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Abstract

Background: Face masks are an effective, non-pharmacological strategy to reduce the transmission of Severe Acute
Respiratory Syndrome Coronavirus-2 and other pathogens. However, it is a challenge to keep masks sealed during
exercise, as ventilation can increase from 5 to 10 L/min at rest to up to 200 L/min so that masks may be blown away
from the face. To reduce leakage e.g. during exercise, a face mask was developed that is taped onto the face. The aim
of this study was to investigate during a graded exercise test the effect of a taped filter mask on the perception of
breathlessness, heart rate, blood lactate concentration, and oxygen saturation when compared to a surgical mask and
no mask.

Methods: Eight healthy trained participants (4 females), aged 24.5 + 3.3 years performed graded exercise test until
volitional exhaustion under three conditions: (1) No mask/control, (2) surgical mask or (3) taped filter mask. During
these tests, we measured perception of breathlessness, heart rate, blood lactate concentration and peripheral oxygen
saturation and analysed the resultant data with one or two-way repeated measures ANOVAs. We also used a question-
naire to evaluate mask comfort and analysed the data with paired t-tests.

Results: When compared to wearing no mask, maximal workload was significantly reduced with a taped filter face
mask by 12+£6% (p <0.001) and with a surgical mask by 3 +6% (p>0.05). Moreover, subjects perceive the sensation of
"severe breathlessness" at a 12 & 9% lower workload (p =0.012) with a taped face mask, and 7 & 13% lower work-

load with a surgical mask (p>0.05) when compared to wearing no mask. Oxygen saturation at 65% of the maximal
workload is 1.5% lower (p =0.018) with a taped mask than no mask. Heart rate and blood lactate concentration are
not significantly different in-between no mask, surgical mask and taped mask at any workload. When compared to
wearing a surgical mask, wearing a taped filter face mask has a significantly better wearing comfort (p =0.038), feels
better on the skin (p=0.004), there is a lower sensation of moisture (p=0.026) and wearers perceive that less heat is
generated (p=0.021). We found no sex/gender differences for any of the measured parameters.
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Conclusions: A taped mask is well tolerated during light and moderate exercise intensity but reduces maximal exer-

cise capacity.
Keywords: SARS-CoV-2, COVID-19, Masks, Exercise test

Background

Since December 2019, the global coronavirus dis-
ease 2019 (COVID-19) pandemic has fundamentally
changed the way we live, travel and exercise [1-3]. By
the end of January 2022, there were 373 million con-
firmed cases of COVID-19 globally, and over 5.6 million
deaths have been recorded [4]. COVID-19 is caused by
the Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) which is a respiratory virus that can be
transmitted through droplets, aerosol and SARS-CoV-
2-contaminated surfaces [5, 6]. Breathing, speaking,
coughing and sneezing can produce droplets and aero-
sols [7-9] and SARS-CoV-2 can remain active for hours
in aerosol [10].

The COVID-19 pandemic and measures to contain its
spread have also affected exercise, sport and sporting
events [2]. In relation to this, the arguably most conse-
quential decision was to postpone the 2020 Tokyo Olym-
pic Games to 2021. This was the first time in history that
Olympic Games were cancelled due to a health issue [11].
In addition, governments banned competitive sports and
closed sporting facilities such as gyms and swimming
pools. Not only did this negatively affect the sports econ-
omy but it also altered physical activity levels [2].

Face masks are an effective, non-pharmacological
strategy to reduce SARS-CoV-2 transmissibility and
infection [12-19]. Face masks can also prevent infec-
tions during sport, as Watson et al. [20] reported that
the use of face masks was associated with decreased
COVID-19 incidence during sports. The question arises,
however, whether different types of face masks have
negative effects on ventilation, cardiovascular function
and metabolism. This issue has been addressed in pub-
lications that have measured the effects of different types
of face masks on hemodynamic, cardiopulmonary, and
metabolic parameters during exercise [18, 21-30]. Some
studies found that wearing a face mask during exercise
reduced cardiopulmonary function or exercise perfor-
mance [9, 24, 27, 28]. However, other studies showed
that wearing a face mask does not hinder performance or
cardiorespiratory function [21, 22, 29, 30]. These diverse
results may result from different study designs and meth-
ods, such as constant or progressive load protocols.

A limitation of conventional face masks is that air may
increasingly escape unfiltered when ventilation increases
from 5 to 10 L per minute (L/min) at rest to over 100 L/
min in untrained subjects [31] and up to 200 L/min e.g.

in highly trained rowers [32-34]. Air leakage from the
sides of face masks can decrease mask efficacy and is
likely to increase the risk of droplet transmission [35]. To
address the issue of leakage of unfiltered air at high levels
of ventilation, a taped filter mask was developed, where
a “filtering facepiece 2” (FFP2) filter is taped onto the
face with a liminar KinesioTape.

Here, we investigate during graded exercise tests
the effect of this taped filter mask on the perception of
breathlessness, oxygen saturation, heart rate, blood lac-
tate concentration and exercise performance during a
graded exercise test when compared to a surgical mask
and no mask. Specifically, we aimed to answer three
research questions [36]:

(1) Up to what intensity can subjects exercise with a
taped filter mask without the perception of major
breathlessness and/or a stable drop of the periph-
eral capillary oxygen saturation (SpO,) to below
80%?

(2) How does a taped filter mask affect heart rate and
the concentration of blood lactate during a graded
exercise test when compared to a surgical mask and
no mask?

(3) How comfortable is a taped filter mask during a
graded exercise test when compared to a surgical
mask?

Methods

This study was approved by the ethical committee of
the Technical University of Munich (Approval No.
584/20 S). Eight trained and healthy subjects were
recruited and completed the study (Table 1). All par-
ticipants were informed about the experimental pro-
cedures, requirements, and risks prior to the start of
the study. All participants signed an informed consent
form voluntarily and were informed that they can with-
draw from the study at any time without consequence.
A total of nine participants were invited, eight partici-
pants agreed to take part in the study and all of them fit
our study inclusion criteria. Participants recruited were
university students or from nearby sports clubs. Sub-
ject recruitment was done via flyers, notices, and online
media such as websites and the “System for recruiting
test subjects” (“System zur Probandenrekrutierung”)
of the Faculty of Sport and Health Sciences (TUM).
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Inclusion criteria of participants included age between
18 and 50 years old, normal weight with body mass
index (BMI) between 19 and 25 kg/m?, regular endur-
ance training of at least 3 h per week. Exclusion criteria
were cardiovascular, pulmonary, neurological, meta-
bolic, chronic disease or other conditions that prevents
one to perform an endurance test such as injury. Preg-
nant females were excluded. Individuals with history of
suspected or confirmed doping test were not included.
Also, individuals who smoked in the last 12 months
were excluded.
The study had three study conditions:

(1) No mask control,

Table 1 Physical characteristics of participants
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(2) Commercially available surgical face mask (Fig. 1A)
and a
(3) Taped filter mask (Fig. 1B).

The characteristics of the two face masks are
described in Table 2. For a good fit of taped filter
masks, male participants in our study used the larger
size, whereas female participants used the smaller size.
The taped masks were provided by TRC The Rendering
Company GmbH (TRC).

Outcome variables
The measured parameters included perception of breath-
lessness (dyspnoea scale), heart rate, SpO, and blood

All (N=8) Male (N=4) Female (N=4)

Mean+SD Range Mean=+SD Range Mean=+SD Range
Age (years) 245+£33 19-30 253+£36 22-30 238+£32 19-26
Height (cm) 178£13 152-192 187+£34 184-192 169+£125 152-182
Weight (kg) 749499 62-88 82475 71-88 67.81+6.2 62-76
BMI (kg/m?) 236+24 20.5-27.3 2344£23 20.5-26 239+28 20.8-27.3

N number, SD standard deviation, cm centimeter, kg kilogram, BMI body mass index, m? square metre

Fig. 1 Photos of participant wearing A a surgical mask and B a taped filter mask

Table 2 Physical characteristics of the masks

Mask type Size (cm) Product name Thickness (mm)
Materials
Taped mask 15%x12 The proper mask 046
16x12.8 Adhesive carrier layer is comparable to KinesioTape (Suzhou MedSport Products
Co,, LTD)) and is combined with a two-layer polypropylene filter material complying
with FFP2 (EN149) norm (Textilmacher GmbH; Munich, GER)
Surgical mask 17.5%95 Moon-Valley face mask 04

Non-woven fabric (70%), Melt-blown fabric (30%)

c¢m centimetre, mm millimetre
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lactate concentration which we will explain in the follow-
ing sections (Fig. 2).

Dyspnoea (shortness of breath) rating

Subjects were asked to verbally rate the dyspnoea that
they perceived at the end of each stage from a rating
of 0-10, using the modified Borg dyspnoea scale [37]
(Table 3). A copy of the scale including the ratings and
their corresponding breathlessness intensities were pre-
sented at all times for the participant during the graded
exercise test so that the participants could take reference
from it. We arbitrarily defined dyspnoea ratings equal
or above 7 (very severe) in the modified Borg dyspnoea
scale as major breathlessness.

Heart rate

Study participants wore a heart rate chest belt (First-
beat Technologies Oy; FI) which continuously detects
heart rate with a sampling frequency of 1 Hz through-
out the graded exercise test. The use of Firstbeat device
to monitor heart rate has been validated [38]. We used

Page 4 of 11

Table 3 Modified Borg dyspnoea scale [37]

Rating Corresponding breathlessness intensity

No shortness of breath at all

w

Very, very light (barely perceptible)
Very light

Mild

Moderate

Rather severe

Severe

Very severe

Very, very severe

— 0 0 N O U A WN = O O

o

Maximal respiratory distress

the Firstbeat SPORTS software tool (Version 4.7.3.1) to
record the heart rate measurement. For the evaluation we
determined the mean value of the detected signals of the
last 30 s of each stage.

~

/ No mask (control)

=~ Surgical mask C

Taped filter mask i&

Start
St 1 St 2 i i
(sg%flans) (72%%) + 25 Watts stage?  1est termination
T O -
o l T lo ¢ o
: > 1 3 5 min
Resting 3min m = = = = ’ '
= 8 = = = 8 =
& @ O () ® ® e o
< ‘\";\, >
® = Time point for sampling blood lactate

‘ = Exercise stages, increase workload by 25 Watts every 3 minutes

= Participants verbally report rating of modified Borg dyspnoea Scale

*

=

S=a_, = Continuous heart rate measurement by Firstbeat chestbelt

= Continuous measurement of oxygen saturation (SpO,) with pulse oximeter

Fig. 2 lllustration of the experiment conditions and measuring time points for the outcome variables
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Oxygen saturation (Sp0O,)

Oxygen saturation (SpO,) was measured continuously
by a pulse oximeter on a fingertip (Nonin 8000A, USA)
with a sampling frequency of 5 Hz. Pulse oximetry is a
non-invasive method to detect the differential absorption
of light from oxygenated and deoxygenated haemoglobin,
and thus estimates the percentage of haemoglobin-bound
oxygen saturation in the arterial blood [39, 40]. We used
the Lode Ergometry Manager software (version 10.6.0) to
record oximeter data.

Blood lactate concentration

To measure the metabolic response to exercise, 20 pl of
capillary blood was taken from the earlobe of the subjects
to determine the blood lactate concentration. Blood was
collected once at rest, at the end of each exercise stage,
upon termination of the test, and at 1, 3, and 5 min after
the end of the test. Subsequently, we determined the lac-
tate values amperometrically using Biosen S Line device
(EKF; GER), which has been used by other studies [41,
42]. The lower detection limit of the instrument was a
blood lactate concentration of 0.5 mmol/L.

Mask questionnaire

After completing the graded exercise test wearing a
surgical mask or a tape filter mask, study participants
provided feedback on their subjective well-being and
evaluation of the masks during the test by answering
a questionnaire. The content of the questionnaire was
modified from previous studies [24, 43] (Table 4). The
questionnaire recorded subjective ratings and qualita-
tive information about the comfort and wearability of
the taped filter mask and surgical mask during the exer-
cise test. Using this questionnaire, the subjects evaluated
10 sentences on a visual analogue scale ranging from 0
(totally disagree) to 10 (totally agree) and provided com-
ments in an additional field.

Study protocol

All participants underwent a medical fitness examination
at the start of the study to ensure they had no contraindi-
cation to exercise testing and to check for inclusion crite-
ria. After passing medical screening, subjects participated
in three graded exercise tests on three different days. All
three tests were performed at the same time of day, within
a range of two hours. Minimum time of recovery between
the single test was 24 h. No specific diet or fluid intake
instruction was given to the participants prior to the test-
ing. No specific instruction was given to avoid exercise
before a certain timeframe of the test and participants were
asked to maintain their normal weekly routine. For each
testing session, participants performed a graded cycling
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Table 4 Content of the mask questionnaire

Question Statement

Your overall condition is very good today

The facemask prevents you from your maximal performance
The facemask fits very well

The wearing comfort of the facemask is very good

The facemask material feels very good on the skin

The sensation of moisture with the facemask is very low

The sense of smell with the facemask is very good

Breathing is very difficult with the facemask

The heat generated with the facemask is very low

— O 00 N O U1 A W N —

0 Suitable for intensive sports activities

Modified after [24, 43]

test on a Lode Excalibur bicycle ergometer (Lode, B.V,;
NL) until voluntary exhaustion. During these three tests,
subjects either wore no mask (control), a surgical mask
or a taped filter mask. To avoid potential serial effects,
the order of three mask conditions were randomized. The
exercise protocol began at a workload intensity of 50 watts
(W) and each 3 min, the workload increased by 25 W until
exhaustion [44]. We used the Lode Ergometry Manager
software (version 10.6.0) to set the protocol and control
for the increasing load intensities during the graded exer-
cise test. The test was terminated either during volitional
exhaustion, or until subjects reached level 10 on the dysp-
noea scale or a stable SpO, < of 80% that has been used in
other studies as evidence for critical hypoxemia [45, 46].

Statistics

A sample size estimation was done before the com-
mencement of the study and this study was powered to
detect a 5% difference in maximum workload, assum-
ing the peak power output would be 250 W during the
exercise test. For statistical evaluation, we used JASP
software tool (version 0.12.0) to conduct the statisti-
cal analysis. As the duration of three exercise tests var-
ied across conditions, for appropriate analysis of our
exercise variables (perception of breathlessness, heart
rate, blood lactate concentration and oxygen saturation)
with a comparable exercise intensity, data was normal-
ized, interpolated, and expressed in relative to individual
peak power achieved (percentage of peak power) in the
control condition. The exercise variables were assessed
initially by one-way ANOVA for repeated measures to
compare between the three conditions. For SpO,, heart
rate and blood lactate concentration, one-way repeated
measures ANOVAs were also done at each normalised
workload in a 5%-interval (e.g. at 0% peak power, 5% peak
power etc.) to identify any statistical significance between
groups at various workloads. If there was a significant
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main effect, we used Bonferroni post-hoc tests for multi-
ple comparisons.

To examine if there were differences between the rat-
ings for surgical mask and taped filter mask from the
mask questionnaire, paired t-tests were done for each
domain of the questionnaire. For secondary analysis, we
added gender as a between-group factor and conducted
two-way ANOVA for repeated measures to evaluate if
there was a gender difference in all analyses. Significance
level was set as p<0.05 for all statistical tests.

Results

Eight participants completed three graded exercise
tests each with no adverse effects that required ending
an experiment prematurely. Our participants reached
95+ 3% of their maximal predicted heart rate and a rat-
ing of 9.7+0.5 out of 10 of the modified Borg dyspnoea
scale when they finished the exercise test. Table 5 shows
the main results of the graded exercise test. We now state
and answer the three research questions of this study.

Up to what intensity can healthy, trained subjects exercise
with a taped filter mask without the perception of major
breathlessness and/or a drop of the oxygen saturation
(Sp0,) to below 80%?

Our results shows that participants reached a rating
of major breathlessness (i.e. a rating of “7”) at 68 +7%
of peak power with the taped filter mask, 73+11%
with a surgical mask and 80+10% in the control
trial with no mask (Fig. 3A). Overall, when compar-
ing with wearing no mask, participants reached major
breathlessness at 124+9% lower workload (p=0.012)
with a taped filter mask and 7+13% lower workload
(p>0.05) with a surgical mask. Participants reached
major breathlessness earlier with a taped filter mask
than a surgical mask at 5+ 7% lower workload but this
was not statistically significant (p>0.05). When gen-
der is added for a between-group factor for secondary

Table 5 Results of the graded exercise test
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analysis with two-way repeated measures ANOVA, no
significant differences were found in-between gender
(F(1,6) =1.362, p=10.288) or for a mask x gender inter-
action (F(2,12)=0.163, p =0.852). The only significant
effect was the effect of the mask where subjects with a
taped filter mask reached major breathlessness earlier
than when wearing no mask (p=0.021). Specifically,
males rated dyspnoea as 7 (very severe) at 65+7% of
peak power with the taped filter mask, at 694 10%
with a surgical mask and 78 +12% in the control trial
with no mask, respectively. Females reached a rating
of 7 (very severe) at 71 +7% with the taped filter mask,
78 £12% with the surgical mask and 82+7% of peak
performance with no mask, respectively.

Overall, participants’ SpO, values at 65% of the maxi-
mal workload were significantly lower by 1.5% when
wearing the taped filter mask than when wearing no
mask (p=0.018) (Fig. 3B). In general, SpO, responses
to exercise varied greatly in-between subjects, and
they dropped to below 85% in two subjects. Only in
one participant did the saturation drop below 80% but
recovered within seconds and reached 92% at the end
of the test. For these reasons, the test was not aborted.
There were no statistically significant differences for
minimal SpO, values between the three mask condi-
tions (F(2,14) =1.742, p=0.211), gender (F(1,6) =0.898,
p=0.380) or mask x gender interaction (F(2,12) =0.367,
p=0.700). The mean minimal values were 92 £ 3% with-
out wearing a mask, 90 £ 6% when wearing the surgical
mask and 89 £ 4% when wearing the taped filter mask.

How does a taped filter mask affect heart rate

and the concentration of blood lactate during a graded
exercise test when compared to a surgical mask

and no mask?

Figure 4 shows the average heart rate and blood lac-
tate concentration during the three exercise conditions,
expressed relative to the maximal workload achieved in

Parameters NM SM TFM ANOVA NM versus SM NMversusTFM  SM versus TFM
Maximal workload (Watt) 278+56 269456 247 +£56 <0.001 0.560 <0.001 0.018
Time to exhaustion (minutes) 292466 275463 256462 <0.001 0.046 <0.001 0.046
Maximal dyspnoea rating 98405 9.74+0.7 98405 0935  1.000 1.000 1.000
Minimal SpO,% 92+3 90+6 89+4 0211 1.000 0.249 1.000
Maximal heart rate (beat per minute) 18945 18543 18247 0.066 0.330 0.069 0.330
Maximal Lactate concentration 9.0+£20 78+14 6.6£2.0 0.011 0.164 0.009 0.164

(mmol/L)

Results of the parameters are reported as mean + standard deviation

NM no mask, SM surgical mask, TFM taped filter mask, ANOVA analysis of variance, SpO, oxygen saturation, La blood lactate concentration

p Values are shown for statistical analysis
Significant results are indicated in bold
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Fig. 3 Ratings of the modified Borg dyspnoea scale (A) and oxygen saturation (B) during graded exercise tests. Data are expressed relative to the
maximal workload achieved in the control (no mask) condition. Black horizontal dotted line in A indicates the breathlessness threshold of 7 (very
severe). One-way repeated measures ANOVAs were done for each parameter at each normalised workload in a 5%-interval. We performed statistical
tests until 90% of peak power because in some trials the subjects did not reach this percentage of their maximal workload. Therefore there was not
enough data for statistical analysis. Significant findings are marked with a "*"
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Fig. 4 Heart rate (A) and blood lactate concentration (B) during graded exercise tests. Heart rate data from all three tests of two participants were
excluded due to technical error. The peak blood lactate concentrations were 942 mmol/L with no mask, 7.8 £ 1.4 mmol/L with surgical mask and
6.6+ 2.0 mmol/L when wearing a taped filter mask (Main effect F(2,14) =6.356, p=0.011), respectively. Post-hoc analyses reveal that the maximal
blood lactate concentration reached with a taped filter mask is significantly lower than that reached with no mask (p =0.009)

How comfortable is a taped filter mask during a cycling
ergometer test when compared to a surgical mask?

When compared to wearing a surgical mask, subjects
felt that the taped filter masks were more comfortable
(p=0.038), felt better on the skin (p=0.004), reduced
the sensation of moisture (p=0.026) and subjects had a

the no-mask test. There were no significant differences
in the heart rate and blood lactate concentration at any
workload (p>0.05), but subjects achieved the highest
blood lactate concentrations in the test where they did
not wear a face mask. Table 6 shows the blood lactate
concentration after exercise.
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reduced perception of heat (»=0.021) during the graded
exercise test (Fig. 5). For all the other variables, no sig-
nificant differences were found in-between conditions
(p>0.05).

In five out of eight participants the taped filter mask
partially detached during vigorous exercise [47] when
the corresponding heart rate was 89+4% of the maxi-
mal predicted heart rate. Typically, these were small gaps
between the adhesive tape and skin after 20.4 4 3.3 min at
210422 W. Qualitative feedback provided by the partici-
pants are listed in Additional file 1.

Discussion

The main finding of this study is that a taped filter mask
significantly reduces the maximal workload in a graded
exercise test by 124+6% when compared to no mask.
This is no surprise as a well-sealed, taped filter mask will
increase breathing resistance. However, a taped filter
mask is tolerated well during mild to moderate exercise
[47] and was more comfortable to wear than a surgical
mask.

Perceived breathlessness and drop in oxygen saturation

Participants wearing a taped filter mask perceived major
breathlessness (subjectively defined as a dyspnoea scale
rating of 7 or above) earlier, at a 124+9% lower exercise
intensity when compared to no mask. Our participates
reached major breathlessness at 68 +7% of peak power
with the taped filter mask, which corresponded to reach-
ing 84+5% of the maximal predicted heart rate during
vigorous intensity [47]. This might result from the poten-
tially higher breathing resistance (not measured) because
of the better sealing of the taped mask. Our results are
comparable to those of Wong et al. [9] who reported an
increase of rating of perceived exertion (RPE) when they
walked for 6 min at 4 km per hour (km/h) when wearing

Table 6 Post-exercise blood lactate concentrations
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a surgical mask compared to no mask. However, Epstein
et al. [22] found no difference in the RPE between no
mask, surgical mask and N95 respiratory during graded
exercise test on cycle ergometer. This may be explained
by the different study protocols [22] as their tests started
at 25 W and used a ramp protocol by increasing 25 W
every 3 min. They also used a non-invasive nasal prong
throughout the tests which may have added breathing
resistance to the control/no mask condition.

We found, however, no statistical difference in mini-
mal SpO, during the exercise tests. One male subject
transiently reached a SpO, of 75% at 83% of the maxi-
mal workload while wearing a surgical mask. However,
the SpO, recovered quickly and rose to 92% at the end
of the test. We continued the test as we interpreted this
brief decline to below 80% as a technical error. Precision
and accuracy of SpO, readings can be affected by techni-
cal problems, poor perfusion (e.g. a cold finger) or envi-
ronmental factors such as movement artefacts [39, 48].
Whilst other studies found no differences between no
mask and masks in terms of oxygen saturation [22, 29,
30] or partial pressure of oxygen [24] during exercise,
we observed a significantly lower SpO, at 65% of the
maximal workload when compared to no mask. How-
ever, the SpO, drop was only 1.5% which should be only
a minor difference physiologically (SpO, at 65% was no
mask: 95.2 +1.8%, surgical mask 94.3 +1.4%, taped mask
93.7 £ 1.9%).

Heart rate and blood lactate concentration

We found no significant difference in the heart rate or
blood lactate concentration at any exercise intensity from
rest to 90% of the maximal workload achieved in the no
mask test. This is consistent with other studies that com-
pared wearing face masks to no mask during graded
exercise tests [22, 29, 30]. Two studies [9, 27], however,

No mask Surgical mask  Taped filter mask  ANOVA  No mask versus No mask versus Surgical mask
(mmol/L) (mmol/L) (mmol/L) surgical mask taped filter mask  versus taped filter
mask
Post T min 9.0+20 75%+17 64+19 0.012 0.111 0.011 0.188
Post 3 min 80422 72411 6.0+24 0.040 0.256 0.039 0.239
Post 5 min 76+£22 6.6+09 53+£28 0.019 0.202 0.017 0.202
A Post1-End 1.0£10 06+14 09412 0.797 1.000 1.000 1.000
A Post3-Post1 —09+£05 —02+£10 —-05£13 0448 0.667 0.803 0.803
A Post5-Post3 —15+£19 —07£09 —0.7£06 0377 0.670 0.670 0.965

Results of the blood lactate concentration are reported in mean =+ standard deviation. mmol/L =millimoles per liter. ANOVA = Analysis of variance. A Post1-
End =Change between post 1 min measurement and measurement at test termination. A Post3-Post1 = Change between post 3 min measurement and post 1 min
measurement. A Post5-Post3 = Change between post 5 min measurement and post 3 min measurement

p Values are shown for statistical analysis

Significant results are indicated in bold
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[ Surgical Mask
I Taped Mask

Totally agree 10 -

Agreement in score of 0-10

the 10 statements

Fig. 5 Results of the mask questionnaire. Data presented with means (bars), standard deviations (error bars) and individual ratings (colour dots) of

reported significantly higher heart rates when exercis-
ers wore a surgical mask than when not wearing a mask.
Wong et al. [9] required healthy adults with a sport back-
ground to perform 6-min walking on treadmill (4 km/h)
and Lidssing et al. [27] conducted 30-min constant-load
aerobic exercise on a cycle ergometer at individual’s max-
imal lactate steady state in healthy young men. Also, Li
et al. [43] measured a higher heart rate in healthy adults
when wearing N95 face mask than surgical mask during
a total of 50-min walking in various intensities, rang-
ing from 3.2 to 6.4 km/h. Different subjects, exercise
modalities, face masks and intensities may explain these
differences.

Subjects reached a higher peak blood lactate concentra-
tion when wearing no mask. This is primarily explained
by the higher workload that the subjects achieved when
wearing no mask which is consistent with another study
[24]. For the post-exercise blood lactate concentration,
the differences between test termination, Post 1, 3 and
5 min did not differ between groups. The result is con-
sistent with the findings of Léssing et al. [27] in which

they measured the recovery phase after a constant load
exercise with or without surgical mask.

Mask comfort

Subjects that wore a taped filter mask felt more comfort-
able, the taped filter mask felt better on the skin and had
a reduced sense of moisture or heat from the mask dur-
ing exercise when compared to wearing a surgical mask.
In another study, Li et al. [43] compared the subjective
sensations of N95 and surgical face masks during inter-
mittent exercise on a treadmill. They found that partici-
pants felt that the surgical mask was drier, cooler, easier
to breathe and more comfortable when compared to a
N95 mask. Our study is the first to test the comfort of
a taped filter mask.

In some of the experiments, the taped mask loos-
ened partially and there were gaps between the tape and
the skin. This could be a result of the movement of the
mouth and nose because of deep breathing in combina-
tion with sweating. To ensure good tape adhesion, male
users should therefore shave their face before exercise,
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and participants should avoid makeup or skin creams.
We observed a poor mask adhesion in two male partici-
pants at their chin. It is unclear whether this was due to
beard growth or because of the shape of the face. Some
participants commented that the taped face mask is suit-
able for light and moderate exercise but not during maxi-
mal exercise.

Limitations

We did not measure ventilation as a spirometry mask
would have affected moisture build-up and thereby the
property of face masks worn below a spirometry mask.
Testing with a spirometry mask would also reduce exter-
nal validity of our experiments. Also, we had a small sam-
ple size since we only investigated 4 males and 4 females
which performed three tests each in randomised order.
Furthermore, we arbitrarily defined the criterion for
major breathlessness and the questionnaire that we used
to assess subjective mask comfort is not validated. Lastly,
we did not control the room temperature and relative
humidity.

Conclusions

In summary, taped filter masks are tolerated well dur-
ing mild and moderate exercise but they reduce maximal
exercise capacity when compared to no mask. Subjects
reported that they are more comfortable to wear during
exercise on a cycling ergometer than a surgical mask, and
they are a potential new tool to avoid becoming infected
by SARS-CoV-2 or other infectious agents at rest and
during exercise. Future studies may investigate the use of
such taped filter masks on other activities such as fitness
training in a gym, during sports such as martial arts and
in occupations that require well sealing, comfortable face
masks. Future variants of taped face masks could have
a stronger adhesive e.g. for martial arts or long-dura-
tion sports and may include technical solutions to allow
drinking during sport.
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