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Introduction 

You are being asked to participate in a research study conducted in the Department of Human 
Health and Nutritional Sciences at the University of Guelph.  
 
Following prolonged endurance exercise, there is temporary decrease in cardiac function, 
termed exercise-induced cardiac fatigue. What drives this reduction in cardiac function is 
largely unknown, but may be due to inflammation, excessive loading of the heart due to arterial 
stiffening, or decreased sympathetic sensitivity. Our research aims to determine whether 
inflammation (caused by the administration of a common flu vaccine), will increase arterial 
stiffness, and cause cardiac fatigue to occur during subsequent aerobic exercise. Furthermore, 
we aim to determine whether increased cardiac loading and arterial stiffening through high-
intensity interval training may elicit cardiac fatigue during subsequent aerobic exercise.  
 
This study has two phases, and participants are not required to participate in both parts if they 
do not wish to do so. Phase 1 is only for participants who wish to have the 2018-2019 influenza 
vaccine. Phase 1 is looking at inflammation through the administration of a flu vaccine and will 
have 3 visits which all take place in the Human Performance and Health Research Lab at the 
University of Guelph. Phase 2 involves the high-intensity interval training, and also will take 
place in the Human Performance and Health Research Lab at the University of Guelph. 
 
This research is funded by an NSERC Discovery Grant through Dr. Jamie Burr. 
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Inclusion Criteria 

 Between the ages of 18-40  

 Have a VO2max >45ml/kg/min for males, and >40ml/kg/min for females 

 Healthy, with no known diseases or active use of medications  

 No illnesses, asthma attacks, or wheezing within 7 days of the first visit 

 No previous adverse reactions to vaccines or blood draws 

 Desire to know personal fitness levels and cardiovascular testing results 
 
Procedure 
 
PHASE 1 
1.Initial Visit (~1hour): All visits will take place at the Human Performance and Health 
Research Lab at the University of Guelph, Food Science Annex, Room 271. Prior to beginning 
the study, you will be asked to thoroughly read and sign this consent form in person. You will 
also be asked to fill out a general health and training history questionnaire, and a Physical 
Activity Readiness Questionnaire. Please arrive at the lab wearing clothes fit for cycling. 
Cycling shoes with mountain bike clips (SPD clips) are permitted, but not required. 

 
Order of Tests:  

 Consent form, Health and Training History Questionnaire, PAR-Q+  

 Height/Weight 

 VO2max test on cycler ergometer 
 
2. Visit 2 or 3 (depending on randomization of the visits): Administration of the 2018-2019 
influenza vaccine at the campus pharmacy or a local pharmacy. If you are in the control 
condition first, you will not be receiving anything, and will simply come in for the testing visit 
3. Please bring your confirmation of vaccination form to the following testing visit. 
 
3.Visits 3 and 4 (~3 hours/ visit): 24 hours following the administration of the vaccine, you will 
come in to the lab for us to assess your inflammatory levels with a small blood draw, and then 
assess pre and post exercise cardiovascular function. Visits 2 and 3 will be separated by a week.  

Order of Tests:  
1. Blood draw 
2. Resting Blood Pressure 
3. Resting Pulse Wave Velocity 
4. Femoral Flow Mediated Dilation  
5. Echocardiography at rest and during moderate supine cycling (HR ~100bpm) 
6. Cycling for 90min at 70% max power achieved during VO2max test 
7. Tests 2-5 will be repeated after exercise 

 
PHASE 2 
1.Visit 1 and 2 (3-4hours): If you participated in Phase 1 of the study, you will not be required 
to repeat the initial visit of phase 1, and will complete 2 visits. If you did not participate in phase 



1, you will be required to do the initial visit, but will not receive a vaccine, for a total of 3 visits. 
Visit 1 of phase 2 will consist of either High-Intensity Interval Training, or High Intensity Interval 
Training followed by the 90min at 70% max power performed previously. The order of these 
days will be randomized.  

 
Order of Tests:  

1. Resting Blood Pressure 
2. Resting Heart Rate Variability 
3. Resting Pulse Wave Velocity 
4. Femoral Flow Mediated Dilation  
5. Echocardiography at rest and during moderate supine cycling (HR ~100bpm) 
6. HIIT or HIIT + Cycling for 90min at 70% max 
7. Tests 1-5 will be repeated after exercise 
 
1. Visit 3 (3hours): **Only if you did not Participate in Phase 1 of the study. If you did not 

participate in phase 1 of the study, you will be required to perform one additional visit 
with aerobic exercise only, and no high-intensity interval training.  
 
Order of Tests:  

1. Resting Blood Pressure 
2. Resting Heart Rate Variability 
3. Resting Pulse Wave Velocity 
4. Femoral Flow Mediated Dilation  
5. Echocardiography 
6. Cycling for 90min at 70% max 
7. Tests 1-5 will be repeated following the exercise 

 
Methods (In order of appearance) 
 
Fitness Testing (VO2max test): 
You will be asked to warm up on the cycle ergometer for ~5-10 minutes. You will be wearing a 
heart rate monitor, and a face mask will be fitted to your face to measure your oxygen 
consumption throughout the test. The test will take approximately 10-14 minutes, and will 
consist of a stepwise increase in power on the bike every 2 minutes. The test is concluded when 
your oxygen consumption plateaus despite increases in intensity or you have reached volitional 
exhaustion (i.e. you feel you cannot continue). 



 
 
Figure 1. Image of the mask that will be worn during the VO2max test 
 
Influenza Vaccine:  
Information on the influenza vaccine will be given at the clinic if participants wish to receive the 
vaccine.  
 
Blood Draw:  
A trained phlebotomist will take a small venous blood sample from the antecubital area to 
assess for inflammator markers.  
 
Resting Blood Pressure:  
Using an automated blood pressure cuff while you are lying on your back. 
 
Pulse Wave Velocity: 
Pulse wave velocity assesses arterial stiffness, and requires you to wear shorts, and either a 
sports bra and/or loose shirt (for females), or loose shirt/no shirt for males. You will be lying 
down, and have 3 electrode stickers placed on your torso to track your heart rhythm. A 
tonometer (pen-like structure) will be placed against two sites to get a reading. The sites are at 
your neck (carotid pulse), and inner thigh (femoral pulse).  
 



           
Figure 3.. Sites for Pulse Wave Velocity                         Figure 4.. Sites for ECG electrode placement 
 
 
Femoral Flow-Mediated Dilation 
FMD assesses arterial function, by determining how much an artery expands after a period of 
restricted blood flow. You will be required to wear shorts for this procedure as well. The 
femoral artery will be imaged using an ultrasound machine. During the image, you will feel 
nothing, with the exception of a gel placed on your skin and light pressure from the imaging 
probe.  Next, a blood pressure cuff will be inflated on the thigh to ~250mmHg. During this 
measure you will feel pressure and some possible discomfort as the blood flow is stopped. The 
cuff will stay inflated for 5 minutes, after which the cuff will be deflated, and the assessment of 
blood flow and dilation of the artery will be measured.  
 

   
Figure 5. Site of superficial femoral artery scanning  
 
Echocardiography: 
Following FMD, we will assess heart function using the same ultrasound machine. We will 
obtain images of the heart while you lie on your side, and as you cycle slowly on your side on 
our specialized tilt table (heart rate at ~100bpm). For this procedure, you will have to be 
completely undressed from the waist up, however blankets or towels will cover your torso, and 
the ultrasound will be used under these towels. This will be performed by a female 
sonographer. 
 



Heart Rate Variability: 
The same ECG electrodes as demonstrated in Figure 4. Will be used to assess heart rate 
variability. You will simply need to lie still for 5 minutes.  
 
Potential Benefits  
 
You will receive exercise test data to understand your fitness, your maximal heart rate, and 
your heart rate and power thresholds. You may use this information for your own training. You 
will also learn about your own cardiovascular response to exercise. You will also get the 
recommended public health vaccination for the year and will not need to do this again to be 
protected against this year’s projected flu virus. There is also evidence that, for some, exercise 
in combination with flu vaccination can help to improve immune responses1. 
 
This research will help coaches and scientists understand the causes of exercise-induced 
cardiovascular impairments, and the role of intensity vs duration, inflammation and arterial 
dysfunction in the occurrence of cardiac fatigue.  
 
Data 
 
You may also request to receive a form of aggregate results of the study, which will occur when 
the manuscript is complete. Every effort will be made to ensure confidentiality of personal 
information that is obtained in connection with this study. Confidentiality will be secured by the 
use of participant ID Codes on all correspondence, with the only identifying information kept on 
a master list, which will be kept on a password-protected and encrypted computer, and will be 
destroyed upon completion of the study. All coded data will be kept on a password-protected 
computer and all written material secured in a locked cabinet on site. 
 
Coded data will be retained for 5 years for possible use for future analysis for the lab group in 
the case the project may be expanded upon. All data will be stored electronically in databases 
with access only granted to investigators involved in the use of the data (see investigators 
above). All personal identifiers will be destroyed following the participants study completion. 
Jamie Burr, PhD, Assistant Professor will be in charge of data stewardship. 
  
Potential Risks and Discomforts 
 
Flu vaccines are recommended by Health Canada in order to prevent the spread of influenza. 
Risks and benefits will be discussed by a health professional.  
 
Venipuncture/blood draws can be painful and frightening for some individuals. Mild bruising 
surrounding the needle injection site and temporary bleeding is common and will be minimized 
by application of pressure at the wound site following needle removal. As the skin will be 
broken, there is the possibility of infection, however the risk is minor as all surfaces will be 
cleaned and sterilized. Vasovagal reactions, including faintness, light-headedness, sweating, 
lowered blood pressure, or nausea may be experienced during or after a blood test, especially 



in individuals who have a fear of needles or injections. Other more serious and extremely rare 
complications include a hematoma (excessive bleeding underneath the skin, leading to 
swelling) and temporary nerve damage as nerve endings may be brushed during venipuncture. 
These symptoms are rare and recovery is usually spontaneous and rapid within 24 hours. 
 
Pulse wave velocity (PWV) is a non-invasive method of assessing arterial stiffness, and will not 
be painful or risky in any way. However, some participants may feel some discomfort, as the 
femoral site is where the thigh creases at the pelvis. 
 
Flow mediated dilation (FMD) is a non-invasive assessment of vascular function, however does 
involve occlusion (blockage and alteration) of normal blood flow as a result of leg cuff inflation 
to pressures of approximately 250mmHg (full occlusion, variable based on participant). The 
inflations are at levels commonly above pressures used in a doctor’s office to measure blood 
pressure. There is a slight risk of soft tissue trauma (i.e. pinching or bruising of the skin) during 
inflation, however, this risk is minor and a specifically designed woven sleeve will be placed 
between the skin and cuff to minimize the risk further. There is also the very low theoretical 
possibility that a blood clot could form in the lower leg during blood flow restriction, which 
could come loose and travel to other parts of the body causing embolism. The restriction 
induced by FMD inflation causes a lack of blood supply to the leg muscles, therefore inducing a 
lack of oxygen supply or ischemia. Participants may experience pain, numbness, tingling, and at 
times burning sensations throughout the leg due to the ischemia. This discomfort will last for 
approximately 5 minutes of total cuff inflation, which is required to produce adequate 
hyperemia (increases in blood flow through the vasculature after cuff deflation) to collect data.  
 
Echocardiography is non-invasive and safe for all populations. However, you will have to be 
uncovered from the waist up, with the ultrasound device and conducting gel touching bare skin, 
and this may cause some psychological discomfort, especially for female participants. However, 
towels or blankets will be provided to cover you at all times, and the testing will take place in an 
area where only the main researchers are present. Subjects will be allowed to undress and 
cover up completely in private prior to the ultrasound testing. Athletes can request same-sex 
sonographers to minimize discomfort. 
 
The VO2 peak exercise test may cause discomfort as a result of fatigue. This may also result in 
normal leg muscle soreness and/or soreness in the legs for one or two days after. These tests 
can also be associated with shortness of breath or breathing difficulty and light-headedness due 
to the requirement to breathe through the mask during the VO2 assessment.  
 
The exercise sessions including the 90min of cycling at 70%max power, and the HIIT session 
comprised of 4x30sec at maximal effort separated by 4 minutes, are both strenuous exercise 
session. Common reactions to the aerobic session is fatigue and muscle pain, as well as 
shortness of breath. Common reactions to the HIIT session involve muscle fatigue and possibly 
cramping, shortness of breath, dizziness, and vomiting. These exercise sessions are difficult, and 
as such we require that participants have experience with hard exercise previously.  
 



Participation and Withdrawal 
 
You may choose whether to be involved with this study or not. If you volunteer, you may 
withdraw at any time without consequence. You may exercise the option of removing your 
data from the study up until 3 months post data collection. At this point in time we will be 
unable to separate your data from that of the other participants. The researchers wish to be 
inclusive in their recruitment process. This project requires: 

 The allowance of blood draws, vaccination, and blood flow occlusion 

 A baseline level of aerobic fitness 

 Removal of articles of clothing  

 Testing being performed by both male and female testers, although echocardiography 
will only be performed by a female sonographer. 
 

If for any reason you may feel uncomfortable taking part, please contact the researcher to 
discuss these requirements and possible modifications to the procedure to address your 
concerns. The data found during this study is only experimental, and does not constitute a 
diagnosis. Should any incidental findings occur, we will communicate these to you, and will 
recommend you to inquire with a physician. 
 
Compensation for Participation 

There is no financial compensation. 
 
Rights of Research Participants 

This project has been reviewed by the University of Guelph Research Ethics Board for 
compliance with federal guidelines for research involving human participants. If you have any 
questions regarding your rights and welfare as a research participant in this study (REB #), please 
contact: Director, Research Ethics; University of Guelph: reb@uoguelph.ca: 519-824-4120 ext. 
56606. You do not waive any legal rights by agreeing to take part in this study.  
 
SIGNATURE of RESEARCH PARTICIPANT 

I have read the information provided for the study “The Role of Acute Arterial Stiffening on 
Cardiac Function during Exercise” as described herein. My questions have been answered to my 

satisfaction, and I agree to participate in this study. I have been given a copy of this form. 

__________________________________________ Name of Participant (please print) 

____________________________ ________________________ 
Signature of Participant    Date 
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