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Structured Abstract

Purpose: Although ratings of perceived exertion (RPE) are widely used to guide exercise 

intensity in cardiac rehabilitation (CR), it is unclear if target heart rate ranges (THRR) can be 

implemented in CR programs that predominantly using RPE and what impact this has on changes 

in exercise capacity.

Methods: We conducted a three-group pilot randomized control trial (#NCT03925493) 

comparing RPE of 3–4 on the 10-point modified Borg Scale, 60–80% of heart rate reserve (HRR) 

with heart rate (HR) monitored by telemetry, or 60–80% of HRR with a personal heart rate 

monitor (HRM) for high fidelity adherence to THRR. Primary outcomes were protocol fidelity and 

feasibility. Secondary outcomes included exercise HR, RPE, and changes in functional exercise 

capacity.

Results: Of 48 participants randomized, 4 patients dropped out, 20 stopped prematurely 

(COVID-19 pandemic), and 24 completed the protocol. Adherence to THRR was high regardless 

of HRM, and patients attended a median (IQR) of 33 (23,36) sessions with no difference between 

groups. After randomization, HR increased by 1±6, 6±5, and 10±9 bpm (p=.02); RPE (average 

score 3.0 ±.05) was unchanged, and functional exercise capacity increased by 1.0±1.0, 1.9±1.5, 

2.0 ±1.3 workload METs (effect size between groups, ηp
2 =.11, p=.20) for the RPE, THRR, and 

THRR+HRM groups, respectively.
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Conclusions: We successfully implemented THRR in an all-RPE CR program without needing 

a HRM. Patients randomized to THRR had higher exercise HRs but similar RPE ratings. THRR 

may be preferable to RPE in CR populations for fitness gains, but this needs confirmation in an 

adequately powered trial.

Condensed Abstract

Both THRR and RPE based exercise prescriptions are widely used in CR, it is unclear if one 

method leads to better outcomes in CR. We found that patients randomized to THRR had higher 

exercise HRs but similar RPE ratings. THRR appears preferable to RPE in CR populations for 

fitness gains.
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INTRODUCTION

Exercise is a core component of cardiac rehabilitation (CR). Exercise training alone reduces 

total and cardiovascular mortality by 27% and 31%, respectively. Most of the benefits of 

CR are attributable to improvements in cardiorespiratory fitness (CRF).1–5 Exercise intensity 

appears to be the most important factor in improving cardiorespiratory fitness, which is 

inversely related with all-cause mortality among patients with heart disease.6 Recent studies 

have suggested that common methods to guide exercise intensity in CR may produce little to 

no change in exercise capacity.7–9 If true, current methods of prescribing exercise intensity 

in CR may need to be reexamined.

Many methods to guide exercise intensity are used in CR, but exactly which method leads 

to the greatest improvements in CRF while minimizing adverse effects is unknown.3 There 

are two predominate methods of developing an exercise prescription in CR; exercise based 

on perceived effort and exercise based on heart rate (HR). The American Association of 

Cardiovascular and Pulmonary Rehab (AACVPR) 6th edition guidelines recommend both 

ratings of perceived exertion (RPE) and target heart rate range (THRR) based exercise 

prescription as standards of care in CR, but rigorous comparative studies are few. Recent 

retrospective studies have suggested that performing maximal exercise testing early in CR 

may allow better tailoring of an exercise prescription and thus increase exercise gains.10,11

We conducted a randomized controlled pilot trial to compare exercise prescriptions based on 

RPE or THRR to assess if we could 1) recruit an adequate number of patients to support a 

larger trial, 2) implement a THRR exercise prescription, and lastly, 3) estimate effect sizes 

for the change in exercise capacity.

METHODS

Trial Design

This pilot study was a single-site, prospective, open-label, randomized controlled trial 

(clinical.trials.gov#NCT03925493), that included three parallel arms, comparing RPE, 
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THRR, and THRR with a personal heart rate monitor (HRM, THRR+HRM). Patients were 

randomized 1:1:1 to the RPE, THRR, or THRR+HRM. We included a THRR+HRM group 

to assure a high-fidelity intervention to the prescribed THRR in a program that almost 

exclusively used RPE. This study was approved by the institutional review boards of both 

Baystate Medical Center and Springfield College.

Participants

Patients referred to CR with a diagnosis of percutaneous coronary intervention (PCI), 

myocardial infarction (MI), or coronary artery bypass graft (CABG) were eligible. Subjects 

were excluded for any condition that would limit exercise intensity or making monitoring an 

exercise HR technically difficult (SDC, Supplemental Digital Content). We further excluded 

patients at high risk of non-adherence or early-drop out, including patients with plans to 

undergo elective surgery or a clinically indicated stress test after enrolling in CR, or patients 

that planned to attend fewer than 12 CR sessions.12 We aimed to enroll 20 patients per group 

to test our protocols and measure preliminary effect sizes.13,14

Baseline Assessments and Randomization

Patients interested in participating signed informed consent, typically during the 1st or 2nd 

session of CR. Comorbidities were recorded from the medical record along with medications 

and metoprolol equivalent doses of beta blockers.15 Patients were given a token incentive for 

participation (SDC).

RedCap, a secure web-based database platform, was used to randomize patients in a 

sequential and random fashion, as well as store and export data. Groups were blocked by 

the presence of thoracic surgery, because CABG and valve patients can have post-surgery 

anemia, tend to be more deconditioned due to longer hospitals stays, have greater gains in 

exercise capacity, and have different exercise restrictions compared to MI and PCI patients.7 

Due to the nature of the intervention, all assignments were open label, including patients and 

CR staff.

During baseline sessions 1–3 of CR, resting HR, and exercise RPE were measured in both 

groups. Metabolic equivalence of tasks (workload METs), as measured by exercise training 

workload on a treadmill, was measured during the third session of CR.16 RPE was used to 

assess baseline exercise effort.

Exercise Prescription and Progression

All subjects, regardless of group assignment did approximately 30–40 min of aerobic 

exercise typically on the treadmill or upright bicycle. Only exercise intensity differed 

between groups. During each CR session, staff reassessed each patient’s exercise workload 

and, if appropriate, increased exercise workload in accordance with the exercise prescription 

method (SDC).

Control group

Patients randomized to the RPE group were asked to exercise between a RPE of 3–4 on the 

10-point modified Borg scale for all 36 sessions of CR. We followed best practices for using 
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RPE, which included posting the RPE scale in the gym, asking patients to provide a RPE 

rating during exercise based on whole-body perceived effort, and we provided physiological 

feedback when appropriate.17,18

Intervention Groups

Within 5–10 days of randomization, patients assigned to THRR or THRR+HRM underwent 

a baseline symptom limited maximal exercise test, typically before the 5th session of CR. 

Patients took all medications on the day of the exercise test. Using the subjects peak and 

resting HRs measured during the maximal exercise test, a THRR was calculated based on 

60–80% of heart rate reserve (HRR), which was used to guide exercise progression for the 

rest of CR, beginning on the next session. Patients typically started exercising at the lower 

end of this range (about 60% HRR) and progressed to the upper end of this range (80% 

HRR) by the end of CR. RPE was measured in this group for every session, but it was not 

used to guide exercise intensity.

Subjects in the RPE group did not undergo a maximal exercise test because we were 

concerned an exercise test might improve the subject’s confidence in their ability to exercise 

and subsequently lead to exercising at a higher intensity. Moreover, the use of RPE without 

a maximal exercise test is the most common pattern of exercise prescription in CR programs 

in the US.19,20 The RPE group was trained based on RPE not on THRR. Thus, in the RPE 

group, HR was measured solely as an outcome and RPE was used as the training parameter. 

Alternately, in the THRR groups, HR was used as the training parameter, and RPE was 

measured as an outcome. Finally, because all patients were randomized, we assumed that 

baseline exercise capacity would be similar between groups.

Subjects randomized to the THRR+HRM group were given a Polar A370 and H10 HRM. 

Patients were instructed on how to use the HRM and were aware that the HRM was to be 

used to provide rapid HR feedback during CR. Patients were instructed to wear the HRM 

during every CR session. No instructions were provided to patients on whether to wear or 

use the HRM device at home.

Measurements and Outcomes

The primary goals of this study were to enroll 60 patients, prescribe exercise using a THRR, 

assure adherence to THRR, and retain patients in CR for at least 12 CR sessions. Secondary 

outcomes included peak exercise capacity (VO2peak) at the end of CR, change in exercise 

HR, RPE, adjustments in exercise workload (duration or intensity of exercise), and change 

in workload METS at program completion. Process outcomes included retaining 90% of 

subjects for ≥12 CR sessions, subject’s adherence to their THRR for ≥7 minutes for 90% 

of CR sessions, and lastly have 90% of subjects complete the exercise test within the first 4 

sessions of CR (SDC).

For each CR session, we noted exercise HR, change in HR from rest, reported RPE, and 

frequency of upward adjustments in exercise workload. To examine adherence to the THRR, 

we noted daily percent of HRR based on subjects exercising HR per CR session. When 

measuring HR, we used either the HRM (THRR+HRM) or gym equipment (RPE and 

THRR) to measure HR when telemetry was not available (SDC).

Shea et al. Page 4

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



At the end of CR, all subjects regardless of group assignment, completed a cardiopulmonary 

exercise test (CPX) on a treadmill using either a Bruce or modified Bruce protocol to 

measure CRF. The CPX was completed using the VMAX Cart Vyntus within the last 

6 CR sessions and the stress lab staff were blinded to group assignment. Consistent 

with AACVPR performance measures, the change in workload METs at exercise training 

workload, was calculated for all patients from the 3rd to the last CR session.21,22

All patients were given a satisfaction survey at the end of CR, regardless of whether 

they completed all aspects of the protocol. Two authors (MS, QP) developed the survey 

questions, which consisted of multiple choice, Likert scale, and open-ended questions 

(SDC).

In response to the COVID-19 pandemic, the CR program and exercise testing laboratory 

closed on March 16th, 2020. Due to these closures, not all enrolled patients were able to 

complete the protocol.

Statistical Analysis

Data for all patients were averaged and inspected for patterns between groups and overtime, 

regardless of missing data and COVID-related drop out (Table 1). All data was analyzed 

using descriptive statistics, regardless of program adherence. However, because of the 

missing data due to COVID, we limited formal statistical analysis and testing to patients 

who completed ≥11 sessions of CR after randomization. This cut-off allowed us to include 

most of the subjects that underwent the intervention, while allowing a reasonable amount 

of time for the intervention to take effect. All analyses were otherwise done using intent-

to-treat principles, including patients who dropped out of CR for non-COVID-19 related 

reasons (SDC).

Using this “per-protocol” group (completing ≥11 sessions after randomization), we 

determined the frequency of adjustments to workload, change in exercise HR, change in 

HR from rest, RPE, and workload METS. To allow for a repeated measure analysis, we 

created 3-time intervals: baseline, time 1 (T1), and time 2 (T2) which incorporated the first 

4 sessions of CR (baseline), and then two sequential periods of 5 CR session each (T1 and 

T2).

RESULTS

Participants

A total of 500 patients were eligible, 220 were approached, and a total of 48 (22% of 

approached) subjects were enrolled (Figure 1). Patients with unstable angina, high copays, 

chronic atrial fibrillation, and pacemakers were not approached. Due to the pandemic, we 

were unsuccessful in enrolling all planned 60 patients. Baseline characteristics are shown 

in Table 1. There were no differences between groups for age, initial weight, BMI, or beta 

blocker equivalent doses. Importantly, baseline workload METS (Table 1) were balanced 

between groups and was used as the baseline measure for changes in exercise workload.
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Adherence and Descriptive Outcomes

Of the 48 who began the study, 24 completed the protocol, 20 were discharged early due 

to the COVID-19 pandemic, and 4 patients dropped out (Figure 1). In total, 24 subjects 

completed all assessments, including the final CPX analysis (Table 2). The median number 

of sessions attended for all subjects was 26 (20,36). The median number of sessions for 

subjects that were not discharged early due to COVID-19 was 33 (23,36) with most subjects 

(89%) completing at least 12 CR sessions.

Using all available data, subjects exercised within their THRR for 83±11 and 89±12% of 

CR sessions for the THRR and THRR+HRM groups, respectively (Figure 2). We found that, 

within the first 6 sessions of CR, patients in the THRR and THRR+HRM group had more 

frequent increases in workload but then had fewer increases later in CR (Figure 3). Finally, 

we noted significantly higher exercising HRs between both THRR groups and RPE group 

(Figure 4A,B).

Formal Statistical Analysis

In addition to the 24 subjects who completed the full protocol, we included 8 subjects that 

were discharged early due to COVID-19 in formal statistical testing because these subjects 

completed ≥11 CR sessions after randomization and prior to discharge. Among these 32 

patients, the per session frequency of upward workload adjustment for subjects in the RPE, 

THRR, and THRR+HRM groups was 39, 45, and 60% (ηp
2=.15, p=.008) from baseline to 

T1. Exercise HR did not increase significantly in the RPE group (1±6 and 2±6 bpm) from 

baseline to T1 and from T1 to T2, respectively (p=.56, p=.30). However, exercise HR did 

increase significantly from baseline to T1 in the THRR and THRR+HRM groups by 7±3 

bpm and 12±2 bpm, respectively, (ηp
2=.20, p=.021). Exercise HR increased significantly 

from T2 to T3 for subjects in the THRR group and was unchanged for subjects in the 

THRR+HRM group (4±1.5 bpm, ηp
2 =.39, p=.009). The mean RPE was not significantly 

different at any time point, between groups at 2.9±.05, 3.1±.06, and 3.0±.05 in the RPE, 

THRR, THRR+HRM groups respectively (ηp
2=.11, p=.19, Figure 4B).

The increases in exercise workload METs from baseline to end of CR were not significantly 

different between groups (1.5±1.0, 1.8±1.3, 2.4±1.0,ηp
2 =.11, p=.20, for the RPE, THRR, 

and THRR+HRM groups, respectively). There was no statistically significant difference in 

peak VO2 or peak METS after CR among the 24 patients who completed the exit CPX 

(Table 2). However, the effect sizes for total treadmill time and VO2peak were medium 

to large (.02 and .19, respectively). VO2peak was highest in subjects in the THRR+HRM 

group (25±8 mL/kg/min, ηp
2 =.18). Total treadmill time (10.6±2.2) measured during the 

CPX was highest in the THRR+HRM group (ηp
2 =.02, p=.053). Patients in all groups 

strongly agreed with statements endorsing plans to continue exercise, program enjoyment, 

and understanding of prescription methods based on the results from patient satisfaction 

survey (eTable 1).
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DISCUSSION

Although recruitment and retention were limited due to the COVID-19 pandemic, we were 

able to implement a prospective, open-label randomized controlled study implementing high 

fidelity THRR with or without the addition of a HRM in a previously all-RPE CR program. 

While demonstrating clear feasibility, we also found significant differences in exercise HR 

and the frequency of work-load adjustments in the THRR groups early in CR. We also found 

large effect sizes for changes in exercise training workload METS and exit exercise capacity 

between RPE, THRR, THRR+HRM groups. Finally, we found no differences in RPE ratings 

between the groups, suggesting that RPE may not be an ideal tool to use in CR when a 

THRR can be utilized using a recent a maximal exercise test.

Our findings highlight the critical importance of exercise intensity in CR. It is essential 

that CR professionals prescribe an exercise workload that is high enough to induce a 

training effect but not so high as to provoke abnormal clinical signs and symptoms.23–25 

Subjects in the THRR and THRR+HRM groups gained an additional .7 and 1.3 workload 

METS compared to subjects in the RPE group, while not statistically significant, could 

be clinically significant.2,26 It is well known that a 1-MET increase in exercise capacity 

reduces subsequent risk of mortality by ~20%.2,5,27 The large effect size of .13 for exercise 

method on VO2peak provides evidence for the importance of exercise intensity during CR as 

improvements in CRF will reduce mortality risk and higher workloads will lead to greater 

health related benefits.2,5,24 Thus, the increase in workload METS and the large effect 

size for VO2peak in the THRR and THRR+HRM groups provides compelling preliminary 

evidence for the importance of maximal exercise testing and the use of objective measures to 

determine exercise intensity.

We originally included the THRR+HRM group to assure that patients were exercising within 

their assigned THRR, however, this was not necessary, as we saw no significant difference 

in the percent of HRR subjects were exercising in or in the number of sessions completed 

between the THRR and THRR+HRM groups. Therefore, the HRM did not improve fidelity 

of THRR within CR and is not needed during CR. However, wearable devices accompanied 

with exercise feedback have been shown to improve CRF and increase exercise duration.25 

This could explain the non-significant but potentially clinically important increases in 

VO2peak and workload METS in the THRR+HRM group. Notably, home exercise and the 

use of the HRM outside of CR was not recorded, therefore, it is possible that subjects in 

the THRR+HRM group may have used the HRM to optimize their exercise intensity when 

exercising outside of CR.

Our study provides a cautionary tale for CR programs and clinicians that rely solely on 

RPE. Consistent with our findings, prior studies have shown that RPE may lead patients to 

underestimate a moderate exercise intensity as well as provide similar ratings when below, 

within, and above a THRR.26 27 Therefore, RPE alone may not be an sufficient tool for 

patients to guide the intensity of exercise (eFigure 1).29,32 If RPE is used, it should be used 

with high fidelity incorporating biophysical feedback, physiological anchors, and objectively 

measured whole body ratings recorded during exercise. Although RPE is easy to implement, 

it can result in inconsistencies in exercise intensity, particularly in elderly or obese patients.7 
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While THRR provides consistent intensities, a GXT is needed to measure peak HR and is 

not universally available or utilized.

There were several strengths to this study: it was a randomized trial, groups were well 

balanced at baseline, including baseline exercise workload, HR and workload adjustments 

were collected, there was good adherence to the protocol, satisfaction was high, and we 

observed no crossover between groups.

However, there were also limitations to this study. We were unable to measure changes in 

peak exercise capacity as well as home exercise. Baseline exercises tests were limited to the 

THRR groups to avoid group crossover as well as to examine the impact of fear and exercise 

self-efficacy as secondary outcomes reported in forthcoming manuscript. This limitation was 

minimized through randomization, examining workload METS, and peak VO2 at discharge 

from CR. Furthermore, exercise testing is rare and our RPE group is representative of most 

exercise prescription in the US.33 Statistical power was lower as this was a pilot study 

and there were COVID-19 related dropouts which impacted sample size and our ability to 

analyze the complete sample. This was a single center, open-label trial, therefore, it was 

not possible to blind staff from group assignment and secondary outcomes recorded during 

CR, but the stress lab staff that completed and interpreted the CPX were blind to group 

assignment.

CONCLSUION

Subjects prescribed exercise based on a THRR had more frequent upward adjustments in 

exercise workload early in CR, higher exercise HRs, and higher changes in HR from rest 

compared to exercise prescribed based upon RPE. Although, we noted large effect sizes for 

change in workload METS and VO2peak, these findings need to be confirmed in a large 

fully-powered trial.
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Figure 1. 
Consort diagram. Abbreviations: CPX, cardiopulmonary exercise test; DC, drop out; GXT, 

graded exercise test; HR, heart rate; HRM, heart rate monitor; METS, metabolic equivalence 

of tasks; n, number of subjects; RPE, rate of perceived exertion; THRR, target heart rate 

range; VO2peak, peak oxygen consumption
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Figure 2. 
Percent of HRR calculated from peak exercise heart rate for each CR session. Subjects in 

the THRR groups successfully exercised within 60–80% of HRR throughout CR. Subjects in 

the RPE group exercised closer to 50% of their calculated HRR. Subjects in the RPE groups 

HRR calculation can be found in the supplemental digital content. HRM: Heart rate monitor 

HRR; Heart rate reserve; RPE, rate of perceived exertion; THRR: target heart rate range.
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Figure 3. 
The percent of upward adjustments per 6 session intervals across groups. As noted, patients 

in the in THRR and THRR + HRM groups, had more frequent upward adjustments in 

workload earlier in CR compared to subjects in the RPE group. Data was averaged over 

6 session intervals to allow for adjustments to be seen after care plans were completed 

every 6th session. Abbreviations: CR, cardiac rehab; HRM, heart rate monitor; RPE, rate of 

perceived exertion; THRR, target heart rate.
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Figure 4A. 
The average change in HR from rest across CR sessions per exercise method. As seen, there 

was a notable difference between groups across sessions. Figure 4B. Average RPE across 

CR sessions per each exercise prescription method. As seen, there were no clear difference 

between groups for RPE. Units: BPM, beats per minute; Abbreviations: CR, Cardiac rehab; 

HR, Heart rate; HRM, heart rate monitor; RPE, Rate of perceived exertion; THRR, target 

heart rate range
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Table 1.

Baseline Patient Characteristics by Group

RPE N = 16 THRR N= 16 THRR+HRM N = 16 P

Males 11 (69) 12 (75) 12 (75) 0.91

Age (yrs) 67 ± 6 69 ± 8 65 ± 7 0.19

Weight (kg) 83 ± 21 81 ± 15 79 ± 19 0.63

BMI 30 ± 5 28 ± 5 30 ± 5 0.63

Diagnosis

 PCI 10 (63) 10 (63) 10 (21) 1.0

 CABG 6 (38) 6 (38) 6 (13)

Comorbidities

 Smoker 2 (13) 2 (13) 1 (0) 0.81

 HTN 14 (88) 13 (81) 14 (88) 0.85

 Diabetes 7 (44) 6 (38) 4 (25) 0.55

 Kidney Disease 0 (0) 2 (13) 1 (6) 0.36

 Hyperlipidemia 15 (94) 13 (81) 14 (88) 0.58

 PAD 1 (6) 1 (6) 1 (6) 1.0

 Lung Disease 0 (0) 1 (6) 2 (13) 0.36

Medications

 Beta Blocker 15 (94) 15 (94) 15 (94) 1.0

 Metoprolol equivalent dose (mg) 43 ± 26 41 ± 32 48 ± 83 0.76

 Aspirin 15 (94) 16 (100) 16 (100) 0.38

 Statin 14 (88) 15 (94) 14 (88) 0.36

 Anti-platelet 11 (69) 15 (94) 11 (69) 0.16

Baseline RHR (BPM) 77 ± 8 70 ± 6 74 ± 12 0.49

Baseline METS 3.1 ± 0.6 3.4 ± 1.4 3.4 ± 0.9 0.26

Number of CR sessions Prior to GXT 4 ± 3 4 ± 1 0.19

Change in METS 1.5 ± 1 1.8 ± 1.3 2.4 ± 1.0 0.20

Units: Age, yrs; kg, kilograms; mg, milligrams; Abbreviations: BMI: Body mass index; BPM, beats per minute; CABG, Coronary artery bypass 
graft; HRM, heart rate monitor; HTN, Hypertension; METs, Metabolic equivalence of task; N, number of subjects; PAD, peripheral artery disease; 
PCI, Percutaneous coronary intervention; RHR, resting heart rate; RPE, rate of perceived exertion; THRR, target heart rate range [Data are 
presented as n (%)]

*
To calculate an equivalent dose of metoprolol we used the following conversion: Coreg is 4 X more potent than metoprolol, multiply coreg by 4, 

Bisoprolol is 5 times more potent than metoprolol, multiply by 5, and atenolol is 2 times more potent than metoprolol, multiply by 2.

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2023 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shea et al. Page 16

Table 2.

Key Cardiopulmonary Variables during the completion Cardiopulmonary Test

RPE N = 7 THRR N = 9 THRR+HRM N = 8 P ηp
2

VO2peak (ml/kg/min) 19 ± 4 19 ± 6 26 ± 8 0.13 0.13

Peak METS 9 ± 2 10 ± 3 12 ± 4 0.11 0.19

Peak HR (bpm) 122 ± 19 125 ± 14 136 ± 17 0.27 0.12

RER 1.1 ± 0.17 1.2 ± 0.11 1.2 ± 0.15 0.49 0.07

Total Time (min) 7.3 ± 2.3 8.3 ± 3.1 10.6 ± 2.2 0.053 0.02

Units: Peak HR, bpm; total time, minutes; VO2peak, ml/kg/min; Abbreviations: BPM, beats per minute; ηp2, eta squared; HR, Heart rate, bpm, 

HRM, heart rate monitor; METS, Metabolic equivalence of task; Min, Minute; N, number of subjects; p, probability value; RER, respiratory 
exchange ratio; RPE, rate of perceived exertion; THRR, target heart rate range; VO2peak, peak oxygen consumption
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