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[bookmark: _GoBack]Abstract
This study was intended to understand the short term, acute effects of exercise on blood pressure. Within this study, 8 people from the level 4 student cohort of the BSc Sports Therapy 2019/2020 were tested to assess baseline blood pressure. Blood pressure readings were taken again following a 5 minute period of exercise on a static bike. Readings were then re-taken after a period of 10 minutes rest. The results obtained from this study indicated that Systolic blood pressure increases during short term exercise, with a non-gender biased average increase of 21.8mmHg being recorded. The results obtained for diastolic blood pressure generally showed much smaller increases when compared to baseline values, with a non-gender biased average increase of 13.8mmHg. Further research of existing journals has indicated that measurement of blood pressure whilst a person is engaged in moderate levels of exercise compared to being completely at rest as would be the normal method within a doctor’s clinic can be a good indicator of risks to long term health. 












Investigation into the acute effects of exercise on blood pressure and variability within a sample group.
     Blood pressure is an important measure of overall health with both low and high blood pressure compared to the accepted norm of 120/80 mmHg, having implications for overall health. It would reasonably be expected that within a large sample size of people that the blood pressure of that population would be subject to variation as a result of activity levels, diet, other lifestyle factors such as drinking and smoking, and hereditary reasons, and that if the sample were of sufficient size to encompass a wide variety of people, that the blood pressure of that population would tend towards a normal distribution.
     Within the small sample size of this study, the aim is to understand why there may be differences within the blood pressure readings taken whilst test subjects are at rest, and to then determine the acute effects on blood pressure of a short duration of low to moderate intensity exercise.
     The literature reviewed for this study centres on the 2018 journal article by Schultz and published in Artery Research. Within this article Schultz stated that systolic blood pressure will generally rise during exercise, whilst diastolic blood pressure will generally remain at baseline levels or potentially even drop (Schultz, 2018, pp.58-62).
     The test performed within this study specifically measures both systolic and diastolic blood pressure before exercise, immediately after exercise, and following a 10 minute rest period after exercise. In this way the test aims to assess if the expected blood pressure changes detailed in the article by Schultz can be replicated. 
Method
Participants
     The sample for this experiment consisted of the 2019/2020 level 4 induction cohort of the BSc Sports Therapy degree course at UWTSD Carmarthen. These participants covered an age range of 18 to 47 years consisting of 4 males and 4 females. Most of the participants were active within sport although not exclusively so, it was assumed at the start of the study that all participants were fit and healthy and thus able to safely participate within the study. PAR-Q forms for all participants had been completed at the start of the academic year and no issues were reported on these. There were no changes reported from the PAR-Q answers compared to current state of health at the time of the experiment.
Apparatus
     Two digital sphygmomanometers, Boso model medicus, were used within the experiment to take both baseline and post exercise blood pressure readings on all participants. It has been assumed that both of the sphygmomanometers were correctly calibrated and functioning correctly, although specific calibration certificates for each device were not available to check, and there was no indication on the unit to show that it was calibrated and subject to a relevant re-call period for recalibration. This could indicate that the devices were not calibrated, and it should be assumed until proven otherwise that this was the case
     Three Watt bikes, Watt bike pro model 1B, were used to provide the exercise stimulus within the study.
Design
     Independent variables: Resistance load and duration period of exercise within the test.
     Dependant variables: Systolic and Diastolic blood pressure
     Control procedures: Each participant had previously filled in a PAR-Q form with no reported issues.
Procedure
     At the start of the study, each participant rested for five minutes in a seated position prior to taking readings for baseline blood pressure. Each participant then conducted a 5 minute session of cycling on the Watt bike, with the bike set at level 4 resistance and pedalling at a cadence of 65 rpm. Blood pressure readings were re-taken immediately upon completion of the 5 minute cycle, and then again after 10 minutes of rest. 
Results
     The results of this experiment indicate that at the cessation of the exercise session, systolic blood pressure had increased by an average of 21.8mmHg for the whole group, with an average increase in diastolic blood pressure of 13.8mmHg for the whole group. When re-tested after 10 minutes of rest, the average systolic blood pressure had returned to within 0.9mmHg (whole group) of baseline and the diastolic blood pressure had returned to within 3.9mmHg (whole group) of baseline.
     When the results are analysed for any gender bias, it can be seen that the mean increase in systolic blood pressure for females was 27.25mmHg compared to 16.25mmHg for males. The diastolic readings also showed similar gender bias with the mean diastolic reading for the females being 20mmHg compared to 7.5mmHg for the males.
     A difference can also be seen when looking for gender bias in the results taken after 10 minutes of rest. These results showed that the mean systolic blood pressure for females was 2.25mmHg lower than baseline compared to 0.5mmHg greater than baseline for the males. The diastolic readings after 10 minutes rest both showed a slight elevation above baseline values with the female subgroup showing a mean elevation above baseline of 4.25mmHg compared to a mean elevation above baseline of 3.5mmHg for the male subgroup.
     The results also indicated an elevation in the baseline readings of most of the test subjects when compared to the expected baseline normative values with an average baseline elevation of systolic blood pressure of 15mmHg for the whole group. 
Discussion
     As has been seen from the results, average systolic and diastolic blood pressure can be seen to increase during exercise when compared to resting baseline results. The results also show that average systolic and diastolic blood pressure tends to return towards baseline levels following 10 minutes of rest after exercise. Outliers to this general trend can also be seen within the results 
     Generally, research data indicates that during exercise, blood pressure should show an increase in systolic readings whilst the diastolic readings generally do not change (Schultz, 2018. pp.58-62).
     From a clinical perspective, these responses are significant, as deviations from this expected norm can be indications of underlying medical conditions. In the 2017 paper, Schultz noted that exercise hypotension i.e. abnormally low blood pressure during exercise could be an indicator of ventricular dysfunction, and obstructions to the outflow of the heart into the aorta. The same paper also noted that exercise hypertension i.e. abnormally high blood pressure also has implications for the health of the person being tested, as it can be a good indicator of future resting hypertension that may not be picked during normal resting testing (Schultz, 2018. pp.58-62). This research was backed up by the work of Huang et al that was reported in The American Journal of Cardiology in 2008. In this journal article the authors concluded that using systolic blood pressure changes following a bout of exercise provided a superior predictive method for cardiovascular disease than the standard treadmill tests that are currently used to check for deviations in ST intervals of an ECG trace (Huang et al, 2008. pp.518–523.). These study findings could have importance for those who work within the sports coaching environment. The test that was performed for this study was submaximal, and as such carries a comparatively low risk for the person being tested. However, as we have seen from the work of Schultz, being able to check for an abnormal response to blood pressure changes could indicate other underlying conditions that may pose a more serious risk to health. If a sports trainer or coach were to be able to perform a similar or same test and check the blood pressure results, they may be able to identify individuals who should be referred to a doctor for further in depth testing and thus protect the longer term health of the individual and also mitigate against the risk of a more serious acute condition developing during more intense training or competition.
     The results also indicated differences within the baseline values for both systolic and diastolic blood pressure within the sample group. The expected normal values for systolic and diastolic blood pressure are generally regarded as 120/80 mmHg. In a 2007 article in the Postgraduate Medical Journal; Pinto cited the Framingham Heart Study which indicated that systolic blood pressure generally increases with age, particularly between the age ranges of 30-84 years (Pinto, 2007. pp. 109-114.). This would not fully explain the differences from expected normative values that have been seen within the results as 5 out of the 8 participants fall below the age of 30 years.  As such the baseline results can be regarded as questionable. It would be recommended that these baseline results be re-tested to ensure that they are accurate prior to drawing any conclusions from the rest of the data. Any large anomalies, of the type that can be seen within the raw data shown in table 1, that still presented in the data during re-test may indicate that the participant needs to be referred to a qualified medical professional for further investigation.
     There are several limitations within this study could limit the significance of the results presented. It should be noted that the sample size of this study is very small at only 8 participants and may not represent a statistically significant sample size. As such any results from this study should be treated with caution. It is also noted that the demographic of the cohort used within the study may not be representative of either the general population or a specific sport subset of the general population. No assessments were made of baseline fitness levels prior to the start of the experiment. Assessments of fitness levels such as VO2 max or submaximal assessments of fitness could be used to provide a more complete understanding of baseline fitness. This may then provide an explanation of the outliers that can be seen in the full data set. It was also noted earlier that the digital sphygmomanometers used for measuring blood pressure during the test, did not display any labelling to indicate that they were correctly calibrated and subject to a relevant recall process. In a report from the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure in 2004, it was noted that digital blood pressure measurement was replacing the more traditional mercury type of sphygmomanometers, and that digital units, should be checked to ensure the accuracy of the readings that they are giving. The report did not however specify the frequency of any re-validation (National Heart, Lung, and Blood Institute (US) 2004). Investigation of the manufacturer’s website indicates that calibration of the device is possible, but only by trained staff, and should be performed at least every two years (Boso 2019). 
     A further potential source of error within the study comes from the level of experience of the people taking the blood pressure readings. The readings from within the study were taken by members of the cohort rather than a specific individual. As such, there is potential for error in the readings due to lack of experience and differences within the method used to take the readings. 
     From the data collected in this study, it can be concluded that systolic blood pressure does increase during short term exercise, whilst diastolic blood pressure shows much smaller increases compared to baseline values. However, after noting the limitations of this study, it would be recommended that a more in-depth study, with a larger sample size, be conducted to investigate the acute effects of exercise on blood pressure, and to determine if the blood pressure changes during exercise follows that suggested by Schultz. It would also be recommended that the potential sources of error that have been noted are investigated to determine if they are true sources of error, and if so methods are updated to eliminate them from future studies.
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Table 1. Raw data for systolic and Diastolic blood pressure before and after exercise

	 
	resting delta to expected norm syst (mmHg)
	resting delta to expected norm dias (mmHg)
	 
	delta syst after exer (mmHg)
	delta dias after exer (mmHg)
	 
	delta syst @10 mins (mmHg)
	delta dias @10 mins (mmHg)

	mean delta (mmHg) (whole group)
	15
	1.125
	mean delta (mmHg) (whole group)
	21.8
	13.8
	mean delta (mmHg) (whole group)
	-0.9
	3.9

	mean delta (mmHg) (female)
	11
	1.5
	mean delta (mmHg) (female)
	27.25
	20
	mean delta (mmHg) (female)
	-2.25
	4.25

	mean delta (mmHg) (male)
	19
	0.75
	mean delta (mmHg) (male)
	16.25
	7.5
	mean delta (mmHg) (male)
	0.5
	3.5



Table 2. Mean deviations in Systolic and Diastolic blood pressure showing gender bias
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mins dias 

(mmHg)

1 160 93 f 36 120/80 136/97 16 17 155/91 19 -6 155 -7 4 129 101

2 173 75 m 37 120/80 131/68 11 -12 146/89 15 21 146 4 2 135 70

3 174 92 m 18 120/80 136/92 16 12 156/109 20 17 156 2 4 138 96

4 186 58 m 47 120/80 121/85 1 5 162/91 41 6 162 10 10 131 95

5 170 65 F 19 120/80 122/65 2 -15 129/75 7 10 129 2 5 124 70

6 162 84 F 18 120/80 126/84 6 4 167/81 41 -3 167 -7 1 119 85

7 194 87 M 26 120/80 168/78 48 -2 157/64 -11 -14 157 -14 -2 152 76

8 175 100 F 18 120/80 140/80 20 0 182/161 42 79 182 3 7 143 87


