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The Physiological and Subjective Effects of
Exercising with a Face Mask at
Different Intensities
Nicholas S. Campbell,1 Michele LaBotz,2 and Paul S. Visich1
ABSTRACT
Introduction: Face masks are used to reduce the spread of respiratory diseases.
Physical exertion increases distance traveled by expelled particles, so masking
while exercising is recommended to help prevent disease transmission. However,
there is limited literature assessing masking during higher-intensity exercise. Pur-
pose: This study aimed to compare the impact of surgical masks on physiological
and subjectivemeasures during 45min of a progressive exercise protocol as com-
pared with unmasked exercise. Methods: Each subject completed two random
45-min exercise trials (15 min each at 40%, 60%, and 80% of their oxygen uptake
reserve) with and without a surgical mask in random order. Heart rate, oxygen sat-
uration, respiratory rate (RR), ratings of perceived exertion, and dyspnea (Dys) were
measured at each intensity. Repeated-measures ANOVA was utilized, and signifi-
cancewas set atP < 0.05.Results: Thirty subjects (age, 20.4 ± 1.2 yr; peak oxygen
uptake, 40.12 ± 11.05 mL·kg−1·min−1; 57% female) completed the study. When
comparing masked and unmasked trials at each exercise intensity, differences
were found only in RR (40%: 17.6 ± 4.9 vs 15.8 ± 4.9, P < 0.02, d = 0.4; 60%:
23.7 ± 5.5 vs 21.3 ± 6.2, P < 0.01, d = 0.4; 80%: 35.8 ± 9.0 vs 30.1 ± 8.8,
P < 0.01, d = 0.6). When comparing masked with unmasked trials across all inten-
sities, a difference was found in Dys (3.5 ± 2.4 vs 2.9 ± 2.2, respectively; P < 0.001,
d = 0.3). Conclusions: The use of surgical masks seems to impact RR and one’s
perception of Dys, but has minimal influences on heart rate, oxygen saturation,
and rating of perceived exertion. Other than increasing one’s RR and perceptions
of Dys, it seems that exercising with a mask at moderate and vigorous intensities
is acceptable in healthy individuals.
INTRODUCTION
Throughout the severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2)—the virus that causes coronavirus dis-
ease 2019 (COVID-19)—pandemic, face-mask usage has be-
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cine, Boston, MA

Address for correspondence: Paul S. Visich, Ph.D., MPH, Department of Exer-
cise and Sport Performance, University of New England, 11 Hills Beach Road,
Biddeford, ME 04005 (E-mail: pvisich@une.edu).

2379-2868/0803/e000233
Translational Journal of the ACSM
Copyright © 2023 by the American College of Sports Medicine

http://www.acsm-tj.org

Copyright © 2023 by the American College of Sports Medicine. Unauthorized repro
come a common practice to reduce the
spread of the virus by limiting the disper-
sion of infectious respiratory particles. As
observed in previous literature, physical
exertion produces marked increases in
these particles. Mutsch et al. (1) reported
a 132-fold average increase in aerosol par-
ticle emission from 580 ± 489 particles per
minute during rest to 76,200 ± 48,000 par-
ticles per minute during maximal exercise.
They noted moderate increases in aerosol
particle emissions up to a workload of
~2 W·kg−1, but beyond that, exponential
increases were seen (1). This substantial
increase in aerosol particle emissions
during exercise has contributed to sev-
eral COVID-19 “super-spreader” events
that have been reported with unmasked
exercise at indoor fitness facilities since
2020 (2,3). Face mask use during exercise
reduces the transmission of respiratory
droplets and has the potential to reduce
the spread of COVID-19 and other infec-
tious respiratory diseases.Recommendations
for face mask use by the Centers for Disease
Control and Prevention in early 2023 de-
pend on levels of SARS-CoV-2 in the local community and face
masks are generally recommended in indoor public settings (in-
cluding fitness facilities) when that level is medium or high (4).

As the COVID-19 pandemic has evolved, the knowledge
base regarding the effects of mask use on health, safety, and
performance during exercise continues to expand. Although
a variety of studies and several meta-analyses have examined
the physiological and performance effects of face mask use
during exercise (5–20), there are still some remaining gaps in
the literature. Much of the literature published examining the
effects of face masks on physical performance have used either
low-moderate intensity protocols or progressive exercise tests
until exhaustion, typically with 2- to 3-min intervals at each
work level with a total testing time of ~10–20 min (5–16). Al-
though they reflect standard procedures for cardiopulmonary
exercise testing, these exercise-to-exhaustion protocols do not
Translational Journal of the ACSM 1
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evaluate a steady state and are not reflective of the time and
submaximal intensity typically spent in conditioning activities
performed by athletes and the exercising public.

Although tests to exhaustion do not replicate common pat-
terns of training and conditioning, results from studies using
these protocols can delineate the potential impacts of mask
use during high-intensity activity. The physiological founda-
tion for many potential effects of mask usage may be due to
the changes in partial pressure of carbon dioxide that has been
shown to accrue over time with high-intensity exercise while
wearing face masks (20). Epstein et al. (14) examined the ef-
fects of masked versus unmasked exercise on end tidal carbon
dioxide (EtCO2) during a progressive time-to-exhaustion
trial. Higher-intensity exercise while wearing a surgical mask
resulted in increased EtCO2 as compared with unmasked
exercise, which reached statistical significance (40 ± 4 vs
35 ± 6 mm Hg, P < 0.04) at the study endpoint (14). Partial
pressure of carbon dioxide closely correlates with EtCO2,
and this difference is sufficient to increase respiratory drive
and sympathetic neural activation, which may result in sig-
nificant changes in a variety of cardiopulmonary measures.
Studies examining other effects of mask use during maximal
exercise testing report conflicting findings regarding the in-
fluence of masks on heart rate (HR), oxygen saturation
(SpO2), ratings of perceived exertion (RPE), and exercise
duration (11,12,15,16).

Several recent studies have looked at the effects of masking
during bouts of submaximal activity at moderate-high levels of
intensity. Poon et al. (19) compared the effects of exercise with
and without surgical masks during an incremental treadmill
protocol consisting of three 6-min stages at 25%, 50%, and
75% of maximal oxygen uptake (V̇O2max). They found no sig-
nificant differences between HR and SpO2 in the masked and
unmasked trials at any intensity (19). RPE was higher when
wearing a mask at 75% intensity, but no difference was found
during low-moderate intensities at 25% and 50% (19). In con-
trast, Lässing et al. (18) examined the effects of surgical masks
during a 30-min exercise bout at maximal lactate steady state
and found no differences in RPE, but higher HR and lower
ventilation and oxygen uptake during masked compared with
unmasked exercise.

Throughout the COVID-19 pandemic, local mask man-
dates, Centers for Disease Control and Prevention guidelines,
and individual personal preference influenced the use of a vari-
ety of clothmasks, surgical masks, andN95 respirators to help
prevent transmission of the disease. In our observations, surgi-
cal masks were one of the most widely available and com-
monly used face masks, especially in fitness centers and exer-
cise facilities. For these reasons, surgical masks were selected
for use in the present study.

The inconsistencies in the literature regarding the impact of
face mask use on physical performance and physiological pa-
rameters are of particular concern to physically active individ-
uals. Particularly given the potential cumulative effects of in-
creased carbon dioxide (CO2) with higher intensity and longer
bouts of activity, further studies examining the effects of mask
use on select physiological and perceptual measures are
needed. The purpose of our study was to assess the effects of
surgical mask use with sustained higher-intensity exercise to
better assess the impacts of mask use during real-life training
and conditioning sessions.
2 Volume 8 • Number 3 • Summer 2023
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METHODS
Ethics

Ethical approval for this study was obtained from the Insti-
tutional Review Board at the University of New England
(072020-11). All participants provided voluntary, written in-
formed consent for participation in this study. The studywas per-
formed in accordance with the Declaration of Helsinki (2013).

Participants
Because of the SARS-CoV-2 outbreak, recruiting off-campus

participants was restricted during this period; therefore, partici-
pants consisted of healthy students recruited from theUniversity
of New England. Participants were required to be between the
ages of 18 and 25 yr and engaged in a minimum of 30 min of
exercise on average at least three times per week for at least 3
months. Participantswere also required to be vaccinated against
COVID-19. Exclusion criteria included testing positive for
COVID-19within the previous 6months; active cardiovascular,
metabolic (diabetes), or kidney disease; or other active medical
condition or injury that would limit strenuous exercise testing.

Sample Size Determination
There is a paucity of data regarding exercise testing and

trainingwith all facemasks.However, based on limited studies
that utilized exercise training versus maximal exercise testing
when assessing HR, SpO2, and RPE, a sample size was de-
termined. A power analysis was completed (G*Power, Kiel,
Germany) with 80% power and 5% significance level, which
indicated that a sample size of 28 subjects was needed to detect
differences at this level (21).

Procedures
All exercise testing was performed at the Applied Exercise

Science Laboratory at the University of New England. During
their first visit, participants were fitted to the cycle ergometer
(Monark Bike Ergometer LC&TT; Monark Exercise and
Medical, Vansbro, Sweden) and to the silicone mask used for
metabolic testing (7450 V2 Series; Hans Rudolph Inc., Shaw-
nee, KS). Participants then exercised for 15min (5min at fairly
light (RPE = 11), somewhat hard (RPE = 13), and hard
(RPE = 15)) based on the 6–20 Borg RPE, to become familiar
with the equipment and the Borg scale. During their second
laboratory visit, participants completed a V̇O2peak test. The
test was conducted using a Parvomedics 2400 TrueOne meta-
bolic cart (Parvo Medics, Salt Lake City, UT). Participants
completed a 5-min warm-up immediately before the exercise
test, with women performing the warm-up at 25 W and men
at 50 W. Women began the exercise test at 50 W, and men be-
gan at 100 W. The differences in starting wattage between
sexes were based on adjusting for increased body and muscle
mass in males. The test consisted of 2-min stages with the in-
tensity progressing by 25 W at each stage. At the completion
of each stage, HR (Polar T31 and FT1; Polar Electro,
Bethpage, NY) and RPE (Borg 6–20 scale) were collected. Par-
ticipants were instructed to reach their maximal effort during
the test. Each participant’s V̇O2peak was determined by averag-
ing the two highest consecutive V̇O2 (mL·kg−1·min−1) values.
From the averaged V̇O2peak value, each participant’s 40%,
60%, and 80% oxygen uptake reserve (V̇O2R) was calculated
and converted to a specific wattage.
The Influence of Masking While Exercising
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One week after the V̇O2peak test, participants completed
two exercise trials (1 wk apart)—one with a surgical-grade
face mask and one with no face mask—on their third and
fourth visits. A randomized table was used to assign the order
of masked trials and nonmasked trials to each participant
(n = 15 starting in both exercise trials). The masks were appro-
priately fitted to each subject, and the ear loops were crossed
over the ears to maintain a snug fit to the participants’ faces.

Participants were asked to rest for 24 h without exercising be-
fore each exercise trial. A dietary log for the day of the first trial
was submitted before the session, and participants were asked
to maintain a similar diet on the second trial day. Both exercise
trials were completed aweek apart at the same time of day (±2 h).

Before each trial, restingmeasurements forHR, SpO2 (8500
handheld pulse oximeter;NoninMedical, Inc., Plymouth,MN),
and respiratory rate (RR; Cardionics, Inc. E-Scope, Webster,
TX) were obtained. When subjects began cycling, workload
was adjusted to meet 40% of their V̇O2R for 15 min. The trials
were identical and consisted of 15-min stages at 40%, 60%,
and 80% of V̇O2R. HR, SpO2, RR, RPE (Borg 6–20 scale),
and dyspnea (Dys; Modified Borg 0–10 scale) were collected
at themidpoint and endpoint during each 15-min exercise stage.
Total exercise time was recorded if the subject could not com-
plete all 45 min.

Statistical Analyses
Statistical analyses consisted of comparing the difference be-

tween wearing a mask and no mask at each exercise intensity
with the variables of interest (HR, SpO2, RR, RPE, and Dys).
A repeated-measures ANOVA and Bonferroni post-hoc test
for multiple comparisons were done using SPSS Version 27
(Statistical Package for the Social Sciences Inc., Chicago, IL),
and P < 0.05 was used to determine significance.

RESULTS
A total of 31 subjects were recruited for the present study.

One subject withdrew because of injury unrelated to our study;
therefore, 30 participants completed the study (mean age,
20.4 ± 1.2 yr; height, 67.19 ± 3.80 inches; weight, 154.4 ± 21.1
lb; V̇O2peak, 40.12 ± 11.05 mL·kg−1·min−1; 57% female). The
total exercise times of masked and unmasked trials showed no
difference (43.2 ± 2.7 min vs 43.9 ± 2.6 min, P > 0.05).

Midpoint and endpoint values of the dependent variables of
interest (HR, SpO2, RR, RPE, andDys) were averaged together.
With respect to all dependent variables, when combining mask
conditions, all three intensities (40%, 60%, and 80%of V̇O2R)
were significantly different from each other (P < 0.001). Re-
garding differences between masked and unmasked conditions
across the three intensities, Dys and RR were greater when
masked (Dys: 3.5 ± 2.4 for masked and 2.9 ± 2.2 for unmasked,
P < 0.001, d = 0.3; RR: 25.5 ± 10.2 for masked and 22.2 ± 9.0
for unmasked, P < 0.05, d = 0.3).With respect to the interaction
between masked conditions and intensity, RR was greater with
a mask at each intensity (40%: 17.6 ± 4.9 vs 15.8 ± 4.9,
P < 0.04, d = 0.4; 60%: 23.7 ± 5.5 vs 21.3 ± 6.2, P < 0.01,
d = 0.4; 80%: 35.8 ± 9.0 vs 30.1 ± 8.8, P < 0.01, d = 0.6), respec-
tively (Table 1).We observed that the use of a surgicalmaskwhile
exercising had no influence on HR, SpO2, and RPE compared
with unmasked exercise. However, we did see an overall influ-
ence on Dys when combining all three intensities and an increase
in RR at all three intensities when wearing a surgical mask.
http://www.acsm-tj.org
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DISCUSSION
Of the dependent variables assessed in the present study,

only Dys and RR were observed to be altered when wearing a
surgical mask. Dys was greater when wearing a mask when
combining all three intensities together, and RR was greater
when wearing a mask at each intensity (40%, 60%, and 80%
V̇O2R). No differences were observed with HR, SpO2, or RPE
when comparing masking conditions. In addition, no differ-
ences were observed in total exercise duration between masked
and unmasked conditions.

The observed differences in Dys and RR may be due to the
changes in EtCO2 seen with mask use (20). Epstein et al. (14)
reported a 5-mm-Hg increase in EtCO2 in subjects exercising
with a surgical mask compared with those exercising without
a mask after a mean total exercise duration of 18.3 ± 3.7 min.
The total exercise time in our studywas far longer at 45min, in-
cluding the final stage in our study,which required 15min of ex-
ercise at 80% V̇O2R. Although our study did not measure
EtCO2, this intensity is likely above the lactate threshold for
our recreationally active subjects and may be expected to fur-
ther augment the EtCO2 changes seen with mask use in the
study by Epstein et al. (14).

The increase in Dys when wearing a mask in our study is
consistent with a 2022meta-analysis that found amoderate ef-
fect of surgical masks on subjective Dys with physical exertion
(22). A recent review proposed several potential mechanisms
for this effect, including possible CO2 rebreathing with mask
use, as well as influences related to changes in temperature
and/or moisture of the face and mask (23). In contrast to our
Dys findings, the increased RR with mask use in this study is not
consistent with previous literature, including a meta-analysis that
did not show increased RR while exercising with a surgical
mask (20). One factor that may account for the difference be-
tween our findings and those of others includes the longer time
spent at each level of intensity in this study. Subjects in this
study spent 15 min at each level of intensity, as compared with
6 min in a prior study (19), potentially increasing moisture re-
tention and temperature within the mask as described previ-
ously. In addition, our protocol specifically enhanced surgical
mask fit by crossing the ear loops in front of each ear, which
has not been specifically described in most other studies to
date. Improving the fit of the surgical mask potentially pro-
duced large changes in air filtration (23), which may have fur-
ther increased rebreathing of exhaled CO2 and subsequently
influenced respiratory drive.

Our study found no differences in RPE between masking con-
ditions. The meta-analysis by Shaw et al. (20), looking at the ef-
fects of mask use during exercise, reported that surgical masks
were generally associated with small increases in RPE; however,
this difference dissipated after elimination of studies at high risk
for bias or those studies looking at maximal-intensity exercise.

Our study did not find differences inHRbetweenmasked and
unmasked conditions, which is consistent with previous studies
(6,12,14,19). Our findings differed from those of Lässing et al.
(18), who reported greater increases in HR and other cardiac
and pulmonary measurements when wearing a surgical mask
over a 30-min constant-load exercise trial at a maximum lac-
tate steady state. Because our subjects exercised for a total of
45 min (up to 80% of V̇O2R), it would seem reasonable that
if the mask inhibited exercise performance, wewould have ob-
served an increase in HRwhenmasked. However, it should be
Translational Journal of the ACSM 3
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noted that Lässing et al. (18) placed the surgical mask under a
spirometry mask when assessing their subjects, which could
have greatly changed the resistance, most likely due to greater
moisture being trapped within the mask, and could have been
responsible for an upregulation of HR.

No difference in SpO2 was observed between masked and
unmasked conditions in the current study, which is supported
by previous studies (12,16,19). However, the meta-analysis by
Shaw et al. (20) did find small reductions in SpO2 in studies
looking at maximal exercise testing, but no SpO2 reduction
when submaximal exercise tests were used.

The present study is unique in that our 45-min exercise pro-
tocol is longer than many other prior studies in this area, and
more reflective of time spent in sport and conditioning activi-
ties by athletes and the exercising public. In addition, although
our subjects did not push into complete exhaustion, the 80%
V̇O2R in our protocol is higher than most other submaximal
test protocols, and also more reflective of the intensities achieved
by athletes during training and competition. With both greater
duration and exercise intensity as observed by RPE (17.0 ± 1.5
at 80% V̇O2R), the only differences we observed betweenmasked
and unmasked conditions were reflective in Dys and RR. These
findings are not likely to be of clinical consequence in young
healthy adults and did not produce significant changes in our
subjects’ ability to complete a demanding exercise protocol. Al-
though individuals partaking in high-intensity exercise should
be aware that wearing a mask may lead to small increases in re-
spiratory strain (RR and Dys) at a similar workload, our study
suggests that surgical mask use with exercise in young, healthy
adults does not interfere with their ability to perform and com-
plete high-intensity conditioning/performance activity.

Themain limitation of this study was that the study popula-
tion consisted of young, healthy, physically active individuals.
Therefore, these results should not be generalized to older pop-
ulations or individuals with cardiac, metabolic, or pulmonary
disease. Our results are also specific to surgical (also known as
“procedural”) masks and cannot be generalized to other mask
types or respirators. In addition, our exercise trials were
conducted in a controlled environment for 45 min, with par-
ticipants only exercising at each intensity level for 15 min.
Different results may be found if exercise is performed under
conditions that may increase moisture retention in the mask,
including longer exercise duration or exercising in warmer
or more humid environments.

Assistance with data collection was provided by the following
students from the University of New England: Ellie Dekker, Karli
Stroshine, Ty Wilhelmson, Matthew Cardona, Brittany Norman,
and Connor Whitehead. The results of this study do not constitute
endorsement by the American College of Sports Medicine.

No external funding sources were utilized for the completion of
this study. The authors have no financial relationships or other con-
flicts of interest pertinent to this study

The data sets generated and/or analyzed during the current study
are available from the corresponding author on reasonable request.
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