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ABSTRACT 

Pavlock, J. Generalized functional translation: test of a model on heart rate reserve. MS 
in Clinical Exercise Physiology, December 2021, 50 pp. (C. Foster) 

 

Purpose: Functional translation of exercise responses from exercise testing to training is 
necessary to achieve desired levels of internal training load during training. We have 
recently developed a model for performing this translation, that is not specific to the 
details of exercise testing and training. The purpose of this study is to test this functional 
translation model, to determine if it can be applied to fitness exercise. Methods: Twenty 
(n=20) sedentary to moderately active volunteers, males (n=10) and females (n=10), 
completed three different training bouts following a baseline exercise test. After each 
exercise session, observed heart rate was compared to that predicted by the model at easy, 
moderate and hard exercise intensities from the exercise test. Results: The results of the 
study show that HR during training was generally well predicted using the functional 
translation model. Conclusion: This study supports the effectiveness of the generalized 
functional translation model of exercise prescription. 
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INTRODUCTION 

Heart disease is the leading cause of death in the United States. It affects 1 out of 

4 people, who will die from this disease and is a huge problem relative to preserving the 

longevity of current generations and for the health of future generations (CDC, 2020). 

This problem has been addressed in many articles and there are many interventions 

designed limit the development and progression of this disease. A leading risk factor for 

heart disease is that a large percentage of the population is sedentary. Over 60% of adults 

in America do not get the recommended, (ACSM, 2017) amount of exercise, whereas 

25% of the population is not active at all (CDC, 2017). There have been many studies and 

experiments that help to change these percentages or at least gain a better perspective on 

how they can be manipulated. 

 The numbers for those at risk for developing heart disease or dying from it are 

extremely alarming especially when it is known that exercise, a healthy diet and simple 

lifestyle measures can mitigate risk. Simple lifestyle changes can lead to a decrease in the 

morbidity and mortality from heart disease (Arem et al, 2015 Kraus et al, 2019). 

Professional societies such as the American Heart Association, American College of 

Sports Medicine, and the Centers of Disease Control and Prevention agree that a 

sedentary lifestyle is a major contributor to heart disease and other chronic diseases 

(Warburton, 2006). ACSM Guidelines recommend that people get 150 minutes (about 2.5 

hours) of moderate intensity exercise per week or 75 minutes of vigorous exercise in per 

week (ACSM, 2017). Movement and incorporation of structured exercise play a pivotal 

role in health and needs to be advocated for to mitigate the progression of chronic 

disease. Exercise has many documented benefits that show the importance of maintaining 
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one's health and an important modality for patients that have recently underwent a cardiac 

event (Warburton, 2006). 

Graded exercise testing (GXT) is often recommended in older, higher risk, or 

symptomatic individuals before beginning an exercise program (ACSM, 2017). Based on 

GXT results, novice exercisers are typically unable to sustain the same workloads during 

training that are associated with specific markers of homeostatic disturbance during a 

GXT, such as percent Heart Rate Reserve (%HRR) (Foster, 2020). Because of this, there 

appears to be a need to “step down” or “translate” GXT results to exercise training 

workloads. It has been shown that to achieve the same HR or RPE a patient was at in a 

GXT, we must adjust a workout to a lower amount of work to enable someone to 

maintain steady state exercise for the target amount of time, typically 15-45 minutes 

(Foster et al, 1986, Foster et al, 1991, Foster et al, 1993, Foster et al, 2008). For instance, 

in a person doing a GXT (modified Bruce protocol), their Heart Rate (HR) was 110 bpm 

with a Rating of Perceived Exertion (RPE) of 12 at speed of 2.5 mph speed and 12% 

grade, representing 70% of Heart Rate Reserve (HRR). If we wanted to have them 

workout at this same relative workload for a 30-minute training session, it is likely that 

the HR and RPE would rise to a higher level (e.g., 90% HRR and a 16 RPE) creating a 

heavier internal strain than desired. This is known as cardiovascular drift.  

 The purpose of this study is to test a model that allows exercise test results to be 

“translated” to the specific workload for exercise training at a specific internal intensity 

without increasing their risk by prescribing too challenging of initial workloads. It is of 

high importance to the safety of exercisers, since unaccustomed heavy exercise in 

sedentary people or patients is associated with increased risk during exercise training 
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(Foster et al, 2008). It is hypothesized that the Generalized Functional Translation Model 

(Foster et al, 2020) will show high correlation with %HRR and be able to predict a 

subject’s heart rate with ten beats. This paper aims to discuss the importance of 

downregulating a GXT, so patients in cardiac rehab are able to maintain a specific 

%HRR during the duration of a 30-minute exercise training session. 
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METHODS 

Subjects 

All data collection was completed at the University of Wisconsin – La Crosse’s 

Human Performance Laboratory. A total of 20 healthy, young adult volunteers, from the 

UWL community participated in the experiment, including 10 males and 10 females.  

Characteristics of the subjects are presented in Table 1 below. 

Table 1. Descriptive statistics of subjects for age, height, and weight (Mean ± SD subject 
data). 

 

Table 2. Average results of the Modified Bruce Protocol (Mean ± SD subject data). 
 

Participants were excluded from participating in the study if they met the 

following criteria: known cardiopulmonary or orthopedic disease or systematic sports 

training. The study protocol was approved by the Institutional Review Board for the 

 Age Height Weight 

Males (n=10) 

Females (n=10) 

23.5 ± 2.17 

22.3 ± 0.95 

183.1 ± 5.25 

167.6 ± 6.73 

82.3 ± 18.40 

70.0 ± 12.18 

 VO2max/kg VO2 @ VT/kg Max HR Max RPE 

Males (n=10) 

Females(n=10) 

53.3 ± 6.11 

40.3 ± 5.28 

30.1 ± 4.74 

25.4 ± 4.90 

188.6 ± 6.60 

185.3 ± 5.19 

19.9 ± 0.22 

19.9 ± 0.22 
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Protection of Human Subjects from the University of Wisconsin-La Crosse. All subjects 

provided written informed consent prior to participation (Appendix XX). 

Protocol 

The control variables for this experiment included; no music during the test, no 

caffeine or exercise 6 hours before the test and no alcohol 24 hours before the test. The 

independent variables were resting HR, maximal HR, and the HR at easy, moderate and 

hard workloads (60%, 70%, and 80% HRR).  

The first test was a maximal stress test using the Modified Bruce Protocol 

(ACSM, 2017) in order to generate information on the subject’s HR response during each 

stage of the test. From resting and maximal HR, we were able to calculate each 

participants HRR by using the following equation: 

HRR = (Max HR – RHR) 

To obtain target heart rate, we used the following equation: 

Target HR (THR) = (HRR * %) + RHR 

The percent symbol represents the percent intensity the participant would be 

performing during each of the steady state exercise training trials (60%, 70%, and 80%). 

Once THR was found, we computed the steady state MET requirements for speed and 

grade during the modified Bruce Modified Protocol from standard formulas (ACSM, 

2017) and matched to the THR during the GXT to find the speed and grade using 

standard equations. 
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VO2 = 3.5 + (0.1*26.8*speed) + (speed*1.8*26.8*grade) 

Once VO2 at that specific workload is found, METs were computed by dividing 

by 3.5. Then, the functional translation model proposed by Foster et al. (2020) was 

applied to allow us “step-down” the training to get a value for 72% of 60%, 70%, and 

80% HRR. The protocol is as follows: 

VO2/3.5 = Max METS * 0.72 = "Step-down" METS 

“Step down METs” * 3.5 =Training VO2 

Once the step down METs was found, the equation was solved in reverse to allow 

computation of the speed and grade required to achieve the combination of speed and 

grade required to achieve the “step down METs” during training: 

VO2 ("step-down") = 3.5 + (0.1*26.8*speed at THR) + (speed at 

THR*1.8*26.8*grade) 

Once VO2 (“step down”) was solved, then the workout would be the speed used 

to calculate grade and the new grade that was computed. These two values then are the 

predicted workload one would have to use to achieve target %HRR. 

During the next three sessions, subjects performed, in random order, three 

workouts at either 60%, 70%, or 80% HRR for thirty-minutes. The thirty-minute workout 

included a 5-minute warm-up (3.5 speed & 1.5% grade), 20-minute workout, and a 5-

minute cool down (3.5 speed & 1.5% grade) each time.  
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Statistical Analysis 

The data were analyzed by averaging the HR to determine if the generalized 

functional translation equation worked. Average values for HR and RPE achieved during 

the last 15-minutes of the workout were compared to target values for all three intensity 

levels, using repeated measures ANOVA. When significant differences were observed, 

pair-wise comparisons were made using Tukey’s test. A p<0.05 was accepted as 

statistically significant.
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RESULTS 

The results demonstrated that the generalized “step down” functional equation 

appears to work effectively, but slightly under predicts at workloads of 60% and 

70%HRR, but is not statistically different at 80%HRR. The predicted HR during the three 

different workloads are in Table 3 indicating significant differences for workloads of 

60% and 70%HRR, but not significant during 80%HRR workload. 

Table 3: Predicted and Achieved Heart Rate at Three Different Workloads for both men 
and women. The data is presented as mean ± SD. 

Workload Predicted Average HR Achieved Average HR 

60% 
70% 
80% 

134.9 ± 4.39 
147.9 ± 4.64 
160.4 ± 5.41 

130.7 ± 7.25* 

143.4 ± 9.16* 
157.8 ± 8.91* 

 

Although at workloads of 60% and 70% the results show significance, it is not 

necessarily bad. This is due to the fact that the observed HR is less than predicted but still 

within 10 beats of the predicted HR. At 80%, the difference in predicted and resting HR 

is not significant (Figure 1). The data in Table 3 shows that the predicted versus achieved 

HR varied for both men and women. Figure 1 shows the combined data for both men and 

women at all three workloads (60%, 70%, and 80%). It shows a high correlation of 

predicted versus achieved data with an R2 that equals 0.80 and an r value that equals 0.89. 

That means that 89% of the time the equation works at predicting HR at workloads of 

60%, 70%, and 80%. 
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Figure 1. The graph shows the combined data for both men and women during all 
workloads (60%, 70%, and 80%).  The thinner lines represent ± 10 bpm.  Thus, only 5 of 
60 observations were not within 10 bpm, and all of the errors were conservative. 

 

Figures 2 and 3 show the data separated for men and women. Figure 2 (men) 

shows the correlation of predicted versus achieved HR during the three different 

workloads tested. The results indicate that men’s HR were under predicted most of the 

time. Although this occurred, the R2 value was 0.76 and the bivariate correlation was 

r=0.87. This indicates that there is still a high correlation and that the equation can be 

used to predict men’s HR accurately. Figure 3 (women) shows the correlation of 

predicted versus achieved HR at workloads of 60%, 70%, and 80%. The results of Figure 

3 indicate that women’s HR were over predicted but still highly correlated. The R2 value 

was 0.85 and the bivariate correlation was r=0.92, which can be interpreted as that the 

equation works 85% of the time for women.  
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Figures 2 (left) and 3 (right). The data for men and women during all workloads (60%, 

70%, and 80%).  The thinner lines show ± 10 bpm. 

 When exercising, it is known that cardiovascular drift occurs. During this study, it 

was found that there was little to no cardiac drift that occurred. In figure 4, it indicates a 

slight raise in heart rate during all the workloads 60%, 70%, and 80%. Although this 

occurs, it is expected, but due to the fact that there is only a slight change it does not have 

clinical significance and shows that although some drift occurs, the subject stays within 

±10 beats from where they were predicted to be at. 
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Figure 4. The graph shows the average cardiovascular drift between 10 and 25 minutes 
in all subjects. 
 

Overall, the results indicate that the generalized “step-down” functional 

translation equation (Foster et al., 2020) works and can accurately predict HR at 

workload of 60%, 70%, and 80% for both men and women. 
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DISCUSSION 

For this study, the generalized Functional Translation Model was tested for 

translating GXT results to training prescription (Foster et al., 2020).  This model was 

designed, based on our previous reports (Foster et al.1986, Foster et al, 1991, Foster et al, 

1993, Foster et al, 2008) to account for the natural drift of internal training intensity that 

occurs during the course a steady state exercise training bout. The model predicts that the 

workload from the GXT where a desired HR was reached needs to be translated down to 

~72% to make responses during a training session maintainable for the given exercise 

time frame (~30- min). 

Movement and incorporation of structured exercise play a pivotal role in health 

and needs to be advocated for to mitigate the progression of chronic disease. The 

majority of heart disease can be prevented through lifestyle modifications such as 

exercise. Exercise has many documented benefits that show the importance of 

maintaining health and is an important therapeutic modality for patients that have 

recently experienced a cardiac event. A phenomenon called cardiovascular drift, is an 

event that occurs when HR starts to increase towards the end of a prolonged 

exercise session hypothesized by a reduction in stroke volume (SV), an increase in 

internal temperature, and the state of a person being dehydrated (Coyle, 2001). Because 

of this occurrence, it could potentially lead to negative effects for a patient coming from a 

current cardiac event such as a heart attack (Squires, 1990). For this 

reason, mitigating any unwanted increases in HR, we must come up with a solution that 

minimizes cardiovascular drift to increase the safety and efficacy of exercise 

programs for patients that are in rehabilitation or for sedentary individuals. It is of special 
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interest to note that CV drift has a better occurrence of happening in non-endurance 

trained individuals and may happen more drastically (Coyle, 2001), which when working 

with patients in cardiac rehab it will be of importance to understand this concept when 

writing exercise prescriptions. 

 Based on previous exercise tests, a sedentary person or someone who is in 

cardiac rehabilitation, is typically unable to sustain the same workloads associated with 

specific markers of homeostatic disturbance within the GXT, such as %HRR, for 15-45 

minutes which is a typical exercise training bout (Foster et al, 2020). Because of this, 

there appears to be a need to “step down” from a graded exercise test workload to 

exercise training workloads. To achieve the target HR and RPE during training and to 

prevent cardiac drift, the workload from the GXT would need to be “translated” or 

“downregulated”. Combining the results of previous studies (Foster et al., 1986, 1991, 

1993. 2008), using METs during GXT and training as a common denominator, Foster et 

al., (2020) suggested that the magnitude of this downregulated translation of workload is 

to about 72% of the GXT workload with the same physiologic responses. The goal of this 

downregulation is to have exercisers be able sustain exercise for a specific length of time 

in a target %HRR zone during their early training bouts, so they can establish a regular 

exercise routine without being overly stressed.  

In this study, it was found that the generalized functional translation model, 

slightly, but significantly under predicted HR at 60% HRR and 70% HRR workloads, but 

seems to be accurate at the 80% HRR workload. This finding is not bad and in a cardiac 

rehabilitation setting, it would be good to use on a patient because achieving lower than 

predicted levels of internal training load will favor safety and compliance during the early 
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weeks of training.  In any case, regardless of the intensity, 92% of HR observations were 

within 10 bpm of the predicted HR, and all of the outliers were “conservative”. 

The limitations of this study are primarily related to a younger than desired 

subject population. Covid-19 also limited the ability to recruit older subjects or patients 

from local rehabilitation programs. Originally, this study was designed to test cardiac 

patients using the generalized functional translation model, due to this, the subjects were 

younger, healthier and more active. Therefore, it is of interest to study the cardiac 

population (45–75-year old's) to see if this model can be used in a cardiac rehabilitation 

setting. 

Since patients who were within a cardiac rehab program were not able to be 

tested, it is important to consider the use of certain medications that commonly are 

used in cardiac patients. This would provide data on if this model works with the use of 

medication. One common drug used in these patients is beta (β) blockers. Β-adrenergic 

blockade invariably caused a reduction in heart rate, cardiac output, mean arterial 

pressure and left ventricular minute work (Epstein, 1965). However, even though these 

medications produce this type of response, β-blockers do not appear to limit exercise 

ability (Wilmore, 2018). It was shown that with maximal exercise, treadmill time was 

significantly reduced with propranolol (β-blocker), pulmonary ventilation and heart rate 

were reduced significantly with both drugs, but maximal oxygen uptake remained 

unchanged (Wilmore, 1985). Thus, to study the effects of the generalized model, there 

will need to be further research done to satisfy the implications of HR/RPE on prolonged 

exercise at a given workload intensity due to most cardiac patients being on β-blockers.     
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CONCLUSIONS 

This study shows that although HR was slightly unpredicted by the generalized 

functional translation model, that it appears adequate to use in most exercise training 

settings. The HR that was predicted for workload of 60% and 70% were unpredicted, but 

were generally within 10 bpm of desired. This way a patient could be sent home with a 

specific program and could reduce the chance of having a cardiac event. 
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INFORMED CONSENT FORM:  

      Principal Investigator:  Carl Foster    
     UW-La Crosse    
     133 Mitchel Hall    
     La Crosse, WI 54601  
     (608) 785-8687      
 

1. I, ___________________________, give my informed consent to participate in this 
study designed to compare three widely used maximal tests designed for exercise 
prescription and outcome assessment against the gold standard Rate of Perceived 
Exertion. I have been informed that the study is under the direction of Carl Foster, 
PhD., who is a Professor in the Department of Exercise and Sport Science at the 
University of Wisconsin-La Crosse. I consent to the presentation, publication, and 
other release of summary data from the study which is not individually identifiable.  

 

2. I have been informed that my participation in this study will require me to: 
a. Get COVID-19 screened before each test. 
b. Perform, 4 total exercise tests for 30 minutes each. 

i. One being a maximal test (Baseline). 
ii. Three being a workout at a given %HRR (60%, 70%, and 80%). 

c. Wear a chest strap, heart rate monitor, facemask before and after test, and 
VO2 mask for each test. 

 

3. I have been informed that there are no foreseeable risks associated with this study 
other than the fatigue associated with heavy exercise and the discomfort wearing 
the VO2 mask. 

a. Including but not limited to getting exposed to COVID-19. 
i. If I were to get COVID-19 I will need to inform researchers right 

away. 
ii. I understand the risk of the study and will not hold the researchers 

or UWL responsible for potential risks of contracting and potentially 
being exposed to COVID-19. 

 

4. I have been informed that there are no primary benefits to myself other than the 
knowledge about my fitness. Based on the results of this study, exercise 
professionals may be able to better guide the training of exercisers. 

 

5. I have been informed that the investigator will answer questions regarding the 
procedures throughout the course of the study. 
 

 

6. I have been informed that I am free to decline to participate or to withdraw from 
the study at any time without penalty. 
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7. Concerns about my aspects of this study may be referred to Jessica Pavlock at (970) 
488- 0913 or Tristan Tyrrell at (307) 421-9875. Questions about the protections of 
human subjects may be addressed to the Chair of the UW-L Institutional Review 
Board (608) 785- 6892. 

 

Investigator: ____________________________      Date: ________________ 
 

Participant: _____________________       Signature: _______________________ 

Date: ________________________ 
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TESTING PROTOCOL 

BASELINE (MODIFIED BRUCE PROTOCOL) TESTING: 

1. Inform participants 24 hours before the study not to ingest caffeine, eat, or 
workout 6 hours before the test or consume alcohol 24 hours before test. 

a. Participant is okay to drink water up to the test. 
 

2. Researcher 1 or 2 will calibrate metabolic cart, make VO2 mask, and prepare lab 
for participant. 

a. The same treadmill and metabolic cart will be used throughout the study. 
 

3. Participant will show up at the time signed up for and meet in Mitchell Lobby. 
 

4. COVID screening will be performed in the Mitchell lobby before entering the lab. 
a. COVID screening questionnaire completed. 
b. Temperature screening recorded. 

i. Participant must be under 99.0 in order to enter lab and perform 
test. 

 

5. Participants will then be introduced to the lab and the study that they will be 
participating in. 

 

6. Participant will fill out PAR-Q and then informed consent before starting any 
testing. 
 

7. Participant will finish filling out all forms and sit for 5-minutes facing away from 
equipment. 

a. Resting HR, BP, and RPE will be taken and recorded on Exercise Form. 
 

8. Researcher 1 will be team lead (recording HR, and RPE). 
a. The same HR monitor and HR watch will be used throughout the study. 

 

9. Researcher 2 will be taking blood pressure and checking on the subject during the 
test. 

a. The same BP tree, BP cuff, and stethoscope will be used throughout the 
study. 

 

10. Participant will then be hooked up to VO2 max face mask and start warming up. 
a. The participant will warm up at a speed will be set to 3.5 for 2-5 minutes. 
b. Once ready, the participant will then start the Modified Bruce test. 
c. Researchers will record all data on Exercise Form. 
d. HR and RPE will be taken every minute and blood pressure every three 

minutes (3, 6, 9, 12, 15, and 18-minute marks) until test is ended. 
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11. Participant will go for as long as they can or until they show signs and symptoms 
that would discontinue the test.  

a. RER: >1.15 
b. HR: Around their age predicted max 
c. RPE: ~20 
d. Signs or Symptoms: Dyspnea, Claudication, or Ischemia 

 

12. When test is ended a recovery protocol of checking vitals for 1, 3, and 5 minutes 
will be recorded on Exercise Form. 

 

13. Participant will then be completely done and disconnected from the machine. 
a. Participant will continue to walk on the treadmill for at least 5-minutes 

after being disconnected from machine. 
i. As soon as VO2 mask is taken off the participant must put on their 

facemask. 
 

14. After cool-down is complete, the participant will then be walked out of the Lab to 
Lobby of Mitchell Hall by Researcher 2. 

 

15. Researcher 1 will print off and gather all data from the test. 
 

16. Researcher 1 and 2 will either clean the lab and prepare for next test or close up 
the lab. 
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TESTING PROTOCOL 

3 WORKOUTS (60%, 70%, and 80% OF %HRR): 

1. Inform participants 24 hours before the study not to ingest caffeine, eat, or 
workout 6 hours before the test or consume alcohol 24 hours before test. 

a. Participant is okay to drink water up to the test. 
 

2. Researcher 1 or 2 will calibrate metabolic cart, make VO2 mask, and prepare lab 
for participant. 

a. The same treadmill and metabolic cart will be used throughout the study. 
 

3. Participant will show up at the time signed up for and meet in Mitchell Lobby. 
 

4. COVID screening will be performed in the Mitchell lobby before entering the lab. 
a. COVID screening questionnaire completed. 
b. Temperature screening recorded. 

i. Participant must be under 99.0 in order to enter lab and perform 
test. 

 

5. Participants will then be introduced to the lab and the study that they will be 
participating in. 

 

6. Participant will fill out PAR-Q and then informed consent before starting any 
testing. 
 

7. Participant will finish filling out all forms and sit for 5 min facing away from 
equipment. 

a. Resting HR, BP, and RPE will be taken and recorded on Exercise Form. 
 

8. Researcher 1 will be team lead (recording HR and RPE). 
a. The same HR monitor and HR watch will be used throughout the study. 

 

9. Researcher 2 will be taking blood pressure and checking on the subject during the 
test. 

a. The same BP tree, BP cuff, and stethoscope will be used throughout the 
study. 

 

10. Participant will then be hooked up to VO2 mask. 
a. When the participant is ready to begin, a warm up with an increasing 

speed will ultimately end when the required speed and grade for the 
participant is reached and must be there by 5-minutes. 

i. Required speed and grade will be calculated and checked by 
researcher 1 & 2 to make sure it is accurate before the participant 
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starts the testing at the specific intensity (60%, 70%, and 80%) for 
the workout. 

b. After the 5-minute warm-up, participants will then go straight into their 
20-minute workout at their predetermined workout intensity set by the 
researchers.  

c. The participant will then start to cool-down at the 25-minute mark for 5-
minutes. 

d. During the test, researchers will fill out Exercise Form for the correct 
%Workout Intensity (60%, 70%, and 80%). 

e. Vitals will be taken every 5 minutes once the test starts (5, 10, 15, 20, 25, 
30-minute marks). 

 

 

11. When test is ended a recovery protocol of checking vitals for 1, 3, and 5 minutes 
will be recorded on Exercise Form. 

a. Participants will only end this test early if they say to stop.  
 

12. Participant will be completely done and disconnected from the machine. 
a. Participant will continue to walk on the treadmill for at least 5-minutes. 

i. They will stay in the lab until they are within 10 BPM of resting 
HR 

ii. As soon as VO2 mask is taken off the participant must put on their 
facemask. 

 

13. After cool-down in complete, the participant will then be walked out of the Lab to 
Lobby of Mitchell Hall by Researcher 2. 

 

14. Researcher 1 will print off and gather all data from the test. 
 

15. Researcher 1 and 2 will either clean the lab and prepare for next test or close up 
the lab. 

 

 

COVID-19 PROTOCOL 

FOR PARTICIPANT: 

1. If sick in anyway, participant will need to contact researchers as soon as possible. 
a. They will then be advised to get COVID tested. 
b. If they exposed the researchers, researchers will need to follow the 

researcher protocol below. 
2. Participant will get rescheduled. 

a. If the results are NEGATIVE, they can return to do the study in 3-5 days 
depending on when they are feeling better. 
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b. If the results are POSITIVE, they cannot return for at least 10 days and 
will need to get re-tested before they are able to return for the study 

FOR RESEARCHERS: 

1. If researchers are exposed or get sick, they will need to get tested. 
2. Participants that were in contact with them will be contacted and told to get tested 

as well. 
3. All research will then be put on hold until results comeback. 

a. Participants will be rescheduled. 
b. If the results are NEGATIVE, researcher can return to the lab and resume 

testing. 
c. If the results are POSITIVE, they cannot return for at least 10 days and 

will need to get re-tested before they are able to return to the lab and see 
participants. 
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COVID SCREENING SHEET 
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Modified Bruce Protocol  

VO2max 

Subject: 

Subject Number: 

PRE-EXERCISE TABLE 

(Resting Values) 

Blood Pressure 
(mmHg) 

Heart Rate 
(BPM) 

Rate of Perceived 
Exertion (RPE) 

   
 

EXERCISE TABLE 

Stage Time  
(min) 

Speed 
(MPH) 

Grade 
(%) 

Blood 
Pressure 
(mmHg) 

Heart 
Rate  

(BPM) 

Rate of 
Perceived 
Exertion 

(RPE) 
 
 
1 

 
1 
2 
3 
 

 
1.4 
1.7 
1.7 

 
0 
5 
10 

   

 
 
2 

 
4 
5 
6 

 
2.0 
2.4 
2.5 

 
11 
11 
12 

   

 
 
3 

 
7 
8 
9 

 
2.8 
3.2 
3.4 

 
14 
14 
14 

   

 
 
4 

 
10 
11 
12 

 
3.6 
3.8 
4.2 

 
16 
16 
16 

   

 
 
5 

 
13 
14 
15 

 
4.2 
4.6 
5.0 

 
18 
18 
18 
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6 

 
16 
17 
18 

 
5.0 
5.3 
5.5 

 
20 
20 
20 

   

 

POST-EXERCISE TABLE 

(Recovery Values) 

Time  
(min) 

Blood Pressure 
(mmHg) 

Heart Rate  
(BPM) 

Rate of Perceived 
Exertion (RPE) 

 
1 

   

 
3 

   

 
5 
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DATA SHEET 

Subject: 

Subject Number: 

 

%HRR Tested:    60%  70%  80% 

Target HR: 

Speed: 

Grade: 

PRE-EXERCISE TABLE 

(Resting Values) 

Blood Pressure 
(mmHg) 

Heart Rate 
(BPM) 

Rate of Perceived 
Exertion (RPE) 

   
 

EXERCISE TABLE 

Time  
(min) 

Blood Pressure 
(mmHg) 

Heart Rate  
(BPM) 

Rate of Perceived 
Exertion (RPE) 

 
0-5 

 

   

 
5-10 

   

 
10-15 

   

 
15-20 

   

 
20-25 

   

 
25-30 
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CALCULATION WORKSHEET 

SUBJECT: 

SUBJECT NUMBER: 
 

HRrest:  ________ VO2 max: ___________ Workload:  ___________ 

HRmax:  ________ VO2 (___ %): _______ Target HR: ___________ 

HRR: __________ MET (___ %):  ______ METmax:  _____________  

  

TARGET HEART RATE CALCULATON: 

 
 

PREDICTED VO2 ( ___ %) CALCULATION: 

 

 
 

PERCENT GRADE CALCULATION: 

Walking Equation: VO2 ( ____ %) = Rest + Horizontal Comp. + Vertical Comp. 

          VO2 (ml/kg) = 3.5 + (0.1 * s *26.8) + (s * 26.8 * 1.8 * grade) 
 

Running Equation: VO2 ( ____ %) = Rest + Horizontal Comp. + Vertical Comp. 

          VO2 (ml/kg) = 3.5 + (0.2 *s*26.8) + (s*26.8*0.9*grade) 
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RPE Scale 
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HEART RATE MONITORS 
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Polar Heart Rate Monitor and Watch 
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REVIEW OF THE LITERATURE 

Introduction  

Exercise is something that is free and proven to help people gain a healthier 

lifestyle, but not a lot of people choose to exercise on a daily basis. A study by the US 

National Health and Nutrition Examination Survey, suggested that children and adults 

spend approximately 55% of their awake time being sedentary, which is about 7.7 hours 

per day (Katzmarzyk et al, 2019). This sedentary population is suffering from the 

negative side effects such as cardiovascular disease, diabetes, obesity, with a higher 

mortality rate, due to inactivity. If this population were to meet the ACSM guidelines, 

then their chances of disease would decrease and their lifespan would increase. One way 

to meet these guidelines is through daily exercise. In a study called, Physical Activity, 

All-Cause and Cardiovascular Mortality, and Cardiovascular Disease, Krauss et al. 

explain that exercise is good for every individual to participate in. In this paper, it is 

going to dive deeper into all aspects of exercise to later see if the generalized functional 

translation model can be tested.  

Heart Disease 

Heart disease is the leading cause of death in the United States. It affects 1 out of 

4 people, who will die from this disease and is a huge problem relative to preserving the 

longevity of current generations and for the health of future generations (CDC, 2020). 

This problem has been addressed in many articles and there are many interventions 

designed limit the progression of this disease. A leading risk factor for heart disease is 

that a large percentage of the population is sedentary. Over 60% of adults in America do 

not get the recommended, (ACSM Guidelines) amount of exercise, whereas 25% of the 
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population is not active at all (CDC, 2020). The numbers for those at risk for developing 

heart disease or dying from it are alarming, especially when it is known that exercise and 

a healthy diet can mitigate risk.   

Simple positive lifestyle changes can lead to the decrease in the morbidity and 

mortality from heart disease. Professional societies such as the American Heart 

Association, American College of Sports Medicine, and the Centers of Disease Control 

and Prevention agree that a sedentary lifestyle is a major contributor to heart disease and 

other chronic diseases (Warburton et al 2006). ACSM guidelines recommended that 

people get 150 minutes (about 2.5 hours) of moderate intensity exercise per week, or 75 

minutes of vigorous exercise in per week (ACSM Guidelines, 2017). Movement and 

incorporation of structured exercise play a pivotal role in health and needs to be 

advocated for to mitigate the progression of chronic disease. The majority of heart 

disease can be prevented through positive lifestyle modifications such as exercise, a 

healthy diet, and not smoking. Exercise has many documented benefits that show the 

importance of maintaining one's health and an important modality for patients that have 

recently underwent a cardiac event (Warburton 2006).  

Cardiac Rehabilitation 

Cardiac rehabilitation (CR) is a type of therapy that promotes optimizing physical 

function in patients with cardiac diseases. CR services are typically provided in an 

outpatient setting and involve medical evaluation, prescribed exercise, cardiac risk factor 

modification, education, and counseling. Patients typically enter a CR setting following 

acute coronary events such as a myocardial infarction (MI), bypass surgery, or stent 
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placement/replacement (Mayo 2020). Looking at various studies, it shows that there are 

many different factors that can affect cardiac rehabilitation (CR).  

In a study called, Women and Cardiac Rehab Exercise Programs – Are We Doing 

Enough, it discusses the fact that women have low attendance rates along with the 

referral rate being low (Satij,a 2017). Based on this information, it shows that the female 

population needs more attention from their medical personnel. Women are not the only 

group to need quality care when it comes to exercise programs. Cardiac Rehabilitation 

Outcomes by Ethnocultural Background (2017) stated that patients that are diverse in 

culture are underrepresented among cardiac rehab patients. Although underrepresented, 

when they do participate in cardiac rehab, they achieve similar outcomes when compared 

to Caucasian patients (Findlay 2017). Although these populations need attention, there 

are things that clinical rehabs can do to ensure quality care during and after the program.   

Some of the equipment that is used in cardiac rehab include heart rate monitors. 

Being able to read the monitors along with using them properly is important. In a study 

called, Heart Rate Monitors: Validity, stability and functionality (1988), the researchers 

studied the validity of 13 commercially available heart rate (HR) monitors and they were 

assessed by comparing the monitored values with simultaneous ECG readings. These 

researchers found the correlations between readings obtained by ECG and HR monitors 

using conventional chest electrodes to measure electrical activity of the heart. Without 

HR monitors and ECG readings it would be nearly impossible to get an accurate picture 

of what the body is experiencing.   

In an article called, maintaining exercise when cardiac rehab is complete, it states 

that individuals who have completed cardiac rehab and receive counseling over the phone 
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after they have completed the program are more likely to adhere to an exercise program 

(2011). As previously mentioned, exercise is a key factor in the morbidity/mortality role 

of human life. If a person does continue to adhere to an exercise program, they are in 

turn, expanding their overall, lifespan.  

Heart Rate Reserve 

There is evidence supporting the benefit of regular exercise, and 

recommendations about exercise and physical activity, however the process of 

individually prescribing exercise following exercise testing is more difficult. Factors like 

% heart rate reserve (HRR) require a baseline maximal test. When prescribing HR on the 

basis of %HRR, cardiovascular drift during sustained exercise makes prescription of 

actual workload difficult.   

In an article, Special Needs to Prescribe Exercise Intensity for Scientific Studies, 

by Hofmann et al 2011, a wide range of intensities is used to prescribe exercise, but this 

approach is limited. Usually percentages of maximal oxygen uptake (VO2) or heart rate 

(HR) are applied to set exercise training intensity but this approach yields substantially 

variable metabolic and cardiocirculatory responses (Hofmann et al 2011). Guidelines for 

exercise testing and prescription have been established to provide optimal standards for 

exercise training in healthy subjects as well as for cardiac rehabilitation and secondary 

prevention programs. Below in Table 1, it shows the recommendations of intensities that 

use HRR at different intensities with different types of populations.   
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Table 1: Overview of recommendations for physical activity and public health in healthy 

adults and patients.  

Recommendation Intensity Duration Frequency 

ACSM [18] resource 

manual for 

guidelines for 

exercise testing and 

prescription healthy 

individuals  

moderate intensity 

40%–59% HRR 

(VO2R) vigorous 

intensity ≥ 60% HRR 

(VO2R)  

20–

60 min·day−1 continuo

us or intermittent in 

bouts of at least 10 

min 20–

60 min·day−1 continuo

us or intermittent in 

bouts of at least 

10 min  

min. of 

5 d·wk−1min. 

3 d·wk−1  

CAD + MI patients  40%–85% HRR 

(VO2R)  

    

HF patients  40%–70% HRR 

(VO2R)  

    

ACSM [19] 

guidelines for 

exercise testing and 

prescription  

40%–85% HRR 

(VO2R)  

20–60 min·day−1  3–5 d·wk−1  

ACSM/AHA [20] 

healthy adults 18–65 

years of age  

moderate intensity 

(between 3.0 and 

6.0 METs) vigorous 

at least 

 30 min·day−1 continuo

us or intermittent in 

min. of 

5 d·wk−1min. of 

3 d·wk−1  

about:blank#B72
about:blank#B23
about:blank#B73
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intensity (above 

6.0 METs)  

bouts of at least 10 min 

each at least 

20 min·day−1 continuo

us activity  

ACSM/AHA [21] 

older adults aged 

>65 years  

moderate intensity (5-6 

on a 10-

point scale)vigorous int

ensity (7-8 on a 10-

point scale)  

at least 

30 min·day−1 continuo

us or intermittent (in 

bouts of at least 10 min 

each) activity at least 

20 min·day−1 continuo

us activity  

min. of 

5 d·wk−1min. of 

3 d·wk−1  

AHA [22] coronary 

artery disease   

moderate intensity 

(40%–60% of HRR) 

vigorous intensity as 

tolerated (60%–85 % of 

HRR)  

at least 30 min·day−1  min. of 

3 d·wk−1    

ACSM [23] 

hypertension   

moderate intensity 

(40%–60% of VO2R) 

vigorous intensity 

acceptable for selected 

adults  

30–

60 min·day−1 continuo

us or intermittent (in 

bouts of at least 10 

min each) activity  

most, 

preferably all 

days per week  

about:blank#B74
about:blank#B75
about:blank#B76
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AHA [24] stroke  50%–80% of HRmax  20–60 min/session (or 

multiple 10 min 

sessions)  

3–7 d·wk−1  

American Diabetes 

Association [21] 

type 2 diabetes  

moderate intensity 

(50%–70% of HRmax) 

vigorous intensity 

(>70% of HRmax)  

at least 

150 min·wk−1 moderat

e and/or at least 

90 min·wk−1 vigorous 

activity  

min. of 

3 d·wk−1, no 

more than 2 

consecutive 

days without 

activity  

HRR: heart rate reserve; VO2R: oxygen consumption reserve.  

CAD: coronary artery disease  

  

HRR is an important factor in helping to determine an intensity that someone 

should be working at. The generalized functional translation model uses 

HRR as one element of exercise prescription for predicting appropriate exercise intensity 

for individuals, especially those in a cardiac rehab setting.  

  

Functional Translation  

Functional translation means taking a specific task or activity then taking it from 

one setting and applying it to another setting to see if similar results can occur. An 

example of this would be having a subject perform a graded exercise test in a clinical lab 

situation and obtaining a specific heart rate that can be translated to recreational activities 

or workouts. If the results from recreational activities or workouts are similar to those in 

about:blank#B77
about:blank#B74
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the clinical lab situation then researchers can support the fact that clinical studies can be 

functionally translated.  

  

In a study, Functional Translation of Exercise Responses from Graded Exercise 

Testing to Exercise Training, by Foster 1986, it stated that it was trying to develop a 

quantitative approach to the prescription of absolute exercise intensity during level 

ground ambulation from responses observed during a graded exercise test. One of the 

findings of this study is that the ability of the functional translation approach depends on 

the HR response during graded exercise testing, factors that influence the HR response 

pattern are of importance. Through all of these studies, they show the benefits of the 

functional translation approach through tests like HRR can be translated into real life 

scenarios.  
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In another study called, Functional Translation of Exercise Test Responses to 

Recreational Activities, by, Foster et al 1991, it researched target heart rates for 

individuals during recreational activities. They found that activities that were predicted to 

be too difficult resulted in 17% of the observed heart rate data points less than the target 

heart rate, 67% within the target heart rate range, and 16% more than the target heart rate 

range (Foster 1991). While activities that were predicted to be more appropriate resulted 

in 51% of the observed heart rate data points less than the target rate range, 46% within 

the target heart rate range, and 3% more than the target heart rate range (Foster 1991). 

This study was done with sedentary individuals, or those who were not active, and took 

them from a clinical type setting and translated them into recreational activities.  

In a third study titled, Functional Translation of Exercise Responses 

during Combined Arm-Leg Ergometry, written by Foster et al 1991, they explore how 

functional translation of exercise responses is used when it is put together with arm-leg 

ergometry (Foster 1991). In order to study this combination further, they had 

people participate in three different exercises for 20 minutes all at different levels of 

intensities using the combined arm-leg ergometer (Foster et al 1991). Through this 

study, they discovered an equation for functional translation mixed with arm-leg 

ergometry. Through this discovery, they explain, the results of this study provide a 

convenient practical method for translating exercise responses for individuals 

interested using the combined arm-leg ergometer for exercise training (Foster et al 

1991).   

Overall, functional translation can be predicted to in order to prescribe an accurate 

exercise program especially for those in cardiac rehab. To overcome the issue of 
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cardiovascular drift, there is an effective strategy for “translating” exercise test responses 

to steady state exercise training when using %HRR that was adequate for individuals 

ranging from cardiac rehab patients to athletes. In the study, Generalized 

Translation, Foster et al. (2020) tested if a stepdown method between METs during 

training to achieve the same degree of disturbance during testing. They found that it is 

possible to generate a generalized approach to correctly translate exercise test response to 

training.  

Conclusion  

The purpose of this research study is to test a model that allows exercise test 

results to be “translated” to the specific workload for exercise training at a specific 

internal intensity without increasing their risk by prescribing too challenging of initial 

workloads. This new model has not been adequately tested. It is of high importance to the 

safety of exercisers, since unaccustomed heavy exercise in sedentary people or patients is 

associated with increased risk during exercise training (Foster and Porcari, 2008). It is 

hypothesized that the Generalized Functional Translation Model (Foster et al., 2020) will 

show high correlation with %HRR and be able to predict a subject’s heart rate with ten 

beats. This study aims to investigate the functional translation model. If it is 

demonstrated, it would be a major implication in the discussion of the importance of 

downregulating a GXT. This could then have implications in the future to be 

implemented with patients in cardiac rehab. In order to give them exercise prescriptions 

that would give both the physician and patient confidence that they would be able to 

maintain a specific %HRR during the duration of a 30-minute exercise training session.  
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