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ABSTRACT 

Tyrrell, T. M. Testing the generalized functional translation model. MS in Clinical 
Exercise Physiology, December 2021, 51pp. (C. Foster) 

 

The purpose of this study was to evaluate the generalized functional model that allows 
someone to work at the same intensity during a training session as was achieved during a 
graded exercise test (GXT) by downregulating the workload to account for 
cardiovascular drift. This also tested for the accuracy of the new generalized translation 
model as a way to downregulate GXT workload to a specific training workload. Earlier 
studies found that in order for patients to work at the same relative workload during 
training as during a GXT, there needs to be a translation (downregulation) from GXT 
results to steady state exercise. We have recently developed a generalized translation 
model that combines the results of earlier experimental studies.  Subjects (n=20) 
performed a GXT and three, 20-minute training bouts at easy, moderate and hard 
intensities on a treadmill. Average values for HR and RPE achieved during 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.  It was found that the generalized prescription model slightly, but 
significantly, over predicted target RPE at 60% HRR and 70% HRR workloads but seems 
to be accurate at the 80% HRR workload. 
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INTRODUCTION 

The adult obesity rate in the United States stands at 42.4% and for the first time in 

history, the national rate has passed the 40% mark, which provides evidence that the United 

States is in an obesity crisis. The national adult obesity rate has increased by 26% since 2008 

(CDC, 2021), which is a devastating statistic for the health and well-being of the population of 

the U.S. and for the future generations to come. Obesity and being overweight leads to a cascade 

of health problems, including the number one killer in the U.S., heart disease (CDC, 2021). 

One factor leading to the obesity crisis is that only 22.5% of average adults are getting 

enough exercise in their daily lives (Haskell et al., 2007). This is a massive problem when 

compared to the number of people that are obese. In the United States 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 obesity, 

heart disease and other chronic diseases. Based on ACSM guidelines it is recommended that 

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

of vigorous exercise per week (ACSM, 2017). Movement and the 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 related diseases can be prevented through positive lifestyle 

modifications such as exercise, a healthy diet, and the cessation of smoking (Paffenbarger and 

Hale, 1975). Exercise has many documented benefits that show the importance of maintaining 
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one's health and is an important modality for patients that have recently suffered a cardiac event 

(Arem et al., 2015, Kraus et al., 2019, Lavie et al., 1993).  

Before a moderate to high-risk patient begins an exercise routine, ACSM recommends an 

exercise test that will give insight into current exercise capacity and to rule out underlying 

pathological conditions that might contraindicate exercise training (ACSM, 2017). Patients that 

are classified as a moderate to high-risk, include anyone that is currently sedentary and wanting 

to begin an exercise program. Someone that has recently experienced a cardiac event and has 

been recommended to undergo exercise testing ahead of an exercise program (ACSM, 2017). 

This allows for development of a reliable and realistic exercise prescription with the objective for 

the patient being able to work out and meeting guidelines without getting overly fatigued or 

unmotivated or to experience a clinical event. However, although exercise testing is useful to the 

process of exercise prescription, we know that there needs to be a translation (e.g., 

downregulation) from the incremental pattern of an exercise test, where steady state conditions 

are never achieved, to the more steady state nature of exercise training. 

Based on an exercise test, a sedentary person is typically unable to sustain the same 

workloads associated with specific markers of homeostatic disturbance within the graded 

exercise test (GXT), such as percent Heart Rate Reserve (%HRR), for 15-45 minutes which is a 

typical exercise training bout (Foster, 2020). Because of this, there appears to be a need to “step 

down” from a GXT workload to exercise training workloads. In other words, it was found that to 

achieve the same physiological response in a GXT, we must adjust the workload downward in 

order to enable someone to maintain a specific steady state exercise for the target amount of 

time, typically 15-45 minutes. This problem has been addressed in several reports from our 

laboratory (Foster et al., 2020, Thompson et al., 1985, Foster et al., 1991, Foster et al., 2009). 
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The goal of this downregulation is to have sedentary individuals be able to sustain exercise 

for a specific length of time in a target %HRR/RPE zone during their early training bouts, so 

they can establish a regular exercise routine without being overly stressed. This study was 

designed to test a model for downregulating GXT results, so patients at the beginning of exercise 

programs are able to achieve desired levels of %HRR or RPE for the duration of a 30-minute 

exercise training session. 
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METHODS 

Subjects 

The subjects (20 participants) for this study were healthy young adults (men aged 20-28, 

women aged 20-25). All were apparently healthy based on a screening tool known as the 

Physical Activity Readiness Questionnaire (PAR-Q). The study protocol was approved by the 

Institutional Review Board for the Protection of Human Subjects of the University of Wisconsin-

La Crosse.  All participants provided written informed consent and were screened by a 

questionnaire (temperature, illness, cough, fatigue, loss of taste & smell) for COVID-19. 

Protocol 

In the first session, baseline vitals (including resting HR, blood pressure (BP), RPE, 

weight, and height) were measured, the subject performed a maximal GXT using a modified 

Bruce protocol (Fusco et al., 2020).  Because speed or grade changes every minute of this 

maximal protocol, we obtained RPE and HR every minute and measured BP every three minutes, 

which indicated the end of a stage.  All tests were continued until extreme fatigue or maximal 

exercise capacity was reached.  During the test, respiratory metabolism was measured using open 

circuit spirometry, using a mixing chamber based metabolic cart (AEI Technologies, Bastrop, 

TX). 
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In order to perform the primary sessions, we needed to use the following measurements: 

resting RPE, resting HR, max RPE (18-20) and maximal HR. With these four values we were 

able to calculate each participants HRR by using the following equation: 

HRR = (Max HR – RHR)  

To obtain target HR, we used the following equation:  

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

The percent symbol represents the percent workout the participant would be performing 

during each of the steady state exercise training trials (60%, 70%, 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 computed to RPE obtained during the GXT to find the speed and grade 

using standard equations. 

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

Once the predicted 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. (Foster, 2020b) 

was applied to allow us “step-down” the training to get a value for 72% of METs, representing 

60%, 70%, and 80% of HRR. The protocol is as follows: 

VO2/3.5 = (Target METs @ 60%, 70%, and 80% HRR) * 0.72 = "Step-down" METS  

“Step-Down METs” * 3.5 = Training VO2 

Once the step down VO2 was found, the equation was solved to allow computation of the 

speed and grade required to achieve the “step down METs” during training: 
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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 RPE. 

The subjects then performed three training bouts, at 60%, 70% or 80% HRR, or the RPE 

that correlated with these exercise intensities.  Each training bout was 30-minutes in duration and 

consisted of a 5-minute warm-up (3.5 mph, 0% grade), 20 minutes at the speed and grade 

predicted to yield the “step down” VO2, and a 5-minute cool down (3.5 mph, 0% grade).  Heart 

rate and RPE were measured at the end of each 5-minute period during the 20-minute “workout”.  

After the 30-minute workout was completed, the participants would then give their session RPE 

(sRPE) as the final measurement. The average value achieved after 10, 15 and 20 minutes (were 

taken as representative of the intensity achieved during the workout) was compared to the target 

value computed from the GXT. 

STATISTICAL ANALYSIS 

Average values for HR and RPE achieved during 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 

Table 1 presents the descriptive statistics of the subjects who completed the study. As 

expected, when workload increased, RPE and sRPE increased along with HR and BP. It was 

found that at workloads of 60% and 70% of HRR, there was a significant difference in RPE and 

sRPE, but at a workload of 80% there was no significant difference. Workloads representing 

60%, 70%, and 80% were over predicted by the generalized translation model for both RPE 

during a workout and sRPE.  
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Table 1. Descriptive statistics of subjects. 

n=20 Females (10) Males (10) 
Age 22.3 ± 0.95 23.5 ± 2.17 

Height (cm) 167.64 ± 6.73 183.14 ± 5.25 

Weight (kg) 70 ± 12.18 82.28 ± 18.40 

Mean ± SD  

 

 

Table 2. Average results of the modified Bruce Protocol of all subjects. 

n=20 Females (10) Males (10) 

VO2max 40.3 ± 5.28 53.3 ± 6.11 
 

VO2VT 25.4 ± 4.94 
 

30.1 ± 4.74 
 

Max HR 185.3± 5.19 
 

188.6 ± 6.60 
 

Max RPE 19.9 ± 0.22 19.9 ± 0.22 
 

Mean ± SD. 
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The average RPE, of both predicted and achieved, at 60%, 70%, and 80% workloads are 

presented in Figure 1. As workload increases, we see an increase in RPE. However, the RPE 

achieved was lower than predicted by the generalized model. 

 

*Indicates significant difference between predicted RPE and achieved RPE (p<0.05). 

Figure 1. The average RPE at workloads 60%, 70%, and 80% during a workout session from all 

participants. 

 

Even though there was a significant difference found at 60% and 70%, there was a very 

small practical difference.  

  



   
 

10 
 

The average sRPE of both predicted and achieved, at 60%, 70%, and 80% is presented in 

Figure 2. As with RPE, we see an increase in sRPE with an increase in workload. Likewise, the 

achieved sRPE was lower than the predicted sRPE. The differences were significantly different 

at 60% and 70% of HRR but were of small magnitude. 

 

*Indicates significant difference between predicted sRPE and achieved sRPE (p<0.05). 

Figure 2. The average overall session RPE from workloads 60%, 70% and 80% from all 

participants  
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DISCUSSION 

With the increasing levels of obesity in the population, the increasing number of cardiac 

events in the general population and the increasing numbers of sedentary individuals, it is 

important for people to be active. However, maintaining a training program day after day can 

lead to people becoming fatigued and unable to complete the week of exercise. Particularly in 

beginning exercisers, it is important not to start too vigorously, as unaccustomed heavy exercise 

in sedentary individuals is associated with cardiovascular complications (Franklin et al., 2020) 

and poor compliance.  Understanding how to direct exercisers into an appropriate target zone can 

yield major benefits to health and motivation (Mezzani et al., 2012). This is especially an 

important issue for patients who recently have gone through a cardiac event where control of 

exercise intensity is important for the safety of exercise training (Foster et al., 2008). 

For instance, an individual doing a GXT (modified Bruce protocol), with a Heart Rate 

(HR) of 110 bpm and a Rating of Perceived Exertion (RPE) of 12 at a speed of 2.5 mph and 12% 

grade, represents 70% of their Heart Rate Reserve (HRR). If we wanted to have them workout at 

this workload for a 30-minute training session, it is likely that the HR and RPE and session RPE 

would rise to a higher level (e.g., 90% HRR and a 16 RPE) creating a heavier internal strain on a 

person than desired. This is known as cardiovascular drift. To achieve the target HR and RPE 

during training, the workload from the GXT would need to be translated or downregulated. 

Combining the results of previous studies, using METs during GXT and training as a common 
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denominator, (Foster, 2020) suggested that the magnitude of this downregulated translation is 

about 72%. 

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 and González-Alonso, 

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 et al., 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 interest to note that CV drift has a 

better occurrence of happening in non-endurance trained individuals and may happen more 

drastically (Coyle and González-Alonso, 2001), which when working with patients in cardiac 

rehab it will be of importance to understand this concept when writing exercise prescriptions. 

Due to Covid-19, we weren't able to test the specific age group we initially wanted to 

test. Originally, this study was designed to test cardiac patients using the generalized functional 

translation model, so instead we had to use participants within our own cohort who are 

moderately 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 we were not able to test patients who were within a cardiac rehab program, it is also 

important to test the use of certain medications that commonly are used in cardiac patients and 

see if this model works. 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 
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pressure and left ventricular minute work (Epstein et al., 1965). However, even though these 

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

(Wilmore et al., 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 et al., 

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 

In prescribing exercise it becomes difficult to give them a prescribed routine based on the 

GXT because of the natural “step down” that occurs between a GXT and an actual exercise 

prescription. Because of this, we utilized techniques and methods to gain insight into each 

participant and gave them a target RPE zone to stay within during exercise sessions in the future. 

For this research study, we used a treadmill exercise and measured RPE during three different 

exercise levels, light (60% HRR), moderate (70% HRR), and vigorous (80% HRR). 

In this study, we evaluated a new generalized GXT to training prescription model (Foster, 

2020) designed, based on our previous reports (Thompson et al., 1985, Foster et al., 1991, Foster 

et al., 1991) 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 RPE was reached needs to be translated down to ~72% to make responses during 

a training session maintainable for a convenient beginning exercise training duration (~30- min).  

It was found that the generalized prescription model slightly, but significantly, over 

predicted target RPE at 60% HRR and 70% HRR workloads but seems to be accurate at the 
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80%HRR workload. Overall, in every workload, Foster's 2020 “step-down” protocol over 

predicts one's actual achieved RPE. However, this isn't necessarily negative because in most 

cases, especially when working with cardiac rehabilitation patients, we would much rather over 

predict exercise exertion than under predict it for safety reasons. Figure 3 shows the occurrence 

of CV drift in RPE using the generalized functional model over the experimental exercise 

workouts.  

 

Figure 3. CV drift in RPE over the last 15 minutes of an exercise session using the generalized 

functional model.  

 Comparing these results to an earlier study (Coyle and González-Alonso, 2001), CV drift 

is drastically more controlled in Fosters 2020 step-down approach. Figure 4 shows the difference 

between two groups, one being a control group (no medications) and the other group being on a 

β-blocker, over a workout session and the effects of CV drift on each group. Even though the β-

blocker group is significantly lower than the control group, it is important to note the CV drift 

occurring in both groups without the step-down model being applied to showcase the importance 
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of downregulating a workload for patients in cardiac rehab. This graph shows HR drift, but we 

can interpret an increase in HR with an increase in RPE as well based on earlier studies that 

showed HR and RPE can be correlated during continuous exercise (Zinoubi et al., 2017). 

 

Figure 4. CV drift over a 60 minute exercise training session between a control and experimental 

group.  

Again, like RPE during a workout session, the generalized translation protocol over 

predicted actual achieved sRPE. Session RPE was also measured because it was found to be a 

valid method of quantitating exercise training during a wide variety of types of exercise. Session 

RPE may hold promise as a mode and intensity-independent method of quantitating exercise 

training and maybe used as a tool to help write exercise prescriptions (Foster et al., 2001). 
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In terms of limitations of this study, COVID-19 was a significant limitation to the study. 

The subject pool were young, healthy young adults and mostly students.  Most were already 

physically active, so the need for tight control of exercise intensity, such as might be necessary in 

sedentary older adults or patients in rehabilitation programs, was absent.  Most of the participants 

had worked with the RPE scale before so they did not need any familiarization with how to 

perceive their work based on the scale. However, it was found that when people weren’t as 

familiar with the RPE scale, there was variability, especially in males, with predicted RPE and 

achieved RPE.  

Another limitation to consider with this study was some of our participants were on 

medications that may have altered their data results. It can be difficult to predict HR if a 

participant is on a certain medication that lowers HR, but may not change RPE (Foster et al., 

1993). Most people in cardiac rehabilitation programs will be on medications that control or alter 

HR and BP so this will need to be considered for an exercise prescription and need further 

research. It has also been found that RPE may be used to indicate the level of exercise intensity; 

however, it may not represent the HR responses in patients on beta-blocker medication. 

Therefore, it is recommended to monitor the HR in combination with RPE when prescribing 

exercise intensity for chronic heart failure patients on beta blocker medications (Squires et al., 

1982). 

The prevalence of a sedentary lifestyle in the United States that accompanies obesity and 

heart disease is devastating. The number of people experiencing a cardiac event will only be 

inflated if this epidemic is not dealt with properly. Moreover, people often fail to continue an 

exercise program because of the lack of knowledge there is in understanding how to workout at 

specific workloads in order to preserve the longevity of a training routine. This study 
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underscores the importance of downregulating a GXT, so patients in cardiac rehab, and that 

alike, are able to maintain a specific RPE for the duration of a 15–45-minute exercise training 

session. 

 

 

CONCLUSION 

The study results suggest that the generalized model for translating exercise test responses 

into the workload during exercise training (Foster et al., 2020) will yield appropriate levels of 

exercise intensity as defined by RPE.  As such, it appears to be a viable method to implement in 

cardiac rehabs. This 72% “step-down” defined by earlier research from our laboratory 

(Thompson et al., 1985, Foster et al., 1991, Foster et al., 1993), shows that downregulating ones 

GXT based on METs serves as a device for effectively reducing a cardiac patient's risk of cardiac 

events during exercise. This concept has not been previously studied and therefore is an 

important aspect in clinical practice. Even though the protocol overestimates RPE for any given 

workload (60%, 70%, 80%), the magnitude of overestimation is small, and most clinicians would 

rather have them working at a lower workload than at a higher workload during early training 

bouts. 
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1. INFORMED CONSENT FOR  

      Principal Investigators:  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, and VO2 mask for each test. 
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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. 

d. Including but not limited to getting exposed to COVID-19. 

iii. If I were to get COVID-19 I will need to inform researchers right 

away. 

iv. 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. 

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: Participant: ____________________ Signature: ___________________________ 

Date: ________________   Date: ________________________ 
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Review of Literature  

It is a well-known fact that regular exercise will benefit the cardiovascular system. Based 

on the ACSM guidelines it is recommended that people get 150 minutes of moderate intensity 

workouts in per week or 75 minutes of vigorous exercise in per week (ACSM, 2017). Exercise 

testing is an excellent way to target and understand where someone’s physical fitness is and a 

tool to prescribe them an exercise routine. Unfortunately, even with our leading institutions such 

as the American Heart Association, American College of Sports Medicine, the Center of Disease 

Control and Prevention group have declared that a sedentary life style and having no physical 

activity in a day are the major cause of heart disease, Americans still have rising numbers of 

inactivity in their day, with only 22.5% of the average adults getting enough exercise in their 

daily lives (AHA, 2019). The even scarier statistic being that heart disease is the number one 

killer in America, but majority of it can be prevented through lifestyle choices such as diet, 

exercise and the decision not to smoke.  

 

Sedentary lifestyle and its impact on health 

A sedentary lifestyle is a very dangerous thing for people to have. Humans are not made 

to have little to no movement. Many articles, research projects, and facts are available to us to 

give an understanding on how important it is to incorporate movement into our daily lives. 

Research found that men who had a highly movement-oriented job or one that burned a lot of 

calories were more likely to have a reduction in coronary mortality, supporting that movement 

and exercise does help in aiding heart disease (Paffenbarger, 1975). Based on the American 

Heart Association website, more people in today's world are becoming more sedentary with only 
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22.5% of adults on average saying they get adequate exercise in during their day. This is a scary 

finding because of the evidence that supports heart disease with an inactive lifestyle. Sedentary 

behavior and physical inactivity are among the leading modifiable risk factors worldwide for 

cardiovascular disease and all-cause mortality. The promotion of physical activity and exercise 

training (ET) leading to improved levels of cardiorespiratory fitness is needed in all age groups, 

race, and ethnicities and both sexes to prevent many chronic diseases, especially cardiovascular 

disease (Lavie, 2019). The figure below shows in a graphical manner the correlation on reduction 

rates of mortality and getting moderate to vigorous exercise in daily. 

 

 

 

 

It wasn’t until the mid-20th century when a guy by the name of Jerry Morris found that 

there was a correlation between exercise and cardiovascular health. It’s wild to even fathom a 
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time were exercise wasn’t even promoted to the public health until the 50’s. However, even in 

those days people got a lot more movement into their day simply because of the lack of 

technology they had as opposed to today world. Because we see technology advancements 

growing at a rapid pace, we can give some credit to technology for our growing immobility and 

growing obesity rates. Because we see an increase in obesity and people wanting to lose weight, 

we also see a lot of misinformation in today's world as well. With social media being a huge in 

people's lives, most often than not people turn to online “fitness” coaches and listen to under 

educated people on how they should lose their weight through exercising and nutrition. There is 

a fine line on this being a good thing or a very bad thing. A study was conducted on sedentary 

women to compare the effects of different durations and intensities of exercise on a 12-month 

weight loss and cardiorespiratory fitness program (Jakicic, 2003). The results showed significant 

weight loss and improved cardiorespiratory fitness were achieved through the combination of 

exercise and diet for 12 months, although no differences were found based on different exercise 

durations and intensities in this group of sedentary, overweight women. This is important to 

highlight since most people believe losing weight involves heavy exercise training and 

significant nutritional cutbacks that is not the case.  

We want people to continually exercise and they can lose just as much weight with 

proper intensities and duration, based off exercise testing, if they stay within the moderate 

intensity range and getting the recommended exercise time. Not only does exercise play an 

important role in reducing heart disease, but it has also been found to have amazing impacts on 

our mental health, mood, bones, and immune system. One study suggested that exercise, 

specifically muscle contracting exercises could promotes IL-6 release which is in relation to anti-

inflammatory molecules and that it could have effects on someone's metabolism (Pederson, 
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2007); however, more research would need to be done to support this claim and look into the 

other interleukins found to be expressed in this study. Lastly, a research article highlighted 

sedentary people and how they felt after a bout of exercise (3 different groups of intensities). 

This study examined the relationship between self-efficacy, exercise intensity, and feeling states 

in a sedentary population during and following an acute bout of exercise. Sixty sedentary 

participants were randomly assigned to either a moderate-intensity (45-50% age predicted Heart 

Rate Reserve; HRR), high-intensity exercise (70-75% HRR) group, or a no-exercise attention 

control group. Participants in both exercise groups experienced changes in feeling states across 

the course of the exercise bout (Treasure, 1998). They found that people who were in the 

moderate exercise group reported feeling more positive and less negative as opposed to the other 

groups that were in a vigorous intensity group or a group that didn’t exercise at all. This again 

points to the fact that not only is exercise good for someone and a way to limit a sedentary 

lifestyle, but also points to the fact that moving into a moderate intensity workout will pose the 

most benefits to someone as well.  

 

Graded exercise training, exercise prescription, and functional translation 

 

Graded exercise testing is a tool that a medical professional uses to detect ischemic heart disease. 

For instance, one study found that when participants were above 85% of their target heart rate, 

they found ischemic changes in 27 percent of their participants, if they test were stopped prior to 

their maximal heart rate the ischemic changes would have never been found (Cumming, 1972). 
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Graded exercise testing is a great way to indicate someone's fitness level in a noninvasive, 

symptom-limited way that can give researchers vital information on certain aspects of prognosis.  

“ACSM’s Guidelines for Exercise Testing and Prescription is the flagship title from the 

American College of Sports Medicine, the prestigious organization that sets the standards for the 

exercise profession. This critical handbook delivers scientifically based standards on exercise 

testing and prescription to the certification candidate, the professional, and the student. This 

manual gives succinct summaries of recommended procedures for exercise testing and exercise 

prescription in healthy and diseased patients. The tenth edition reflects some crucial and exciting 

changes, making the content necessary for effective study and practice. New pre-exercise health 

screening recommendations are critical to helping more of the population begin a safe, healthy 

physical activity program without consulting a physician. New and expanded information on the 

risks of sedentary behavior, clinical exercise testing and interpretation, high intensity interval 

training, musculoskeletal injury risk, fitness testing protocols and norms, and an expansion of the 

principles of health behavior change are included. Additionally, significant reorganization of 

content will help you reach the information you need quickly,” (ACSM, 2017).  

 

An interesting finding that was produced on guided exercise training using the talk test 

showed that using guided exercise intensity using the Talk Test instead of %HRR provides 

comparable responses during exercise training, without the need for an anchoring maximal 

exercise test. In summary, the Talk Test seems to offer a considerable promise as a means of 

exercise evaluation and prescription, in a wide variety of exercising individuals, without the need 

for a preliminary exercise test (Foster, 2018). As this research suggests there are different ways 

to interrupt results from a graded exercise test and compare them in multiple ways. The talk test 
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being a good indicator of how much stress someone is being put under and highlights the 

relationship of the talk test with graded exercise testing. This supports the concept of 

functionally translating exercise testing into an exercise prescription resulting in people being 

able to sustain exercise for longer periods. Along with this, another study looked to develop a 

quantitative approach to the prescription of absolute exercise intensity during level ground 

ambulation (min/mile) or cycle ergometry (kpm) from responses observed during a graded 

exercise test (GXT) (Foster, 1986). Meaning, from a GXT they were able to predict the intensity 

of a workload for somebody due to the responses they observed in the clinical setting. The study 

found that the results of this investigation suggest that the absolute intensity of exercise for 

training can be predicted accurately from GXT results. This is an excellent finding because we 

then can manipulate the GXT to further support the importance of exercise testing and allow for 

a more competent exercise prescription for people in rehabilitation or sedentary people.  

A study that investigated exercise test response during recreational training showed that 

during a longer bout of exercise, people tend to mark their rate of perceived exertion as higher 

during the end of their workout due to fatigue that sets in towards the end of a workout (Foster, 

1991). The figure below shows a graphical representation of their finding in RPE and in the talk 

test.  
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They found using HR results to define absolute exercise training intensities relative to 

target HR in healthy individuals suggested that workloads needed to be downregulated to 

account for the physiologic ‘drift’ that often occurs during sustained submaximal exercise. The 

same can be applied when talking with sedentary individuals. We want to see people staying 

within a certain target heart rate/RPE during the whole bout of exercise and this research shows 

that there is a downregulation that should happen if we want to see  

that type of result.  
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Percent Heart Rate Reserve   

Heart rate reserve is a way to get to a zone you should be training in. Meaning, you take 

your max heart rate and subtract your resting heart rate to obtain the level of cardiovascular 

fitness a person has. Therefore, the lower the heart rate and the higher maximal heart rate the 

more blood (blood O2) someone must work with. Often athletes will have a massive HRR which 

helps them sustain their intense workouts. Based off someone's heart rate reserve we can then 

break it down into zones which would predict an easy, moderate or vigorous workout zone. In 

one study the use of 60%-95% of maximal heart rate (HR max), heart rate reserve (HRR), and 

V̇O2peak as exercise training intensities was examined in sedentary women, and these intensities 

were related to HR and VO2 observed at the lactate threshold (LT) and fixed blood lactate 

concentrations of 2.0, 2.5, and 4.0 mM. It was concluded that if LT, 2.0, 2.5, and 4.0 mM are 

desired training intensities in sedentary women, use of an exercise prescription based, solely, on 

a uniform percentage of max HR, HRR, or V̇O2peak may not be applicable (Weltman, 1989). 

 However, in later studies it was researched for the purpose of examining the validity of 

using either percent of heart rate reserve (HRR) or a rating of perceived exertion (RPE) scale to 

prescribe exercise intensity in diabetic individuals both with and without diabetic autonomic 

neuropathy (Colberg, 2003). They concluded in their study that in diabetic individuals, %HRR 

provides an accurate prediction of %VO2R and can be used to prescribe and monitor exercise 

intensity, regardless of the presence of diabetic autonomic neuropathy. The RPE scale is also 

valid, albeit slightly less accurate, method to monitor exercise intensity in diabetic individuals. 

Moreover, heart rate reserve and specifically percent heart rate reserve is an excellent marker to 

understand where someone's fitness level so. Another study conducted previously demonstrated 

a strategy for “translating” exercise test responses to steady state exercise training on the basis of 
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%HRR [38-40] or the TT [30, 41-44] that appeared adequate for individuals ranging from 

cardiac patients to athletes. However, these methods depended on the nature of the exercise test 

details (Foster, 2020). These studies further support the basis on why using the percent heart rate 

reserve is a good method to evaluating someone’s health and giving them a prognosis.  

 

Rate Perceived Exertion 

Rate of perceived exertion (RPE) is based on a scale (1-10) on how hard a participant 

thinks they are working. It is a good indicator for people to use outside of a clinical setting and to 

understand where you physically are in each workout. The Borg Rating of Perceived Exertion 

(RPE) scale, developed by Swedish researcher Gunnar Borg is a tool for measuring an 

individual’s effort and exertion, breathlessness and fatigue during physical work and so is highly 

relevant for occupational health and safety practice. In its simplest terms, it provides a measure 

of how hard it feels that the body is working based on the physical sensations that the subject 

experiences, including increased heart rate, increased respiration or breathing rate, increased 

sweating and muscle fatigue (Williams, 2017).  

One study investigated perceptually regulated exercise training (PRET) as a method of 

exercise intensity prescription. The purpose of this study was to confirm the efficacy of an 8-wk 

PRET program clamped at RPE13 (or RPE of 4) to improve aerobic fitness and cardiovascular 

health. The affective response to this method of exercise prescription was also assessed (Parfitt, 

2012). This result of this study was that the RPE-regulated training resulted in improvements (P 

< 0.01) in V˙O(2max), mean arterial pressure, total cholesterol, and body mass index in the 

training group across time. Using an RPE of 13 was a good baseline to keep people at as it is a 
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marker of individual preferences when it comes to working out (fitness level). This study 

supported that using RPE was a great way to help sedentary individuals improve their 

cardiovascular health and fitness. The figure below shows the modified Borg scale. 

 

With using the Borg scale might raise certain suspicions on how accurate each person 

can rate where they are physically in a workout session. One study played to this point 

and examined the interpretation of the verbal anchors used in the Borg rating of perceived 

exertion (RPE) scales in different clinical groups and a healthy control group (Dawes, 

2005). The study found all subjects rated the verbal anchors in the order they occur on the 

scales, but there was less agreement in rating of each verbal anchor among subjects in the 
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brain injury group. This helps us feel confident in the use of the Borg scale and to 

continue to use it to monitor individuals during a GXT.  

Based on Foster research on overtraining syndrome in athletes, with the sessional 

RPE method of monitoring training we have demonstrated the utility of evaluating 

experimental alterations in training and have successfully related training load to 

performance (Foster, 1998). The study results were, “It was observed that a high 

percentage of illnesses could be accounted for when individual athletes exceeded 

individually identifiable training thresholds, mostly related to the strain of training.” 

Leading to them concluding the results suggest that simple methods of monitoring the 

characteristics of training may allow the athlete to achieve the goals of training while 

minimizing undesired training outcomes. Meaning, if athletes can stay within a certain 

zone based off the RPE, we would see their training becoming more effective.  

Another study investigated heart rate compared to overall rating of perceived exertion 

during a cycling bout.  The study found that the intensity during indoor cycling class in 

novice adults ranged from moderate-to-hard values. These data suggest that indoor 

cycling must be considered a high-intensity exercise mode for novice subjects. The 

reduced validity obtained for the overall RPE suggests that more studies must be 

performed before using this scale to regulate exercise intensity in novice adults during 

indoor cycling class (López-Miñarro, 2010). Even though the study needs more evidence 

to back this hypothesis up, there is still evidence supporting this idea and cannot be 

overlooked in this process. The study also included an understanding/importance of a 

warm-up and cool down phase before a participant goes into a workout. The figure below 

exemplifies this finding.  
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Lastly, it is evident that the Borg scale is a solid method to use and that it has been 

implemented and worked in labs which shed light onto the physical aspect of a GXT in 

participants. The modified Borg scale is an excellent marker on how a participant can 

translate how they feel in a clinical setting to the real world and understand the exertion 

behind each workout. Borg’s RPE seems to be an affordable, practical and valid tool for 

monitoring and prescribing exercise intensity, independent of gender, age, exercise 

modality, physical activity level and CAD status. Exercising at an RPE of 11–13 (“low”) 

is recommended for less trained individuals, and an RPE of 13–15 may be recommended 

when more intense but still aerobic training is desired (Scherr, 2012). 

 

Risks of exercise  

Like with anything, there is risk associated with certain endeavors. There has been 

concern that exercise may have negative benefits to people who decide to start exercising or for 

people that are recovering from a cardiac event. In younger individuals, the risk is almost 
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exclusively related to the presence of congenital abnormalities, whereas in older (~40 years) 

individuals, the risk is largely related to atherosclerotic disease (Foster, 2008). This study 

recommended, from their findings, when starting an exercise program to start light and as you 

proceed forward to move to vigorous. It is stated that if exercise testing is not available then the 

best option to prescribe exercise is based off the RPE or talk test. Generally, exercise is safe for 

majority of the people and if these people were in a professional facility, they would participate 

in filling out a prescreening prior to exercising.  

Even though there are incidences where exercising may lead to a complication it is 

correlated to that individual's health. If a sedentary person were to go out and exercise at a 

vigorous rate, then there could be an increased chance of something happening. Sprint interval 

training may be inappropriate for a largely sedentary population because the negative affect that 

such supra-threshold intensities evoke could diminish intrinsic motivation and discourage 

exercise adherence. There is considerable evidence that adherence to exercise is influenced by 

affective responses to exercise intensity (Hardcastle, 2020). The goal of exercise is to help 

benefit someone's cardiovascular health and understanding how to do this safely is apparent. We 

not only want an individual to be physically safe, but also maintain a positive mentality 

throughout this process.  

Overall, exercise is good for you despite the occasional mishappening. This is due to the 

incongruity of exercise-related cardiovascular complications (Foster, 2001). The study that 

looked into the risks associated with exercise found that bad outcomes during exercise training 

are related to several causative factors. Exercise-related death in the young is primarily related to 

undiagnosed congenital abnormalities, drug use, or trauma. The study states these incidences are 

rare and these news stories should not deter people from starting a healthy lifestyle change.  
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In Conclusion 

Based off the research above, we know a sedentary lifestyle is a very dangerous habit to 

get into. We understand that it leads to a ton of health problems such as heart disease. To transfer 

into an active lifestyle is one of the best choices a person can do based off all the benefits 

exercise provides. From minimizing depression to minimizing cardiac events. We also conclude 

that graded exercise testing is important to get insight into somebody’s fitness level and get an 

accurate marker of prognosis in a noninvasive, symptom limited way. However, from an exercise 

test to exercise prescription, we see that the results get skewed and leaves room for potential 

failure in someone maintaining an active lifestyle. Based on an exercise test, we see a sedentary 

person drop off during a workout and unable to maintain a certain workload for 15-45 minutes 

(Foster, 2020). We see a natural “step down” from a graded exercise test that makes it difficult 

for someone to transfer what they learned in a clinical setting and applying it to their everyday 

life. In order to combat this finding, we want to “step down” or move a certain percentage down 

from what we found in the GXT. For instance, if we found our participants can maintain a 

certain workload for 15 minutes at 75% of their HRR and a 7 on the RPE scale, then we want to 

have them stay in a target RPE of 5 which corresponds with a 70% HRR. We do this so they can 

maintain this workload for 30-45 minutes each day which correlates with the amount of time 

people need to get activity in their day. Based on this research, we will be able to be more 

confident in giving people a proper exercise prescription and see people being true to sticking 

with a program that they can maintain and enjoy while proceeding to a healthier lifestyle. 
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