasympathetic withdrawal and heart rate response due to parasympathetic reinfusion in the Moderately Fit Group. 
Lastly, an additional Independent Samples t-Test was run to determine the difference between the heart rate response due to parasympathetic withdrawal and heart rate response due to parasympathetic reinfusion within the Groups. For the VF Group, this was found to be statistically significant (P=0.002), suggesting that there is significant difference between heart rate response due to parasympathetic withdrawal and heart rate response due to parasympathetic reinfusion for the VF Group of subjects. For the MF Group, the difference was found to be statistically significant (P=0.001), thus indicating that there is a significant difference between the heart rate response due to parasympathetic withdrawal and the heart rate response due to parasympathetic reinfusion for the MF Group of subjects. 

CONCLUSIONS
There is a significant difference in heart rate response due to parasympathetic withdrawal between subjects of the Very Fit Group and the Moderately Fit Group (14). It was also determined that a significant difference exists for heart rate response due to parasympathetic reinfusion between subjects of the Very Fit Group and the Moderately Fit Group. A correlation analysis suggests that there is a significant association between heart rate response due to parasympathetic withdrawal and parasympathetic reinfusion for the Very Fit Group of subjects. But there was no significant association between heart rate response due to parasympathetic withdrawal and parasympathetic reinfusion for the Moderately Fit Group of subjects. Further analyses suggest that there is a significant difference found between heart rate response due to parasympathetic withdrawal and parasympathetic reinfusion for both the subjects in the Very Fit Group and the subjects in the Moderately Fit Group.
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