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Abstract: 

Resistance Training has become a popular method for people to perform physical activity to achieve certain physical qualities. Throughout resistance training, an individual’s body has to undergo physiological changes to keep functioning at a high level. Heart rate variability (HRV) is a non-invasive and useful method by which to monitor autonomic activity, during a resistance training session. HRV is found to be linked with the baroreflex system which functions to inform the autonomic nervous system of beat-to-beat changes in heart rate and blood pressure. The goal of this study was to determine how HRV was affected during acute resistance training to see if there was a significant difference in autonomic output during the recovery time following an acute resistance training session, using four different HRV metrics: SDNN, HF, SD2, and Sample Entropy. Ten healthy individuals were recruited to participate in the study. The participants HRV was monitored under two different conditions, a control day and acute resistance training day. Their HRV was obtained at three different time periods: before the exercise (“Pre”), immediately after exercise (“Immediately Post”), and 1 hour after exercise (“Post 1 Hour”). An ANOVA 2-way within subject repeat test was performed using the HRV metrics. Through statistical analysis, it was found that parasympathetic activity increased immediately following resistance training. These results indicated that HRV increases, due to an increase in parasympathetic activity, to help an individual recover from a resistance training session. Furthermore, it demonstrates the resistance training can be beneficial to increase parasympathetic activity help modulate blood pressure in order to allow an individual to be able to recover better. 




Intro: 
Resistance training has gained popularity in the last decade and today, it is widely used by recreationally active individuals to enhance their physical qualities. An individual needs to undergo physiological adaptations in the autonomic nervous system throughout the training session to not only achieve training and performing goals, but also to help in the recovery process after the training has finished (Marasingha-Arachchige et. al, 2020).  Heart rate variability (HRV) has been considered to be a useful method by which to monitor autonomic activity, during a resistance training session (Michael et. al, 2017). Heart rate variability refers to the changes in the time intervals between heart beats. In healthy individuals, the intervals between heartbeats are constantly changing and being adjusted to maintain blood pressure. Heart rate variability is used to assess autonomic nervous system activity by measuring the changes in the cardiac rhythm through time (Mejía-Mejía et. al, 2020).  Cardiac activity is controlled by both the sympathetic and parasympathetic systems, which induce heart rate oscillations at different rhythms.  The sympathetic nervous system prepares the body for energy expenditure, emergency, or stressful situations in response to high stimuli. Once the high stimuli have passed, the parasympathetic nervous system counteracts the sympathetic nervous system and brings the body back to a restful state by decreasing heart rate and increasing the body's normal operations, such as digestion (Gordan et. al, 2015). HRV information is usually measured using an electrocardiographic signal (ECG) to obtain the R-R intervals, the duration between each consecutive QRS complex peak (Pichot et. al, 2016). There are multiple indices that can be used to measure HRV, including SDNN, HF, SD2, and Sample Entropy.
SDNN is the standard deviation of the NN intervals, that is, the square root of variance calculated over short periods of time (Task Force of European Society of Cardiology, 1996; Shaffer and Ginsberg, 2017).  It measures the effect of both the parasympathetic and sympathetic nervous systems, as it observes fluctuations between the two (Shaffer & Ginsberg, 2017).  
The HF reflects parasympathetic activity and is called the respiratory band because it corresponds to the HR variations related to the respiratory cycle (Mejía-Mejía et. al, 2020; Shaffer and Ginsberg, 2017).  It is a measurement made in absolute values of power, ms2 (Task Force of European Society of Cardiology, 1996). The efferent vagal activity is a major contributor to the HF component, and it is thought to reflect an increase in parasympathetic nervous system activity (Task Force of European Society of Cardiology, 1996; Shaffer & Ginsberg, 2017).  In this study, we observed absolute power values of HF. 
SD2 is considered the standard deviation of the non-linear measurement of long-term heart rate variability (Shaffer and Ginsberg, 2017).  It reflects the dispersion of the points along the line of identity (Mejía-Mejía et. al, 2020).  SD2 is highly influenced by parasympathetic activity and correlates with baroreflex sensitivity (Shaffer & Ginsberg, 2017).  
Sample entropy is used to describe the regularity or randomness of the dataset of HRV (Mayer et. al, 2014). 
The impacts of HRV occurs through the stimulation of respiratory and autonomic reflexes, such as the baroreflexes, which lead to improved baroreflex function as well as increased gas exchange efficiency (Steffen et. al, 2021). The baroreflex system acts as a negative feedback loop to help stabilize certain processes, such as heart rate.  This system produces periodic fluctuations in blood pressure, heart rate, and vascular tone that reflect modulatory control (Lehrer and Eddie, 2014).  When the body is subjected to stressors, like acute resistance training, the heart rate may accelerate.  To counteract this, the baroreflex system uses baroreceptors that function to inform the autonomic nervous system of beat-to-beat changes in heart rate and blood pressure (Dimitriev et. al, 2016).  When there is an increase in stretch, this is sensed by the baroreceptors, and parasympathetic output will increase via the vagus nerve, whereas sympathetic output will decrease in the peripheral blood vessels, decreasing vascular resistance, lowering blood pressure. This causes the R-R intervals to increase in length, changing the heart rate (Dimitriev et. al, 2016; Ernst, 2017). Both autonomic responses combine to counteract increases in blood pressure.
In this study, we investigated the effects of HRV in 10 individuals at three different time periods (Pre exercise, Immediately Post exercise, and Post 1 hour exercise) and in two different conditions (Control and Resistance Exercise) to see if there was a significant difference in autonomic output during the recovery time following an acute resistance training session. 













Methods:
Participants
Ten healthy participants (5 male and 5 female) who participated in regular exercise at least 3 times a week were recruited to participate in the study. Participants were excluded from the study if they were pregnant, regular smokers, taking medication other than the contraceptive pill, under the age of 19 or 35, or had an underlying cardiovascular illness or a history of cardiovascular disease. Written consent was obtained from all ten participants in regard to the risks associated with the study. The procedures and risks of this study were reviewed and approved by the Research Ethic Board of Thompson Rivers University.

Study Design
 Participants came to the laboratory on three separate occasions throughout the conduction of the study. For 24 hours prior to each of the three testing days, participants were asked to refrain from performing strenuous exercise and consuming alcohol. On the day of testing, participants were asked to refrain from consuming caffeine. Upon arriving to the lab, participants were asked to rest quietly in a supine position for 10 minutes before the testing began. 

Experimental Protocol 
On the first day of testing, baseline measurements of R-R intervals were obtained at three separate time intervals (0 minutes, 45 minutes post, and 105 minutes post). These values acted as control measures for the pre workout, immediately post workout, and 1 hour post workout measurements that would be obtained on the testing day where resistance exercise training occurred. R-R intervals were recorded using three lead electrocardiogram (ECG) that were placed on the left and right clavicle of the participant as well as the left hip. The data was recorded on a computer using the software AcqKnowledge. The R-R interval data was recorded throughout the entire session, which included the rest period before and after the Valsalva manoeuvre was performed as well as when the Valsalva was being performed. On the second day of testing, participants conducted a series of tests according to standard guidelines obtained from the National Strength and Conditioning Association to determine their 10-rep maximum for the exercises used in the resistance exercise training. The exercises performed by each of the participants were as follows: Bicep curl, Triceps Extension, Lat Pull Down, Bent-over Row, Leg extension, Leg curl and Leg Press. For the upper body portion, only the right arm was used by the participants as on the day of testing, blood pressure would be monitored using their left arm. On the third day of testing, participants conducted a 45-minute, maximal resistance training workout. Testing began at the same time at which their baseline testing occurred. Participants completed 3 sets of 10 repetitions at their 10-rep maximum weight for each respective exercise. Between sets participants were a 2-minute rest. Throughout the workout, continuous beat-by-beat arterial BP and heart rate (HR) to determine the workload placed on the body. 

Obtaining HRV metrics 
Once all the data had been collected for both the control day and the resistance exercise day, we were able to analyze the HRV. All files that recorded the ECG data from each participant was converted to from and AcqKnowledge file to a LabChart file. From there, two different macros were created to analyze the data needed. Firstly, a macro was created on LabChart that recorded heart rate variability of an individual rest period that lasted two and a half minutes after the participant initiated a Valsalva for 15 seconds. The macro recorded the local maximum of the QRS complex of each individual R-R interval, using a 5% threshold. Then, a second macro was recorded by incorporating the first macro, to read the entire LabChart file and record heart rate variability data for six different rest periods that lasted two and a half minutes in length. The data collected was then input into the data pad on LabChart. Once the macros were created for the first participant, we were able to import them into all the other files for the different testing days and times for each individual participant and also among the different participants. The macros used were the same for the control and resistance exercise data. The raw data was then graphed using Microsoft Excel 2016 to see if there were any data points that were outliers. If so, the individual point(s) were then located in the LabChart file, and the correct number was inputted into the data pad in Microsoft Excel. The individual data sets for each participant that were obtained then had to be “unstacked”, meaning that each individual 2-and-a-half-minute rest period after the Valsalva was performed (6 in total for each data set) had to move to its own sheet. Each individual Microsoft Excel sheet was then saved as a text file and inputted into the HRVanalysis software. This software was able to calculate used to analyze heart rate variability. The values corresponding to SDNN, HF, SD2, and Sample Entropy were collected and placed into a separate Microsoft Excel spreadsheet for each participant. The six different rest periods were then averaged, giving us a mean for the four different HRV metrics. This process of collecting values to analyze HRV from the HRVanalysis software was done for each participant during the three different time periods the Valsalvas were conducted as well as the two different conditions (control and resistance exercise). 


Statistical Analysis
Once all the different values for SDNN, HF, SD2, and Sample Entropy were collected for each participant, under the two different conditions, the data was compiled into a single Microsoft Excel spreadsheet. Using the free open-source software statical program, Jasp, an ANOVA 2-way within subject repeat test was performed. Differences between the two different condition (Control and Resistance) factors along with the three different time period (Pre, Immediate Post, 1 Hour post) factors were calculated.  The interaction between condition and time was also analyzed using an ANOVA 2-way within subject repeat test in Jasp. A Post Hoc Comparison was performed on the factors that were significantly different. The Post Hoc Comparison test used was Tukey’s Test. It was testing differences among the different time and condition possibilities for significance. If the interaction between condition and time was significant, a Post Hoc comparison was only performed for that, even if a different individual factor (either time or condition) also showed significant difference. For significant differences, we only observed those between different time periods of the same condition and the same time period in the different conditions. The ANOVA 2-way within subject repeat test in Jasp also gave the means for each of the four different HRV metrics at the three different time periods in each of the two conditions. These means were the graphed using Microsoft Excel to demonstrate the distribution. 





Results: 
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Figure 1. Means of SDNN values for all participants at the three different time periods and the two different conditions (N=10). The means denoted with different letters (a; b) indicate significant differences between time periods within the same condition. 

Figure 1 shows that the mean for SDNN for the time period indicated as “Immediately Post” was significantly different from the other two time periods, “Pre” and “Post 1 hour” in the same condition. This can be seen in both the control and resistance conditions. 
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Figure 2. Means of HF Power values for all participants at the three different time periods and the two different conditions (N=10). The means denoted with the asterisks (*) indicate significant differences between the two conditions at the same time period. 

Figure 2 shows that the means for HF at the time period, “Pre”, were significantly different when comparing the two conditions (Control and Resistance). The other time periods did not differ between conditions. 
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Figure 3. Means of SD2 values for all participants at the three different time periods and the two different conditions (N=10). The means denoted with different letters (a; b; c) indicate significant differences between time periods within the same condition. 

Figure 3 shows that the mean for SD2 for all three time periods (Pre, Immediately Post, and Post 1 hour) were all significantly different from one another. When comparing the different conditions (Control and Resistance) at the three different time periods, there was no significant difference. 
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Figure 4.  Means of sample entropy values for all participants at the three different time periods and the two different conditions (N=10).

Figure 4 shows that there was a significant difference between the two conditions (Control and Resistance) in regard to sample entropy. 
 



Discussion: 
This study looked at if heart rate variability (HRV) was affected during acute resistance training performed by 10 healthy participants. HRV has been commonly applied to athletes in order to control working load doses during training periods (Estévez-González et. al, 2021). It has been used as a non-invasive method to evaluate heart rate regulation caused by autonomic nervous system activation, and more specifically, the subdivisions known as the parasympathetic and sympathetic nervous systems (Mejía-Mejía et. al, 2020; Kingsley and Figueroa, 2014). 
In terms of the different metrics that can be used to analyze HRV, SDNN can be used to observe the differences in both sympathetic and parasympathetic activity. It is also thought that the main source of variation in short-term recordings is the parasympathetically mediated respiratory sinus arrhythmia (RSA) (Mejía-Mejía et. al, 2020; Shaffer and Ginsberg, 2017).  RSA is considered to be a marker of vagal (parasympathetic) function and can be used as an index in the measurement of the heart’s vagal control (Shaffer & Ginsberg, 2017). When observing the results of SDNN, the interaction between the two factors (condition and time) was significant (p < 0.05). We were able to see that in both the control condition as well as the resistance exercise condition, there was a significant increase in the mean during the time period “Immediately Post”. This indicates that parasympathetic activity was high immediately following exercise. As the participants began to return to their normal resting rates, the parasympathetic activity decreased, as did the SDNN mean values. 
	When looking at the results of SD2, the time factor was significant (p < 0.05). It can be seen that each of the three time periods significantly differs from one another. The time period “Immediately Post” had the highest SD2 value for both conditions (Control and Resistance). The increase during the immediately post time period indicates an increase in parasympathetic activity and then as the participant is recovering, their parasympathetic activity decreases and begins to return to a resting level. 
	In regard to HF, the p-value for the interaction between the condition and time factors was significant (p < 0.05). The HF values only differed significantly between the two conditions (Control and Resistance) at the time period “Pre”. This difference was unexpected as they should have been relatively similar. The difference did not really inform us about the magnitude of activation in autonomic activity in regard to acute resistance training. Overall, these results indicate that there was no real change in parasympathetic activity during any of the three time periods. This finding aligns with a study conducted by Figueroa et. al in 2007, where they found that absolute power HF (ms2) did not improve after a resistance training session. However, in different studies, when observing the HFnu (nu = normalized units), it was seen that HFnu significantly increased following resistance exercise training and then began to significantly decrease as the individual was recovering (Marasingha-Arachchige et. al, 2020; Michael et. al, 2017). 
	In regard to sample entropy, there was significant differences found between conditions (p < 0.05). The control condition had a higher sample entropy compared to the resistance condition. This indicates that vagal HR modulation was greater in the control condition (Weippert et. al, 2014). From a study conducted by Porta et. al in 2013, concluded that a change in sympathetic-vagal balance towards a sympathetic dominance increased regularity and thus reduced entropy values. 
	HRV reflects regulation of autonomic balance, blood pressure (BP), gas exchange, gut, heart, and vascular tone (Dias et. al, 2021). Having an optimal level of HRV is associated with health and self-regulatory capacity, and adaptability or resilience (Shaffer & Ginsberg, 2017). After observing the different HRV metrics, one could see that there was an increase in parasympathetic activity that occurred immediately after a resistance training session. This indicates that HRV was affected immediately after acute resistance exercise, especially when there was an increase of parasympathetic activity to help with recovery as rapid (though incomplete) recovery is commonly observed in the initial minutes following exercise (Michael et. al, 2017). As participants began to recover, the slowed rate of breathing in turn can contribute to an increased baroreflex sensitivity, leading to a more regular HR pattern and an elevation of baroreceptor mediated HRV measures (Weippert et. al, 2014). Having higher HRV metrics and therefore having higher variability indicated good health conditions in individuals and provide a good measure of the adaptivity of the brain–body system (Ernst, 2017). A review, conducted by Kingsley and Figueroa in 2014, found that studies suggest that acute resistance training may not improve resting HRV in healthy young adults overall because they already have a normal cardiac autonomic function. However, it is possible that beneﬁcial effects of resistance training on HRV may be observed during recovery from exercise. 
	The findings from this study indicate the resistance training is an effective way to increase parasympathetic activity immediately following exercise to modulate blood pressure in healthy individuals so they are able to recover better after a training session. 
	 
Limitations:
The metric HF that was used to analyze HRV showed that there was no significant difference in the time periods of the different conditions. This could potentially be due to the fact that HF used in the statistical analysis was the absolute power of HF (ms2), instead of normalized units of HF (HFnu). This could have affected how parasympathetic activity, in terms of HF values, changed during acute resistance exercise training. Individual heart rate was also not part of the data that was collected and analyzed. The heart rate of the participants could have also been an indicator as to whether or not autonomic output was increased during the recovery period. 
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