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1				
Abstract
The purpose of this study was to define the values around the heart rate during each 1 minutes intervals and to demonstrate the use of the sub maximal Astrand test to determine VO2 Max. To understand the effects of the measurements that had been taken, also to resolve why there was a difference between subjects in the results and how are the results gathered of any benefit to determine the volume of Oxygen (VO2) required to sustain aerobic energy requirements at an intensity of 65% and 90% max heart rate. Resting rate and weight of all subjects were recorded and an appropriate initial workload of 55 reps per minute (RPM) was applied for women and a 75RPM was underwent for male participants with air resistance on 1. Once heart rate was between 125 and 170 Beats Per Minute (BPM), the test was continued until the 6 minute mark, then it was terminated. 3 participants cycled at a workload of 6 minutes whilst 3 other participants noted heart Rate (HR) of the subjects every 1 minute interval. The data for all subjects, male and female was a mean Resting Heart Rate (RHR) of 89.5. Male subjects had a mean of 116.3 HR after 2 minute interval, 131.8 HR after 4 minutes and a mean of 152 on conclusion after 6 minutes. Female subjects recorded a mean of 97.3 RHR whilst after the 2 minute interval recorded a mean of  117.8 HR. After 4 minutes 125.8 HR mean and on conclusion on 6 minutes 140 HR. Lastly what could be implemented and what strategies can be applied for further more accurate studies.
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Introduction
The hearts main function is to pump blood around the body through different vessels in order that various substances circulate to where they need to go. Oxygen is one of those substances, the volume of oxygen a person can intake can influence the physical performance of that individual (Noakes, 2008). RHR is a clinical parameter easily measurable with typical value between 50 and 90 beats per minute BPM that varies during the day with a night-time decrease. RHR can go down to 30 bpm in those with good physical condition, but RHR is also partly genetically determined, with slightly higher values in women than in men (Eppinga et al., 2016). At rest, HR is commonly influenced by both sympathetic and parasympathetic nervous system stimuli, with consequent HR modification when one or another increases or reduces its activity (Paolillo et al., 2018). 
VO2 is the volume of oxygen a person can utilise per minute and as a result gives an indication for the analysis of a persons cardiovascular system. It is typically determined and calculated in millilitres (ml) of oxygen per kilogram (kg) of body mass per minute (mL kg). VO2 is a standard measurement of a persons metabolic rate and their physical activity can also be stated as the metabolic equivalent of task (MET) (Cook et al., 2018). However, Cardiorespiratory fitness is related to a health component of physical fitness, circulatory, respiratory, and muscular systems are vital to supply oxygen to the working tissue during physical activity (Bennett et al., 2016). Aerobic training is a low to moderate intensity used to improve overall condition, endurance and oxygen absorption 
In this study, the participants were assessed for sub max aerobic capability with the expectation to determine if the HR rate has an effect on the accuracy of a VO2max Astrand test. The purpose of the study was designed to present data to compare with normal VO2 levels and then provide details of the accuracy of the test. Once data was complete it could then be explained why the results are showing and how HR effects VO2max scores.
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Method
All tests were performed in laboratory environment with a normal climate. After standard adjustments of seat and handlebar, HR monitors (Polar H7 Bluetooth 4.0 Heart Rate Sensor) were introduced and fitted to the chest of the participants. The participants then cycled on a calibrated WattBikePro ergometer at a submaximal rates for 6 min each, with no stop between the work rates. Six minutes was sufficient to reach steady‐state at low rates. Pedal frequency was 55rpm for women until the second minute interval which then it was increased to 75rpm. Male participants had a continuous speed of 75rpm.
Participants
There was a total of 10 subjects participating in this study, 6 male subjects and 4 female subjects randomly selected. All the females worked together and all the males worked together to complete the test. There is a variety of age difference between the subjects ranging from 18-47 and a variety of weight ranging from 65-100kg, with different sporting backgrounds ranging from football, rugby, netball, martial arts and no sporting background.
Apparatus
A total of 3 Watt bikes (WattBike Pro) were used to perform and assist in a change of heart rate measurement. Heart rate devices (Polar H7 Bluetooth 4.0 Heart Rate Sensor) for all subjects were  to calculate a heart rate during interval for a total of 6 minutes. Each interval was correctly timed by a stopwatch plus data was noted on paper during each 1 minute intervals, once the final HR was known a calculation of VO2 was made by a modified Astrand-Rhyming Nomogram. After completion of the study all results were checked then noted down on a MacBook Air Laptop. 
Design 
Each participant were ranged in a different category regarding VO2.  The students were given a checklist that had to be strictly followed which is mentioned in the abstract. Each student was randomly allocated positions to undertake the test on the three Watt Bike’s. Once students completed the test they would then go on to carry out another duty of either stopwatch or data collecting. Comparative study of students versus normative data was the main goal of this study.
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Table 1. The age range in categories starting at 18 and finishing at 65 and the normal level of VO2max values for men.
VO2max Normal values for Men (ml/kg/min)

	
	18-25 
	26-35
	36-45
	46-55 
	56-65
	65

	Excellent
	>60
	>56
	>51
	<45
	<41
	<37

	Good
	52-60
	49-56
	43-51
	39-45
	36-41
	33-37

	Above Average
	47-51
	43-48
	39-42
	35-38
	32-35
	29-32

	Average
	42-46
	40-42
	35-38
	32-35
	30-31
	26-28

	Below Average
	37-41
	35-39
	31-34
	29-31
	26-29
	22-25

	Poor
	30-36
	30-34
	26-30
	25-28
	22-25
	20-21

	Very Poor
	<30
	<30
	<26
	<25
	<22
	<20




Note. All age variables are going across the first row, starting at an age range of 18-25 and the last group 65+. The normal value of VO2max for men categorised by ranking going down the first column.


Table 2. The age range in categories starting at 18 and finishing at 65 and the normal level of VO2max values for women.

VO2max Norm values for Women (ml/kg/min)

	
	18-25
	26-35
	36-45
	46-55
	56-65
	65

	Excellent 
	<56
	<52
	<45
	<40
	<37
	<32

	Good
	47-56
	45-52
	38-45
	34-40
	32-37
	28-32

	Above Average
	42-46
	39-44
	34-37
	31-33
	28-31
	25-27

	Average 
	38-41
	35-38
	31-33
	28-30
	25-27
	22-24

	Below Average
	33-37
	31-34
	27-30
	25-27
	22-24
	19-22

	Poor
	28-32
	26-30
	22-26
	20-24
	18-21
	17-18

	Very Poor
	<28
	<26
	<22
	<20
	<18
	<17



(Strom et al., 2018) cited from (ACSM, 2018)
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Note. All age variables are going across the first row, starting at an age range of 18-25 and the last group 65+. The normal value of VO2max for Women categorised by ranking going down the first column.

Table 3. Heart Rate of all subjects during resting and each 1 minute interval 

Intervals	A	B	C	D	E	F	G	H	I	G
RHR		92	70	64	109	90	97	113	100	86	74
1		99	110	118	132	98	115	119	113	89	103
2		91	110	123	136	123	128	128	125	95	110
3		99	128	131	145	131	160	130	129	100	114
4		103	132	133	150	146	157	135	134	108	116
5		123	134	137	153	147	161	137	134	123	132
6		169	138	140	156	148	170	145	135	132	139
1min After	158	129	123	149	139	163	140	130	124	127

Note. Each number down the first column represents each minute interval during the text. Each number across the second row represents each subjects Resting Heart Rate. Remaining numbers results in each subjects Heart Rate during each interval. All letters from A-G represent all subjects involved in the test.


Procedure
First of all a resting Heart rate (HR) was measured for all subjects, all subjects were instructed to sit for 2 minutes in order to take measurement of their HR. Once this was completed all participants inserted their weight on the screen of the Watt Bike Pro and manually corrected the seat height of the Watt bike and amendments were made to the pedal straps by each individual in turn. The first 3 subjects began the sub maximal test whilst 3 other subjects had a stopwatch in hand and the remaining subjects were ready to record down HR reading after every 1 minute interval. During each interval the subjects controlling the stopwatch would read out the HR and then it would be noted down by the subjects collecting the data. Once the test commenced male subjects remained at pace of 75RPM with a resistance of 1 then after the 2nd minute interval resistance went up to 4. Whilst female subjects remained at a pace of 55RPM and air resistance was set at 1 for both male and female subjects. The intensity for women was increased to 75RPM and then air resistance levels to 4 at 2 minute intervals until mean HR was between 125 and 170 Beats Per Minute (BPM). After the 2nd minute interval the pace remained the same throughout for all subjects. All subjects were instructed to continue peddling at the correct speed until completion of the test.The test was continued until the 6 minute mark. At the end all subjects were directed to keep pedalling at an easy pace with the load removed from the ergometer for 1 minute, then it was terminated. 
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After completing the 6 minute test subjects were directed to safely remove themselves from the Wattbike and change positions with another subject in order for them to complete the test. When all subjects completed the test data was carefully recorded and then the VO2 submax was calculated using the Astrand-Rhyming nomogram, age correction was put into account. Once all values were collected the data was inserted into an excel document the recordings were looked at in detail.


Results
The results show for (5) of the subjects with the mean age of 18 had an end heart rate mean of (151.6) and scored either poor or very poor in the VO2max test. Another subject in the same age category stood out by recording above average with a similar HR (148). The single subject in the age range of 26-35 and a HR of (140) scored very poor and the other subjects in the age range of 36-45 (2) subjects scored Poor and Good, mean HR of (135). The subject in the age group (46-55) scored below average with an end HR of 156. The scores in table 4 showing the values of VO2 in each subject compared to normal value. Results indicate that HR has risen after each interval which has shown to have an effect on a low VO2 score. These results in the first age group show that with a high HR your VO2 intake is low. Although 1 subject had a considerably higher VO2 reading. 
The subject in the second age group had a low VO2 reading and an average HR. The 36-45 age group had a mean HR of 135 and the male in the group had a poor VO2 result whilst the woman in the age group was the only subject in the test to have a good VO2 score (43.1). In the last age group the subject had an end HR of 156 and a VO2 score of 30.5.
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Table 4. End score of all subjects with end values comparing with normal values.

Subject	  Age 	End Heart Rate (6m)	 VO2 Score	Norm Value
A	  18	169				16.3	V/P
B	  37	138				27.5	Poor
C	  26	140				26.7	V/P
D	  47	156				30.5	B/A
E	  19	148				39.9	A/A
F	  18	170				15.9	V/P
G	  18	145				28.6	Poor
H	  18	135				28.1	Poor
I	  36	132				43.1	Good
J	  18	139				22.7	V/P

Note All subjects End heart rate with VO2 scores and Normal value. V/P= Very Poor, B/A= Below Average, A/A= Above Average.

Discussion 
As a result of a good or above average score for VO2max and considering the effect the HR has on this shows us for the 2 subjects that it provides data of some accuracy. However, does not provide us evidence in this study, as results are not consistent with all other subjects. As an increased HR in the age range of 18-25 category shows VO2 measurements are low. For that reason the higher the HR the lower the VO2max. Interestingly, the subjects that were in the higher age category had a higher VO2 max score and also had a higher raise of HR from RHR to the first interval of measurement. Which as the result shows these subjects have a low Aerobic capacity.
Usually VO2 tests have been carried consisting of more than one day of tests. This may potentially show greater accuracy in results. As a result carrying out a single VO2max test may not be as accurate. Furthermore, results show that higher HR can result in lower VO2, but by looking at data in this study there is no evidence to prove that VO2max can be of use. 

For further studies a hypothesis for all subjects can be brought into account to adapt exercise aerobic endurance, possibly consisting of three Wattbike sessions of 30 minutes per week for 6 weeks. This has the potential to improve performance, VO2max uptake, and HR. 
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Also blinding the subjects HR readings during the test in order of a possibility of seeing a lower HR during each interval. If the subjects can’t see the HR on the screen in front of them then maybe this could impact them on scoring a lower and more consistent HR. There could also a better balance of subjects for the test, subjects with a mean age and physicality a lot similar and possibly carrying out the test with more subjects. As a result of this we may understand and see the effects of a VO2max test has on this. 

To summarise, data in this study results in no evidence to show us that VO2max can have an effect on aerobic endurance. However it does show us with some subjects that the higher our HR the lower our VO2 uptake. In order for more accurate results a wider range of subjects with similar physical fitness and body type is required.
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