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ABSTRACT 

Wilson, C.S. The effects of wearing surgical and N95 protective face masks on exercise 

capacity during the Rockport 1-Mile Walk Test. M.S. in Clinical Exercise Physiology, 

December 2021, 49pp. (J. Porcari) 

 

Purpose: The purpose of this study was to analyze the effects of wearing surgical and 

N95 protective face masks on exercise capacity in apparently healthy, young individuals 

during the Rockport 1-Mile Walk Test, a submaximal exercise evaluation.  

 

Methods: Thirteen male and female participants completed three 1-mile walk tests: no 

mask (control), surgical mask, and an N95 mask. Walk time, heart rate (HR), Rating of 

Perceived Exertion (RPE), Rating of Perceived Dyspnea (RPD), oxygen saturation 

(SpO2), and predicted VO2max (Klein et al., 1987) were measured.  

 

Results: There were no significant differences in walk times, HR, RPE, SpO2, or 

predicted VO2max between mask conditions. There was a significant difference in RPD 

between conditions (p<0.05). RPD was significantly greater in N95 trials than in surgical 

or no mask trials. RPD was also significantly greater in surgical mask trials than no mask 

trials.  

 

Conclusion: The results of this study suggest that apparently healthy, young, and active 

individuals can safely perform submaximal aerobic exercise while wearing a face mask; 

however, they may experience an increase in dyspnea, which is greater while wearing an 

N95 mask.  
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INTRODUCTION 

On March 11, 2020 the World Health Organization declared the rapidly 

disseminating SARS-CoV-2 virus (COVID-19) as a global pandemic (CDCa, 2020). This 

highly contagious virus is known to spread readily through respiratory secretions or by 

touching contaminated surfaces (Van Doremalen et al., 2020). Per CDC guidelines, 

proper hand hygiene, social distancing of at least 6 feet, disinfecting common surfaces, 

and wearing protective face masks in public may be the best preventative strategies 

(CDCb, 2020). Despite their popular use, data on the efficacy of protective face masks 

mitigating small respiratory particles entering the air and slowing the spread of airborne 

respiratory illnesses, such as COVID-19, are inconclusive (Long et al., 2020; Dbouk & 

Drikakis, 2020; Wang et al., 2020).  Even so, many states have mandated wearing masks 

in public, even while exercising.  

The two most common types of standardized and commercial masks are the 

surgical mask (SM) and the N95. Both types of masks are widely used and mass 

produced, which allows for consistency in size, shape, and material (3M, 2008; 

TrainingMask, 2018). However, due to the widespread nature of the pandemic, the 

availability of N95 masks for individuals outside of the healthcare system has been 

limited. Therefore, most non-medical personnel wear disposable SMs or cloth masks.  

At rest, face masks have been shown to increase CO2 rebreathing, leading to 

symptoms such as discomfort, fatigue, dizziness, headache, muscular weakness, 
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drowsiness, and most significantly, dyspnea (Smith et al., 2013). During exercise, non-

standardized protective face masks, such as positive-pressure respirators and gas masks, 

have been shown to have highly variable effects on physiological responses, with little 

consensus across studies (Arborelius et al., 1983; Hermansen et al., 1972; Patton et al., 

1995; Wilson et al., 1989). The variability in study results are most likely due to 

differences in exercise mode, subject fitness level, and non-standardization of the types of 

masks utilized. Studies on the effects of wearing SMs and N95 masks show highly 

variable effects on physiological responses to exercise. Epstein at al. (2020) found that 

during maximal stress testing in healthy adults, N95 and SMs decreased CO2 elimination. 

However, data were inconclusive on how the masks affected heart rate (HR), blood 

pressure (BP), respiratory rate (RR), and oxygen saturation (SpO2).  Fikenzer et al. 

(2020) found that SMs and N95 masks had a significant impact on subject discomfort, 

rating of perceived exertion (RPE), and cardiopulmonary function during incremental 

exercise, reducing VO2max by 13%.   

Previous studies on mask usage during exercise have not studied their effects 

during submaximal exercise testing. The Rockport 1-Mile Walk Test is a highly validated 

and reliable submaximal exercise protocol to estimate exercise capacity in healthy 

individuals aged 30-69 years. It has also been validated in young injured military men 

(Weiglein et al., 2011), in women ages 65 and older (Fenstermaker et al., 1992), in adults 

with mental retardation (Kittredge, Rimmer, and Looney, 1994) as well as many others.  

The lack of consensus behind the physiological changes associated with 

exercising in a protective face mask leads to uncertainty surrounding the feasibility and 

safety of the general population exercising in masks. Therefore, the purpose of the 
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present study was to determine the effects of wearing a SM and N95 mask on 

performance during the Rockport 1-Mile Walk Test in a generalized population.  
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METHODS 

Subjects 

Thirteen male and female volunteers between the ages of 22 and 25 years 

participated in this study (Table 1). Subjects were recruited from the University of 

Wisconsin- La Crosse via word of mouth and needed to be apparently healthy with no 

known cardiovascular or metabolic diseases. Due to the impact of Covid-19 on the 

elderly population, young and apparently healthy subjects were used to mitigate the risk 

of virus transmission to a more vulnerable population. Prior to the start of the study, 

participants provided written informed consent before undergoing any testing procedures. 

The research study protocol was approved by the University of Wisconsin-La Crosse 

Institutional Review Board for the protection of human subjects.  

 

Table 1. Descriptive Characteristics of Participants (N=13) 

 
Males (n=4) Females (n=9) Overall 

Age (yrs)         24.3 ± 0.96         22.9 ± 0.93        23.3 ± 1.11 

Weight (kg)         87.2 ± 4.79  68.5 ± 10.89        74.2 ± 12.87 

Height (cm)       184.8 ± 2.43       167.5 ± 5.84      172.8 ± 9.65 

Values represent mean ± standard deviation 

 

Procedures 

All subjects underwent four days of testing. All data collection was completed in 

the University of Wisconsin-La Crosse Mitchell Hall Fieldhouse. The inner-most ring of 
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the University of Wisconsin - La Crosse Mitchell Hall Field House indoor track measures 

1 mile after 8 complete laps. During the first testing session, subjects’ age, height, 

weight, and gender were recorded. Subjects then completed a 1-mile walk test 

familiarization trial while wearing a mask of their choosing. This was done to account for 

any practice effects. On the subsequent three testing sessions, subjects completed a 1-

mile walk test with no mask (NM), a SM (Anhui Cleanpro Pharmpack Co., Ltd, 

Tianchang City, Anhul Province, China), or an N95 mask (Zhengzhou Ruipu Medical 

Techology Co., Ltd, Xinzheng City, Henan Province, China), in random order. Each 

session was separated by at minimum of 24 hours.   

During each trial, the total time to complete the 1-mile walk was recorded via a 

digital  stopwatch, HR measurements were continuously recorded using a Polar E600 

heart rate monitor (Polar Electro Inc., NY, USA), RPE were recorded every lap using the 

Borg 6-20 RPE scale (Borg, 1982), rating of perceived dyspnea (RPD) were recorded 

every lap using the modified Borg Dyspnea Scale (Borg, 2010), and SpO2 was recorded 

at rest and immediately at the end of each walk via a portable recording pulse oximeter 

(Pulse Oximeter, CMS50D+). Maximal oxygen consumption (VO2max) was predicted for 

each walk using the equation of Klein et al. (1987): 

𝑉𝑂2𝑚𝑎𝑥 = 6.9652 + (0.0091 ∗ 𝑊𝑒𝑖𝑔ℎ𝑡) − (0.0257 ∗ 𝐴𝑔𝑒) + (0.5955 ∗ 𝐺𝑒𝑛𝑑𝑒𝑟)

− (0.2240 ∗ 𝑇𝑖𝑚𝑒) − (0.0115 ∗ 𝐻𝑒𝑎𝑟𝑡 𝑅𝑎𝑡𝑒) 

Weight  = Body mass in kg 

Age  = Yrs 

Gender = Females = 0; Males = 1 

Time  = Minutes 

HR  = Average HR from last 2 laps  

 

Statistical Analysis 
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Standard descriptive statistics were used to characterize subject demographic 

information and to summarize the responses for each trial. Walk time, HR, RPE, RPD, 

SpO2, and predicted VO2max were compared between conditions using a one-way 

ANOVA with repeated measures. If there was a significant F-ratio, Tukey’s post-hoc 

analyses were used to test for pairwise differences. An α-value of 0.05 was used to 

determine statistical significance. All data are presented as mean ± standard deviation.  
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RESULTS 

Data for walk time, HR, RPE, RPD, SpO2, and predicted VO2max are presented in 

Figures 1-6, respectively. There were no significant differences in walk times, HR, RPE, 

SpO2, or predicted VO2max between trials. However, there was a significant difference in 

RPD between trials. The average RPD while wearing the N95 mask was significantly 

greater than the RPD while wearing a SM or NM. In addition, the average RPD while 

wearing a SM was significantly greater than the average RPD with NM.  

 

 

Figure 1. Comparison of walk time between the NM, SM, and N95 mask conditions.  
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Figure 2. Comparison of average HR from the last 2 laps between the NM, SM, and N95 

mask conditions.  

 

 

 

Figure 3. Comparison of rating of perceived exertion (RPE) between the NM, SM, and 

N95 mask conditions.  
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Figure 4. Comparison of rating of perceived dyspnea (RPD) between the NM, SM, and 

N95 mask conditions.  
*Significantly greater than the no mask condition (p<0.05).  
#Significantly greater than the surgical mask condition (p<0.05).  

 

 

 

Figure 5. Comparison of change in oxygen saturation (SpO2) from pre to post-testing 

between the NM, SM, and N95 mask conditions.  
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Figure 6. Comparison of predicted VO2max between the NM, SM, and N95 mask 

conditions.  
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DISCUSSION 

There is limited research on the effects of wearing various face masks on exercise 

capacity during submaximal exercise. Therefore, the purpose of this study was to analyze 

the effects of wearing surgical and N95 protective face masks on exercise capacity in 

apparently healthy, young individuals during the Rockport 1-Mile Walk Test, a 

submaximal exercise test.  

There were no significant differences in walk time, HR, RPE, SpO2, or predicted 

VO2max between mask conditions. However, RPD was significantly higher while wearing 

an N95 mask compared to the SM and NM conditions, and RPD was also significantly 

higher while wearing a SM compared to the NM condition. It should be noted that 

although differences in dyspnea between trials were significantly different, dyspnea 

ratings were relatively low, ranging from 0-2 out of 10 on the Modified Borg Dyspnea 

scale (Appendix B). This was likely due to the relatively young age of the participants as 

well as their apparently healthy status. Two male subjects contracted Covid-19 and 

completely recovered prior to the testing sessions. When they were removed as outliers, 

average RPD was still significantly greater while wearing the N95 masks compared to the  

SM and NM conditions, as well as while wearing a SM as compared to the NM 

condition. There were still no significant differences in the other measures between mask 

conditions. This suggests that previous Covid-19 diagnoses may not affect future dyspnea 

with exertion in apparently healthy individuals.  
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The significant sensation of dyspnea while wearing SM and N95 masks was likely 

due to trapping of CO2 inside the masks as proposed by Smith et al. (2013). The woven 

material and seal of the mask around the nose and mouth limits airflow, which would trap 

air inside the mask. This is probably greater with the N95 mask which has five layers 

versus the SM which has three layers. Evidence of this was found by Epstein et al. 

(2020). They found a significant increase in end-tidal carbon dioxide (EtCO2) while 

wearing an N95 mask as compared to both SM and NM conditions, with EtCO2 values 

increasing as exercise intensity progressed. Although they did not directly measure RPD, 

high EtCO2 values are associated with increased ventilation, suggesting that participants 

were breathing harder at an absolute workload while wearing N95 masks. Increased 

expired CO2 while wearing an N95 mask increases CO2 rebreathing, which can heighten 

the sensation of dyspnea. In their study, Epstein et al. (2020) tested young males 18 years 

and older who were regular aerobic exercisers, similar to the subject population of the 

present study; however, a maximal cycle ergometer protocol was used in their study 

instead of a submaximal walk test. This suggests that an increase in the sensation of 

dyspnea while wearing SM or N95 masks occurs with a variety of aerobic activities and 

intensities.  

Similar to the findings of the present study and those Epstein et al. (2020), Li et 

al. (2005) studied the effects of wearing SM and N95 masks with and without nano-

treated fabric on overall subject discomfort during exercise. Nano-treated fabrics aim to 

improve moisture wicking in order to prevent humidity build up within the mask. They 

found that perceived discomfort was much higher in the N95 trials than in the SM trials, 

with lower discomfort in the nano-treated fabric for each mask, respectively. Although 
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they used a similar walking protocol to the present study, the small sample size (N=5) 

and the lack of a NM control condition makes interpretation of their results difficult.  

Fikenzer et al. (2020) also found that mask usage had a significant impact on subject 

discomfort. Subject discomfort measures included humidity, heat, breathing resistance, 

itchiness, saltiness, tightness, fit, odor, and fatigue. Although they did not measure RPD 

directly, all of the aforementioned subject discomfort measures can be associated with an 

increased sensation of dyspnea. Overall subject discomfort was much higher while 

wearing a SM or N95 mask compared to NM, with the N95 mask being markedly more 

uncomfortable.  

Despite a significant increase in RPD throughout this study, there were no 

significant differences in walk time, HR, RPE, SpO2, or predicted VO2max between mask 

conditions. Li et al. (2005) did find that HR was significantly higher in N95 masks 

compared to SMs. The significant increase in HR seen while wearing an N95 mask may 

have been due to the 70-minute duration of each exercise bout as well as the interval 

nature of the exercise. Subjects exercised at increasingly greater intensities followed by a 

10-minute rest session. Fikenzer et al. (2020) found that wearing a SM or N95 mask had 

a significant impact on not only subject discomfort, but also cardiopulmonary function. 

Maximal ventilation was 23% lower and VO2max was 13% lower while wearing an N95 

mask. The difference between our results and their study was likely due to the nearly 15-

year age difference of the subjects as well as the maximal nature of their exercise 

protocol. For instance, subjects in our study exercised at an average of 77% of age-

predicted HRmax, whereas subjects in their study exercised to 100% of age-predicted 

HRmax.  
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 Overall, the results across several studies suggest that apparently healthy, young, 

and active individuals can safely perform submaximal aerobic exercise while wearing a 

face mask; however, a significant sensation of dyspnea may occur. Because there was a 

significant increase in perceived dyspnea while wearing both a SM and an N95 mask, 

patients with pulmonary problems should perform exercise with caution. A future study 

may want to analyze the direct effects of wearing face masks during exercise in the 

pulmonary population or more specifically those with Chronic Obstructive Pulmonary 

Disease.  
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APPENDIX A 

Borg Rating of Perceived Exertion (RPE) Scale  
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Borg rating of perceived (RPE) exertion scale from 6-10 (Borg, 1982). 

 

 

 



 

 

 

 

 

 

 

 

 

 

APPENDIX B 

Borg Modified Rating of Perceived Dyspnea (RPD) Scale 
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The modified Borg dyspnea scale from 0-10 (Borg, 2010). 



 

 

 

 

 

 

 

 

 

 

APPENDIX C 

Informed Consent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 23 

 

 

 

INFORMED CONSENT FOR “The effects of wearing surgical and N95 protective face 

masks on exercise capacity during the Rockport 1-Mile Walk Test” 

1. Principle Investigator:   Carolyn Wilson 

     707 La Crosse St, Unit 107 

     La Crosse, WI 54601  

     (612) – 618 – 9203  

 

 

2. I, __________________________________, give my informed consent to participate 

in this study designed to show the effects of two different kinds of masks on exercise 

capacity using a one mile walk test. I have been informed that this study will be 

primarily conducted by Carolyn Wilson, B.S. and is under the direction of John 

Porcari, Ph.D., 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 

release of summary data that is not individually identifying from this study.  

 

3. I have been informed that my participation in this study will require me to: 

 

a. Perform, on at least 6 occasions, a 1-mile walk test as fast as possible while 

wearing no mask, a surgical mask, or an N95 mask.  

b. Wear a heart rate monitor and pulse oximeter during exercise 

 

4. I have been informed there are no foreseeable risks associated with this study other 

than possible walking-related fatigue and the discomfort of wearing a protective face 

mask. 

 

5. I have been informed that there are no primary benefits to myself other than 

knowledge of my own physical fitness. Based on the results of this study, exercise 

professionals may be able to make better and safer guidelines for exercising in a 

mask.  

 

6. I have been informed that the principle investigator will answer any questions 

regarding the procedures throughout the course of the study. 

 

7. I have been informed that I am free to decline to participate or to withdraw from the 

study at any time without penalty.  
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8. Concerns about any aspects of this study may be referred to Dr. Porcari at (608)-386-

5416 or Carolyn Wilson at (612)-618-9203. Questions about the protection of human 

subjects may be addressed to the chair of the UW-L Institutional Review Board at 

(608)-785-6892.  

 

Investigator: _______________________ Participant: ____________________________ 

 

Signature: _________________________ Signature: _____________________________ 

 

Date: _____________________________ Date: ________________________________
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THE PHYSIOLOGICAL AND PSYCHOLOGICAL EFFECTS OF PROTECTIVE 

FACE MASKS DURING EXERCISE: A REVIEW 

 

Introduction 

On March 11, 2020 the World Health Organization declared the rapidly 

disseminating SARS-CoV-2 (COVID-19) respiratory virus as a global pandemic (CDC, 

2020a). Thought to be as small as 100 nm in diameter (Bar-On, Flamholz, Phillips,& 

Milo, 2020), the virus is thought to spread from host-to-host via respiratory secretions 

and saliva, remaining viable in the form of airborne aerosols or on common surfaces for 

several hours and even days (Van Doremalen et al. 2020). Common symptoms of the 

virus include severe cough, fever, aches, loss of smell and/or taste, and even death 

(Auwaerter, 2020). Despite the severe effects and the highly contagious nature of the 

virus, viable treatments and vaccines are slowly becoming available to the public. 

Therefore, the CDC and other major health organizations have created guidelines to help 

limit the spread of COVID-19. These guidelines promote social distancing of at least 6 

feet, proper hand hygiene, disinfecting common surfaces, and the use of protective face 

masks in public (CDC, 2020b).  

Despite their popular use, data on the effectiveness of protective face masks at 

blocking small respiratory particles and slowing the spread of airborne respiratory 

illnesses, such as COVID-19, is inconclusive. A meta-analysis by Long et al. (2020) 
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determined that there were no statistically significant differences in the numbers of 

laboratory-confirmed respiratory infections when wearing an N95 respirator or surgical 

mask as compared to no protective face wear. Dbouk and Drikakis (2020) analyzed the 

flow physics of respiratory droplets and the interaction of these droplets with face masks, 

producing contradictory evidence to the study by Long et al. (2020). Wang et al. (2020) 

found that when there was universal mask coverage in healthcare workers as well as in 

patients, the number of positive cases dropped significantly. Evidence from these studies 

suggest that although masks do not provide complete protection from viral respiratory 

aerosols, protective face masks have the potential to reduce the rate of droplet 

transmission both from the mask wearer to others and from others to the mask wearer.  

Because of the potential positive effect of masks at preventing the spread of 

COVID-19, many states have mandated wearing masks in public, including in fitness 

centers. For the first time, there will be a large and diverse population of people 

exercising in masks. At rest, face masks have been shown to increase CO2 rebreathing, 

leading to symptoms such as discomfort, fatigue, dizziness, headache, muscular 

weakness, drowsiness, and most significantly, dyspnea (Smith, Whitelaw, & Davies., 

2013). Dyspnea is described as inappropriate shortness of breath without an obvious 

cause (Mayo Clinic, 2020). With the potential for negative effects while wearing a mask 

at rest, it is of great interest to understand how masks will affect physiological measures 

while exercising in order to ensure greater public safety.   
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Protective Respirator Devices During Exercise 

A variety of protective respiratory devices exist for clinical and public use. These 

masks are highly variable in terms of size, material, air-flow resistance, dead space, or the 

volume of ventilated air that does not participate in gas exchange (Intagliata, Rizzo, and 

Gossman, 2019). A study by Arborelius et al. (1983) investigated the effects of wearing a 

positive-pressure respirator during exercise on gas exchange and cardiac output (CO) in 

seven male firemen. Participants performed four, 10-minute exercise bouts on an 

electronically-braked cycle ergometer at 150 Watts. Mask conditions were randomized 

between demand valves with and without (control) positive pressure, as well as complete 

safety pressure masks with and without positive pressure. Although CO and stroke 

volume (SV) tended to increase when positive pressure was applied, there was no 

significant difference between demand valves and complete safety pressure masks. Heart 

rate (HR) also remained relatively constant between the conditions and there was 

consistent work capacity between trials.  

Patton et al. (1995) quantified the physiological and perceptual response of 

wearing certain types of chemically protective clothing, including masks, during 

incremental treadmill exercise. The experimenters compared the VO2max of 14 male 

soldiers with three conditions: battle dress uniform (BDU) (control), BDU with M-17 A1 

protective mask, and chemically protective (CP) clothing. Although they found that 

VO2max was 13-18% greater while wearing CP clothing as compared to the BDU control, 

the added physiological stress of the mask was small. The authors hypothesized this was 

due to the low relative energy cost of breathing during exercise (<5%), as compared to 

the firing expenditure required by the skeletal muscles as suggested by Bartlett, Brubach, 



 29 

and Specht (1958). The perceptual degree of breathing distress (measured by rate of 

perceived exertion) increased during incremental exercise, suggesting that wearing a 

mask and other protective clothing during exercise made individuals feel they were 

working harder. Despite this finding, the study calculated that there was a low impact of 

masks on exercise capacity and perceived exertion.  Both of these studies suggested that 

the effect of various protective respiratory equipment may be minimal on physiological 

response to exercise; however, both of these studies utilized small and active populations 

which may reduce the external validity of their findings to a general and sedentary 

population.  

A study by Hermansen, Vokac, and Lereim (1972) analyzed the respiratory and 

circulatory response to wearing a gas mask during exercise in 10 healthy subjects. The 

study utilized graded submaximal testing on an electronically-braked cycle ergometer, 

increased intensity every 10-minutes from 300 kpm/min (50W) up to 1200 kpm/min 

(200W). The study also utilized maximal exercise testing on the electronically-braking 

bike. Half of the subjects performed these two tests wearing a conventional respiratory 

valve, while the other half wore a gas mask. While there was no significant difference in 

oxygen uptake between the valve and mask conditions during submaximal exercise. 

There was a 14% lower VO2 at maximal exertion. At baseline and throughout all of the 

tests, HR was significantly higher in the mask condition than in the valve condition. The 

increased HR was believed to be a compensatory mechanism at lower intensities to make 

up for reduced ventilation, but it is not until near maximal workloads that the myocardial 

compensatory mechanism failed to make up for decreased ventilation in the mask 

condition.  
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Similar to the study by Arborelius et al. (1983) which studied firemen, Wilson et 

al. (1989) studied the physiological and perceptual effects of wearing a pressure-demand 

respirator in the following two populations: firemen experienced in wearing respirators 

during strenuous activity; individuals with no experience wearing respirators. Participants 

walked on a treadmill at 3.4 mph, with grade increasing from 2.5-18%. Subjects 

exercised up to 70% of VO2max. Two conditions were utilized: a nose clip and mouthpiece 

without a respirator (control) and a pressure-demand full-face respirator. Although there 

was a difference in HR response to exercising in a mask, they did see a significant effect 

on ventilation. Ventilatory load was increased in the pressure-demand respirator 

condition, meaning VO2 was higher at lower work rates and participants were required to 

use more of their pulmonary reserve capacity sooner. Some of the inconsistency in these 

results may be attributed to variation and non-standardization of the mask types utilized.  

 

Surgical and N95 Protective Face Masks During Exercise 

Two of the more common face masks worn by the public are N95 and surgical 

protective face masks. These mask types are widely used and are mass produced which 

allows for consistency in size, shape, and material. Cloth face masks are also widely used 

but virtually impossible to study due to inconsistency in size, shape, fabric, and thickness 

of each mask. One of the main manufacturers of N95 masks, 3M, promotes a proper seal 

check of the mask prior to use for each individual. The standard, five-panel, cup-shaped 

1860/1860S N95 model comes in two sizes to ensure an even better individual fit (3M, 

2008). Standard three-panel surgical masks do not provide a tight seal, but they do come 
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in multiple sizes. These sizes range from 4 to 5 inches in width depending on body 

weight, allowing for a better individual fit (TrainingMask, 2018).  

Several studies have evaluated the effects of wearing surgical and N95 masks 

during exercise. Roberge et al. (2010) examined the physiological impact of N95 filtering 

facepiece respirators on 10 healthcare workers. Subjects walked on a treadmill at speeds 

which mimic real on-the-job work rates (1.7 and 2.5 mph at 0% incline). There was no 

difference in expired gas volumes, transcutaneous CO2 and O2 saturations, respiratory 

rate (RR), tidal volume (TV), and HR, while wearing an N95 mask at these work rates as 

compared to the control. These results are likely due to the very low work rate performed 

by subjects who were young and healthy, and it was felt that results may have differed at 

higher work rates. However, Epstein et al. (2020) also found minimal negative 

physiological effects of wearing masks during incremental exercise all the way to 

volition. Sixteen young, healthy males performed a ramp protocol on an electronically-

braked cycle ergometer at 55-65 RPM, increasing work by 25 Watts every 3 minutes. 

Each participant performed this protocol while wearing masks in three randomized 

conditions: a no mask control, a surgical mask, and an N95 mask. There was no 

significant difference in HR, blood pressure (BP), O2 saturation (SpO2), RR, rating of 

perceived exertion (RPE), and exercise time to exhaustion. The partial pressure of CO2, 

increased as exercise intensity increased. As previously discussed, reduced CO2 

elimination can lead to adverse side effects such as dyspnea and increased muscular 

fatigue (Smith et al., 2013). Although the increased CO2 rebreathing in this study did not 

result in any significant negative effects, in less active and older populations, exercise 

may become more difficult with increased CO2 rebreathing.  
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Several studies have found that wearing surgical and N95 masks, even in young, 

healthy people, may influence exercise capacity. Li et al. (2005) analyzed the effect of 

wearing N95 and surgical facemasks on HR, thermal stress, and subjective sensations in 

10 healthy men and women. They utilized incremental treadmill walking with 

intermittent seated rest in four randomized conditions: surgical mask, nano-treated 

surgical mask, N95 mask, and nano-treated surgical mask. The nano-treated fabric had 

increased water-resistance which was expected to have a positive effect on humidity 

inside and outside of the mask. The study found that HR was lowest in the two surgical 

mask conditions as compared to N95 mask conditions. Mask temperature was 

significantly lower on the outside of the N95 masks but was significantly lower inside the 

surgical masks. Subjects rated RPE as much higher in the N95 masks than in surgical 

masks. Interestingly, the nano-treated fabrics did not differ significantly in their effects 

when compared to their non-nano-treated counterpart. Overall, the study found that heart 

rate, microclimate, and subjective ratings are significantly influenced by wearing 

protective face masks during exercise, with N95 masks having greater negative effects 

than surgical. However, this study utilized a small sample of healthy people, raising 

questions about its external validity. In addition, no control condition was used, which 

makes it difficult to compare results of wearing masks to a no-mask baseline.  

A study by Fikenzer et al. (2020) analyzed a variety of cardiopulmonary measures 

during semi-recumbent cycle ergometer exercise when subjects wore surgical and 

FTP2/N95 masks.  Exercise testing went until participant exhaustion. Differing from the 

study by Li et al. (2005), this was done to quantify how wearing surgical and N95 masks 

compared to a no mask control in 12 healthy males. Measures of pulmonary function 
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included maximal O2 consumption and minute ventilation, suggested that N95 masks 

reduced VO2max by 13% and ventilation by 23% which was likely due to increased airway 

resistance during exercise. Measures of cardiac function, such as CO, SV, and HR, 

suggested that myocardial compensation occurs during masked exercise to make up for 

pulmonary limitations. Measures of performance showed that both surgical and N95 

masks significantly reduced maximal power output, also likely driven by pulmonary 

limitations. Finally, there was a significant increase in RPE as well and overall 

discomfort while exercising with either mask. This study suggests that protective face 

masks, especially N95 masks, may negatively influence several physiological and 

psychological aspects of exercise due to increased airway resistance, although a larger 

and more diverse population is needed to validate these results. Studies utilizing surgical 

and N95 face masks during exercise have shown greater consistency in results than with 

less standardized mask types. However, previous studies have evaluated a large variety of 

physiological measures associated with exercise, making it difficult to compare findings 

between studies.  

 

Rating of Perceived Exertion 

Rating of perceived exertion (RPE) is a highly validated method that accurately 

assesses physical activity intensity level by perceived difficulty of exercise (Borg, 1982). 

The classical 6-20 scale or the 0-10 Category Ratio scale are used primarily with adults, 

while the OMNI scale is typically used with children due to the visual nature of the 

pictures (Borg, 1982A; Borg, 1982B; Robertson et al., 2005). The 6-20 scale rates 

exercise from a 6, “no exertion at all,” to a 20, “maximal exertion.” Typically, during 
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maximal exercise testing, individuals rate their effort as just below a 20. The 6-20 scale is 

highly correlated to HR during exercise, with 6 being associated with a HR of 60 bpm 

during exercise and 20 with a HR of 200 bpm (Williams, 2017). This additional HR 

correlation can be useful when comparing a participant’s actual HR during exercise to 

their predicted heart rate based on their perceived exertion. Altered HR patterns may be 

indicative of complex physiological changes occurring during exercise while wearing a 

mask.  

 

Exercise Capacity: The Gold Standard 

The studies previously addressed in this review have utilized cardiorespiratory 

measures such as RR, CO, SV, and SpO2 to determine the physiological effects of masks 

during exercise. RPE is also a valuable tool to analyze how perceived intensity increases 

with masks during an exercise bout. However, to determine a person’s cardiorespiratory 

fitness, and how it is being altered during experimental conditions, directly measured 

aerobic exercise capacity (VO2max) is considered the gold standard. Exercise capacity is 

defined as the maximum amount of physical exertion that a patient can sustain 

(Goldstein, 1990). It is typically measured via VO2max, or the maximum oxygen uptake 

during exercise. Historically, a maximal graded exercise test (GXT) has been used as a 

way to measure VO2mas directly, and therefore infer exercise capacity (Beltz et al., 2016).  

There are many maximal GXT protocols that are used. Some tests utilize 

treadmill protocols, which vary based on assumed fitness level of the participant. Pollock 

et al. (1976) compared the cardiopulmonary response to four popular treadmill protocols: 

the Balke protocol utilizing a speed of 3.3 mph with a grade increase of 1% every minute; 



 35 

the Bruce protocol utilizing stages to increase both grade and speed every three minutes; 

the Ellestad protocol utilizing stages to increase the speed until the tenth minute which 

marks a 5% increase in grade, followed by increasing speed; the Astrand protocol 

utilizing a running speed selected by the participant with 2.5% increase in grade every 

two minutes. They found that a similar VO2max was achieved in each protocol. Other 

GXTs commonly use cycle ergometer ramping protocols, with changes in repetitions per 

minute (RPM) or power output (Watts) based on the subjects predicted fitness level 

(Beltz et al., 2016).  Muscat et al. (2015) compared treadmill and cycle ergometer ramp 

protocols for determining VO2max. It was found that treadmill exercise resulted in higher  

VO2, VCO2, respiratory exchange ratio (RER), HR, O2 pulse, and ventilation responses 

compared to cycle ergometer ramp tests. Despite the accuracy of these tests at 

determining VO2max, the equipment needed for a maximal test is costly, can be hard to 

use on certain populations, and requires a high level of training to properly calibrate in 

order to obtain accurate results. Because of these factors, a multitude of submaximal 

exercise protocols have been developed to estimate VO2max.  

 

 

Submaximal Testing and the Rockport 1-Mile Walk Test 

Similar to maximal testing protocols, several submaximal tests exist that have 

been highly validated as reliable measures of VO2max. Choosing an appropriate 

submaximal protocol is determined by the assumed fitness level of the subject. One 

commonly used submaximal protocol is the Cooper 12-minute run test, developed by Dr. 

Kenneth Cooper in 1968 (Farrell, 2018). This test requires the subject to run as far 
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possible in 12-minutes. Based on the distance covered in 12-minutes, along with 

participant age and sex, exercise capacity is estimated. Although this test has been 

validated in a variety of populations over the last 50 years, it requires subjects to have a 

higher level of fitness. Not only do they need to be able to run for 12-minutes, but they 

need to have some experience with pacing during running in order to accurately complete 

the test. Similar to the Cooper 12-minute run test, the 6-minute walk test requires 

participants to walk as far as they can in 6-minutes. This test, developed by Dr. Bruno 

Balke in 1963, was designed for elderly participants; however, its protocol has been 

validated in a variety of chronically ill patients, children, and healthy individuals (Six-

Minute Walk Test, 2015). Because of the short duration and the test’s physical 

requirements, it is not commonly used in younger or healthier populations.  

 To establish a middle-ground test for typically healthy individuals over a large 

age range, the Rockport 1-mile walk test was created. This test requires participants to 

walk 1-mile as quickly as possible (Kline et al., 1987). During the test, HR is measured 

every lap as well as their time to complete one mile. In the initial study by Kline et al. 

(1987), participants completed the 1-mile walk at least twice, with less than 30 seconds in 

the time difference between trials to account for practice effects. Participants also 

completed a maximal treadmill test to calculate actual VO2max. Regression equations were 

then created using participant weight (lbs), age (yrs), sex (1, males 0, females), walk time 

(T1), and HR on their fourth lap (HR 1-4) predict VO2max. Not only has the RFWT been 

validated as an accurate estimator of VO2max in healthy individuals, but it has also been 

validated in injured, young air force men as an alternative VO2maz estimator to the typical 

1.5 mile run test (Weiglein et al., 2011), in women ages 65 and older (Fenstermaker et al., 
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1992), in adults with mental retardation (Kittredge, Rimmer, and Looney, 1994) as well 

as many others.  

 

Conclusion 

Review of the literature exposes inconsistencies in results surrounding exercising while 

wearing protective face masks. In order to appropriately advice the public on how to 

safely exercise in masks, there is a need for a study that analyzes the effects of 

standardized masks, such as surgical and N95 masks, on VO2max and RPE during a 

validated and reliable submaximal test. The Rockport 1-mile walk test is an appropriate 

submaximal protocol to fill this role since fitness level required to complete the test is 

within the range of most of the adult population. Utilizing these standardized, validated, 

and reliable protocols may allow better insight into how masks effect exercise capacity in 

order to make safer recommendations for individuals exercising during the COVID-19 

pandemic.  
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