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ABSTRACT 

Kupferschmidt, H.R. Evaluation of performance measures during the Six-Minute Walk 

Test (6MWT) with and without a facemask. MS in Clinical Exercise Physiology, 

December 2021, 61pp.   (K. Radtke) 

 

 

Background: Throughout the COVID-19 pandemic, health officials have been setting 

various personal protective equipment recommendations for different populations to 

prevent the spread of these highly contagious viral particles. There is limited research 

comparing performance measures with and without wearing a surgical mask (SM) or an 

N95 mask among college age individuals while completing a submaximal exercise test, 

such as the 6MWT. 

 

Purpose: The purpose of this study was to compare Six-Minute Walk Distance (6MWD), 

heart rate (HR), respiratory rate (RR), oxygen saturation (SpO2), rating of perceived 

exertion (RPE), and rating of perceived dyspnea (RPD) when performing the 6MWT 

with and without the use of a SM and an N95 mask.  

  

Study Design: This was a prospective, randomized, and counterbalanced repeated 

measures design with three testing conditions (no mask, SM, and N95 mask).  

 

Methods: Twelve college aged individuals (3 males, 9 females), ranging from 23-25 

years of age, completed a familiarization 6MWT and three separate 6MWTs. All testing 

was performed outside on a 30-meter long, flat corridor. Prior to being tested, subjects 

completed the PAR-Q+, ACSM Exercise Pre-Participation Health Screening 

Questionnaire, COVID-19 Screening Questionnaire, and had their temperature, height, 

weight and blood pressure measured. Six-Minute Walk Distance, HR, RR, SpO2, RPE 

and RPD were compared between conditions and across time using a two-way analysis of 

variance (ANOVA) with repeated measures. If there was a significant F ratio, Bonferoni 

post-hoc tests were used to assess pairwise comparison. Alpha was set at p < .05 to 

achieve statistical significance.  

 

Results: No significant difference was found in 6MWD between testing conditions. HR, 

RR, and RPE significantly increased across time but there was no difference between 

conditions. No significant difference was found in SpO2 values. The N95 mask elicited 

significantly higher RPD scores.  

 

Conclusions: Wearing a SM or an N95 mask had no significant effect on 6MWD, HR, 

RR, RPE and SpO2 values among healthy college aged individuals when performing the 

6MWT. The N95 mask was associated with significantly higher RPD scores when 

completing the 6MWT. This could be due to the tighter face seal, increased breathing 

resistance, an increase in heat/humidity levels, and the trapping of carbon dioxide inside 

the N95 mask.  

 



 iv  

 

 

ACKNOWLEDGEMENTS 

 

 I would first like to thank Dr. Kimberley Radtke for her guidance and support 

over the last 5 years. I would not be where I am in my academic career today if it weren’t 

for you. I would also like to thank my family for always supporting me in school and in 

life. I am sure you will all be happy that I can no longer complain about my thesis. 

Lastly, I would like to thank my fellow Clinical Exercise Physiology Class of 2021. This 

year has been nothing short of interesting, but you all made it memorable and enjoyable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 v  

 

 

TABLE OF CONTENTS 

PAGE 

LIST OF TABLES………………………………………………………………………..vi 

LIST OF FIGURES……………………………………………………………………...vii 

LIST OF APPENDICES………………………………………………………………..viii 

INTRODUCTION………………………………………………………………………...1 

METHODS………………………………………………………………………………..3 

     Subjects………………………………………………………………………………...3 

     Questionnaires………………………………………………………………………….3 

     Familiarization Session………………………………………………………………...4 

     Testing………………………………………………………………………………….4 

    Statistics………..……………………………………………………………………….4 

RESULTS…………………………………………………………………………………6 

DISCUSSION……………………………………………………..……………………..10 

LIMITATIONS…………………………………………………………………………..14 

CONCLUSION…………………………………………………………………………..15 

REFERENCES…………………………………………………………………………..16 

 

 

 

 



 vi  

 

 

LIST OF TABLES 

TABLE          PAGE 

1.  Descriptive Characteristics of the Subjects…………………………………………..6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vii  

 

LIST OF FIGURES 

FIGURE           PAGE 

1. Average Six-Minute Walk Distance (6MWD) for Each Testing Condition…….……..7 

2. Average Heart Rate (HR) During Each Testing Condition…………………..…….…..8 

3. Average Respiratory Rate (RR) During Each Testing Condition…………….…….….8 

4. Average Rating of Perceived Exertion (RPE) During Each Testing Condition………..9 

5. Average Rating of Perceived Dyspnea (RPD) During Each Testing Condition…….....9 

6. Average Oxygen Saturation (SpO2) During Each Testing Condition……..………...…10 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



 viii  

 

 

LIST OF APPENDICES 

APPENDIX          PAGE 

A. Physical Activity Readiness Questionnaire (PAR-Q+)………………………….21 

B. American College of Sports Medicine Pre-Participation Screening………….….23 

C. Informed Consent………………………………………………………….……..24 

D. COVID-19 Screening Questionnaire…………………………………….………27 

E.  Six-Minute Walk Test Standardized Instructions………………………………..29 

F.  Data Collection/Standardized Verbal Prompts………...………………….……..31 

G. Rating of Perceived Exertion Scale……………………………………..……….34 

H. Modified Borg Scale – Standardized…………………………………….………36 

I.         Review of Literature……………………………………………………..……….38 

 

 

 

 

 

 

 

 



 1 

 

 

 

INTRODUCTION 

 During global pandemics, including the most recent coronavirus (COVID-19) 

outbreak, it is important to prevent the spread of airborne viral transmission. Most viruses 

are transferred from human to human through respiratory droplets, so the use of a face 

mask is recommended (CDC, 2020). There are a wide variety of face masks available, 

but the most common are surgical masks (SM) or an N95 mask. Due to the high demand 

and low supply, N95 masks, have been primarily reserved for use by healthcare workers, 

and the public have been advised to wear either a cloth, a SM or an N95 mask (CDC, 

2020; Greenhalgh et al., 2020). Limited research is available on whether wearing a mask 

affects performance measures when performing submaximal exercise, such as the Six-

Minute Walk Test (6MWT).  

 A cardiopulmonary exercise test (CPET) is the gold standard for assessing 

cardiorespiratory fitness (CRF). A CPET is typically performed in a clinical setting, but 

is expensive and requires highly trained staff. This test provides an accurate measurement 

of an individual’s cardiovascular and ventilatory capacities (Ross et al., 2016). The 

problem is most health insurance companies will only reimburse for a CPET when 

medically necessary for diagnostic purposes.  

 Submaximal exercise testing has become a widely acceptable alternative to a 

CPET because these tests require minimal training, equipment, and are inexpensive to 

perform. The Harvard Step Test was one of the first submaximal exercise tests, 

developed in 1943 (Brouha, 1943). Twenty years later, a 15-minute walk/run test was 

introduced by Balke (1963), followed by a 12-minute walk/run test by Cooper (1968). 
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These submaximal assessments are used to predict maximal oxygen consumption 

(VO2max). The Cooper 12-minute run walk test was also used to screen for disabilities in 

pulmonary patients (McGavin, 1978). Butland found that some patients with underlying 

respiratory disease were unable to keep a steady pace for 12 minutes. He performed a 

study using a 12-minute walk test along with a modified 6MWT and found very similar 

results (Butland, 1982).  

 The 6MWT is a submaximal exercise test that measures total distance walked on 

a flat 30-m corridor in a 6-minute time frame (ATS, 2002). This test can assess functional 

capacity and predict morbidity and mortality rates in patients with a history of 

cardiovascular disease and chronic obstructive pulmonary disease (Beatty, 2012; 

Bohannon, 2017). The 6MWT is a reliable and valid submaximal exercise test that can 

accurately predict VO2max in multiple populations. It is also an excellent measure of 

mobility in community-dwelling adults (Ross, 2010; Harada 1999). When compared to a 

CPET, the 6MWT revealed comparable results in predicting CRF. Patients were also able 

to tolerate the 6MWT better than other walking tests (Bautmans, 2004, Du, 2009, 

Sadaria, 2001).  

Due to the COVID-19 pandemic, the use of a face mask is recommended for use 

in public settings to prevent the spread of this virus (CDC, 2020). More research is 

needed to evaluate how wearing a mask effects performance measures during the 6MWT. 

The purpose of this study was to evaluate Six-Minute Walk Distance (6MWD), heart rate 

(HR), respiratory rate (RR), oxygen saturation (SpO2), rating of perceived exertion (RPE), 

and rating of perceived dyspnea (RPD) when wearing a SM and an N95 mask when 

performing the 6MWT.  
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METHODS 

Subjects 

 To ensure a counter-balanced testing order for all conditions, twelve healthy 

college aged individuals (9 females, 3 males), ranging from 23-25 years of age, were 

recruited as subjects. Due to COVID-19 restrictions, subjects were recruited from the 

Clinical Exercise Physiology graduate program.  

Questionnaires 

Potential subjects completed the Physical Activity Readiness Questionnaire (Par-

Q+) (Warburton et al., 2011), and ASCM Exercise Pre-Participation Health Screening 

Questionnaire (ACSM, 2018) prior to data collection to identify any health concerns that 

would exclude the subjects from participating. Subjects were included if they could 

tolerate walking for 6 minutes without chest pain/pressure, excessive shortness of breath 

(SOB), pain in the back, legs, or neck that would limit completion of the assessment. 

Subjects were excluded if they were experiencing unstable angina, had a myocardial 

infarction within the past month, had a history of respiratory disease, had a resting HR 

greater than 120 bpm, resting systolic BP greater than 180 mm Hg, and a resting diastolic 

BP greater than 100 mm Hg. Subjects were also excluded if they had any problems with 

dizziness, fainting, blackouts, or were a current smoker.  

Data collection was performed outside on a 30-meter long, flat corridor located 

under the stadium bleachers at Veteran’s Memorial Field at the University of Wisconsin- 
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La Crosse. Data collection was completed from October 26th- November 4th, 2020. 

Outside temperatures ranged from 35-56 degrees Fahrenheit. The sheltered stadium 

provided protection from inclement weather conditions.  

A verbal explanation of the test was given to subjects with the opportunity to ask 

questions. Subjects were then provided written informed consent (Appendix C). Approval 

from the Institutional Review Board for the Protection of Human Subjects the University 

of Wisconsin – La Crosse was obtained prior to testing. 

Familiarization Session 

 All subjects who met the inclusion criteria attended a familiarization session, 

where they completed a COVID-19 Screening Questionnaire, and had their temperature, 

height, and weight taken. After resting for 10 minutes, BP was taken using a calibrated 

sphygmomanometer and a stethoscope. Subjects then performed a practice 6MWT 

following the ATS guidelines (ATS, 2002).  

Testing 

Subjects returned for testing at least 48 hours after the familiarization 6MWT and 

repeated the COVID survey and temperature check followed by three separate 6MWTs. 

The order of test administration (no mask, SM and N95 mask) was randomly assigned 

and counterbalanced to eliminate any order effect. There was 60 minutes of rest between 

each walk (ATS, 2002). Reflective tape was placed at the start/finish line and every 3 

meters of the walking course. Two cones identified the turnaround points. Halfway along 

the walking course, a chair was placed against the wall in case subjects needed to rest. 

During each test, standardized verbal prompts were given to subjects each minute, per 

ATS protocol (Appendix E).  
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The following measurements were taken during the familiarization 6MWT and 

for all testing conditions. Heart rate and RR were continuously monitored using a Zephyr 

BioHarness 3 (Zephyr Technology, Annapolis, MD). Oxygen saturation was monitored at 

rest, immediate post walk, and at 1-minute recovery using a pulse oximeter (Pulse 

Oximeter CMS50D+, Contec Medical Systems Col, Ltd). Rating of Perceived Exertion 

(Appendix G) and RPD (Appendix H) were assessed at rest, every minute, and at the end 

of each walk using large Borg 6-20 scales (Borg, 1973, 1982, 1998) and modified Borg 

dyspnea scales, which were located at two pivot areas (Hareendran et al., 2012). An 

iPAD was used to record each 6MWT to determine 6MWD and calculate walking pace. 

All data were recorded on standardized worksheets, assigned a code for confidentiality 

purposes, and entered into an Excel document for analysis. 

Statistics 

SPSS for Windows (version 27; SPSS, Inc., Chicago, IL) was used for statistical 

analysis. Data were screened for accuracy, completeness, and normality. Standard 

descriptive statistics were used to summarize responses to testing and participation 

characteristics. A two-way ANOVA with repeated measures was used to assess 

differences between walking conditions across time for 6MWD, HR, RR, SpO2, RPE and 

RPD. If there was a significant F ratio, Bonferoni post-hoc tests were used to assess 

pairwise comparisons. Alpha was set at p < .05 to achieve statistical significance. All data 

are presented as means ± standard deviations.  
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RESULTS 

 Twelve subjects were recruited for this study, and two testing sessions were 

repeated due to questionable data from the BioHarness monitor. Physical characteristics 

of the subjects who completed the study are presented in Table 1. Subjects ranged from 

23-25 years of age. The men were older, taller, and heavier than the women. Responses 

from the PAR-Q+ and ACSM Health Screening Questionnaire revealed one subject was 

taking prescription blood thinners for a history of deep vein thrombosis. All other 

subjects had no health related concerns.  

Table 1. Descriptive Characteristics of the Subjects. 

 Women 

 (n=9) 

Men  

(n=3) 

Total Group  

(N=12) 

Age (years) 23  ± .9 24.7 ± .6 23.4 ± 1.1 

Height (m) 1.7 ± .1   1.8 ± .1 1.7 ± .1 

Weight (kg)   70.3 ± 11.8     89.0 ± 4.4*   75.0 ± 13.3 

BMI 24.9 ± 3.6   26.5 ± .9* 25.4 ± 3.2 

*Significantly different than females (p<.05) 

 

Data for 6MWD are presented in Figure 1. The highest overall distance was in the 

N95 mask condition (707.9 ± 54.8 meters), followed by the SM condition (706.6 ± 53.5 

meters), and the NM condition (706.1 ± 54.1 meters), but there was no significant 

difference between conditions.  
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Figure 1. Average Six-Minute Walk Distance (6MWD) for Each Testing Condition.  

 

 Data for HR, RR, RPE, and RPD are presented in figures 2-5, respectively. Heart 

rate, RR, and RPE significantly increased across time, but there was no significant 

difference between conditions. There was no significant difference in SpO2 across time or 

between conditions. Rating of perceived dyspnea scores significantly increased across 

time, and RPD scores with the N95 mask were significantly higher than the NM and the 

SM conditions starting at minute 2.  
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Figure 2. Average heart rate (HR) During Each Testing Condition. 

 

 

 
Figure 3. Average Respiratory Rate (RR) During Each Testing Condition.  

 

 

110

115

120

125

130

135

140

145

150

1 2 3 4 5 6

H
R

 (
b
p
m

)

Minutes

No Mask

Surgical Mask

N95 Mask

0

5

10

15

20

25

30

35

1 2 3 4 5 6

R
R

 (
b
re

at
h
s/

m
in

)

Minutes

No Mask

Surgical Mask

N95 Mask



 9 

 
 

Figure 4. Average Rating of Perceived Exertion (RPE) During Each Testing Condition.  

 

 
 

Figure 5. Average Rating of Perceived Dyspnea (RPD) During Each Testing Condition.  

 

 

Data for oxygen saturation (SpO2) are presented in Figure 6. There was no 

significant difference in SpO2 across time or between conditions.  
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Figure 6. Average Oxygen Saturation (SpO2) During Each Testing Condition.  
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distance from our study was above the normative reference range which suggests that the 

6MWT may not be the most appropriate submaximal assessment to estimate CRF levels 

in college aged individuals.  

85

87

89

91

93

95

97

99

No Mask Surgical Mask N95 Mask

S
p
O

2
 % Pre

IPE

1 min Rec



 11 

 We found no significant differences in HR, RR, or SpO2 between testing 

conditions, but RPD was significantly greater when wearing the N95 mask compared to 

both the NM and SM conditions. Rating of perceived dyspnea scores peaked during the 

last minute of the 6MWT with the highest mean score when wearing the N95 mask (1.2 ± 

.78) compared to the SM (.75 ± .66) and the NM (.33 ± .33) conditions. Our results are 

similar to those of Roberge et al. (2010) who evaluated the effects of wearing no mask 

compared to wearing an N95 mask in a clinical setting. The subjects were required to 

walk on a treadmill for 2, 1-hour sessions at 1.7 and 2.5 mph, respectively. This study 

found similar results with no significant difference between HR, RR and SpO2 levels. One 

main difference when comparing studies was the average walking speeds, as our 

workloads were much higher than 1.7 and 2.5 mph. Subjects from our study were 

instructed to “walk as fast as you can” with an overall walking speed of 4.4 mph. In 

Roberge’s study, RPD scores increased across time, and peaked within the last 2 minutes 

of each testing conditions. Fikenzer et al. (2020) and Li et al. (2005) also found that RPD 

scores were higher when wearing the N95 masks. The authors suggested the increased 

RPD scores were associated with increased perceived discomfort, increased breathing 

resistance, higher temperature/humidity levels inside the mask, and a tighter face seal 

when wearing the N95 mask. 

 In 2020, a study was conducted to evaluate the physiological effects of mask 

wearing during maximal exercise (Epstein et al., 2020). The authors also found no 

significant difference in HR,  RR, and SpO2 levels between conditions. Another study 

performed by Shaw et al. (2020) evaluated facemasks during maximal exercises and they 
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found no significant difference in HR, RR, RPE or SpO2 values. Both of these studies 

were performed on young healthy adults.  

Due to the COVID-19 pandemic, Fikenzer et al. (2020) conducted a study looking 

at pulmonary function measurements and exercise capacity while wearing a mask. In 

contrast to our current study, the N95 group had a 13% reduction in VO2max and a 23% 

reduction in maximal ventilation compared to the NM group. Ratings of perceived 

discomfort also increased from the NM to the N95 mask condition. Although there was 

no significant change noted in cardiac parameters, the authors suggested that there was 

myocardial compensation for the pulmonary limitations while wearing the N95 masks. 

Our study did not evaluate pulmonary parameters or stroke volume, and we also found no 

significant difference in HR or RR between conditions.  

 When wearing a face mask, an individual is rebreathing exhaled carbon dioxide 

(CO2) which may decrease the partial pressure of O2 and increases the partial pressure of 

CO2. There are three main predictors of exertional dyspnea and they include work of 

breathing, hypoxia, and hypercarbia. Work of breathing is the energy it takes to complete 

inhalation and exhalation, which can be measured via spirometry testing and by 

monitoring changes in pulmonary pressures.  

Hypoventilation can lead to decreased levels of oxygen (O2) in the blood, or 

hypoxemia. Hypoxemia makes it difficult for the body to maintain normal homeostasis 

between the cardiovascular system and the respiratory system (Sarker et al., 2017). Pulse 

oximetry is a widely acceptable, noninvasive alternative to measure O2 levels. Our study 

did not find a significant change in SpO2 levels at rest (98.2% ± .8), immediate post-

exercise (97.6% ± 1.2) and at 1-minute recovery (98.2% ± .8). Our results were compared 
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to SpO2 levels in 53 surgeons wearing SM’s during surgery. Oxygen saturation levels 

(98% pre-surgery and 96% post-surgery) were reported with an increase in HR when 

compared to preoperative HR values. The decrease in SpO2 are likely due to wearing the 

SM, but the HR increase could also be due to the stress of the surgery (Beder et al., 

2008). All SpO2 levels in our study and Beder’s study remained within normal limits, 

which makes hypoxia an unlikely reason for the increase in RPD scores.  

 Hypercarbia is an increase in CO2 levels in the blood. Signs and symptoms of 

hypercarbia include excessive SOB, fatigue, headaches, anxiety, confusion, and 

drowsiness (Antangana & Antangana, 2020). The risk of hypercarbia occurring while 

wearing a SM is lower because there is not a tight seal around the face (Vadasz, 2012). 

Healthy individuals are also at a decreased risk for developing hypercarbia, while those 

with underlying respiratory illness’ are at an increased risk, as they have been found to 

retain CO2 levels  even without a mask (Mason et al., 2020; Sinkule et al., 2013; 

Wasserman, 1982). Epstein et al. (2020) found a significant increase in end tidal CO2 

when wearing the N95 mask, but no significant difference was noted in end tidal CO2 

between the NM and the SM conditions. The increase in end tidal CO2 while wearing an 

N95 mask may be attributed to the re-breathing of expired air. Exercising with a 

facemask, especially an N95 mask, has a positive correlation with increased breathing 

resistance and perceived discomfort. (Epstein, 2020). Our study did not evaluate end-tidal 

CO2 levels, but the increase in end-tidal CO2 found by in previous studies may explain 

the higher RPD scores found in our study (Epstein et al., 2020, Sinkule et al., 2013, Smith 

et al., 2013).  
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 Another reason for the increased RPD scores could be explained by the findings 

of Li et al., (2005) who found that HR was significantly lower while wearing a SM 

compared to an N95 mask. The authors also found that the temperature inside an N95 

mask was significantly higher than the temperatures inside the SM’s. Subjective ratings 

for overall discomfort were evaluated and the subjects reported the SM’s were drier, 

cooler and easier to breathe in. The authors concluded that the SM was more comfortable 

to wear when compared to the N95 mask (Li et al., 2005). Fikenzer et al. (2020) also 

showed that the rating of perceived discomfort was higher when wearing the N95 mask 

and suggested this was due to increased breathing resistance, heat, tightness, and overall 

discomfort of the N95 mask. Swiatek et al., (2021) recently completed a study that 

evaluated 6MWT performance among healthcare workers and students. Similar to our 

study, there was no significant difference in 6MWD, but there was a significant 

difference in RPD between the NM and the masked group. The authors concluded that 

patients with cardiopulmonary disease may experience higher RPD scores along with 

lower 6MWD values (Swiatek et al. 2021).   

LIMITATIONS 

 One limitation for this study was the small sample size. Due to COVID-19 

restrictions, a convenience sample of graduate students was used for this study. In 

addition the 6MWT is designed to be used in clinical populations. The subjects in our 

study had 6MWD scores that were above the normative reference range which suggests 

the subjects in our study were to be too fit for this assessment. Another limitation is that 

we evaluated performance measures during a 6-minute timeframe. More research is 
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needed on the effects of mask wearing and exercise capacity in college age students, 

sedentary, or deconditioned students, for an extended period of time (>10 minutes).  

CONCLUSION 

 Wearing a SM or an N95 mask had no significant effect on 6MWD, HR, RR, RPE 

or SpO2 while completing the 6MWT in college age students. Wearing an N95 mask was 

associated with significantly higher RPD scores when completing the 6MWT. The higher 

dyspnea scores may be associated with trapping of CO2, higher temperature/humidity 

levels inside the mask, increased breathing resistance, and a tighter face seal when 

wearing the N95 mask.  
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I, ________________________, volunteer to participate in a research study being 

conducted at the University of Wisconsin-La Crosse. 

 

Purpose and Procedures   

 

• The purpose of this study is to compare 6MWD, heart rate, rating of 

perceived exertion, rating of perceived dyspnea, respiratory rate, oxygen 

saturation, and walking pace when performing the 6MWT with and 

without the use of a surgical mask and a N95 Face Filtering Respirator 

(FFR). 

• Research faculty and assistants in the Department of Exercise and Sport 

Science (ESS) will be conducting the research under the direction of Dr. 

John Porcari, a Professor in the department. 

• My participation in this study will involve a familiarization session as well 

as a testing day. 

• During the familiarization session I will complete a health screening 

questionnaire, a COVID-19 screening questionnaire, a physical activity 

questionnaire, and have my temperature, height, weight, and blood 

pressure measured. I will also perform a practice 6 MWT.   

• During the testing session I will complete three separate 6MWT’s (6MWT 

with no mask, 6MWT with a surgical mask, and 6MWT with a N95 FFR). 

The order will be randomly assigned allowing 60 minutes of rest between 

each test. 

• For all testing, I will be wearing a heart rate monitor and pulse oximeter. 

• I will be asked to rate my perceived exertion and dyspnea (breathlessness) 

at rest, every minute during the testing, and upon completion. 

• An IPAD will be used to record and measure my pace with each 6MWT. 

 

Potential Risks 

• Fatigue, leg tiredness, and shortness of breath are possible as a result of 

participating in this study. 

• The risk of serious or life-threatening cardiovascular complications is very 

low (<1/10,000 tests) in apparently healthy adults.   

• The test will be stopped immediately upon the occurrence of any 

complications.   

• There will be persons trained in CPR and Advanced Cardiac Life Support 

supervising every test.  Additionally, an AED is immediately available in 

the laboratory where testing will take place.  

• Because of the recent pandemic, an increased risk of participating in this 

study includes being exposed to the COVID-19 virus and suffering the 

associated complications of infection, which can include hospitalization 

and death. 

• In order to minimize subject exposure to the COVID-19 virus, the Human 

Performance Laboratory and all associated testing personnel are taking the 

following precautions, which are consistent with an international 

consensus statement issued by the Physiologic Society (London, England): 
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a. All researchers will be screened each day by having them fill out the 

COVID-19 Screening Questionnaire and having their temperature taken. 

b. All researchers will wear facemasks and face shields at all times when 

they are in the laboratory. 

c. All subjects will be required to wear masks at all times when they are in 

the laboratory, except when completing the walking test without a mask 

condition.  

d. All subjects will be screened each day by filling out the COVID-19 

Screening Questionnaire and having their temperature taken as soon as 

they report to the laboratory for testing. 

e. Only one subject will be in the laboratory at a time. 

f. Each subject will be met at one of the entrances to Mitchell Hall and 

escorted directly to the Human Performance Laboratory by one of the 

research assistants. 

g. In between subjects, the researchers will wipe off all testing equipment 

and associated equipment/desktop surfaces with disinfectant wipes. 

Benefits 

 

• The study will be important to exercise scientists and the general public 

seeking to understand how surgical masks and N95 masks affect overall 

performance during the 6MWT 

Rights and Confidentiality 

 

• My participation is voluntary. 

• I may choose to discontinue my involvement in the study at any time 

without penalty. 

• The results of this study have the potential of being published or presented 

at scientific meetings, but my personal information will be kept 

confidential.   

I have read the information provided on this consent form. I have been informed of the 

purpose of this study, the procedures, and expectations of myself as well as the testers, 

and have also been informed of the potential risks and benefits that may be associated 

with volunteering for this study. I have asked any and all questions that concerned me 

and received clear answers so as to fully understand all aspects of this study.  

 

If I have any other questions that arise, I may feel free to contact Hannah Kupferschmidt, 

principle investigator, at (715) 205-7845 or Kim Radtke, Thesis Chair, at (608) 785-8188 

Questions in regards to the protection of human subjects may be addressed to the 

University of Wisconsin-La Crosse Institutional Review Board for the Protection of 

Human Subjects at (608)785-8124. 

 

Subject: _______________________________          Date: __________________ 

 

 

Investigator: ___________________________           Date: __________________ 
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Name: __________________________________ Date: _____________  Temperature:  _____________ 

Please check the following boxes if you have experienced any of the listed symptoms in the past 14 

days:  

☐ Fever or chills 

☐ Cough  

☐ Shortness of breath or difficulty breathing  

☐ Fatigue  

☐ Muscle or body aches  

☐ Headache 

☐ New loss of taste or smell  

☐  Sore throat 

☐ Congestion or runny nose 

☐ Nausea or vomiting 

☐ Diarrhea  

Have you been around anyone with the symptoms listed above, but who has not been tested for 

COVID-19? 

Y        N  

Have you been around anyone that has been diagnosed with COVID-19?  

Y        N 

If you checked YES to the question above, please list the date of when the person was diagnosed and 

when you were last around them:     _____________________                          

Have you been quarantined in the past 14 days due to being exposed to anyone with COVID-19?  

 Y        N 

Have you ever tested positive for COVID-19? 

Y         N 

Have you traveled anywhere outside of WI in the past 14 days?  

 Y        N  

Have you traveled to an identified hotspot (location with high number of cases) in the last 14 days? 

   Y        N  

Do you have any underlying condition(s) that puts you at an increased risk for contracting COVID-

19 (e.g. heart disease, autoimmune disease, diabetes, etc.)?  

 Y        N  

If you checked YES to the question above, please list the underlying condition 
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“The object of this test is to walk as far as possible for 6 minutes. You will walk 

back and forth in this hallway. Six minutes is a long time, so you will be exerting 

yourself. You will probably get out of breath or become exhausted. You are permitted to 

slow down, to stop, and to rest as necessary. You may lean against the wall while resting, 

but resume walking as soon as you are able. 

 You will be walking back and forth around the cones. You should pivot briskly 

around the cones and continue back the other way without hesitation. Now I’m going to 

show you. Please watch the way I turn without hesitation.” 

 Demonstrate by walking one lap yourself. Walk and pivot around a cone briskly. 

 “Are you ready to do that? I am going to use this counter to keep track of the 

number of laps you complete. I will click it each time you turn around at this starting line. 

Remember that the object is to walk AS FAR AS POSSIBLE for 6 minutes, but don’t run 

or jog. 

 Start now, or whenever you are ready.” 

If patient stops during the test, say this: “you can lean against the wall or sit down if you 

would like; then continue walking whenever you feel able.” 

If patients stop before 6 minutes and refuses to continue, wheel the chair over for them to 

sit on, discontinue the walk, and note on the worksheet the distance, the time stopped, 

and the reason for stopping prematurely. 
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Lap Counter ___ ___ ___ ___ ___   ___ ___ ___ ___ ___   ___ ___ ___ ___ ___ 

Subject Name: ______________________________________________________   ID# 

_______________ 

Walk # ____________ Tech ID: ___________________________________ Date: 

_________________ 

Gender:  M F   Age: ______ Race: __________________________ Height: ______ft.  

______in. 

Weight: ________ lbs.  ________kg    Blood Pressure: _____________ /_____________ 

Medications taken before the test (dose and time): 

______________________________________________________________________________________

_______ 

Time Heart 

Rate 

Respiratory 

Rate 

RPE MBS(s)  SpO2 Comments Encouragement 

Rest        

1 Minute       “You are doing 

well. You have 

5 minutes to go” 

2 Minute       “Keep up the 

good work. You 

have 4 minutes 

to go” 

3 Minute       “You are doing 

well. You are 

halfway done” 

4 Minute       “Keep up the 

good work. You 

have only 2 

minutes left” 

5 Minute       “You are doing 

well. You have 

only 1 minute to 

go” 

**At 5:45** “In 

a moment, I’m 

going to tell you 

to stop. When I 

do, just stop 

right where you 

are and I will 

come to you” 

6 Minute       “Stop” 

Recovery       “What, if 

anything, kept 

you from 

walking 

farther?” 
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Distance 

(feet) 

Distance 

(meters) 

 
 

Convert Total Distance in Feet to Meters:    

 

Example: ____98.43___ft = 30 meters ______________ft. = ___________Total 

Distance (m)    

  3.281    3.281 

Convert Total Distance to MPH: 

Total Distance _____________ feet =      ft./min x 60 = 

_______MPH 

                                    6 min           5280 feet 

Distance Walked 

(ft.) 

MET Level Achieved during 

6MWT 

MPH 

400 1.6 0.76 

450 1.6 0.85 

500 1.7 0.95 

550 1.8 1.04 

600 1.9 1.14 

650 1.9 1.23 

700 2.0 1.33 

750 2.1 1.42 

800 2.2 1.52 

850 2.2 1.61 

900 2.3 1.70 

950 2.4 1.80 

1000 2.5 1.89 

1050 2.6 1.99 

1100 2.6 2.08 

1150 2.7 2.18 

1200 2.8 2.27 

1250 2.9 2.36 

1300 2.9 2.46 

1350 3.0 2.56 

1400 3.0 2.65 

1450 3.2 2.75 

1500 3.2 2.84 
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MODIFIED BORG SCALE-STANDARDIZED 
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Introduction 

 In 2019, the coronavirus (COVID-19) outbreak resulted in a global pandemic. 

This virus quickly spreads through airborne particles, and facemask wearing is important 

to prevent the spread of this highly contagious disease (CDC, 2020). Due to an increased 

demand and low supply of the N95 masks, the general public are encouraged to wear a 

surgical mask (SM) or a cloth mask, as N95 masks are primarily reserved for healthcare 

professionals (CDC, 2020; Greenhalgh et al., 2020). The Six-Minute Walk Test (6MWT) 

is a submaximal assessment, commonly performed in a clinical population as a means to 

estimate functional capacity (Du et al., 2009; Beatty, 2012; Bohannon, 2017). Limited 

research has been performed when comparing performance measures with and without a 

surgical mask (SM) or an N95 mask when completing the 6MWT.  

Cardiorespiratory Fitness 

 Cardiorespiratory fitness (CRF) is determined by measuring the maximal volume 

of oxygen consumed (VO2max) during exercise (ACSM, 2018). Cardiorespiratory fitness 

is an important predictor of morbidity and mortality, and is considered the most powerful 

indicator of overall health (Mayorga-Vega, 2016; Ross, 2016). Low levels of CRF have 

been associated with an increased risk of premature death from cardiovascular disease 

(ACSM, 2018).  
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Gold Standard for Assessment of Cardiorespiratory Fitness 

 A cardiopulmonary exercise test (CPET) is used to evaluate how the 

cardiovascular and pulmonary systems respond to an incremental increase in exercise 

intensity (Beltz et al., 2016; Evans et al., 2015). A CPET is considered the gold standard 

for assessing an individual’s CRF level. This test is typically performed in a clinical 

setting because it requires expensive equipment and highly trained personnel to perform 

(Ross et al., 2016). Stensvold et al., (2017) evaluated CRF levels and cardiorespiratory 

function among older adults, and found men had significantly higher VO2max  levels when 

compared to females. In addition, subjects diagnosed with cardiovascular disease, had 

significantly lower CRF levels when compared to healthy subjects. The problem is that 

most health insurance companies will only reimburse for a CPET if it is considered 

medically necessary.  

Submaximal Testing for Assessment of CRF 

 Submaximal exercise tests have become a widely acceptable alternative to 

performing a CPET. In 1943, Lucien Brouha developed one of the first submaximal 

assessments, known as the Harvard Step Test. This step test provided information on the 

general functional capacity of the body, the cardiovascular system, and how the body 

adapts to increased physical activity (Brouha, 1943). Nearly 20 years later, Bruno Balke 

created a 15-minute run/walk test. This submaximal assessment requires an individual to 

run at a steady pace for 15 minutes, only slowing to walk when absolutely necessary. 

Multiple run times were evaluated (i.e. 1, 5, 12, 20 and 30 minute intervals), but a run 

time of 15 minutes revealed the highest correlation when compared to VO2max values 

performed in the lab (Balke, 1963). In some populations, it is unrealistic for an individual 
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to run at a steady pace for a long period of a time. Cooper (1968) developed the 12-

minute run/walk test with young, healthy adults and this submaximal test was also highly 

correlated to VO2max values obtained in the lab. In 1982, a shorter, more reasonable test 

was used that catered to the clinical population. Butland (1982) found that people with 

cardiorespiratory diseases were not able to tolerate longer walking distances. The results 

of his study showed comparable results when his patients performed a 6-minute and 12-

minute walk test (Butland, 1982).  

Six-Minute Walk Test 

 The 6MWT is a submaximal exercise test that requires minimal equipment, 

training, and is inexpensive. This assessment allows clinicians to estimate CRF and 

individuals may use this test to monitor progress from the implementation of an exercise 

program (Du, 2009). Butland, (1982) found the 6MWT had similar results to VO2max 

values measured from a CPET. The 6MWT measures the total distance walked on a flat 

30-m corridor during a 6-minute time frame (ATS, 2002). The 6MWT can be used to 

predict morbidity and mortality rates, from a variety of comorbidities including 

cardiovascular disease and chronic obstructive pulmonary disease (Beatty, 2012; 

Bohannon, 2017). 

Reliability and Validity of 6MWT 

 Multiple authors have found good test-retest reliability of the 6MWT (Bautmans, 

2004, Du, 2009, Sadaria, 2001). Bautmans (2004) reported the 6MWT is a valid and 

reliable submaximal test with an intra class correlation (ICC) of .93 for healthy 

individuals, and those diagnosed with chronic heart failure and chronic obstructive 

pulmonary disease (Bautmans, 2004). Ross (2010) found Six-Minute Walk Distance 
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(6MWD) can accurately predict CRF levels in a group of diverse patients. The 6MWT is 

also used in heart transplant patients to assess cardiorespiratory responses to medical 

interventions. Solway (2001), concluded that the 6MWT was easy to administer and more 

reflective of activities of daily living. Harada (1999) also found that the 6MWT was an 

excellent measure of mobility among older community-dwelling adults.  

Predictors of Dyspnea 

 Dyspnea is defined as shortness of breath (SOB), difficulty breathing or an 

increased discomfort with breathing. Various tests that are performed to identify 

abnormalities in lung volumes, pressures and capacities include pulmonary function 

testing, with measurements from an echocardiogram. A CPET can also be used to 

identify the causes of dyspnea (Datta et al., 2015). In many cases, dyspnea during 

exercise is worse than dyspnea at rest. A CPET can examine the level of breathlessness 

during exercise and identify possible cardiovascular and lung abnormalities at an earlier 

stage (Wasserman, 1982).  

Work of Breathing 

 Work of breathing is the energy it takes to complete inhalation and exhalation, 

and can be measured via spirometry testing and by measuring pulmonary pressures. Due 

to the complexity of these procedures, these tests are usually performed in a clinical 

setting (Butcher et al., 2016). Wearing an N95 mask can increase the work of breathing 

and Fikenzer et al. (2020) explained that the increased of work of breathing when 

wearing an N95 mask stems from the increased use of the respiratory muscles. If these 

conditions continue for a prolonged period of time, it can cause negative intrathoracic 

pressures.  
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Hypoxia 

Hypoventilation can lead to decreased levels of oxygen in the blood, or 

hypoxemia. Hypoxemia makes it difficult to maintain normal homeostasis between the 

cardiovascular system and the respiratory system (Sarker et al., 2017). Measuring the 

partial pressure of oxygen (pO2) is considered the gold standard for monitoring oxygen 

levels in the blood. This is done invasively during an arterial blood draw. The oxygen 

carrying capacity can be defined as the maximum volume of oxygen the blood can carry 

when fully saturated. In healthy individuals, the pO2 pressure ranges from 20-100 mL of 

oxygen in the blood. Normal levels of oxygen saturation range from 70-100 mm Hg, and 

hypoxia occurs when levels drop below 60 mm Hg (Collins, 2015).  

Pulse oximetry is a widely acceptable, noninvasive alternative to measure O2 

levels. A pulse oximeter is placed on a finger or ear lobe and detects changes of light 

absorption in the oxygenated and deoxygenated blood. The oxygen saturation (SpO2)  is 

shown as a percentage and values less than 95% are considered to be lower than normal. 

Oxygen saturation is the fraction of oxygen-saturated hemoglobin as it relates to the total 

amount of hemoglobin in the blood. Normal SpO2 values range from 95%-100%. 

Anything below 95% when breathing in room air is considered lower than normal and 

hypoxia may occur. In healthy individuals, SpO2 levels typically range from 95-100% 

during exercise. In people with underlying pulmonary conditions, such as COPD, SpO2 

levels should be monitored carefully as they tend to fall below 95%. 
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Hypercarbia 

Hypercarbia, also referred to as excess CO2 levels, is a potential side effect of 

wearing an N95 mask. Symptoms of hypercarbia include SOB, headaches, anxiety, 

confusion and drowsiness. The risk of hypercarbia while wearing a SM is lower because 

there is not a tight seal around the face (Vadasz, 2012). Healthy individuals are at a 

decreased risk for developing hypercarbia, while those with underlying respiratory 

illnesses are at an increased risk as they have been found to retain carbon dioxide levels 

without a mask (Mason et al., 2020, Wasserman, 1982).   

Facemasks 

 Face masks are recommended to prevent the spread of viral airborne particles 

(CDC, 2020). Surgical masks (SM) and N95 masks are two of the most commonly used 

facemasks. When wearing a facemask, viral airborne particles may enter the human 

respiratory system by either face seal leakage of thru the mask filter medium 

(Grinshphun, 2009). According to the National Institute of Occupational Safety and 

Health (NIOSH), the penetration of these viral particles cannot exceed 5% for an N95 

mask. Surgical masks are fluid resistant but do not meet this minimum NIOSH standard 

(Balazy, 2006).   

The N95 mask has been found to have a tighter face seal, which minimizes 

airborne particles from entering thru the mask. When compared to the SM, the N95 mask 

was found to have a higher end tidal volume of carbon dioxide (CO2) inside the mask. 

Inhaling an excess amount of CO2, with a decrease in oxygen (O2) may lead to hypoxia. 

This is usually followed by increased perceived discomfort, fatigue, dizziness, muscular 

weakness and drowsiness (Smith, 2013). 
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 The COVID-19 virus spreads primarily through airborne respiratory droplets. The 

CDC recommends that all individuals wear a mask to protect themselves and others. 

Because healthcare workers are working directly with patients diagnosed with the 

COVID-19 virus, they are required to be fitted for an N95 mask. Due to the high demand 

and low supply of the N95 masks, it is recommended that the general public wear either a 

cloth or SM (CDC, 2020).   

Effects of Wearing a Mask During Submaximal Workloads 

 Several studies have evaluated the effects of wearing facemasks on submaximal 

exercise performance. Nin (2018) looked at patients with acute respiratory distress 

syndrome and noticed that those with lower tidal volumes had higher PaCO2 levels. 

Hypercarbia often leads to muscle atrophy and dysfunction in patients with underlying 

conditions. Hypercarbia is usually brought on by decreased O2 consumption or 

abnormally low levels of pH. It has also been shown that high levels of CO2 can be 

detrimental to respiratory health. If levels of CO2 are too high, the alveolar fluid cannot 

be reabsorbed lowering the tissue repair capacity (Nin, 2018).   

 In 2010, ten healthcare workers participated in multiple 1-hour treadmill walking 

sessions at 1.7 and 2.5 mph respectively, while wearing different facemasks. The testing 

conditions included walking with an N95 mask with an exhalation valve, walking with an 

N95 mask without an exhalation valve, and walking without a mask. Heart rate (HR), 

respiratory rate (RR), tidal volume, minute ventilation, SpO2, CO2, and O2 concentrations 

were all monitored throughout the exercise sessions. The subjects were also asked about 

their perceived comfort levels during each session. This study concluded that there were 

no significant differences between comfort or perceived exertion ratings. However, the 
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CO2 levels found in the dead space of the N95 mask did not meet the OSHA 

requirements (Roberge, 2010).   

A study performed by Schenkel in 1996 looked at SpO2 in patients with COPD at 

night, during the day, with nebulizer treatments, and while walking. The mean SpO2 

levels during exercise was 88% compared to 90% at rest. They found that the mean O2 

was lower at night (88%) compared to during the day (90%). During exercise O2 levels 

decreased more than any other time of the day. The results of this study pertained to 

COPD patients, and some of the patients did not experience hypoxia at rest (Schenkel, 

1996).  

Another study performed by Beder (2008) looked at SpO2 levels when wearing a 

SM. Fifty-three surgeons wore pulse oximeters during surgery, and this study found a 

slight increase in SpO2 levels and HR compared to the preoperative values (2% decrease). 

The increase is likely due to the SM, but could also be due to the stress of the surgery. 

Interestingly, surgeons over the age of 35 showed more of a decrease in SpO2 values 

compared to the younger surgeons (Beder, 2008). 

Effects of Wearing a Mask During Maximal Workloads 

In 2020, a study was conducted to evaluate the physiological effects of mask 

wearing during exercise (Epstein, 2020). Sixteen recreationally active, healthy men above 

the age of 18 were recruited as subjects for this study. The subjects performed three 

randomized trials using a cycle ergometer, one without a mask, one with a SM and one 

with an N95 mask. Before and during the exercise trials HR, BP, SpO2 and RR were 

measured. There were no significant differences in RR, HR and SpO2. In addition, end 

tidal-CO2 was higher after the trial with the N95-mask (Epstein, 2020). 
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A study performed on 10 healthcare workers measured HR, RR, tidal volume and 

SpO2 during treadmill exercise. There were three trials, one with no mask, one with an 

N95 mask and one with a N95 mask with a valve. The authors found no significant 

difference in HR, RR, and SpO2 with the standard N95 mask (Roberge, 2010). 

Clinical Relevance/Summary 

 With the current COVID-19 pandemic, the use a face mask is recommended to 

stop the transmission of airborne respiratory droplets (CDC, 2020). The 6MWT is a valid 

and reliable submaximal exercise test commonly used with clinical populations. Little 

research has been performed with mask wearing when performing a 6MWT on college 

aged students.  

Specific Aims 

 The purpose of this study was to evaluate performance measures with and without 

the use of a facemask when performing the 6MWT in college aged students.  
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