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ABSTRACT

Background: Surgical (SM) or cloth facemasks (CM) has become mandatory in many public spaces during the
COVID-19 pandemic. They may interfere with the participation in physical activities.

Objective: To evaluate how these masks influence dyspnoea (primary outcome), exercise performance and
cardiorespiratory response during a 1-min sit-to-stand test (1STST), and to assess masks discomfort sensations.
Methods: A randomized crossover trial was conducted in healthy adults. They performed 3 1STST (with either no
mask (NM), a SM, or a CM) separated from each other by 24-72 h. The number of 1STST repetitions and leg rate
of perceived exertion (RPE) were measured. Dyspnoea (Borg scale), hearth rate, respiratory rate and SpO; were
recorded before and at the end of 1STST, as well as after a short resting period. Several domains of subjective
discomfort perceptions with masks were assessed.

Results: Twenty adults aged 22 + 2y (11 males) were recruited. Wearing the CM generated significantly higher
dyspnoea than NM at all time points, but it only became clinically relevant after the 1STST (median difference, 1
[95%CI O to 11). The SM generated a small but significant higher leg RPE than NM (median difference, 1 [95%CI
0 to 1]). The masks had no impact on 1STST performance nor cardiorespiratory parameters. Both masks were
rated similarly for discomfort perceptions except for breathing resistance where CM was rated higher.
Conclusions: In healthy adults, the CM and SM had minimal to no impact on dyspnoea, cardiorespiratory pa-
rameters, and exercise performance during a short submaximal exercise test.

1. Introduction

The 31% of December 2019, the World Health Organization (WHO)
was alerted by several cases of pneumonia emerging from Wuhan
(China) from unknown cause. The severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was quickly identified as the culprit,
causing the coronavirus disease 2019 (COVID-19). Since then, the dis-
ease spread rapidly worldwide and evolved into an unprecedented
pandemic. To reduce viral transmission among people, different mea-
sures were instituted by local health authorities such as lockdown, hand
disinfection, physical distancing and personal protective equipment
including facemasks.

In a lot of countries, wearing a facemask became widely

recommended or even mandatory, particularly during activities in
crowded public spaces [1,2] to block emitted respiratory droplets and
mitigate person-to-person transmission of SARS-CoV-2 [3,4]. Indeed,
virus particles in respiratory droplets can be transmitted during quiet
breathing or speaking [4-7], and may be accentuated with increased
ventilation like during physical activity, including those of daily living.
Among the general community, different types of facemask were
observed depending on the situation even if disposable surgical and
non-disposable cloth facemasks were the most frequently worn during
activities of the daily living [2,8].

Wearing a facemask while performing activities of daily living or
during outdoor physical activities quickly appeared to be difficulty
tolerated in some people. Medical exemptions to the compulsory use of
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facemasks have even been applied to respiratory patients in some
countries, although such exemption was not evidence-based [9]. How-
ever, studies reported that facemask was associated with discomfort and
respiratory difficulties [10,11]. Recently, the WHO advises against the
wearing of masks during vigorous physical activities because they may
reduce the ability to breathe comfortably [12]. There are also concerns
that the masks increase breathing resistance and carbon dioxide
rebreathing and reduce oxygen uptake during exercising [13]. However,
previous studies have shown no physiological impact from wearing a
surgical facemask or even a N95 filtering facepiece respirator in healthy
subjects exercising on a treadmill for 1 h at low-to-moderate work rate
[14,15].

Therefore, the purpose of our study was to evaluate whether dysp-
noea sensation, performance, and cardiorespiratory response are altered
during a submaximal field test, the 1-min sit-to-stand test (1STST), when
wearing masks used in the general community. Our hypothesis was that
the resistance of a cloth and surgical facemasks increases the discomfort
without impact on physiological parameters.

2. Material and methods
2.1. Participants

Participants were recruited on voluntary basis within the medical
staff of the physiotherapy unit from Cliniques universitaires Saint-Luc
(Brussels, Belgium) from October to December 2020. The recruitment
was performed on simple oral request. As unique inclusion criterion, the
subjects had to be aged between 18 and 30 years old. Exclusion criteria
were a diagnosis of chronic disease, musculoskeletal disorders, lower-
limb muscle soreness, or obesity determined by a body mass index
higher than 30 kg/m?. In addition, eligible subjects had to avoid unor-
dinary physical exercise or high alcohol consumption the day before
each test. The study was approved by the local Ethics Committee
(B4032020000121) and all participants provided written consent before
inclusion.

2.2. Study design

We conducted a prospective randomized crossover trial following the
CONSORT statement. Each subject performed three 1STST separated
from each other by 24-72 h without any mask (no mask - NM), with a
surgical mask (SM), or with a cloth mask (CM). The order of these tests
was randomly assigned using the website randomizer.org. The subjects
were familiarized with the 1STST procedure by performing a training
test at least 24 h before the randomization to account for the learning
effect [16].

2.3. 1-Min sit-to-stand test

The 1STST was performed with a standard chair without armrests
(height = 46 cm). Hands on the hips, participants had to completely
stand up and sit down as many times as possible for 1 min. No encour-
agements were provided during the test. Subjects were told that rest
periods were permitted during the test, with no interruption of the
countdown timer. Standardized instructions were given to all partici-
pants before the procedure.

2.4. Masks

The SM were a standard 3 ply disposable facemask CE-marked that
complied with the European standard EN 14683:2019 + AC:2019, Type
IT (BruMed, Kontich, Belgium).

The CM were 3-layer ear-loop handmade masks. The outer and
middle layers were composed of cotton, the inner layer was made of
polyester fabric. The CM conformed to the local Federal Public Health
Service template and to the Belgian technical document (NBN/DTD S
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65-001:2020). Two models made with the same materials were used
repeatedly, and they were washed at 60 °C using a washing machine and
completely dried before reusing them for the next subject. Their dif-
ferential pressure (breathability) was measured (online supplement).

The masks were tightly fitted around the face of each participant
using an adjustable plastic mask strap extender.

2.5. Outcomes

The following demographic data were collected the day of the
familiarization 1STST: age, gender, height, weight, lower limb length,
and smoking status. Participants also performed spirometry the same
day using the SpiroScout (Ganshorn, Schiller Group, Germany) accord-
ing to the American Thoracic Society/European Respiratory Society
guidelines [17,18]. Forced vital capacity (FVC), forced expiratory vol-
ume in 1 s (FEV;), forced expiratory flow between 25 and 75% of FVC
were reported and expressed in percentage of predictive values and
z-scores using appropriate reference equations [19]. Finally, all partic-
ipants filled out the Global Physical Activity Questionnaire (GPAQ), the
Multidimensional Fatigue Inventory (MFI-20) and the Nijmegen
questionnaire.

The GPAQ comprises 16 questions and collects information on
physical activity participation in three domains (activity at work, travel
to and from places, and recreational activities) as well as sedentary
behaviour [20]. Results were expressed in metabolic equivalents (METs)
and as a proportion of participants that were sufficiently active or not
according to World Health Organization recommendations [21]. The
MFI-20 consists of 20 items assessing fatigue into five subscales: general
fatigue, physical fatigue, reduced motivation, reduced activity and
mental fatigue. Each subscale ranges from 4 to 20 points. The higher the
score, the higher the fatigue [22,23]. The Nijmegen questionnaire in-
cludes 16 questions scored each from O to 4. A total score >23 out of 64
suggests hyperventilation syndrome [24].

During the 1STSTs, the parameters were recorded at several time
points over a 4-min long period (Fig. 1). These time points were defined
as follows: immediately before the start of 1STST (T), immediately after
the test (T;), and at 60- and 120-s post effort (T and T3, respectively).
Subjects were asked to rate dyspnoea according to the Borg CR10 scale
[25] at T (immediate effect of wearing a mask), T; and T3. The primary
outcome was dyspnoea at T;. The rate of perceived exertion for leg
(RPE) was also assessed at T [25].

The number of 1STST repetitions were recorded and expressed in
absolute and in percentage of predicted values according to reference
data from Stassmann et al [26]. Heart rate (HR) and pulsed oxygen
saturation (SpO3) were recorded with a finger pulse oximeter
(Somnolter, Nomics, Belgium) and analysed offline using the APIOS
software (Nomics, Belgium). The HR and SpO, values at specific timing
were reported: immediately before the start of 1STST (Ty) and at Ty &
Ts. Respiratory rate (RR) was registered continuously over 3 min using 2
respiratory inductive plethysmography belts (one thoracic and one
abdominal) (Somnolter, Nomics, Belgium) and retrieved offline with
APIOS. The RR was reported over 1-min before, 1-min during and 1-min
after each effort (Fig. 1).

Five domains of comfort/discomfort of wearing a mask were assessed
at To and T; using scales published in another study and ranging from
0 (no discomfort at all) to 10 (maximal discomfort) [27]. The evaluated
domains were humidity, heat, breathing resistance, fatigue, and overall
discomfort.

2.6. Statistical analyses

The sample size was calculated based on an estimated difference
(£SD) of 1 £ 1.3 point in dyspnoea between two of the three conditions
(NM, SM and CM) [28]. We estimated that 20 participants had to be
recruited in this crossover trial to reach a power of 80% with an alpha
risk of 0.016 to account for Bonferroni correction for post-hoc
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Fig. 1. Measurement time points and outcome measures during the 1-min sit-to-stand tests.

comparisons. Data was analysed using SPSS 25.0 (IBM software).
Normality of data were verified with the Shapiro-Wilk test. Descriptive
analysis was performed for baseline parameters. All data were presented
as mean (£SD) or median (interquartile range) according to their dis-
tribution. Comparison of STST variables between the 3 conditions were
tested with repeated measures ANOVA or Friedman test as appropriate.
To assess how each condition influenced and affected the cardiorespi-
ratory parameters (RR, HR, SpO3) and subjective discomfort scores over
the different time points, we performed 2-way repeated measures
ANOVA with time and condition as within-subject factors. If assump-
tions to run the latter test were not respected, a Friedman test on dif-
ference between time points was realized. The Bonferroni correction was
applied for any post-hoc comparisons. Correlations were tested using
Pearson’s correlation coefficient. A p value < 0.05 was considered as
statistically significant.

3. Results
3.1. Demographics

Twenty-three healthy young volunteers had to be recruited in this
study. Three of them could not complete the entire experimentation due
to SARS-CoV-2 infection (n = 1) or self-isolation due to symptoms
suggestive of COVID-19 (n = 2). Therefore, 20 healthy participants
completed the experiments (Fig. 2). Demographic data and baseline
characteristics of these participants are displayed in Table 1.

3.2. Effects of facemasks on dyspnoea, perceived exercise, and
performance

There were significant differences in dyspnoea sensation at Ty, Ty
and T3 between the three conditions (Table 2). Post-hoc analysis
revealed that the CM generated significantly higher but not clinically
relevant dyspnoea than NM at T (median difference, 0 [95%CI O to 1]).
The difference became clinically relevant at T; and T3 (median differ-
ence, 1 [95%CI O to 1]). A similar, although clinically irrelevant

Enrollment ]

Assessed for
eligibility (n=23)

A

Exclusion (n=0)

Discontinued intervention (n=3)

- Positive to SARS-CoV-2 (n=1)
- Self-isolation due to symptoms
evocating COVID-19 (n=2)

Allocation Allocated to
intervention (n=23)
. Analysed (n=20)
[ Analysis ] Excluded from analysis (n=0)

Fig. 2. Study flowchart.
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Table 1
Demographics and baseline characteristics.

Variables n=20

Age, years 22+1.6

Sex, n (%)
Males 11 (55)
Females 9 (45)

BMI, kg/m? 221+ 2.8

GPAQ
Score (MET-minutes/week) 7246.4 + 3479.4
Meeting WHO recommendations, n (%) 20 (100)

Nijmegen score 8.3 £ 6.1, range [1-22]

MFI-20 score
General Fatigue 89+27
Physical Fatigue 10.6 + 1.8
Reduced Activity 8.6 £25
Reduced Motivation 8.2+28
Mental Fatigue 6.8 +2.0

Pulmonary function
FEV3, % predicted 94.01 + 12.01
FEV,, z-score —0.47 £ 1.12
FVC, % predicted 99.48 + 10.39
FVC, z-score 0+ 0.99
FEV1/FVC, % 80.9 +£7.7
FEV,/FVC, z-score -0.72 +1.11
FEF25 75, % predicted 91.35 + 29.01
FEFs5.75, z-score —0.47 +1.34

1STST (familiarization test)
Number of repetitions 49.7 +10.1
Predicted values (%) 98 +15

Data are presented as n (%) or mean + SD, unless otherwise stated.

1STST - 1-min sit-to-stand test; BMI - body mass index; FEV; - forced expiratory
volume in 1 s; FEF»5_75 - forced expiratory flow between 25% and 75% of forced
vital capacity; FVC - forced vital capacity; GPAQ - global physical activity
questionnaire; MFI-20 — Multidimensional fatigue inventory with 20 items.

difference was also noted between SM and CM at T3 (median difference,
0.5 [95%CI 0 to 1]). There was a significant difference in leg RPE post-
effort between the 3 conditions. The SM generated a small but signifi-
cant higher leg RPE than NM (median difference, 1 [95%CI O to 1]).
There was no difference in 1STST performance between the 3 conditions
(Table 2).

3.3. Effects of facemasks on cardio-respiratory parameters

The influence of time and facemasks, and their interaction on cardio-
respiratory parameters are summarized in Table 3. Only time influenced
the cardio-respiratory parameters. The facemasks had no effect on any of
these parameters and did not interact with them over time.

3.4. Mask discomfort sensations
The influence of time and facemasks, and their interaction on sub-

jective ratings of discomfort domains are summarized in Table 3. As
shown in this table, the effort (time) influenced the perception of all the
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evaluated discomfort domains. On the other hand, sensations were not
significantly influenced by the type of masks except for the breathing
resistance domain where the CM generated higher discomfort than SM.
There was no interaction between time and facemasks, meaning that the
type of mask did not influence the change of the sensations.

3.5. Learning effect and correlations with baseline characteristics

There was an important 1STST learning effect between the famil-
iarization test and the NM condition (mean difference 8.8 + 8.7 repe-
titions, p < 0.001) (E-Fig. 1). No correlation was found between baseline
characteristics (spirometry and questionnaires scores) and the intensity
of dyspnoea nor the 1STST performance in any conditions (p > 0.05).

4. Discussion

The main finding of the present study is that the cloth facemask
slightly increases dyspnoea sensation in young healthy adults after a
short submaximal exercise test. In addition, the surgical facemask had a
small effect on the rate of perceived exercise. However, none of the two
facemasks used in the general community altered exercise performance
or the cardiorespiratory response to effort.

Several studies have demonstrated that facemasks increase the
cardio-respiratory stress and elevate perceived exertion during mild to
moderate exercise in healthy subject or in patients with COPD [29-32].
Moreover, the protection masks are associated with a significant wors-
ening of FEV; and FVC due to an increase in airflow resistance, which
can impact the perceived exertion for a similar effort [33]. The most
significant impacts have been associated with the use of N95 respirators
[29,30,34]. Yet, surgical facemasks have also shown to impact these
parameters while exercising [14,31,33,34]. Similar to our study, Person
et al. have shown that wearing a surgical facemask had no impact on
heart rate, SpO,, or walking distance during a 6-min walk test (6MWT)
in healthy adults [28]. However, these authors found a significant and
clinically relevant impact on dyspnoea, contrarily to our findings with
the surgical facemask. Nonetheless, it should be noted that the cardio-
respiratory demand is higher with the 6MWT compared to the 1STST
[35,36]. The 1STST effort intensity may thus not have been sufficiently
high to elicit an increase in dyspnoea sensation compared to NM in our
cohort of young healthy adults. In line with this, Mapelli et al. have
shown that the increased sensation of dyspnoea with protection masks
became progressively apparent at higher exercise intensity [33]. This
could explain the small impact on leg RPE we found using facemasks
during an exercise of relatively mild intensity. Whether these results also
apply in elderly participants or patients with respiratory disease is
unknown.

Unlike the SM, the use of a handmade CM was associated with a
significant increase in dyspnoea compared to the control condition.
Dyspnoea is defined as “a subjective experience of breathing discomfort
that consists of qualitatively distinct sensations that vary in intensity”
[37]. Therefore, the higher breathing resistance with the CM compared

Table 2
Effects of each condition on outcome measures.
NM SM CM P value Adjusted P value
NM vs SM NM vs CM SM vs CM
Dyspnoea
To 0 [0; 0] 0 [0; 0.75] 0 [0; 1] 0.012° 0.076 0.042 0.618
T 3 [1.25; 4] 3[2;4] 3 [2.5; 4] 0.004" 0.076 0.007 0.855
Ts 1 [0; 2] 2[1;2] 2[1.25; 3] < 0.001" 0.100 0.004 0.005
Leg RPE 2.5 [1.25; 3] 3[2; 4] 31[2;4] 0.012° 0.014 0.117 0.999
1STST repetitions (n) 58.5 (9.9) 58.6 (9.3) 58.4 (9.3) 0.986"

Data are presented as mean + SD or median [interquartile range].

Abbreviations: CM, cloth facemask; NM, no facemask; RPE, rate of perceived exertion; SM, surgical facemask; 1STST, 1-min sit-to-stand test.

# Friedman test was realized.
b ANOVArm was realized.
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Table 3
Cardiorespiratory parameters among each condition and at different time points.
p-value

Cardiorespiratory parameters NM SM CM Time Mask Time x Mask

RR (bpm)
1-min Pre 1STST 209 £ 4.5 219+78 21.1 £ 4.6 < 0.001 0.31 0.56
1-min 1STST 479 +£11.1 50.1 +£8.0 51.2 £11.2
1-min Post 1STST 23.0 £ 5.2 23.4+6.8 23.0 £ 5.7

SpO- (%)
To 98 [98-98] 98 [98-98] 98 [98-98] 0.97° NA NA
Ty 98 [97-98] 98 [97-98] 97 [97-98]
T3 98 [97-98] 98 [97-98] 98 [97-98]

HR (bpm)
To 78.7 £13.4 78.3 £12.3 75.6 £12.2 < 0.001 0.51 0.87
Ty 103.7 +£ 16.5 103.3 £ 15.6 100.4 + 13.7
T3 92.7 £15.2 92.3 £15.6 91.2 +£16.1

Subjective sensations

Humidity
To 26+1.9 23+1.7 < 0.001 0.94 0.23
T1 41+15 43+17

Heat
To 31+1.8 3.2+21 < 0.001 0.52 0.63
T 4.6 +1.6 4.9 +23

Resistance
To 1.8+1.5 25+1.6 < 0.001 0.04 0.63
Ty 31+1.6 39+19

Fatigue
To 1.7+1.4 1.8+19 < 0.001 0.42 0.54
Ty 3.6+1.8 42+25

Overall discomfort
To 28+1.9 29+1.6 < 0.001 0.98 0.89
T 42+ 2.5 42+ 21

Data are presented as mean + SD or median [interquartile range].

Abbreviations: bpm; breathes or beats per minute; CM, cloth facemask; HR, hearth rate; NM, no facemask; RR, respiratory rate; SM, surgical facemask; SpO,, pulsed

oxygen saturation.

Default statistical analysis were two-way repeated measures ANOVA in this table.

@ Indicates that the Friedman test was realized because of violation of assumptions to run a two-way repeated measures ANOVA.

to the SM (online supplement) may have contributed to increase the
dyspnoea level at the clinically relevant threshold. It should be noted
that the difference became clinically relevant only after the 1STST. This
may reflect the greater airflow resistance associated with higher venti-
lation [38]. At the end of the effort and during the recovery period, the
breathing resistance may thus have reached a point susceptible to be
perceived by participants.

Another possible hypothesis is that the CM could have increased
facial skin temperature and heat or moisture of the inhaled air. Such
factors have been postulated to contribute to increased breathing
discomfort when wearing a facemask [14,39]. Although we did not
objectively assess inhaled temperature and humidity, these sensations
were subjectively felt by participants wearing a mask, especially at the
end of effort and irrespective of the type of mask. Alone, the facial
microclimate changes due to exhaled breath and facial sweat accumu-
lation [39] seem insufficient to amplify dyspnoea. Combined with a
higher breathing resistance, however, these sensations could exaggerate
breathing difficulties and explain the higher dyspnoea felt with the CM.

Some authors postulated that covering mouth and nose with face-
masks will increase work of breathing by imposing a supplemental
resistance to respiration [39]. However, the similar cardiorespiratory
demand and performance with or without facemask found in this study
does not support this hypothesis. The pressure drop associated with an
exercise ventilation corresponding to a moderate-vigorous physical ac-
tivity was found to be around 1 cmH20 or less with surgical and cloth
facemasks [38]. It is only at very high intensity exercise that the minute
ventilation needed to trigger a noticeable impact in work of breathing
may be achieved, which is far beyond the ventilatory demand of the
1STST [38]. Consistent with this, facemasks with resistances similar to
those found with surgical or cloth masks did not influence the cardio-
respiratory response of the wearer at low-to-moderate work rates over 1

h [40]. Altogether, the increased respiratory resistance due to facemasks
seems clinically meaningless in healthy adults at low-to-moderate ex-
ercise intensity, but further research are needed to elucidate these ef-
fects in individuals with underlying cardiorespiratory disease.

Our study had several limitations. First, we collected data on healthy
healthcare workers. Then, the extrapolation of the results to patients is
questionable. Indeed, the dyspnoea at rest was negligible in our cohort
of young healthy adults. Moreover, our subjects had a high level of
physical activity as illustrated by the results of GPAQ and were more
used to wearing a mask due to their job as healthcare workers. Second,
the masks were tightly attached around the face of the participants and
may have collapsed during the effort, potentially increasing dyspnoea.
Third, although a learning effect with the 1STST was anticipated and
took into account, we could not exclude a potential residual improve-
ment of performance over more training tests. To the best of our
knowledge, the learning effect of repetitive 1STST is unknown in healthy
participants. However, the similar number of 1STST repetitions with or
without masks, regardless the order of the randomization, is reassuring.
Finally, we only tested one type of CM and the results may vary
depending on the material used and its breathability.

To conclude, cloth and surgical facemasks had minimal to no impact
on dyspnoea, cardiorespiratory parameters, and exercise performance
during a short submaximal exercise test in healthy adults.
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