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Abstract
This experiment is to look at the difference between university students heart rate variability (HRV). HRV describes the changing rhythm of the heart and length between beats. To measure this a three-point electrocardiogram (ECG) was used to record the HRV readings. The results showed a difference in variations between age and gender. HRV can be used as an index to gauge the state of the cardiac and nervous system, disease, fatigue and health. As it is an easy to measure, non-invasive technique it has wide application for athletic and public use. Further studies could use a larger group and take longer readings. 





















Heart Rate Variability in University Students: Cardio-Respiratory Lab Report
Heart rate variability (HRV) as a measure of cardio-respiratory, psychophysiological and emotional health observed in university students will be the basis of this lab report. HRV is a measure of the variation in beat-to-beat intervals, or the duration between beats, over a time period (Thayer et al., 2012; Golosheykin, 2015). Hear rate (HR) is how many beats over time period. These inter-beat intervals, or RR intervals (see Fig. 1), reflect oscillations of the heart cycle and is considered a measure of the activity of the autonomic nervous system (ANS) to regulate the function of the cardiovascular system (Dong, 2016; Jimenez, 2017). To better understand HRV, it helpful to understand the heart. Within cardiac muscle some cells are known as excitable cells that can conduct an action potential (Lopez & White, 2006). To initiate its action, the heart requires an electrical stimulus. The propagation of the electrical impulse comes from the sinoatrial node (Lopez & White, 2006). This often is known as the pacemaker for its purpose of regulating the usual rhythmic contractions of the heart. From this node the impulse passes to the atrial muscles causing atrial systole and then to the atrioventricular node. It is then conveyed by the Purkinje fibres to ventricular muscles, causing ventricle systole. These contractions can be measured in the form of an electrocardiogram (ECG) signal on the surface of the skin due to minute changes in electrical voltages (depolarization) preceding the contractions (Lopez & White, 2006). 
Figure 1.
RR Intervals
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Figure 1. (Dong, 2016)
Both the sympathetic nervous system (SNS) and parasympathetic nervous system (PNS) hold influence over the sinoatrial (SA) node in the heart. At normal body temperature this node sets a rate of about 120 beats per minute (bpm). The vagus nerve, which main function is afferent signalling (information from organs to the brain, in this case the heart), inhibits the SA node to keep the resting heart rate in the range of 70-80 bpm (Thayer et al., 2012; Lopez & White, 2006). The manner in which the parasympathetic nervous system influences heart rate through the vagus nerve is by releasing the neurotransmitter acetylcholine. The result is two-fold by slowing both the activity at the SA node and the cardiac impulse received at the ventricles. The sympathetic nervous system stimulates sympathetic nerve endings mainly at the pacemaker. This is done through release of another neurotransmitter, noradrenalin, in which it increases the SA node discharge rate and accelerating impulse conduction at the atrioventricular node. Respectively, when the heart speeds up this is known as tachycardia and when it slows bradycardia. 
By measuring this variation over time, the slowing and speeding up of the heart rate through the PSN and the SNS influence via the vagus nerve, we have the heart rate variability of an individual (Thayer et al., 2012). Heart rate variability is considered a good marker for assessing adequate cardiac regulation of both psychological and physiological stimulus of the autonomic nervous system (Dong, 2016). Specifically, evidence suggests that when respiration rate and depth are controlled HRV is a measure of parasympathetic (vagal) activity (Schinkoeth et al., 2019). Under normal resting conditions this is a phenomenon known as rhythmic sinus arrhythmia (RSA) (Dong, 2016). While respirating there is cardiac-deceleration during expiration and cardiac-acceleration during inspiration. This is respiratory sinus arrythmia. During the expiration phase there is an occurrence of efferent signalling from the vagus nerve to the sinus node which is absent or weakened with inspiration (Dong, 2016). This suggests that there is more of an effect on the nervous system from breathing out, mainly calming or slowing of the heart rate, than there is breathing in by the parasympathetic influence (Thayer et al., 2012).
Analysis of the recordings of RR intervals and heart rate are measures used as indicators of the autonomic nervous systems function (Nummela et al., 2016). As the heart reacts to stimuli the rhythm increases and decreases in order for the body to change and adapt which shows a correspondence between HRV and this adaptability (Fatisson et al., 2016). Most HRV scores are ranked from weak/low, normal and high. A high score suggests that there is more flexibility of the heart, or organism, to adapt to stress or stimulus (Fatisson et al., 2016). It has been shown that a high level of endurance performance (essentially dealing with high stress) is correlated with high heart rate variability and low heart rate (Nummela et al., 2016). They are also being used as markers for health indication as a low HRV is “associated with an increased risk of all-cause mortality” (Thayer et al., 2012). As HRV indices have been associated with health risk factors such as glucose intolerance, diabetes, insulin resistance, central obesity, hypertension and dyslipidaemia, it has the potential for recognizing differing states of disease and health (Dong, 2016). Some health problems will reflect a low HRV reading as a symptom of conditions which affect psychosocial abilities, self-regulation, and immune functions (Golosheykin, 2015; Fatisson et al., 2016). Depressive disorders and cardiovascular disease are pathologies that most affect HRV as shown by a high medical cost in western societies (Fatisson et al., 2016). Thayer et al. (2012) states that the rhythm of a diseased heart show very little to no oscillations while a healthy heart varies spontaneously under stimulus. He also puts forth that the link between the brain and the heart, through vagal afferent/efferent traffic, that can tell us important information about the state of the heart as well as the state of the brain. Silvia et al. (2014) found that there is a “significant correlation” between measures of positive traits, such as extraversion and agreeableness and baseline HRV. This backs up Thayer et al (2012), concluding that there is a heart-brain relationship and HRV may be an effective tool in reporting information cardiac and neural functioning and health. 


Method
Participants
The study included six university students. Of this there were three females and three males of varying ages between 18 years and 37 years. The students were picked regarding their willingness to participate.
Apparatus
The instrument used for this experiment was a 3-point electrocardiogram.
Brand: HME LifePulse 
Model number: LP15 
Serial number: 96073202
Design
Subjects for this activity were recruited from level three Sport Therapy Bsc as a study group.
Procedure
Once the machine is turned and checked participants were asked to place the sticky pads on their chest. The red pad was placed under the right clavicle, the yellow under the left clavicle, and green under the left mid chest region below the pectoral crease. The appropriate electrode clips were attached to the sticky pads to gain a reading. Subjects were then asked to sit for two minutes to find a resting heart rate. After that the machine was started to run a printout for twenty cycles and stopped. The RR intervals were then measured in millimetres and divided by the time stamp of 25 milliseconds and then squared. Once all squared measurements were added together, the square root was equated, giving the heart rate variability score. 
Results
The results (table 1.) of this experiment showed in a differing range of HRV across the group of subjects. These findings show no correlation in age, gender, height, or weight. 
Table 1.
Heart Rate Variability Results
	Participants
	Height
	Weight
	Gender
	Age
	HRV

	1
	160
	93
	f
	36
	4.16

	2
	173
	75
	m
	37
	0.98

	3
	174
	92
	m
	18
	3.14

	4
	175
	100
	F
	18
	3.43

	5
	194
	87
	M
	26
	1.13

	6
	162
	84
	F
	18
	1.35




Discussion
As there very different results for each subject its possible there are many factors that could be affecting HRV. Of these many factors, physiological and pathological, environment, lifestyle, neuropsychological, and non-modifiable factors (age, genetics) this study will focus on only a few such as age, athletic fitness, stress, and ethnicity (more specifically, genetics). During rest HRV is significantly higher in younger subjects compared with middle- aged and the elderly (Dong, 2016). As Dong (2016) also states the aging process can be retarded by regular physical activity and has found parasympathetic tone is elevated in elite endurance athletes. This shows the importance of athletic conditioning regarding the autonomic control of the heart by allowing the PNS more inhibitory influence over the rhythm. Dong’s (2016) findings suggest that there was an association of impaired cardiac vagal function in individuals with poor physical fitness during exercise. As a non-invasive method, HRV can be used to gather information on the physiological changes to exercise stimuli. This may be used to measure alterations in HRV as a reflection of the autonomic nervous systems state after exercise. This information could be used to manage physical fatigue and stress on the body to adjust training time, intensity, aid recovery and avoid overtraining (Dong, 2016). Research has also been conducted into monitoring HR and HRV at night after a day or days of training. Taking readings at night for evaluating training loads and provided useful information according to Nummela (2016). The findings show that nocturnal HRV indices of sedentary participants increased during the 4-week high intensity endurance training program. This did not happen during constant load aerobic training program. Nummela (2016) also found that even moderate exercise provides sufficient stimulus to improve HRV, and higher training loads did not necessarily equate to greater improvements. It was also suggested that periodically changing training stimulus could continuously improve performances. Jimenez (2017) offers the use of biofeedback training with HRV to improve training for sports performance. This technique, developed in the late 1980’s and early 1990’s, is used to maximize respiratory sinus arrhythmia. This requires equipment but is non-invasive way to observe HRV and respiration in order for the subject to synchronize inspiration with increase in HR and expiration with decrease in HR to gain “maximum coincidence” of a sinusoidal pattern (Jimenez, 2017). This is also referred to as cardiac coherence (Fatisson et al., 2016). This being that respiratory phases coincide with cardiac phases. Jimenez (2017) supports the theory that HRV can be used to influence sports performance by way of improving autonomic cardiac regulation and several psychophysiological variables. Stress in another factor considered for, not only how it can change HRV, but how well the individual will cope with a stress load at a given time. Stress can be defined as a stimulus, whether physical from outside of the body or psychological “stressors that are generated by mental events” (Thayer et al., 2012). Thayer et al. (2012) writes that the definition of stress has been debated by researchers often and that the main elements generated by these “mental events” are “perceptions of threat and safety”. Arguing that the neural network regarding the brain, vagus nerve, heart and PNS/SNS are an integrated system that provides control over the periphery through adaptive regulation and flexibility in a complex environment (Thayer et al., 2012). We have previously discussed the possibility that HRV can be used as an indicator of ill as well as good health and this also shows the potential for forecasting the individual’s ability to function under environmental and psychological stresses (Thayer et al., 2012). Genetics has also been shown to have a considerable effect on a person’s HRV (Golosheykin, 2015; Fatisson et al., 2016). In this case, genetics are non-modifiable, heritable traits that are passed on from previous generations. Heart rate and heart rate variability have been shown by Golosheykin (2015) to be “highly heritable traits” leading to maladaptive and impaired stress response, self-regulation and associated symptoms of anxiety and that these are influences common to both males and females. These traits will have a strong effect on the HR and HRV scores and may influence autonomic balancing. There has also been shown a change in HRV when participants were shown images of exercise (Shinkoeth et al., 2019). This was based on the Affective-Reflective Theory (ART) of physical inactivity and exercise by Brand & Ekkekakis (2018). ART showed that what you think and how you feel about exercise can affect whether you engage in physical activity or not. It is a model based on what is known about affective response of people that exercise and people that do not exercise. That if you had negative feelings toward activity you were less likely to exercise or be active and that people who exercise regularly are more likely to imagine themselves in an activity with positive connotations (Brand & Ekkekakis, 2018) Shinkoeth et al. (2019) took this theory and measured HRV while participants viewed associated images of exercise. This showed a decrease in HRV in less active participants during the viewing. The study showed that HRV reactivity to exercise cues were associated with the subject’s exercise behaviour (Shinkoeth et al., 2019). This suggests that a person’s previous experience and associated thoughts and feelings to exercise will more than likely determine whether an active person will continue to be active and an inactive person continue to be inactive unless their association changes. 
In conclusion, monitoring heart rate variability has proven benefits to both lay person and athlete as a feedback tool for the health status of both physiological and psychological systems and when they may be under stress. Limitations of this study were insufficient length of RR intervals and an insufficient test group size. 
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Figure 1.
RR Intervals
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Figure 1. (Dong, 2016)

Figure 2.
Diagram of Influence
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Figure 2.
(Fatisson et al., 2016) Influence diagram of factors related to heart rate variability.
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