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Abstract

Context: Mask wearing to mitigate the spread of COVID-19
and other viral infections may raise concerns on the effects
of face masks on breathing and cardiopulmonary health.
Non-evidence-based apprehensions may limit the use of
masks in public.

Objectives: We will assess the parameters related to heart
and lung physiology between healthy male and female
adults exposed to wearing face masks (or not) under
conditions of rest and graded exercise.

Methods: We performed a cross-sectional study including
20 male and 20 female adults who met our inclusion
criteria. Adults with underlying respiratory and cardiac
conditions were excluded. Physiologic parameters were
measured while the participants underwent three activity
levels (10 min each) in a randomly assigned order: rest,
walking, and stair climbing. Each activity level was
conducted under three mask conditions: no mask, surgical
mask, and N95 respirator. Heart rate (HR) and blood
oxygen saturation (Sp0,) were recorded via pulse oximeter
after each activity. Perceived exertion was recorded
utilizing a Borg 15-point scale. A mixed-effects analysis of
variance (ANOVA) was utilized to interpret the results.
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Results: A significant increase in perceived exertion was
reported for N95 users (p<0.0001). There was also a sig-
nificant increase in mean HR for N95 users in comparison
to no-mask users (p=0.0031). The mean SpO, in females
was higher than males under rest and walking conditions
(p=0.0055). There was no change in SpO, between mask
type overall, nor between mask type vs. exercise intensity,
nor between mask type and sex.

Conclusions: Our findings provide evidence that surgical
masks and N95 respirators do not influence SpO, at rest or
during exercise.

Keywords: Borg; COVID-19; exercise; face masks; heart
rate; masks; N95; SpO,.

COVID-19 (SARS-CoV-2) is a coronavirus that has pro-
gressed into an international concern to public health.
The persistent global spread of the virus, primarily through
respiratory droplet exposure [1], prompted the declaration
of the COVID-19 pandemic on March 11, 2020, by the World
Health Organization [2]. As a health initiative, the Centers
for Disease Control and Prevention (CDC) recommended
the use of face masks to prevent person-to-person spread of
the virus. Two weeks after implementing statewide mask
mandates in the United States, the weekly hospitalization
growth rate declined by 2.9% among adults ages 40-64
years and declined by 5.5% among adults ages 18—39 years
[1]. In a social survey that assessed mask usage among 19
million adults worldwide, global trends show an increase
in mask usage from April 20, 2020, to February 17, 2021
[3-5]. Face masks control emissions of infected saliva
and respiratory droplets, which substantiates a sustained
public compliance to mask wearing to protect one another
and slow the spread of COVID-19 [6, 7].

Numerous variations exist in the types of face masks
available to the public, such as homemade cloth masks,
surgical masks, cone-style masks, N95, and KN95. The lack
of standardization results in a diversity of masks that
may be perceived as discrepant in effectiveness. Existing
differences in state regulations on mask mandates further
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raises public concern on whether masks affect our breathing
and cardiorespiratory health [8]. A study by Gericke and
Gupta [9] evaluated responses from 280 individuals from
local gyms and social media outlets who had exercised with
a mask, and found that perceived alterations to normal
physiology while exercising with a mask were psychological
in nature; masks inherently were not the cause of physio-
logic changes. Non—evidence-based apprehensions against
masks may limit their use within the general population.

The comfort level of masks among healthcare workers
(n=76) was evaluated by Nwosu et al. [10], via an 11-point
Likert scale; they demonstrated that despite a greater
perceived discomfort of the N95 mask compared to the
surgical mask, neither mask affected arterial oxygen satu-
ration [10]. Additionally, Fikenzer et al. [11] evaluated the
perceived comfort of masks among 12 healthcare workers
and showed that breathing resistance, heat, tightness, and
overall discomfort have the greatest influence on the sub-
jective discomfort of wearing masks. The goal of our study
was to address public concerns on mask use by assessing
the effects of surgical and N95 masks, in comparison to
no-mask usage, on peripheral oxygen saturation (SpO,)
during rest and graded exercise intensities. A relatively
recent study evaluated the physiological effects of surgical
masks and N95 masks, yet it was limited to a single-arm
variable by solely examining two masks while only strenu-
ously exercising and found no significant difference in SpO,
[12]. Our study aimed to conduct a comparative assessment
of the effects of surgical masks and N95 masks in compari-
son to no mask at rest and graded exercise on heart rate (HR)
and SpO, among healthy adults. We aimed to highlight the
comparative differences between males and females at all
mask and exercise conditions that had not been reported in
the literature to date. Our study also assessed the perceived
level of physical exertion via the Borg 15-point scale to un-
derstand the participative experience of mask wearing
during rest and exercise. By evaluating perceived exertion in
addition to HR and SpO,, we aimed to provide evidence that
mask wearing would not impose negative effects on
cardiorespiratory function among healthy adults. The data
from our study may provide a baseline of physiologic vari-
ables for comparison in future studies.

Materials and methods
Eligibility criteria

This study was approved by the Midwestern University (MWU) Insti-
tutional Review Board (IRB, AZ#1422). The inclusion criteria for
this study included adults between 21 and 75 years of age with
no underlying heart or respiratory illness. Participants who had
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knowledge of an existing medical condition that can hinder their
ability to perform the study, such as hypertension, diabetes mellitus
types I and II, and respiratory and cardiovascular illnesses, were
excluded. The exclusion criteria were presented as a list to each
individual participant. Data were collected from November 2020 to
May 2021. Our study participants consisted of both males and females
from MWU, including faculty and students. The health assessment
was performed on a self-assessment basis. All participants provided
written informed consent by signing paper consent forms that were
collected by the study observers. In addition, participants filled out
MWU’s COVID-19 health questionnaire upon enrollment into the
study. The participant’s age, height, and BMI were collected prior to
the start of the activity. HR and SpO, via pulse oximeter were collected
after every completion of each activity level. All experiments were
performed on university campus grounds abiding by university and
CDC guidelines on social distancing.

Study design

A cross-sectional study was performed where physiological parame-
ters were measured while the participants participated in three activity
levels (duration of 10 min each) in a randomly assigned order: rest
(sitting), walking, and exercise (stair climbing), with a minimum of
30 min of rest between each exercise. Participants served as their own
controls. Participants conducted every activity level wearing every
face mask condition separately: no mask, surgical mask (Morestep,
disposable medical mask, model 175 x 95 mm), and N95 respirator
(3M 1860). Thus, a total of nine activities were completed by each
participant (Figure 1). In the walking condition, participants walked
at an average pace of 110 steps/minute, and in the stair-climbing
condition, participants climbed stairs at an average pace of 122 steps/
minute.

Physical assessment and pulse oximetry

To quantify physical activity difficulty, the Borg 15-point scale of
perceived exertion was utilized. This scale is a participative analysis
of the perceived intensity experienced by the participants. The scale
ranges from 6 to 20 (Figure 2). The device utilized to measure SpO, was
the McKesson Fingertip Pulse Oximeter (MFR#16-93651, McKesson,
Richmond, VA), which provides rapid, non-invasive assessment of
the participant’s SpO, and pulse rate. Per the manufacturer’s website,
the McKesson Pulse Oximeter has the following sensitivities: measures
pulse rates between 30 and 235 bpm with an accuracy of +2%,
measures Sp0, levels ranging from 70 to 99% with an accuracy of
+3%, and requires no calibration. Pulse oximeter SpO, measurements
were taken immediately at completion of each timed activity.

Data analysis: To examine the variability of HR, Borg 15-point scale,
and SpO, between groups (mask, exercise, and sex variables) and
within participants, a mixed-effects analysis of variance (ANOVA)
model was utilized. Each participant in the study provided multiple
observations and the data were correlated with one another, thus
the mixed-effects ANOVA model accounts for the variability of the
outcome per participant. The mixed-effects ANOVA model has two
types of effects: fixed and random. The fixed effects in the model were
the explanatory variables of interest: mask, exercise, and sex. The
random effect was the participant, which allows the model to handle
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Study activity
h 4 v
Rest Walk Stair climb
* No mask * No mask * No mask
* Surgical mask » Surgical mask * Surgical mask
* N95 « NO95 *« N95

Figure 1: Representative diagram of study activities. Participants performed each activity (rest, walk, stair climb) under every mask condition
(no mask, surgical mask, N95). Each activity was performed for 10 min. For rest, the subject remained seated. For walk, the subject walked a
designated course. For stair climbing, the subject climbed a designated three-flight stair set.

Borg-15-point Scale

6
7 Very, Very Light
8
9 Very Light
10
11 Fairly Light
12
13 Somewhat Hard
14
15 Hard
16
17 Very Hard
18
19 Very, Very Hard
20

Figure 2: The Borg 15-point scale was utilized to evaluate the
participants’ perceived exertion after each study activity.

The scale ranges from 6 to 20, reflecting a range between very light
exertion to very hard.

non-independent observations by assuming a different baseline
physiological parameter for each participant. In addition, interaction
terms of mask by exercise, exercise by sex, and mask by sex were also
included. A total of three mixed-effects models were utilized for each
of the physiological parameters of HR, perceived exertion, and SpO,.
The significance level utilized was alpha <0.05. If an interaction term
was determined to be significant, the interaction term was interpreted

rather than a significant main fixed effect. Post hoc comparisons uti-
lizing least square means and standard errors were conducted with
Tukey’s method for p value adjustment if a main fixed effect or
interaction effect was statistically significant from the model for the
mask or exercise variables, given that each variable had three cate-
gories. In addition, two-sample t tests were utilized to compare mean
age and BMI between the males and females. Graphical displays such
as boxplots were also created for relevant results from the mixed-
effects ANOVA models. All data are expressed as mean + SEM unless
otherwise stated, and statistical analyses were conducted utilizing R
version 4.0.3 [13].

Results
Study and patient characteristics

Forty participants who met the eligibility criteria success-
fully completed all nine study activities. In total, there were
20 females (mean age, 29.10 + 10.67 years; range, 22—61
years) and 20 males (mean age, 28.35 + 8.61 years; range,
24-64 years; Figure 3A). The mean age was found to be
comparable between male and female cohorts (p=0.8081).
However, the mean BMI was significantly higher in males
(27.79 + 4.26 kg/m? range, 22.3-37.0 kg/m?) compared to
females (24.01 + 3.02 kg/m’ [range, 18.5-29.8 kg/m?,
p=0.0027; Figure 3B). Table 1 contains mean Borg, HR, and
SpO, values under all mask and exercise conditions, and
Table 2 contains results from the mixed-effects ANOVA
model.
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Table 1: Average (SEM) Borg, HR, and Sp0O, under all mask and exercise conditions.

Rest Borg Rest HR Rest SpO, Walking Walking HR Walking Exercise Exercise HR Exercise

Borg SpO, Borg SpO,

No mask 6.28 77.91 97.28 8.5(0.36) 93.47 (3.64) 97.78(0.26) 13.22(0.44) 138.43 97.06 (0.23)
(0.16) (2.15) 0.23) (3.83)

Surgical 6.34 80.5(2.62) 96.72 8.34(0.31) 99 (3.88) 97.5(0.32) 13.25(0.40) 141.03 96.91(0.24)
mask (0.14) (0.27) (4.29)

N95 mask 6.28 84.19 96.75 8.69(0.32) 100.63 97.63(0.22) 13.94 (0.44) 143.31 96.75(0.19)
(0.10) (3.42) (0.25) (3.68) (3.78)

HR, heart rate; SEM, standard error of the mean; Sp0O,, blood oxygen saturation.
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Figure 3: Comparative assessment of age and BMI between male
and female participants. (A) Mean age and (B) BMI of subjects. There
were 20 male and 20 female subjects. BMI, body mass index.

Perceived exertion

All participants reported their perceived exertion after
every activity utilizing the Borg 15-point scale. Figure 4A
displays the interaction effects between the mask type and
the Borg 15-point scale score. The use of a post hoc test to

Table 2: Results from the mixed-effects ANOVA model (includes
variables mask, exercise, sex, and all interactions) for the Borg
scale, HR, and SpO, outcomes.

Variable Fvalue p-Value
Borg scale
Mask 4.6585 0.0102
Exercise 895.02 <0.001
Sex 1.1254 0.2954
Mask vs. exercise 1.7757 0.1335
Exercise vs. sex 5.4626 0.0047
Mask vs. sex 0.0242 0.9761
HR
Mask 5.5316 0.0044
Exercise 737.70 <0.001
Sex 0.2192 0.6423
Mask vs. exercise 0.2310 0.9208
Exercise vs. sex 1.1989 0.3029
Mask vs. sex 0.0090 0.9910
Sp02
Mask 2.4806 0.0854
Exercise 15.1531 <0.001°
Sex 0.2192 0.6423°
Mask vs. exercise 0.9183 0.9208
Exercise vs. sex 5.2851 0.0055
Mask vs. sex 0.1416 0.8680

dIndicates significant difference, p<0.05. ANOVA, analysis of variance;
HR, heart rate; Sp0,, blood oxygen saturation.

evaluate perceived exertion by mask condition indicated a
significant increase in mean Borg 15-point scale score in
NO95 users (9.77 + 0.196) in comparison to no-mask users
(9.23 £ 0.196, p=0.007, Figure 4A). Table 3 shows the mean
Borg 15-point scale scores by exercise and sex. There was a
significant difference for the interaction effect between
exercise and sex (p=0.0047). A significant increase in the
mean Borg 15-point scale score was observed separately
among the male and female cohorts when walking
compared to rest, stair climbing compared to rest, and
stair climbing compared to walking (Figure 4B). While
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Figure 4: Comparative assessment of perceived exertion.

(A) The interaction effect of mask type on perceived exertion (Borg
15-point scale score). (B) The effect of exercise on perceived
exertion. A comparison of both sexes is shown. Perceived exertion
was evaluated by self-reported Borg 15-point scale scores.
Significant differences are represented by significance lines.

evaluating exertion by exercise intensity between sexes,
however, no significant difference was found between
males and females at rest (p=0.9997), walk (p=0.1225), or
stair climbing (p=0.9971). There were no interaction effects
found in perceived exertion between mask type and any
exercise intensity (p=0.1335), nor between mask type and
sex (p=0.9761).

Heart rate (HR)

HR was measured utilizing a pulse oximeter after each
study activity was completed. There were statistically
significant differences in the mean HR for mask type
overall (p=0.0044). From post hoc tests, there was a
significant increase in mean HR for N95 users (110 + 2.51
beats/min) compared to no-mask users (104 + 2.51 beats/
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Figure 5: Comparative assessment of HR (beats per minute).

(A) The influence of mask type on HR. (B) The influence of exercise
type on HR. HR was evaluated via pulse oximeter. Significant
differences are represented by significance lines. HR, heart rate.

min, p=0.0031, Figure 5A). There was also a significant
difference in HR for exercise type overall for the main fixed
effect (p<0.001). When comparing HR between exercise
types utilizing post hoc tests (Figure 5B), there was a
significant increase in mean HR with each sequential
exercise intensity, from rest (80.9 + 2.51 beats/min), to walk
(98.1 + 2.51 beats/min), to stair climbing (142.3 + 2.51 beats/
min, p<0.0001, for all comparisons between stairs vs. rest,
stairs vs. walk, and rest vs. walk). No differences were
found for any interaction effects when evaluating mean HR
between mask types at any exercise intensity (p=0.9208),
between mask type and sex (p=0.9910), or between exer-
cise intensity and sex (p=0.3029).
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Table 3: Least-square means for Borg 15-point scale scores by
exercise and sex.

Exercise Female Male
Rest 6.27 +0.28 6.38 +0.28
Walk 9.10 £ 0.28 8.10 + 0.28
Stairs 13.65 + 0.28 13.47 +£0.28
*
%
*
k
100.0 . % ‘ .
97.5
. |
[
m 95 .
o
O .
92.5
90.0 .
rest walk exercise
Exercise

Blood oxygen saturation (Sp0,)

Oxygen saturation was measured utilizing a pulse oximeter
after every activity level. There was no difference in mean
Sp0, when evaluating mask type overall for the fixed effect
(p=0.0854), or between the interaction effects of mask type
at any exercise intensity (p=0.9208), or between mask type
and sex (p=0.8680). The mean SpO, values in males and
females at each exercise condition is shown in Table 2.
There was a significant difference in mean SpO, for the
interaction effect of sex and exercise intensity (p=0.0055,
Figure 6, Table 4). The mean SpO, in females at rest was
significantly higher than in their male counterparts at rest.
The mean SpO, in females while walking was significantly
higher than in males walking. There was, however, no
difference in mean SpO, between males and females in
high-intensity stair climbing. A significant difference in
mean SpO, was also found within sexes for some com-
parisons in exercise intensity. Mean SpO, in females while
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Table 4: Least-square means for SpO, by exercise and sex.

Exercise Female Male
Rest 97.48 + 0.20 95.92 + 0.20
Walk 98.02 +0.20 97.03 £ 0.20
Stairs 97.22 +0.20 96.65 + 0.20

Sp0,, blood oxygen saturation.

Sex
Ed Female
B3 Male

Figure 6: A comparative assessment of mean
SpO, and the interaction effects between
sex and exercise type. SpO, was recorded
via pulse oximeter. Significant differences
are represented by significance lines.

walking was significantly higher than in females during
stair climbing. Mean SpO, was significantly higher in males
while walking compared to males at rest, as well as in
males while stair climbing compared to males at rest.

Discussion

To our knowledge, this is one of the first observational
studies that compares SpO,, HR, and perceived exertion
between a total of 40 healthy males and females at graded
exercise intensities under three mask conditions. Our study
demonstrated that mean SpO, had remained above the
physiologically healthy standard of 95% in all mask and
exercise conditions. As expected, physical activity was
associated with a greater HR, which was also correlated to
an increased perceived exertion in N95 users. During the
COVID-19 pandemic, measures to mitigate transmission
were pertinent. The CDC recommended mask wearing
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among other protective measures such as social distancing
and vaccination [3]. However, with abundant variation in
mask material (cloth, surgical, N95), concerns arose about
the comparative effects of masks on our work of breathing
at rest and during exercise. Thus, differentiating a healthy
blood oxygen level is necessary (identified with SpO,) to
further utilize blood oxygen level as a key indicator of good
health and/or a diseased state.

It is generally accepted that saturation levels above
95% are considered normal, with values under 90%
considered hypoxemic [14]. When hypoxemia occurs,
patients often first complain of shortness of breath. An
increased breathing effort (i.e., altered rate and depth of
breathing) is an indication of a normal acute compensatory
physiological response [15]. Individuals may also experience
headaches and mental status changes. The neurologic effects
are largely because the brain is most sensitive to hypoxemia
and is often the first to illicit symptoms [14]. Without correc-
tive intervention, aerobic metabolism is replaced with
anaerobic metabolism, leading to lactic acidosis and reduced
cellular function, and can lead ultimately to cell death [15].
Our data indicate that there was no significant decrease in
SpO0, in our participants (i.e., hypoxemia was not a conse-
quence). Although the current study was unable to measure
the work of breathing directly due to COVID-19-related
restrictions, a prior study by Ade et al. [16] demonstrated in 11
adult males and females that masks significantly increased
end-expired peri-oral %CO, and reduced %0,, each by
~0.8-2% during exercise (p<0.05). Interestingly, despite
those changes, Ade et al. [16] found that masks did not reduce
exercise arterial O, saturation, and neither compromised max
respiratory effort nor significantly altered the primary
cardiovascular response during submaximal exercise.

Perceived exertion

A common concern among the general population relating
to mask wearing is the increased perception of discomfort
and perceived claustrophobia when wearing a mask.
According to our data, there was an increase in perceived
exertion in N95 users in comparison to no-mask users.
The increased perceived exertion in N95 users may be
attributed to mask discomfort rather than a change in
physiological parameters such as SpO, and HR. A previous
study by Li et al. [17], evaluated the subjective experience
of mask wearing during intermittent treadmill exercise,
and reported that N95 users (n=11) reported the mask
feeling tight, unfit, itchy, odorous, and salty, with an
increased perception of fatigue in comparison to no-mask
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users during aerobic exercise. Additionally, masks may
increase inspiratory and expiratory resistance with
increased facial temperature and humidity during exer-
cise, thereby increasing perceived respiratory effort [18].
Cloth masks, although widely utilized, were not evaluated
in our study due to their diversity and lack of standardi-
zation, which hinders generalizability. However, Doherty
etal. [19] (n=12) compared participant-owned two-ply cloth
masks against surgical masks and no-mask controls and
reported significantly greater perceived exertion in cloth
mask users. The findings by Doherty et al. [19] are in
contrast with a study by Shaw et al. [20] (n=14) that
evaluated a three-ply cloth mask and found no increase in
perceived exertion in comparison to surgical masks and
no-mask controls. The discrepancies between these two
studies may be attributed to differences in the cloth masks
themselves, participant fitness, or the method of testing.
Neither of those two studies made comparisons to the N95.
Future studies conducting direct comparisons between
multi-ply cloth, surgical, and N95 masks could provide
valuable insight on their effects on perceived exertion.

Heart rate (HR)

Our study found a significant increase in HR with each
sequential exercise intensity in all mask conditions, as ex-
pected to occur with incremental levels of exertion. An un-
expected outcome of our study was a significant increase in
HR for N95 users in comparison to no-mask users in the main
fixed effect. The increased HR in N95 users may be due to the
constrictive and claustrophobic nature of the N95 having the
potential to increase the sympathetic nervous system
response and its sequelae such as elevated HR [21]. The
increased HR in N95 users is corroborated by Li et al. [17] and
Kim et al. [22], both of which report peak HR in healthy N95
users (n=20) during aerobic exercise. On the other hand,
Epstein et al. [12] reports no significant difference in HR
between healthy no-mask and N95 users (n=16), whereas
Kampert et al. [23] found a significant decrease in HR in
healthy N95 users (n=20) in comparison to no-mask users
during aerobic exercise. The evidence on the effects of N95
on HR is inconsistent and should be considered in future
studies while evaluating HR between mask conditions with
or without underlying heart or lung conditions.

Blood oxygen saturation (Sp0,)

In our study, mean SpO, was higher in our female cohort in
comparison to the male cohort under the rest and walking
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conditions. There were no significant age differences,
underlying medical conditions, or differences in SpO,
contributed by mask type in either sex. The main differ-
entiating characteristic was mean BMI, which was greater
in males than in females. A study by Petrofsky et al. [24]
evaluated Sp0O, and BMI in 81 healthy subjects undergoing
graded exercise and showed an inverse relationship
between BMI >30 kg/m? and SpO,. Although mean BMI did
not exceed 30 kg/m?in our participants, our findings agree
with the inverse relationship between BMI and SpO,. The
relationship between BMI and SpO, may be attributed to
breathing technique rather than oxygen delivery because
a higher BMI may correlate with increased abdominal
adiposity that restricts diaphragmatic movement and lung
perfusion [24]. Additional mechanisms of sex-related SpO,
differences reported in the literature highlight reproductive
hormones such as progesterone, a known respiratory
stimulant, which may account for higher SpO, in females
[25]. A previous study whose primary goal was to evaluate
the relationship between sex and Sp0O, (n=207) found a
significant difference in mean SpO, between males
(97.1 £1.7%) and females (98.1 + 1.0%), and interpreted this
finding as the result of stimulatory effects of progesterone
on central and peripheral chemoreceptors, leading to
increased respiratory rate [25]. The same study also eval-
uated data on the phase of the female menstrual cycle and
found that female SpO, was unaffected by menstrual
phase. It may be beneficial in future studies to collect data
on the phase of the female menstrual cycle to corroborate
the relationship between reproductive hormones and
Sp0,. An additional finding in our study was that mean
Sp0, was not significantly different between males and
females in the high-intensity stair-climbing phase under
any mask condition. A potential reason for this finding is
the equal and maximal effort of breathing by all partici-
pants at high intensity. Differences in SpO, in our study
were contributed only by sex and BMI. SpO, was not
changed by masks at any exercise intensity and indeed
remained consistently above 95% in all conditions of our
study for both sexes. The main findings of our study
support that surgical masks and N95 respirators do not
affect SpO, at rest and exercise.

Limitations

Because our study was performed during the pandemic,
the experimental design was modified to meet federal,
state, and university health mandates at the time. Due to
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the social distancing mandate, data collection was limited
to the outdoor setting where strict intensity controls could
not be implemented, such as utilizing a treadmill. These
restrictions hindered the ability to standardize the activity
level achieved by participants during exercise, which
otherwise may have helped strengthen the perceived
exertion findings in our study. We also limited our testing
conditions to 10 min each to account for the length of
the study in which participants were required to perform a
total of nine 10-min exercise conditions. We chose 10 min
to more closely mimic clinical testing; however, time to
exhaustion may be better representative of the real world
for future studies. However, time to exhaustion may have
been largely different among each participant, which could
not be controlled. Additionally, HR and SpO, data were
obtained immediately postactivity, which could produce
different values in comparison to HR and SpO, during the
midst of the activity. We lacked the means to obtain said
values during activity bouts in a controlled environment
because our study was conducted outdoors on campus
grounds. Future studies should consider implementing
means to measure HR and SpO, during activity to obtain
real-time values. Similarly, the tools we selected to obtain
data were those that required the least amount of contact
with participants in compliance with state/university
mandates. Such tools included the pulse oximeter, for
which the sensitivity is not calibrated, potentially impact-
ing the detection of differences in SpO, at different exercise
and mask conditions. Despite this, we chose the pulse
oximeter to measure SpO, because it is utilized in clinical
practice. Our study excluded participants with known
medical conditions that could impact their ability to
perform the activities of this study. However, the overall
fitness level of the participants in our study may only be
interpreted with the average BMI. The participants were
recruited from a healthcare professions institution, which
may impact the generalizability to the public. Additionally,
as noted in our study, females had a higher SpO, than
males in two out of the three activity levels, possibly
because of the stimulatory effects of progesterone on
respiration. We had not collected data on female menstrual
stage to corroborate this interpretation, which may be
beneficial in future studies.

Future studies would benefit largely from including
data on additional parameters such as blood pressure,
partial pressure of CO,, respiratory rate, and work of
breathing, which were not collected in our study because
our study design was modified to meet state and university
mandates for social distancing. Such parameters would
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provide insight as to whether the surgical mask or N95
mask impaired breathing and increased the work of
breathing compared to the subject’s perceived difficulty in
breathing. Future studies should also focus on evaluating
the effects of face masks on physiological parameters to
perform a comparative assessment in those with and
without medical conditions. Additionally, to our knowl-
edge, our study includes the largest sample size inclusive
of males and females in this topic of research; however,
future studies with even larger sample sizes could gener-
alize the data to greater degrees.

Conclusions

Our findings provide supportive evidence of adequate
oxygen intake while wearing a mask at rest and during
exercise, and this study found no evidence to support a
change in Sp0,. Future studies on the effects of masks on
HR and SpO, in a larger sample population (including
those with health issues) and on multi-ply cloth masks, are
needed for a comparative assessment. Studies that
compare additional parameters, such as the partial pres-
sure of carbon dioxide (PCO,), work of breathing, and
perceived discomfort, would also contribute greatly to the
assessment of mask wearing during exercise.
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