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Background: Face masks are widely used during the COVID-19 pandemic as
one of the protective measures against the viral infection risk. Some evidence
suggests that face mask prolonged use can be uncomfortable, and discomfort
can be exacerbated during exercise. However, the acute responses of mask-
wearing during exercise on affective/psychological and exercise performance
responses is still a topic of debate.

Purpose: To perform a systematic review with meta-analysis of the acute
effects of mask-wearing during exercise on affective/psychological and
exercise performance responses in healthy adults of different/diverse
training status.

Methods: This review (CRD42021249569) was performed according to
Cochrane’'s recommendations, with searches performed in electronic
(PubMed, Web of Science, Embase, SportDiscus, and Psychinfo) and pre-
print databases (MedRxiv, SportRxiv, PsyArXiv, and Preprint.Org). Syntheses of
included studies’ data were performed, and the RoB-2 tool was used to assess
the studies’ methodological quality. Assessed outcomes were affective/
psychological (discomfort, stress and affective responses, fatigue, anxiety,
dyspnea, and perceived exertion) and exercise performance time-to-
exhaustion (TTE), maximal power output (POmax), and muscle force
production] parameters. Available data were pooled through meta-analyses.

Results: Initially 4,587 studies were identified, 36 clinical trials (all crossover
designs) were included. A total of 749 (39% women) healthy adults were
evaluated across all studies. The face mask types found were clothing (CM),
surgical (SM), FFP2/N95, and exhalation valved FFP2/N95, while the most
common exercises were treadmill and cycle ergometer incremental tests,
beyond outdoor running, resistance exercises and functional tests. Mask-
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wearing during exercise lead to increased overall discomfort (SMD: 0.87; 95% Cl
0.25-1.5; p = 0.01; 12 = 0%), dyspnea (SMD: 0.40; 95% CI 0.09-0.71; p = 0.01;
1> = 68%), and perceived exertion (SMD: 0.38; 95% CI 0.18-0.58; p < 0.001; I? =
46%); decreases on the TTE (SMD: —0.29; 95% CI -0.10 to —0.48; p < 0.001; I? =
0%); without effects on POuax and walking/running distance traveled (p > 0.05).

Conclusion: Face mask wearing during exercise increases discomfort (large
effect), dyspnea (moderate effect), and perceived exertion (small effect), and
reduces the TTE (small effect), without effects on cycle ergometer POyax and
distance traveled in walking and running functional tests. However, some
aspects may be dependent on the face mask type, such as dyspnea and
perceived exertion.

Systematic

Review Registration:

[https://www.crd.york.ac.uk/prospero/

display_record.php?ID=CRD42021249569], identifier [CRD42021249569].

KEYWORDS

mask-wearing, physical exercise (EX), pandemic (COVID-19), respirator, face mask

1 Introduction

The world witnessed the emergence of a new virus in China.
The virus was later termed severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and defined as the causal agent of
the disease known as coronavirus disease 2019—COVID-19
(Ludwig and Zarbock, 2020). From this, health control
agencies describe that social distancing is one of the main
measures to prevent the spread of the disease, and personal
and environmental protection measures and surface hygiene
would be essential to avoid contagion (Aquino et al., 2020).
Among the protective means, face mask wearing was considered
one of the main resources capable of slowing down the advance
of the pandemic (Asadi-Pooya and Cross, 2020; Chu et al., 2020).
Face mask use is widely discussed during the COVID-19
pandemic and its used is defended by experts as it is a simple,
inexpensive, and potentially effective measure to reduce the
transmission of respiratory diseases (Asadi et al., 2020; Asadi-
Pooya and Cross, 2020). However, the protection offered by the
face mask wearing seems to depend on the type of mask, with
models that are more or less effective in containing the emission
of aerosol particles (Asadi et al, 2020; Fischer et al., 2020;
Ramirez-Moreno et al., 2020), such as FFP2/N95 respirators,
that provide greater protection but also have greater resistance
than surgical masks (SM) (Hopkins et al., 2021).

Beyond the discussions about its effectiveness against
coronavirus infection (Asadi et al., 2020; Liang et al., 2020),
there are reports of prolonged use of the face mask causing skin
lesions, headaches, discomfort and malaise, signs of stress,
anxiety, and claustrophobia (Ramirez-Moreno et al., 2020). It
may occur because the face mask creates a closed-circuit
environment of inspired and expired air (Tornero-Aguilera
et al, 2021), increasing ventilation due to carbon dioxide
(CO,) re-inhalation (Hopkins et al., 2021). Inspiration of CO,
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appears to be the driving force behind the increased ventilation
when breathing through a face mask, since a 1-mm Hg increase in
alveolar CO, partial pressure appears to be sufficient to increase
ventilation (Hopkins et al., 2021). Face mask use lead to increased
subjective stress responses and discomfort levels (Andre et al,
2018; Morris et al., 2020; Tornero-Aguilera et al., 2021), and the
adverse effects caused by wearing a face mask seem to be
potentiated during exercise due to a reduction in the ability to
breathe comfortably (Hopkins et al., 2021; Reychler et al., 2021),
for these reasons, its use in closed environments (e.g., gyms and
training centers) is still much discussed (Hopkins et al., 2021).
Recent systematic reviews (Engeroff et al., 2021; Shaw et al.,
2021) investigated the face mask using during exercise on some
psychophysiological responses. Face mask wearing during
exercise seems to increase the perceived exertion and dyspnea
(Shaw et al., 2021), impair cardiorespiratory parameters (e.g.,
oxygen uptake and ventilation) (Engeroff et al., 2021), without
affecting oxygen saturation, and heart rate (Engeroff et al., 2021;
Shaw et al., 2021). Although there is already evidence of the face
mask using effects on physiological outcomes, no systematic
review or meta-analysis focused on quantifying the magnitude of
the effects of face mask wearing during exercise exclusively on
affective/psychological outcomes. Furthermore, the effects
stratified by type of face mask need to be further explored.
Considering that mask wearing may cause discomfort and
this could compromise the exercise performance parameters
(Motoyama et al., 2016; Andre et al, 2018; Fikenzer et al.,
2020; Lopez-Pérez et al.,, 2020; Tornero-Aguilera et al., 2021;
Boyle et al, 2022), the acute effects of face mask use were
investigated through different exercise performance aspects.
Previous systematic reviews (Engeroff et al., 2021; Shaw et al,
2021) showed no effects of face mask wearing on exercise
performance. However, exercise performance was pooled
through different outcomes. The literature shows different
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physical performance protocols tested comparing with and
without face mask use. Decreases in the time-to-exhaustion
(TTE) (Oncen and Pinar, 2018; Driver et al., 2021; Boyle
et al, 2022), maximal power output (POpax) in cycle
ergometer (Fikenzer et al, 2020; Egger et al., 2021; Zhang
et al, 2021), total volume and the maximum number of
repetitions during resistance exercises (Rosa et al., 2022), and
performance in sprint tests (Dantas et al., 2021; Modena et al.,
2021; Tornero-Aguilera et al., 2021) were reported. However,
there seems to be no consensus in the literature on the occurrence
of these effects. In addition, we have not found systematic reviews
so far that have investigated the effects of face mask use
exclusively on exercise performance parameters.

Knowledge about the acute effects of face mask wearing during
exercise on affective/psychological aspects and their potential
adverse effects on exercise performance outcomes is still unclear,
especially when considering the different types of face mask. This
gap in the literature shows that this systematic review is relevant and
can be useful to help physical therapists and trainers understand and
make decisions regarding the acute effects of the face mask wearing
during exercise. Therefore, we aimed to perform a systematic review
with meta-analysis of trials that tested the face mask acute effects on
affective/psychological and exercise performance responses during
exercise in healthy adults of different/diverse training status.

2 Methods

2.1 Study reporting and protocol
registration

A systematic review with meta-analysis was performed
following the recommendations from the Cochrane Collaboration
(Higgins et al,, 2019) and the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyzes) reporting guidelines
(Page et al, 2021). The review protocol was registered on
PROSPERO under the number CRD42021249569. The study
selection, data extraction, and the methodological quality
assessment of the included studies were conducted by two
independent investigators (M.H.G. and EMM.) and when there
was some disagreement between the results of the two reviewers,
a third reviewer (S.K.P.) was consulted to reach a consensus.

2.2 Data sources and searches

In March 2022, searches were performed in five electronic
databases (ISI Web Knowledge, MEDLINE/Pubmed, Embase,
SportDiscus, and PsychInfo) and preprint databases (MedRxiv,
SportRxiv, PsyArXiv, Preprint.Org) without time and language
restrictions. Furthermore, reference lists of relevant reviews (Feye
and Magallanes, 2019; Andreu, 2021; Haraf et al,, 2021; Shaw
et al, 2021) and included trials were manually searched.
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Combinations were used with the descriptors and keywords
adapted for each database (adult OR athletes) AND (mask OR
“respiratory protection device”) AND (exercise OR sport OR
“physical activity” OR athletic performance” OR “aerobic
exercise” The
combined using the terms MeSH or EMTREE, and using
Boolean operators “AND” and “OR.” Full details of the search
strategy are presented in the Supplementary Table S2.

OR “resistance training”). searches were

2.3 Study selection and screening criteria

The present review was composed of a three-stage screening
process, which was conducted by two independent reviewers
(MHG. and IM.B.).
disagreement, a third reviewer (S.K.P.) was consulted to reach a

When there was between-reviewers

consensus. Initially, were screened titles and excluded irrelevant
papers (e.g., in vitro studies). In the second stage, the reviewers
screened studies by abstracts. In the last stage, the full text of the
studies was assessed according to the eligibility criteria.

The inclusion criteria adopted were: 1) randomized and non-
randomized controlled trial; 2) healthy adults (described as ages
between 19 and 44 years by Medical Subject Headings); 3) face
mask wearing during sports practices, aerobic and/or resistance
exercise intervention; 4) control condition with a no-wearing face
mask during exercise; and 5) assessment of affective/psychological
and/or exercise performance parameters. Studies that did not
meet all the inclusion criteria or that presented the following
exclusion criteria were excluded: 1) measurements of chronic
effects; 2) other facial mask types (e.g., elevation training mask;
air-laine breathing apparatus; self-contained breathing apparatus,
sport protective helmets); and 3) no accessible full-text.

Randomized and non-randomized controlled trials (crossovers
or parallel-group studies) with the full and accessible text were
included in this review. Primary outcomes considered were as acute
effects of facial mask in: 1) affective/psychological parameters
(discomfort, stress and affective responses, fatigue, anxiety,
dyspnea, and perceived exertion); 2) exercise performance
parameters [TTE, PO, bar propulsive velocity (BPV), number of
repetitions, muscle force production, and walk/running acceleration,
speed, and time]. The secondary outcomes were: 1) face mask type
[i.e., clothing (CM), SM, FFP2/N95, and FFP2/N95 with exhalation
valve (FFP2/N95 + EV)]; 2) exercise type, volume, and intensity.

2.4 Data extraction

Searches on databases were completed by 7 March 2022. The
data from each study were extracted individually and exported to
size,

a spreadsheet. Study design, participant

characteristics, face mask type, exercise (type, volume, and

sample

intensity), measured outcomes (main outcomes and

assessments), and results [intervention (face mask wearing)
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and control (no-face mask wearing) pre-post changes by mean
and standard deviation values] were extracted.

Data from both crossover and parallel-group studies were
included. When
(i.e., incomplete reporting), the corresponding author of the

studies did not provide enough data

study was contacted by email and asked to provide additional
information. Case the database was provided by the authors, the
mean and standard deviation values were calculated for
quantitative analysis (Epstein et al., 2021; Fukushi et al., 2021;
Modena et al., 2021). When authors did not respond or could not
provide the required data, the mean and standard deviation
values were obtained manually from the plots using the
Image] tool (version 1.48v, National Institutes of Health,
Bethesda, MA, United States), whenever possible. When
access to the data was not possible, or in case of incompatible
data (e.g., non-groupable exercise), the study was not included in
the quantitative analysis.

2.5 Data synthesis and statistics

Common outcomes among three or more studies were
considered for the meta-analyses using the standardized mean
difference (SMD), standard error (SE), and 95% confidence
interval (95% CI) as measures of effect, dispersion, and range,
respectively. The effect size was classified according to Cohen’s
d-values (Higgins et al., 2019), where SMD: <0.40 = small effect;
0.40-0.70 = moderate effect; >0.70 = large effect (Cohen, 1988).
Therefore, seven meta-analyses (discomfort, dyspnea, perceived
exertion, TTE, absolute and relative POysx, and distance
traveled in walking and running functional tests) were
performed based on the face mask wearing acute effects
during exercise. We have included over 10 studies for dyspnea
and perceived exertion, allowing us to perform subgroup analysis
on the different face mask types (i.e., CM, SM, FFP2/N95 + EV,
and FFP2/N95). When the study presents more than one mask
type, for the meta-analysis, the chosen mask was determined
from the criterion of the least restrictive face mask to the most
restrictive (ascending order: clothing, SM, FFP2/N95 + EV, and
FFP2/N95), considering the least restrictive face masks (i.e., those
made from cloth) as it is the most used by the general population.
When the study performed tests at different intensities, the
intensity that generated the greatest metabolic load was
adopted for analysis. In studies that used both face masks
with and without an exhalation valve, the face mask without a
valve was considered for analysis, since it is more common in the
general population and during the COVID-19 pandemic.

In the crossover trials, when a study did not present the
correlation coefficient (r) values between the pre-post changes, a
sensitivity analysis using different estimate values (r = 0.5; r = 0.7;
and r = 0.8) was performed. As none of the values directly
affected the results of the meta-analyses, we adopted a
conservative estimate of “r = 0.7.” For all the meta-analyses,
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we used the random-effects model. This model was adopted a
piori due to the expected heterogeneity in the studies’
intervention types, and the evaluation of the common
measures, and confirmed by the I” test, which was interpreted
according to Higgins et al. (2003) considering that the values
above 25% and 50% were classified as moderate and high
When high
heterogeneity was found (values > 25%), sensitivity analysis

heterogeneity, respectively. moderate  or
was performed and the heterogeneity was explored. All
statistical analyses were performed using the Comprehensive
3.0; Biostat, NJ,
United States). The level of statistical significance was

determined as a < 0.05.

Meta-Analysis  (version Englewood,

2.6 Studies’ quality appraisal

The methodological quality of the included studies was
examined by two independent reviewers (E.M. and A.R.B.),
with a third reviewer consulted in cases of disagreement
(M.H.G.). The assessment tool was the Revised Cochrane
Risk-of-Bias Tool for Randomized Trials (ROB 2) for
parallel-group and crossover trials (Sterne et al, 2019).
This tool was used assignment to intervention (the
effect) and has

judgment of risk of bias: randomization process; deviations

“intention-to-treat” five domains for
from intended intervention, missing outcome data; result
measurement; selection of the reported result. Each domain
was rated as “low risk of bias,” “high risk of bias,” and “some
concerns” for the reported outcomes, and the overall risk of
bias judgment: low risk of bias—all domains showed a low risk
of prejudice; some concerns: in at least one domain for this
outcome but not being at high risk of bias for any domain, and
high risk of bias—when in at least one domain for this
outcome or have some concerns for multiple domains in
some way that substantially reduces confidence in the result.

3 Results
3.1 Search results

A flow diagram of the literature search and screening is
displayed below (Figure 1). The initial search identified
4,587 studies in all combined databases. In the full-text stage,
69 studies were eligible, and in the end, 34 studies (Zimmerman
et al., 1991; Roberge et al., 2010; Roberge et al., 2012a; Roberge
et al.,, 2012b; Chen et al,, 2016; Kim et al., 2016; Person et al.,
2018; Fikenzer et al., 2020; Lassing et al., 2020; Morris et al., 2020;
Wong et al., 2020; Ade et al.,, 2021; Bar-On et al.,, 2021; Dantas
et al,, 2021; Doherty et al., 2021; Driver et al., 2021; Egger et al,,
2021; Epstein et al., 2021; Fukushi et al., 2021; Kampert et al,,
2021; Mapelli et al., 2021; Modena et al.,, 2021; Reychler et al.,

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.994454

Glanzel et al.

10.3389/fphys.2022.994454

Identification of studies via databases and registers

Records identified from*:
Databases (n = 4587)

Registers (n = 5)

=
=
R
=
S
=
=
=
)
=
=

!

Records screened

(n =3998)
'

Reports sought for retrieval

(n=139)
|

Reports assessed for eligibility
(n=174)

Screening

Studies included in review
(n=36)

Reports of included studies
(n=36)

FIGURE 1
PRISMA chart of the study flow.

2021; Rojo-Tirado et al., 2021; Ryu and Jong-Geun, 2021; Slimani
et al.,, 2021; Tornero-Aguilera et al., 2021; Yoshihara et al., 2021;
Zhang et al., 2021; Cabanillas-Barea et al., 2022; Jesus et al., 2022;
Ng et al., 2022; Rosa et al., 2022; Steinhilber et al., 2022) met all
the eligibility criteria and were included in the review. Two
additional studies (Shaw et al., 2020; Otsuka et al., 2022) were
found from other sources (e.g., references from included studies,
and publications founded in other reviews). Therefore, 36 eligible
studies were included in the review.
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Records removed before screening:

Duplicate records removed
(n=594)

Records marked as ineligible
by automation tools (n = 0)

Records removed for other
reasons (n = 0)

Records excluded
(n=3859)

Reports not retrieved
(n = 65)

Reports excluded: 38
Unhealthy adults (n = 2)

No masked vs unmasked
conditions (n = 5)

No target outcomes (n = 1)
Other mask devices (n = 22)
Without full-text acess (n = 6)
Other study type (n = 1)

3.2 Characteristics of the included studies

Table 1 summarizes the main information of the included
studies. Most studies were randomized controlled trials (n = 34),
except for two studies (Roberge et al., 2012a; Roberge et al.,
2012b) that did not perform randomization. The crossover
design was adopted by all the studies. All studies presented a
control condition (i.e., no face mask wearing). The samples were
composed mostly by healthy (Zimmerman et al., 1991; Roberge
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TABLE 1 Summary of studies on the acute effects of comparison between use of mask versus no-mask wearing during exercise.

Study Design/

Mask type

Ade et al. (2021) RCT

Crossover

design

1: CON

2: CM

3: SM

4: FFP2/N95
Bar-On et al. (2021) RCT

Crossover
design

1: CON
2: SM

Cabanillas-Barea RCT

et al. (2022) Crossover
design

1: CON

2: SM

3: FFP2/N95
Chen et al. (2016) RCT

Crossover
design

1: CON
2: FFP2/N95

3: FFP2/N95

+ EV
Dantas et al. (2021) RCT

Crossover

design

1: CON

2: CM
Doherty et al. (2021) RCT

Crossover
design
1: CON (MP)
2: CON
3: CM
4: SM

Driver et al. (2021) RCT

Crossover

design

1: CON

2: CM
Egger et al. (2021) RCT

Crossover
design

1: CON
2: SM
3: FFP2/N95
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Participants
Healthy and physically active adults.
(n=11; M =5 W = 6)

30 £ 11 years

Healthy adults.
(n=10; M =5 W =5)

28 + 5 years

Healthy adults., (n = 50; M = 26; W =
24), 21 # 5 years

Healthy adults., (n = 15, M = 15; W =
0), 28 + 2 years

Track and field athletes., (n=10; M = 7;
W = 3), 23 + 4 years

Healthy adults., (n = 12; M =7, W =5),
26 + 3 years

Healthy adults., (n = 31, M =17, W =
14), 23 + 3 years

Well-trained healthy athletes (2 road
cyclists; 8 mountain bikers, and

6 triathletes), (n = 16; M = 16; W = 0),
27 + 7 years

Exercise protocol

Incremental cycle ergometer exercise to
exhaustion (increases of 20 W/min; until the
participant could not maintain the pedal cadence
of 60 rpm for 5 consecutive revolutions).

Constant load treadmill walking for 5 min: a)
slow walk (4 km/h at 0° inclination); b) brisk
walk (7 km/h at 0° inclination).

6 MWT

Constant load treadmill walking for 5 min
(treadmill speed of 1.6 m/s and 0° inclination).

Outdoor track field running test (five maximal
30 m sprints, with 4 min rest between runs); and
vertical jump (countermovement jump).

Constant load cycle ergometer submaximal
exercise for 8 min (submaximal exercise at 70%
HRpax)-

Incremental treadmill cardiopulmonary exercise
test (Bruce’s standard protocol).

Incremental cycle ergometer exercise to
exhaustion (starting at 100-150 W; increases of
50 W every 3 min until voluntary exhaustion or
when subjects were unable to maintain a
pedaling cadence of 50 rpm for more than 10 s).

06

Outcomes

- Affective/psychological responses
-Dyspnea: 19%

RPE: ns
-Exercise performance responses

POpax: ns

- Affective/psychological responses
RPE: ®139%

- Affective/psychological responses,
Dyspnea: 761%-129%, -Exercise
performance responses, Distance
traveled: ns

- Affective/psychological responses,
Dyspnea: 1369%-431%

- Affective/psychological responses,
Affect: |114%-148%, RPE: T46%,
-Exercise performance responses,
Sprint time: ns, Sprint acceleration: ns,
Jump height: ns

-Affective/psychological responses,
Dyspnea: T42%

-Affective/psychological responses,
RPE: ns, Dyspnea: 131%, -Exercise
performance responses, TTE: |14%

-Affective/psychological responses,
RPE: ns, -Exercise performance
responses, POyax: [4%-6%

(Continued on following page)
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TABLE 1 (Continued) Summary of studies on the acute effects of comparison between use of mask versus no-mask wearing during exercise.

Study Design/

Mask type

RCT
Crossover
design

1: CON

2: SM

3: FFP2/N95
RCT

Epstein et al. (2021)

Fikenzer et al. (2020)

Crossover

design

1: CON

2: SM

3: FFP2/N95
Fukushi et al. (2021) RCT

Crossover

design

1: CON

2: CM

3: SM
Jesus et al. (2022) RCT

Crossover

design

1: CON

2: SM
Kampert et al. (2021) RCT

Crossover

design

1: CON

2: CM

3: FFP2/N95
Kim et al. (2016) RCT

Crossover
design

1: CON
2: FFP2/N95

3: FFP2/N95

+ EV
Lissing et al. (2020) RCT

Crossover

design

1: CON

2: SM
Mapelli et al. (2021) RCT

Crossover

design

1: CON

2: SM

3: FFP2/N95
Modena et al. (2021) RCT

Crossover
design

Frontiers in Physiology

Participants

Healthy and physically active adults.,
(n=10; M = 5, W = 5), 28 + 5 years

Healthy and physically active adults.,
(n=12; M = 12; W = 0), 38 * 6 years

Healthy adults., (n = 24, M = 15; W =
9), 21 * 1 years

Healthy adults., (n = 32; M = 16; W =
16), 24 + 3 years

Healthy and physically active adults.,
(n=20; M =11 W =9), M: 39 +
11 years, W: 35 + 11 years

Healthy adults., (n = 12, M = 12; W =
0), 24 + 2 years

Healthy adults., (n = 14, M = 14, W =
0), 26 * 4 years

Healthy adults., (n=12; M = 6; W = 6),
41 + 12 years

Amateur soccer players., (n = 21; M =
21; W = 0), 25 + 5 years

Exercise protocol

Incremental cycle ergometer exercise to
exhaustion (starting at 25 W; increases of 25 W
every 3 min until voluntary exhaustion; cadence
of 55-65 rpm).

Incremental cycle ergometer exercise to
exhaustion (starting at 50 W; increases of 50 W
every 3 min until voluntary exhaustion; cadence
of 60-70 rpm).

Incremental treadmill cardiopulmonary exercise
test (Modified Bruce’s standard protocol).

Constant load cycle ergometer exercise [two
different intensities: a) moderate exercise at 25%
below VT; and b) severe exercise at 25%
above VT].

Incremental treadmill cardiopulmonary exercise
test (constant speed; treadmill grade increased
from 0% to 2% at 2 min; and continuous
increases by 1% every minute until voluntary
exhaustion).

Constant load treadmill walking for 1 h (low-
moderate work rate at 5.6 km/h and 0°
inclination).

Constant load cycle ergometer exercise for
30 min (50% of POyax; cadence of 60-70 rpm).

Incremental cycle ergometer exercise (aimed to
achieving peak exercise in ~10 min).

Running protocol [4 min running at: a) 8 km/h;
and b) 10 km/h; 8 bouts of 90 m intermittent
running; and YoYo-Intermittent Recovery Test
Level-1].

07

Outcomes

- Affective/psychological responses,
RPE: ns, -Exercise performance
responses, TTE: ns

- Affective/psychological responses,
Overall discomfort: 7186%-150%,
-Exercise performance responses,
POyax: 15%

- Affective/psychological responses,
RPE: 725%-44%

-Exercise performance responses,
TTE: “ns ®|10%

- Affective/psychological responses,
RPE: ns, Overall discomfort: 7160%,
-Exercise performance responses,
TTE: ns

-Affective/psychological responses,
RPE: ns, Dyspnea: 123%-41%,
Thermal sensation: ns

-Affective/psychological responses,
RPE: ns

-Affective/psychological responses,
Dyspnea: ud, -Exercise performance
responses, POyax: [4%-5%

-Affective/psychological responses,
RPE: ns, Dyspnea: ns, -Exercise
performance responses, Distance
traveled: [11%-13%

(Continued on following page)
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TABLE 1 (Continued) Summary of studies on the acute effects of comparison between use of mask versus no-mask wearing during exercise.

Study Design/

Mask type

1: CON

2: CM

3: SM
Morris et al. (2020) RCT

Crossover

design

1: CON

2: FFP2/N95
Ng et al. (2022) RCT

Crossover

design

1: CON

2: SM
Otsuka et al. (2022) RCT

Crossover

design

1: CON

2: SM
Person et al. (2018) RCT

Crossover

design

1: CON

2: SM
Reychler et al. (2021) RCT

Crossover

design

1: CON

2: CM

3: SM
Roberge et al. (2010) RCT

Crossover
design

1: CON
2: FFP2/N95

3: FFP2/N95
+ EV

CT

1: CON

2: SM

CT

1: CON

2: FFP2/N95

3: FFP2/N95
+ EV

4: FFP2/N95

5: FFP2/N95
+ EV

RCT

Roberge et al.
(2012b)

Roberge et al.
(2012a)

Rojo-Tirado et al.

(2021) Crossover

design

Frontiers in Physiology

Participants

Healthy adults., (n =8 M =8; W = 0),
35 + 7 years

Healthy and trained adults., (n = 8 M =
4; W = 4), 25 + 3 years

Healthy and sedentary adults., (n = 6;
M = 6; W = 0), 24 + 2 years

Healthy adults., (n = 44, M = 18; W =
26), 22 + 3 years

Healthy adults., (n = 20; M = 11; W =
9), 22 * 2 years

Healthy adults., (n =10; M =3; W =7),
25 (20-45) years

Healthy adults., (n = 20; M = 13; W =
7), 23 * 3 years

Healthy adults., (n = 20; M = 13; W =
7), 23 + 3 years

Healthy sportswomen., (n = 13; M = 0;
W = 13), 22 + 2 years

Exercise protocol

Light exercise simulating work in healthcare and
related settings for 45 min (100 W; equivalent to
~5 METs).

Incremental cycle ergometer exercise to
exhaustion (starting at 50 W; increases of 25 W
every 3 min until voluntary exhaustion).

Incremental cycle ergometer exercise to
exhaustion (increases of 20 W every minute until
voluntary exhaustion).

6 MWT

ST min

Constant load treadmill walking for 1 h: a)
1.7 mph; b) 2.5 mph.

Constant load treadmill walking for 1 h (low-
moderate work rate at 5.6 km/h and 0°
inclination)

Constant load treadmill walking for 1 h (low-
moderate work rate at 5.6 km/h and 0°
inclination)

Incremental treadmill cardiopulmonary exercise
test [treadmill grade of 1%; warm-up of 6 km/h
for 3 min; starting the incremental phase with

08

Outcomes

- Affective/psychological responses,
Dyspnea: 7140%, Facial thermal
discomfort: 122%

-Affective/psychological responses,
Dyspnea: ns, -Exercise performance
responses, TTE: |6%, POyax: ns

-Affective/psychological responses,
RPE: ns, Dyspnea: 130%

- Affective/psychological responses,
Dyspnea: 722%, -Exercise
performance responses, Distance
traveled: ns

- Affective/psychological responses,
Dyspnea: 7100%, Overall discomfort:
13%-4%, -Exercise performance
responses, T-REPS: ns

- Affective/psychological responses,
Overall discomfort: **ns, RPE: *’ns

- Affective/psychological responses,
RPE: ns

-Affective/psychological responses,
RPE: 18%

- Affective/psychological responses,
RPE: ns, Dyspnea: ns, -Exercise
performance responses, TTE: ns

(Continued on following page)
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TABLE 1 (Continued) Summary of studies on the acute effects of comparison between use of mask versus no-mask wearing during exercise.

Study

Rosa et al. (2022)

Ryu and Jong-Geun ,
(2021)

Shaw et al. (2020)

Slimani et al. (2021)

Steinhilber et al.
(2022)

Tornero-Aguilera
et al. (2021)

Wong et al. (2020)

Yoshihara et al.
(2021)

Design/
Mask type

1: CON

2: CM

3: FFP2/N95
RCT

Crossover
design

1: CON*

2: CON®

3: FFP2/N95*
4: FFP2/N95°
RCT

Crossover
design

1: CON

2: SM

3: FFP2/N95
RCT

Crossover
design

1: CON
2: CM
3: SM
RCT

Crossover
design

1: CON
2: CM
RCT

Crossover
design

1: CON
2: CM
3: SM

4: FFP2/N95
+ EV

RCT

Crossover
design

1: CON
2: SM
RCT

Crossover
design

1: CON
2: SM
RCT

Crossover
design

1: CON

Participants

Healthy and resistance-trained adults.,
(n=17; M = 17; W = 0), 28 * 4 years

Healthy adults., (n = 11, M = 11; W =
0), 23 + 3 years

Healthy and physically active adults.,
(n=14M=7 W =7),28 £9 years

Healthy adults., (n =17, M = 9; W =38),
18 years

Healthy adults., (n = 39; M = 20; W =
19), 38 + 14 years

Recreational athletes., (n = 72; M = 45;
W = 27), 28 + 6 years

Healthy and physically active adults.,
(n=23;M=10; W =13), 34 + 11 years

Healthy and physically active adults.,
(n=12; M = 8; W = 4), 24 + 3 years

Exercise protocol

8 km/h of running, with increases of 0.2 km/h
every 12 s (1 km/h/min) until it was possible to
maintain the treadmill speed].

Resistance training with BP exercise [4 sets to
failure with resting interval of 2 min between
sets, performed at different intensities: a)
moderate—50% 1RM; and b) high—70% IRM;
with a wash-out of 72 h between sessions].

Incremental treadmill cardiopulmonary exercise
test (Bruce’s standard protocol).

Incremental cycle ergometer exercise to
exhaustion (starting at 35-100 W; increases of
35 W every 2 min until voluntary exhaustion;
cadence of 70-75 rpm).

Warm-up exercises for 15 min [light runs

(4 min); arm circles, jumping jacks, high knees
jog, and back kicking (2.5 min); stretching
exercises (1.5 min); and 4 sets of each
exercise—push-up, sit-up, and squat (30 s of
work per 30 s of rest)].

Constant load cycle ergometer exercise until
exhaustion [two different intensities according to
HR: a) 130 bpm; and b) 150 bpm].

Outdoor track field running tests: a) 50 m; b)
400 m.

Constant load treadmill walking for 6 min
(4 km/h at 10° incline).

Constant load treadmill walking/jogging for 1 h
(speed increases of 0.5-1.0 mph every 2 min
until voluntary exhaustion).

Outcomes

- Affective/psychological responses,
RPE® ns, RPE": ns, -Exercise
performance responses, Maximal
BPVgp: “ns °|10%, Mean BPVyp: “ns
©|14%, T-REPSgp: *ns, T-VOLgp: *ns

-Exercise performance responses,
TTE: ns

- Affective/psychological responses,
RPE: ns, -Exercise performance
responses, TTE: ns, POyax: ns

- Affective/psychological responses,
RPE: 127%

- Affective/psychological responses,
RPE: *ns, Dyspnea: *122%-35%
129-35%, -Exercise performance
responses, POyax: *19% "ns

-Affective/psychological responses,
RPE: *ns "17%, Subjective stress
responses: “ns "118%, -Exercise
performance responses, Sprint time:
T13% °719%

- Affective/psychological responses,
RPE: T13%-20%

-Affective/psychological responses,
RPE: ns, Dyspnea: 1379%-761%,
Thermal sensation: ns, Fatigue
level: ns
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TABLE 1 (Continued) Summary of studies on the acute effects of comparison between use of mask versus no-mask wearing during exercise.

Design/
Mask type

Study Participants

2: CM
3: SM
4: FFP2/N95

RCT Healthy adults., (n = 71; M = 35; W =

36), 28 + 8 years

Zhang et al. (2021)

Crossover
design

1: CON
2: SM

Zimmerman et al. RCT

(1991)

Healthy adults., (n = 12, M = 12; W =
Crossover 0), 21 (18-24) years
design

1: CON

2: SM

Exercise protocol

Incremental cycle ergometer exercise to
exhaustion (incremental power of 15-25 W/min
until exhaustion calculated to let subjects finish
the exercise load test between 8 and 12 min;

Outcomes

-Affective/psychological responses,
RPE: T19%, Dyspnea: T19, -Exercise
performance responses, TTE: ns,
POnax: 15%

cadence of 60 rpm).

Constant load cycle ergometer exercise
(280-350 W; constant rate).

-Functional responses, Hand grip
strength: ns

RCT, randomized controlled trial; CON, control condition (non-fascial mask wearing); CM, clothing mask; SM, surgical mask; FFP2/N95, facepiece respirator type 2; MP, mouthpiece; EV,

exhalation valve; a: lower exercise intensity condition; b: higher exercise intensity condition; n: sample size; M, men; W, women; * standard deviation values; min, minute; rpm, revolutions

per minute; mph, miles per hour; h, hour; km/h, kilometers per hour; m, meters; RM, maximum repetitions; sec, seconds; BP, bench press exercise; VO, max, maximal oxygen uptake; METs,

metabolic equivalent of task; POpsax, maximal power output; HR, heart rate; HRyjax, predicted maximum heart rate; VT, ventilatory threshold; 6 MWT, six-minute walk test; STS'™", one-

min sit-to-stand test; ns, statistically non-significant; ud, unavailable data; | statistically significant lesser compared to the condition without mask; T statistically significant greater
compared to the condition without mask; RPE, rate of perceived exertion; T-REP, total number of repetitions; T-VOL, total volume of repetitions; TTE, time-to-exhaustion; BPV, bar

propulsive velocity.

et al,, 2010; Roberge et al., 2012a; Roberge et al., 2012b; Chen
et al., 2016; Kim et al., 2016; Person et al., 2018; Lassing et al.,
2020; Morris et al., 2020; Bar-On et al., 2021; Doherty et al., 2021;
Driver et al.,, 2021; Fukushi et al., 2021; Mapelli et al., 2021;
Reychler et al., 2021; Ryu and Jong-Geun, 2021; Slimani et al.,
2021; Zhang et al., 2021; Cabanillas-Barea et al., 2022; Jesus et al.,
2022; Steinhilber et al., 2022), healthy physically active (Fikenzer
et al., 2020; Shaw et al., 2020; Wong et al., 2020; Ade et al., 2021;
Epstein et al., 2021; Kampert et al., 2021; Yoshihara et al., 2021),
healthy trained (Rojo-Tirado et al, 2021; Ng et al, 2022)
resistance-trained (Rosa et al., 2022), and healthy sedentary
(Otsuka et al, 2022) adults; athletes (Dantas et al., 2021;
Egger et al., 2021; Tornero-Aguilera et al., 2021) and amateur
soccer players (Modena et al., 2021). The sample size varied from
six (Otsuka et al., 2022) to 72 (Tornero-Aguilera et al., 2021)
participants per condition. Some studies (1 = 10) (Person et al.,
2018; Shaw et al., 2020; Ade et al., 2021; Bar-On et al., 2021;
Driver et al., 2021; Reychler et al., 2021; Rojo-Tirado et al., 2021;
Zhang et al,, 2021; Ng et al,, 2022; Steinhilber et al., 2022)
determined the sample size based on sample calculation. A
total of 749 participants: 460 men and 289 women; with a
mean age of 27 years old, were evaluated across all studies.
Among the types of exercise, the participants performed on
cycle ergometer (n = 14) (Zimmerman et al., 1991; Fikenzer et al.,
2020; Lassing et al., 2020; Shaw et al., 2020; Ade et al., 2021;
Doherty et al, 2021; Egger et al., 2021; Epstein et al., 2021;
Mapelli et al., 2021; Zhang et al., 2021; Jesus et al., 2022; Ng et al.,
2022; Otsuka et al.,, 2022; Steinhilber et al., 2022), walking in
treadmill (n = 13) (Roberge et al., 2010; Roberge et al., 2012a;
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Roberge et al., 2012b; Chen et al.,, 2016; Kim et al., 2016; Wong
et al., 2020; Bar-On et al., 2021; Driver et al., 2021; Fukushi et al.,
2021; Kampert et al., 2021; Rojo-Tirado et al., 2021; Ryu and
Jong-Geun, 2021; Yoshihara et al., 2021), outdoor track field
running (n = 2) (Dantas et al., 2021; Tornero-Aguilera et al.,
2021), high intensity interval training (n = 2) (Modena et al,,
2021; Slimani et al., 2021), resistance exercise (n = 1) (Rosa et al.,
2022), and other functional tasks (n = 5), such as vertical jump
(n = 1) (Dantas et al,, 2021), six-minute walk test (6 MWT)
(Person et al., 2018; Cabanillas-Barea et al., 2022) and one-min
sit-to-stand test (STS'™™) (Reychler et al., 2021), and healthcare
work tasks (Morris et al., 2020). Regarding the types of face mask,
studies used CM (n = 13) (Shaw et al,, 2020; Ade et al.,, 2021;
Dantas et al., 2021; Doherty et al., 2021; Driver et al., 2021;
Fukushi et al., 2021; Kampert et al., 2021; Modena et al., 2021;
Reychler et al., 2021; Rojo-Tirado et al., 2021; Slimani et al., 2021;
Yoshihara et al.,, 2021; Steinhilber et al., 2022), SM (n = 27)
(Zimmerman et al.,, 1991; Roberge et al., 2012a; Roberge et al.,
2012b; Person et al., 2018; Fikenzer et al., 2020; Lissing et al.,
2020; Shaw et al., 2020; Wong et al., 2020; Ade et al., 2021; Bar-
On et al., 2021; Doherty et al.,, 2021; Egger et al., 2021; Epstein
et al,, 2021; Fukushi et al., 2021; Mapelli et al., 2021; Modena
et al., 2021; Reychler et al, 2021; Ryu and Jong-Geun, 2021;
Tornero-Aguilera et al., 2021; Yoshihara et al., 2021; Zhang et al.,
2021; Cabanillas-Barea et al., 2022; Jesus et al., 2022; Ng et al,,
2022; Otsuka et al., 2022; Steinhilber et al., 2022), FFP2/N95 (n =
14) (Roberge et al., 2010; Chen et al,, 2016; Kim et al., 2016;
Fikenzer et al., 2020; Morris et al., 2020; Ade et al., 2021; Egger
et al,, 2021; Epstein et al., 2021; Kampert et al., 2021; Mapelli
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Study name Sample size Statistics for each study
Lower Upper
Mask Control SMD SE limit  limit
Roberge et al. (2010) 10 10 061 046 028 151
Fikenzer et al. (2020) 12 12 112 044 026 198
087 032 025 150
FIGURE 2

10.3389/fphys.2022.994454

SMD and 95% CI
Relative
p weight
0.18 479
0.01 52.09

0.01 >

-4.00 -2.00 0.00 2.00 4.00
Control Mask

Acute effects of face mask vs. control (unmasked condition) on discomfort. Forest plots with pooled standardized mean difference (SMD),
standard errors (SE), and 95% confidence intervals (Cl) are displayed: (SMD: 0.87; 95% Cl 0.25-15; p = 0.01; I> = 0%).

et al,, 2021; Rojo-Tirado et al., 2021; Ryu and Jong-Geun, 2021;
Yoshihara et al., 2021; Cabanillas-Barea et al., 2022; Rosa et al.,
2022), and FFP2/N95 + EV (n = 5) (Roberge et al., 2010; Roberge
et al., 2012a; Chen et al., 2016; Kim et al., 2016; Steinhilber et al.,
2022). The effects of face mask wearing during exercise on
affective/psychological parameters were assessed by some
studies (n = 33) (Roberge et al., 2010; Roberge et al.,, 2012a;
Roberge et al., 2012b; Chen et al., 2016; Kim et al., 2016; Person
et al., 2018; Fikenzer et al., 2020; Lassing et al., 2020; Morris et al.,
2020; Shaw et al.,, 2020; Wong et al., 2020; Ade et al., 2021; Bar-
On et al,, 2021; Dantas et al., 2021; Doherty et al., 2021; Driver
et al,, 2021; Egger et al., 2021; Epstein et al., 2021; Fukushi et al.,
2021; Kampert et al., 2021; Mapelli et al., 2021; Modena et al.,
2021; Reychler et al., 2021; Rojo-Tirado et al., 2021; Slimani et al.,
2021; Tornero-Aguilera et al., 2021; Yoshihara et al., 2021; Zhang
et al,, 2021; Cabanillas-Barea et al., 2022; Ng et al., 2022; Otsuka
et al., 2022; Rosa et al., 2022; Steinhilber et al., 2022), while others
(n = 21) (Zimmerman et al.,, 1991; Person et al., 2018; Fikenzer
etal.,, 2020; Ade et al., 2021; Dantas et al., 2021; Driver et al., 2021;
Egger et al.,, 2021; Epstein et al.,, 2021; Kampert et al., 2021;
Mapelli et al., 2021; Modena et al.,, 2021; Reychler et al., 2021;
Rojo-Tirado et al.,, 2021; Ryu and Jong-Geun, 2021; Tornero-
Aguilera et al., 2021; Zhang et al., 2021; Cabanillas-Barea et al.,
2022; Jesus et al, 2022; Ng et al, 2022; Rosa et al, 2022;
Steinhilber et al., 2022)

performance responses.

assessed its effects on exercise

3.3 Face mask wearing effects on
affective/psychological responses

3.3.1 Discomfort

Overall discomfort was assessed by four studies (Roberge et al,,
2010; Fikenzer et al., 2020; Kampert et al., 2021; Reychler et al.,
2021), during incremental cycle ergometer (Fikenzer et al., 2020)
and treadmill (Kampert et al., 2021) exercises, constant walking on
the treadmill (Roberge et al., 2010), and STS™" (Reychler et al.,
2021), using CM (Kampert et al,, 2021; Reychler et al,, 2021), SM
(Fikenzer et al., 2020; Reychler et al., 2021), FFP2/N95 (Roberge
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et al,, 2010; Fikenzer et al., 2020; Kampert et al., 2021), and FFP2/
N95 + EV (Roberge et al,, 2010) mask types. A meta-analysis was
performed to estimate the effects for mask overall discomfort (n = 2)
(Roberge et al., 2010; Fikenzer et al,, 2020) (Figure 2). A large effect
was observed for increased discomfort (SMD: 0.87; 95% CI 0.25 to
1.5; p = 0.01; I* = 0%) with the use of face mask in exercise.
Thermal sensations and facial thermal discomfort during
exercise were investigated by two (Kim et al., 2016; Yoshihara
et al., 2021) and a single study (Morris et al., 2020), respectively.
Thermal sensations were assessed during constant load treadmill
walking/jogging for 1h, using CM and SM (Yoshihara et al,
2021), FFP2/N95 (Kim et al., 2016; Yoshihara et al., 2021), and
FFP2/N95 + EV (Kim et al., 2016). No effect was identified by the
use of the face mask on thermal sensations. On the other hand,
Morris et al. (2020) observed increased (22%) facial thermal
discomfort with the use of FFP2/N95 during 45 min of light
exercise simulating work in healthcare and related settings.

3.3.2 Subjective stress responses

Subjective stress responses were investigated by a single study
(Tornero-Aguilera et al., 2021) through a subjective perceived
stress scale of 0-100 points to assess the degree to which
situations in individual life are perceived as stressful (Cohen
and Janicki-Deverts, 2012), measured after 50 m and 400 m
outdoor track field running tests using SM. While the use of
the face mask produced no stress responses in the 50 m test, the
perceived stress was 18% higher compared to the control
condition during the 400 m test. Therefore, although the
evidence is limited, it is possible that the face mask may
increase stress

responses, although this effect may be

dependent on the duration and intensity of the exercise.

3.3.3 Affective responses
Affective
selected for their ability to promote health, well-being and to

responses (i.e., psychological manifestations
solve recurrent adaptive problems) (Ekkekakis et al., 2005) were
also investigated during exercise wearing a face mask by a single
study (Dantas et al., 2021). Dantas et al. (2021) assessed affective

responses by a feeling scale (11-point bipolar scale, composed of
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A Study name Sample size Statistics for each study SMD and 95% CI
Lower Upper Relative
Mask Control SMD SE limit  limit p weight
Rojo-Tirado et al. (2021) 13 13 -198 048 -292 -1.04 000 — 6.10
Ng etal. (2022) 8 8 -0.16 050 -1.15 082 0.74 e 5.80
Morris et al. (2020) 8 8 015 050 -084 113 077 —— 5.80
Modena et al. (2021) 21 2 031 031 -030 092 032 —-+— 9.06
Zhang et al. (2021) 7 Ul 054 017 021 088 0.00 - 12.00
Cabanillas-Barea et al. (2022) 50 50 055 020 015 095 001 -- 11.33
Person et al. (2018) 44 44 064 022 021 107 0.00 - 11.01
Driver etal. (2021) 31 31 065 026 014 116 001 —- 10.11
Doherty etal. (2021) 12 12 066 042 -016 149 0.11 —— 7.03
Steinhilber et al. (2022) 39 39 068 023 022 113 000 - 10.71
Kim et al. (2016) 12 12 071 042 -012 153 0.09 —a— 7.00
Otsuka et al. (2022) 6 6 167 066 027 286 0.02 —_— 4.05
040 016 009 071 001 -
-4.00 -2.00 0.00 2.00 4.00
Control Mask
B
Group by Study name Sample size Statistics for each study SMD and 95% CI
Subgroup within study
Lower Upper Relative
Mask Control SMD SE limit  limit p weight
CcM Modena et al. (2021) 21 21 031 031 030 092 032 -T— 21.08
Driver etal. (2021) 31 31 065 026 014 1.16 001 —.— 2991
Doherty etal. (2021) 12 12 066 042 016 149 0.11 T— 11.55
Steinhilber et al. (2022) 39 39 068 023 022 113 000 —-— 37.46
059 014 031 087 000 ->
FFP2/IN95 Cabanillas-Barea et al. (2022) 50 50 108 021 066 150 0.00 - 53.54
Morris et al. (2020) 8 8 015 050 -0.84 113 077 —_— 20.32
Kim et al. (2016) 12 12 071 042 012 153 0.09 —-— 26.15
079 026 028 130 0.00 —
FFP2IN95+EV Steinhilber et al. (2022) 39 39 077 023 031 123 000 - 7748
Kim etal. (2016) 12 12 105 044 020 190 002 — 2252
084 021 043 124 0.00 -
SM Ng et al. (2022) 8 8 0.16 050 -1.15 082 074 —_— 331
Doherty etal. (2021) 12 12 010 041 070 090 080 b 498
Modena et al. (2021) 21 21 028 031 032 089 036 -— 863
Zhang etal. (2021) 7 Il 054 017 021 088 000 - 2843
Cabanillas-Barea et al. (2022) 50 50 055 0.20 015 095 0.01 —- 20.00
Person et al. (2018) 44 44 064 022 021 107 000 —— 17.39
Steinhilber et al. (2022) 39 39 066 023 020 1.12 0.00 - 15.36
Otsuka et al. (2022) 6 6 157 066 027 286 0.02 —_— 191
053 009 035 071 000 -
-4.00 -2.00 0.00 2.00 4.00
Control Mask

FIGURE 3

Acute effects of face mask vs. control (unmasked condition) on dyspnea. Forest plots with pooled standardized mean difference (SMD),
standard errors (SE), and 95% confidence intervals (Cl) are displayed: (A) analysis of face mask wearing effects on dyspnea (SMD: 0.40; 95% ClI

0.09-0.71; p = 0.0%; I> =

68%); (B) subgroup analysis of face mask wearing effects by face mask type [CM: clothing mask (SMD: 0.59; 95% ClI

0.31-0.87; p < 0.001; 12 = 0%); SM: surgical mask (SMD: 0.53; 95% CI1 0.35-0.71; p < 0.001; I? = 0%); FFP2/N95: facepiece respirator type 2 (SMD:
0.79; 95% C10.28-1.30; p < 0.001; I> = 37%); and FFP2/N95 + EV: facepiece respirator type 2 with exhalation valve (SMD: 0.84; 95% C1 0.43-1.24; p <

0.001; I* = 0%)].

negative valences including: -5 = very bad, -3 = bad, -1 =
reasonably bad; positive valences including: +5 = very good; +3 =
good and +1 = reasonably good; and 0 being neutral) and showed
lower affective responses (114%-148%) during outdoor track
field running tests and countermovement jump using a CM by
track and field athletes in comparison to non-masked condition.
Although a single study reported lower affective responses with
face mask wearing than a non-masked condition, the low number
of studies limits further conclusion.
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3.3.4 Fatigue

Fatigue was investigated during exercise wearing a face mask
by a single study (Yoshihara et al., 2021). Yoshihara et al. (2021)
used CM, SM, and FFP2 masks during constant load treadmill
walking or jogging for 1 h, and fatigue was measured through 10-
point fatigue level scale (ranging from no fatigue at all to
completely fatigued). Despite the lack of studies, no effect of
face mask wearing was reported, suggesting that face mask use
does not increase fatigue levels during exercise.
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A Study name Sample size Statistics for each study SMD and 5% CI
Lower Upper Relative
Mask Control SMD SE limit  limit p weight
Shaw et al. (2020) 14 14 036 038 111 039 034 445
Kampert et al. (2021) 20 20 032 032 -094 031 032 548
Modena et al. (2021) 2 21 0.18 031 079 042 055 —_— 565
Steinhilber et al. (2022) 39 39 003 023 042 047 091 —n— 744
Driver etal. (2021) 31 31 003 025 -047 053 090 o 6.80
Roberge etal. (2010) 10 10 005 045 -083 093 091 —_— 3.60
Rosa etal. (2022) 17 17 020 034 047 087 056 —t— 503
Léssing et al. (2020) 14 14 027 038 047 102 047 447
Kim etal. (2016) 12 12 029 041 051 110 048 4.05
Roberge et al. (2012b) 20 20 034 032 028 097 028 548
Yoshihara et al. (2021) 12 12 036 041 044 117 038 4.03
Rojo-Tirado et al. (2021) 13 13 039 040 -038 147 032 424
Otsuka et al. (2022) 6 6 065 059 -051 181 028 2371
Tornero-Aguilera et al. (2021) 72 72 069 017 036 103 0.00 —— 8.82
Roberge et al. (2012a) 20 20 071 033 007 135 003 534
Bar-On etal. (2021) 10 10 079 046 012 170 009 342
Wong et al. (2020) 23 23 088 031 028 149 000 — 565
Dantas et al. (2021) 10 10 090 047 002 18 006 337
Fukushi et al. (2021) 2% 24 103 031 043 163 0.00 —_— 569
Slimani et al. (2021) 17 17 113 037 041 186 0.00 —_— 462
038 010 018 058 000 -
-2.00 -1.00 0.00 1.00 2.00
Control Mask
B
Group by Study name Sample size Statistics for each study SMD and 95% CI
Subgroup within study
Lower Upper Relative
Mask Control SMD SE limit  limit p weight
CcM Shaw et al. (2020) 14 14 036 038 111 038 034 9.06
Kampert et al. (2021) 20 20 032 032 094 031 032 1053
Modena et al. (2021) 2 2 018 031 079 042 055 —_— 1075
Steinhilber et al. (2022) 39 39 003 023 042 047 091 e 12.89
Driver et al. (2021) 31 31 003 025 -046 053 090 e 1217
Yoshihara et al. (2021) 12 12 036 041 044 117 038 842
Rojo-Tirado et al. (2021) 13 13 039 040 -038 117 032 874
Dantas etal. (2021) 10 10 090 047 -002 181 006 733
Fukushi et al. (2021) 24 24 103 031 043 163 0.00 — T 10.80
Slimani et al. (2021) 17 17 113 037 041 186 0.00 e p 9.32
027 017 -006 060 0.11 [
FFP2IN95 Kampert et al. (2021) 20 20 012 032 074 050 071 — 19.66
Roberge et al. (2010) 10 10 005 045 -083 093 091 e 9.85
Rosa etal. (2022) 17 17 020 034 -047 087 056 —_—t 16.66
Yoshihara et al. (2021) 12 12 025 041 055 106 053 1.72
Kim etal. (2016) 12 12 029 041 051 110 048 1169
Roberge et al. (2012a) 20 20 071 033 007 135 003 1852
Rojo-Tirado etal. (2021) 13 13 078 041 -001 158 005 1189
030 014 003 058 003 ——
FFP2/N95+EV Roberge et al. (2010) 10 10 012 045 099 076 080 1244
Steinhilber et al. (2022) 39 39 007 023 -037 052 0.74 —_ 4856
Roberge et al. (2012a) 20 20 021 032 041 083 051 —t— 2479
Kim etal. (2016) 12 12 065 042 -017 147 012 1421
017 016 -0.14 047 030 =
SM Shaw et al. (2020) 14 14 000 038 -074 074 100 —_—t 570
Modena et al. (2021) 2 2 025 031 -036 086 042 —1 848
Steinhilber et al. (2022) 39 39 026 023 -019 071 025 - 1573
Lassing et al. (2020) 14 14 027 038 -047 102 047 564
Yoshihara et al. (2021) 12 12 028 041 -053 108 050 484
Roberge et al. (2012b) 20 20 034 032 -028 097 028 802
Fukushi etal. (2021) 2% 2% 060 030 003 118 004 934
Otsuka etal. (2022) 6 6 065 059 -051 181 027 232
Tornero-Aguilera et al. (2021) 72 72 069 0.17 035 103 0.00 — 2764
Bar-On etal. (2021) 10 10 079 046 -0.12 170 0.09 377
Wong et al. (2020) 23 23 088 031 028 149 000 —_— 853
049 009 031 066 000 -
-2.00 -1.00 0.00 1.00 2.00

Control Mask

Acute effects of face mask vs. control (unmasked condition) on perceived exertion. Forest plots with pooled standardized mean difference
(SMD), standard errors (SE), and 95% confidence intervals (Cl) are displayed: (A) analysis of face mask wearing effects on perceived exertion (SMD:
0.38;95% CI1 0.18-0.58; p < 0.001; I> = 46%); (B) subgroup analysis of face mask wearing effects by face mask type [CM: clothing mask (SMD: 0.27;
95% Cl —0.06 to 0.60; p = 0.11; 17 = 62%); SM: surgical mask (SMD: 0.49; 95% Cl 0.31-0.66; p < 0.001; 17 = 0%); FFP2/N95: facepiece respirator
type 2 (SMD: 0.30; 95% Cl 0.03-0.58; p = 0.03; I> = 0%); and FFP2/N95 + EV: facepiece respirator type 2 with exhalation valve (SMD: 0.17; 95%

Cl -0.14 to 0.47; p = 0.30; I> = 0%)].
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3.3.5 Dyspnea

Dyspnea (i.e., subjective experience of breathing discomfort
and shortness of breath) (Reychler et al., 2021) was assessed by
16 studies. Twelve studies (Kim et al., 2016; Person et al., 2018;
Morris et al., 2020; Doherty et al.,, 2021; Driver et al., 2021;
Modena et al., 2021; Rojo-Tirado et al., 2021; Zhang et al., 2021;
Cabanillas-Barea et al., 2022; Ng et al., 2022; Otsuka et al., 2022;
Steinhilber et al, 2022) were pooled in a meta-analysis to
estimate face mask wearing effects on dyspnea (Figure 3A). A
moderate overall effect was detected by face mask on the dyspnea
(SMD: 0.40; 95% CI 0.09 to 0.71; p = 0.01; I = 68%). Considering
the existence of high heterogeneity, subgroup analyzes were
performed for face mask type effects on dyspnea (Figure 3B):
SM (n = 8) (Person et al., 2018; Doherty et al., 2021; Modena
et al,, 2021; Zhang et al., 2021; Cabanillas-Barea et al., 2022; Ng
et al., 2022; Otsuka et al., 2022; Steinhilber et al., 2022), CM (n =
4) (Doherty et al., 2021; Driver et al., 2021; Modena et al., 2021;
Steinhilber et al., 2022), FFP2/N95 (n = 3) (Kim et al., 2016;
Morris et al., 2020; Cabanillas-Barea et al., 2022), and FFP2/N95
+ EV (n = 2) (Kim et al,, 2016; Steinhilber et al., 2022). The
subgroup analysis showed a large effect for FFP2/N95 + EV
(SMD: 0.84; 95% CI 0.43-1.24; p < 0.001; I* = 0%) and FFP2/N95
(SMD: 0.79; 95% CI 0.28-1.30; p < 0.001; I* = 37%), and
moderate effect for CM (SMD: 0.59; 95% CI 0.31-0.87; p <
0.001; I? = 0%) and SM (SMD: 0.53; 95% CI 0.35-0.71; p < 0.001;
I* = 0%). These findings suggest that face mask wearing can
increase dyspnea sensations during exercise and the magnitude
of this effect seems to depend on the type of face mask. In
summary, mask type FFP2/N95 have a large effect size, while the
CM and SM masks have a moderate effect size.

3.3.6 Perceived exertion

Perceived exertion (i.e., an appropriate measure of internal
training load) (Dantas et al., 2021) was assessed by 25 studies. A
meta-analysis was performed to estimate the face mask wearing
effects on perceived exertion (Figure 4A). A total of 20 studies
pooled for an overall analysis, in which a small effect was
observed for mask wearing on perceived exertion (SMD: 0.38;
95% CI 0.18-0.58; p < 0.001; I> = 46%). Considering the existence
of moderate heterogeneity, subgroup analyzes were performed
for face mask type effects on perceived exertion (Figure 4B): SM
(n = 11) (Roberge et al., 2012b; Lissing et al., 2020; Shaw et al.,
2020; Wong et al., 2020; Bar-On et al., 2021; Fukushi et al., 2021;
Modena et al., 2021; Tornero-Aguilera et al., 2021; Yoshihara
et al.,, 2021; Otsuka et al., 2022; Steinhilber et al., 2022), CM (n =
10) (Shaw et al., 2020; Dantas et al., 2021; Driver et al., 2021;
Fukushi et al., 2021; Kampert et al., 2021; Modena et al., 2021;
Rojo-Tirado et al,, 2021; Slimani et al., 2021; Yoshihara et al.,
2021; Steinhilber et al., 2022), FFP2/N95 (n = 7) (Roberge et al.,
2010; Roberge et al., 2012a; Kim et al., 2016; Kampert et al., 2021;
Rojo-Tirado et al., 2021; Yoshihara et al., 2021; Rosa et al., 2022),
and FFP2/N95 + EV (n = 4) (Roberge et al., 2010; Roberge et al.,
2012a; Kim et al., 2016; Steinhilber et al., 2022). When analyzing
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the effects by the subgroups, we observed a moderate effect for
SM (SMD: 0.49; 95% CI 0.31-0.66; p < 0.001; I* = 0%), and small
effect for FFP2/N95 (SMD: 0.30; 95% CI 0.03-0.58; p = 0.03; I” =
0%), while no effects were found for CM (SMD: 0.27; 95%
CI -0.06 to 0.60; p = 0.11; I* = 62%) and FFP2/N95 + EV
(SMD: 0.17; 95% CI -0.14 to 0.47; p = 0.30; I* = 0%). Therefore,
the face mask wearing effects on perceived exertion seems to
depend on the type of face mask used, in which only the SM and
FFP2/N95 mask types seem to increase perceived exertion during

exercise.

3.4 Face mask wearing effects on exercise
performance responses

3.4.1 Time-to-exhaustion performance

The TTE were assessed by nine trials (Shaw et al, 2020;
Driver et al., 2021; Epstein et al., 2021; Kampert et al., 2021; Rojo-
Tirado et al., 2021; Ryu and Jong-Geun, 2021; Zhang et al., 2021;
Jesus et al., 2022; Ng et al., 2022) through submaximal (n = 1)
(Jesus et al., 2022) and incremental (n = 4) (Shaw et al., 2020;
Epstein et al., 2021; Zhang et al., 2021; Ng et al., 2022) exercise on
cycle ergometer, and incremental exercise on treadmill (n = 4)
(Driver et al., 2021; Kampert et al., 2021; Rojo-Tirado et al., 2021;
Ryu and Jong-Geun, 2021), with CM (n = 4) (Shaw et al., 2020;
Driver et al., 2021; Kampert et al., 2021; Rojo-Tirado et al., 2021),
SM (n = 6) (Shaw et al., 2020; Epstein et al., 2021; Ryu and Jong-
Geun, 2021; Zhang et al., 2021; Jesus et al., 2022; Ng et al., 2022),
and FFP2/N95 (n = 4) (Epstein et al., 2021; Kampert et al., 2021;
Rojo-Tirado et al., 2021; Ryu and Jong-Geun, 2021) face masks. A
meta-analysis pooled nine studies (Shaw et al., 2020; Driver et al.,
2021; Epstein et al., 2021; Kampert et al., 2021; Rojo-Tirado et al.,
2021; Ryu and Jong-Geun, 2021; Zhang et al., 2021; Jesus et al.,
2022; Ng et al., 2022) to estimate the overall effect of face mask
wearing on TTE, which is displayed in Figure 5. We found a
harmful effect of small magnitude on TTE with face mask use
(SMD: -0.29; 95% CI —0.10 to —0.48; p < 0.001; ? = 0%),
suggesting that wear a face mask may reduce the exercise
duration due to a shorter time to reach exhaustion.

3.4.2 Power output performance

The POpax (i.e., highest power output achieved during the
cycle ergometric test) were assessed by eight trials (Fikenzer et al.,
2020; Shaw et al., 2020; Ade et al., 2021; Egger et al., 2021; Mapelli
et al,, 2021; Zhang et al., 2021; Ng et al., 2022; Steinhilber et al.,
2022), respectively, through submaximal (n = 1) (Steinhilber
et al.,, 2022) and incremental (n = 7) (Fikenzer et al., 2020; Shaw
etal,, 2020; Ade et al., 2021; Egger et al., 2021; Mapelli et al., 2021;
Zhang et al., 2021; Ng et al., 2022) exercise on cycle ergometer,
with CM (n = 3) (Shaw et al., 2020; Ade et al., 2021; Steinhilber
et al., 2022), SM (n = 8) (Fikenzer et al., 2020; Shaw et al., 2020;
Ade et al,, 2021; Egger et al,, 2021; Mapelli et al., 2021; Zhang
etal, 2021; Ng et al., 2022; Steinhilber et al., 2022), and FFP2/N95
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Study name Sample size Statistics for each study SMD and 95% Cl
Lower Upper Relative
Mask Control SMD SE limit  limit p weight
Ryu et al. (2021) " 1 -1.05 045 -1.94 -0.16 0.02 —_— 470
Driver et al. (2021) 31 31 070 026 -121 -018 001 —— 14.20
Kampert et al. (2021) 20 20 033 032 09 030 031 9.59
Jesus et al. (2022) 32 32 027 026 077 022 028 — 15.40
Ng etal. (2022) 8 8 026 050 -1.25 072 0.60 3.85
Rojo-Tirado et al. (2021) 13 13 020 039 -097 057 061 6.28
Epstein et al. (2021) 10 10 016 045 104 072 072 484
Zhang etal. (2021) il Il 016 017 049 0417 034 — 34.38
Shaw et al. (2020) 14 14 024 038 -05 098 053 6.75

029 010 -048 -0.10 0.00 >
-2.00 -1.00 0.00 2.00 1.00
Mask Control

FIGURE 5
Acute effects of face mask vs. control (unmasked condition) on time-to-exhaustion performance. Forest plots with pooled standardized mean
difference (SMD), standard errors (SE), and 95% confidence intervals (Cl) are displayed: (SMD: —0.29; 95% Cl —0.10 to —0.48; p < 0.001; 17 = 0%).

Qudy name Sample size Statistics for each study SMD and 95% ClI
Lower Upper Relative
Mask Control SMD SE  limit limit p weight
Fikenzer et al. (2020) 12 12 0.18 041 -098 063 067 10.26
Ng et al. (2022) 8 8 0.16 050 -1.14 082 075 6.84
Zhang et al. (2021) Il 7 015 017 -048 018 036 —- 60.68
Mapelli et al. (2021) 12 12 0.13 041 -093 067 075 —_— 10.26
Shaw et al. (2020) 14 14 013 038 061 087 073 —— 11.97
012 013 -038 014 036 -
-2.00 -1.00 0.00 1.00 2.00
Mask Control
B
Study name Sample size Statistics for each study SMD and 95% CI
Lower Upper Relative
Mask Control SMD SE limit  limit p weight
Egger et al. (2021) 16 16 066 036 -137 005 007 25.50
Fikenzer et al. (2020) 12 12 020 041 -1.00 060 063 20.68
Steinhilber et al. (2022) 39 39 000 023 -044 044 1.00 53.82
021 020 -060 018 029 :—

-2.00 -1.00 0.00 1.00 2.00
Mask Control

FIGURE 6

Acute effects of face mask vs. control (unmasked condition) on maximal power output (POuax) performance. Forest plots with pooled
standardized mean difference (SMD), standard errors (SE), and 95% confidence intervals (Cl) are displayed: (A) analysis of face mask wearing effects
on POuax by absolute values (W) (SMD: —=0.12; 95% Cl -0.38 to 0.14; p = 0.36; I> = 0%); (B) analysis of face mask wearing effects on POuax by body
mass relative values (W/kg) (SMD: —=0.21; 95% CI -0.60 to 0.18; p = 0.29; I> = 17%).

(n =5) (Fikenzer et al., 2020; Ade et al., 2021; Egger et al., 2021; (n = 5) (Fikenzer et al., 2020; Shaw et al., 2020; Mapelli et al.,
Mapelli et al., 2021; Steinhilber et al., 2022) face masks. Two 2021; Zhang et al.,, 2021; Ng et al,, 2022) and relative (n = 3)
meta-analyses estimate the face mask wearing effects on absolute (Fikenzer et al., 2020; Egger et al., 2021; Steinhilber et al., 2022)
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POpmax (Figures 6A,B, respectively). No effects of face mask
wearing were observed on both absolute (SMD: —0.12; 95%
CI -0.38 to 0.14; p = 0.36; I> = 0%) and relative (SMD: —0.21;
95% CI —0.60 to 0.18; p = 0.29; I* = 17%) POpax.

Maximum and mean BPV were measured during the bench
press exercise during face mask wearing (Rosa et al., 2022). After
four sets of bench press at 50% and 70% of one-maximum
repetition (RM) wearing an FFP2/N95, Rosa et al. (2022)
observed lower maximum (-10%) and mean (-14%) BPV
only during high-intensity exercise (i.e., 70% 1RM). Although
limited to a single study, the negative effects of face mask on
maximum and mean BPV appear to be intensity-dependent,
suggesting that harmful effects caused by the use of the face mask
only occur at higher intensities.

A single study (Dantas et al, 2021) evaluated jump
performance through the maximum height reached in the
countermovement jump using a CM. However, no effects
were found on jump performance with the use of face mask.

3.4.3 Muscle force and exercise performance of
the total volume and maximum number of
repetitions

The effects of face mask use on muscle force were also
investigated (n = 1) (Zimmerman et al, 1991). Zimmerman
et al. (1991) assessed muscle force through hand grip strength
after constant load cycle ergometer exercise wearing SM, and no
effects of face mask use were detected.

The exercise total volume (# = 1) and the maximum number
of repetitions (n = 2) were also assessed. Rosa et al. (2022)
assessed total volume and the maximum number of repetitions
during four sets of bench press exercise, at intensities of 50% and
70% of 1RM, wearing FFP2/N95, and found no effects of face
mask use. Reychler et al. (2021) assessed the performance of the
STS'™™ with the use of CM and SM and reported no effects of
face mask use. Thus, the use of a face mask does not seem to
influence the performance of the total volume and the maximum
number of repetitions.

3.4.4 Walking and running tests’ performance
Three studies (Person et al., 2018; Modena et al., 2021;
Cabanillas-Barea et al., 2022) investigated the face mask
wearing effects on distance traveled (i.e., total distance
achieved during testing) in walking and running tests, such
as 6 MWT (Person et al., 2018; Cabanillas-Barea et al., 2022)
and YoYo-Intermittent Recovery Test (YYIRT) (Modena
et al., 2021), using CM (Modena et al., 2021), SM (Person
etal., 2018; Modena et al., 2021; Cabanillas-Barea et al., 2022),
and FFP2/N95 (Cabanillas-Barea et al., 2022). A meta-analysis
pooling three studies (Person et al., 2018; Modena et al., 2021;
Cabanillas-Barea et al., 2022) to estimate the face mask
wearing effects on distance traveled during walking and
running tests (SMD: —-0.09; 95% CI -0.35 to 0.17; p = 0.51;
I* = 0%), as can be seen in Figure 7. No significant adverse
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effects were detected for face mask wearing on distance
traveled assessed during walking and running tests.

Two studies (Dantas et al.,, 2021; Tornero-Aguilera et al.,
2021) investigated the impact of face mask use on sprint time at
30 m (Dantas et al., 2021), 50 m (Tornero-Aguilera et al., 2021),
and 400 m (Tornero-Aguilera et al., 2021), with the use of CM
(Dantas et al., 2021) and SM (Tornero-Aguilera et al., 2021) mask
types. While Dantas et al. (2021) found no effects caused by the
face mask wearing, Tornero-Aguilera et al. (2021) observed
greater sprint times in 50m (13%) and 400m (18%)
compared to unmasked condition.

Acceleration was also measured during the sprint. A single
study (Dantas et al., 2021) evaluated sprint acceleration during
five maximum 30 m sprints using a CM. However, no negative
effects on sprint acceleration were found with the use of a
face mask.

3.5 Studies’ quality appraisal

In most studies (n = 36), a visual analysis showed an overall
risk of “some concerns.” Most studies did not describe the
randomization process (e.g., randomization, software, and
others), allocation concealment (use of envelopes), and there
was no pre-specified analysis plan available, so it was unclear
whether the reported analyzes were pre-specified. Only few
studies (n = 6) had a protocol record in clinical trials,
however, it did not describe the pre-analyses. In general, a
single study was judged as “low risk of bias” (Shaw et al,
2020). For the affective/psychological outcomes such as overall
discomfort (n = 4), thermal sensations (n = 2), facial thermal
discomfort (n = 1), stress (n = 1) and affective responses (n = 1),
fatigue (n = 1), dyspnea (n = 16), and perceived exertion (n = 24)
the overall risk was judged as “some concerns.” In exercise
performance outcomes, TTE (n = 9), POyax (n = 8), BPV
(n = 1), jump height (n = 1), the maximum number of
repetitions (n = 2), muscle strength (n = 1), distance traveled
(n = 3), sprint time (n = 2) and acceleration (n = 1) were assessed
and all the studies’ overall risk were judged as “some concern.”
Full details of the risk of bias assessment are presented in the
Supplementary Material.

4 Discussion

To the best of our knowledge, this study presents the first
synthesis of available evidence on the acute effects of face mask
use during exercise on affective/psychological and exercise
of
different/diverse training status. We found that the face mask

performance responses exclusively in healthy adults
wearing during exercise increases discomfort, dyspnea, and
perceived

N95 mask types). Furthermore, face mask wearing can reduce

exertion (especially wearing SM and FFP2/
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Study name Sample size Statistics for each study SMD and 95% ClI
Lower Upper Relative
Mask Control SMD SE limit  limit p weight
Modena et al. (2021) 21 2 046 031 -107 015 014 17.88
Cabanillas-Barea et al. (2022) 50 50 001 020 -040 038 096 43.68
Person et al. (2018) 44 44 000 021 -042 042 099 38.44

009 013 -035 017 051
-2.00 -1.00 0.00 1.00 2.00
Mask Control

FIGURE 7

Acute effects of face mask vs. control (unmasked condition) on the distance traveled performance during walking and running functional tests.
Forest plots with pooled standardized mean difference (SMD), standard errors (SE), and 95% confidence intervals (Cl) are displayed: (SMD: -0.09; 95%

Cl -0.35t0 0.17; p = 0.51; I = 0%).

the TTE during treadmill and cycle ergometer tests, without
affecting POyax and distance traveled in functional tests.

Previously, studies have found adverse effects of face mask
wearing on overall (3%-150%) (Fikenzer et al., 2020; Kampert
et al, 2021; Reychler et al, 2021) and facial thermal (22%)
(Morris et al., 2020) discomforts during exercise. Our results
showed a large negative effect of face mask use on discomfort
levels, compared to no-mask condition. Adverse effects were also
observed on subjective stress responses (18%) (Tornero-Aguilera
et al,, 2021) and affective responses (114%-148%) (Dantas et al.,
2021). Regarding the stress and affective responses, although
there seems to be an effect of the mask on these parameters, the
number of studies is still small. Discomfort caused by face mask
wearing can be explained by some factors such as inadequate
respiratory gas exchange (Tornero-Aguilera et al., 2021), reduced
ventilatory capacity (Engeroff et al., 2021), and changes in the
mask’s microenvironment caused by sweat and water vapor
retention, which causes even more breathing resistance and
discomfort sensations (Yoshihara et al., 2021), and can lead to
a stressful event in individuals (Andre et al., 2018) by symptoms
such as tightness, suffocation, and claustrophobia in those who
use it (Driver et al., 2021).

Dyspnea represents a subjective experience of breathing
discomfort which consists of qualitatively distinct sensations
that vary according to the exercise intensity (Reychler et al,
2021). Through our meta-analysis, we found a moderate adverse
effect of exercise with a face mask on dyspnea. However, high
heterogeneity values were observed and explored. A subgroup
analysis showed that effects induced by the face mask use during
exercise seems to depend on the type of mask used, since FFP2/
N95 type (with and without exhalation valve) have greater
negative effects on dyspnea than CM and SM types. Our
findings confirm and strengthen the existing evidence and the
reported moderate effect by a previous meta-analytical review
(Shaw et al., 2021), indicating that face mask wearing during
exercise causes an increase in dyspnea. The respiratory resistance
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caused by the mask seems to cause increased dyspnea level at the
clinically relevant threshold (Reychler et al., 2021).

The perceived exertion has been constantly assessed during
face mask wearing on different exercises (Ade et al., 2021; Driver
et al., 2021; Slimani et al., 2021; Tornero-Aguilera et al., 2021;
Rosa et al,, 2022). Although the literature shows contradictory
results, a recent meta-analysis (Shaw et al, 2021) showed
increased perceived exertion of moderate and small effects for
SM and FFP2/N95 face masks, respectively. In our study, we
showed a small effect of face mask use on perceived exertion.
However, a moderate magnitude heterogeneity was identified
and explored. A subgroup analysis indicated that the increased
perceived exertion only occurs during SM and FFP2/N95 mask-
wearing, which demonstrate increases with moderate and small
effect sizes, respectively. Airflow resistance is a key element of the
face mask function (Hopkins et al, 2021), and although face
masks offer different levels of breathing restriction, the observed
effect on perceived exertion may be more related to the covered
no-mask condition, as several studies (Lissing et al., 2020; Driver
et al., 2021; Egger et al.,, 2021) found no effects of face mask
wearing during cardiopulmonary exercise testing associated with
spirometry equipment (i.e., mouthpiece and tubing), which can
promote increased breathing resistance similar to FFP2/
NO95 respirators (Hopkins et al., 2021). Therefore, the simple
fact of using the cardiopulmonary test equipment may have been
enough to cause discomfort and perceived exertion in both
masked and unmasked conditions in a similar response, and
so it is possible that the face mask exclusive effects can be
mitigated. Many studies (Motoyama et al., 2016; Andre et al.,
2018; Dantas et al., 2021; Slimani et al., 2021; Tornero-Aguilera
et al,, 2021) that found greater perceived exertion wearing a face
mask have been performed exercises at higher intensity levels
associated with activities that involved multiple muscle groups,
and in its control condition, the face was fully uncovered, as in
non-laboratory tests. Therefore, the non-spirometry tests, such as
outdoor track field running tests (Dantas et al., 2021; Tornero-
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Aguilera et al., 2021), may be more likely to show the exclusive
effects of face mask use on perceived exertion.

As the exercise perceived exertion seems to increase when using a
face mask, it would be expected that the TTE could be reduced with
its use. Although the literature shows contradictory results, one of the
studies (Jesus et al., 2022) that showed a decreased (-10%) TTE with
the face mask use observed this effect during severe exercise intensity
(ie., 25% above ventilatory threshold) but not at moderate exercise
intensity (i.e., 25% below ventilatory threshold), which suggests that
the face mask use effect on TTE seem to be dependent on the exertion
intensity, once this effect may be perceptible only during high-
intensity exercise. In our study, we reveal decreased TTE with
face mask use, showing that face mask wearing can produce a
small effect the of TTE.
Psychophysiological factors may explain these detrimental effects

negative on performance
on TTE. As mentioned previously, discomfort, stress responses, and
perceived exertion are some of the main reasons that justify the
observed impairments (Tornero-Aguilera et al., 2021). Previously, a
large inverse correlation (r = —0.73, p = 0.020) between dyspnea and
TTE (Boyle et al., 2022), added to that, studies have already reported
lesser ventilation with face mask wearing (Fikenzer et al., 2020; Egger
et al,, 2021; Umutlu et al,, 2021), once higher-intensity exercise (e.g.,
TTE) necessitates higher ventilation (Hopkins et al, 2021), and
therefore, the greater the exertion intensity, greater are the impact
of the face mask wearing (Engeroff et al., 2021). Face mask wearing
negative effects were also observed in other physiological parameters,
such as arterial oxygen saturation (Kampert et al., 2021; Romero-
Arenas et al,, 2021; Tornero-Aguilera et al,, 2021) and oxygen uptake
(Fikenzer et al., 2020; Driver et al,, 2021; Egger et al., 2021), that also
been reported and confirmed by recent meta-analyses (Engeroff et al.,
2021). Thus, together, the negative responses of psychophysiological
parameters could justify the reduction of TTE performance with face
mask wearing,

Exercise performance parameters such as PO could also be
affected by face mask wearing. The POyax depends on energy
consumption and the maximum oxygen uptake (Fikenzer et al.,
2020), and as face mask wearing appears to decrease oxygen uptake
(Engeroff et al., 2021), the reduction in POysx seems to be mainly
related to negative effects on respiratory function (Fikenzer et al,
2020). Increases in the respiratory muscles’ work and competition for
blood supply between these respiratory muscles and exercising
muscles can also help to explain the observed decreases (Romero-
Arenas et al, 2021). However, the decreased POpax (4%-9%)
(Fikenzer et al, 2020; Egger et al, 2021; Zhang et al, 2021;
Steinhilber et al, 2022) may be minimal effects that may be
negligible, once our meta-analyses have shown that these
detrimental effects are not significant when considering both
absolute (Watts) and relative (Watts/kg) POpax. Nevertheless,
these findings should be analyzed with caution due to the
number of studies that are still small and do not allow analysis by
different mask types.

Maximum and mean BPV collected during the ascending
portion of a given movement are widely used to assess sports
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performance due to the force-velocity relationship (Loturco et al,,
2015). A single study found detrimental effects on maximum and
mean (Rosa et al, 2022) BPV during high-intensity bench press
exercise using a face mask. However, authors observed no effects
during low-intensity bench press exercise. The lower BPV observed
only during the high-intensity exercise suggests greater fatigue
induced by the face mask compared to low-intensity exercise
(Rosa et al, 2022). Previously, Jagim et al. (2018) reported
decreased BVP (2%-4%) during bench press exercise with the
use of elevation training mask. Deleterious effects such as the
fatigue (Rosa et al,, 2022) associated to the reduced use of fast-
twitch muscle fibers (Jagim et al., 2018) could explain the lower BPV.
Fast-twitch muscle fibers produce the greatest response to lactate
due to their greater dependence on the anaerobic glycolytic system
(Jagim et al,, 2018). Therefore, decreased blood lactate levels as
observed by Jagim et al. (2018) and Motoyama et al. (2016), could
indicate the reduced levels of recruitment of fast-twitch fibers,
causing slower movements. Although some evidence points to a
possible reduction in BPV with the use of the face mask, these effects
must be interpreted with caution due to the low number of studies.
High methodological quality clinical trials should be developed to
better understand the acute effects of face mask use on BPV, which is
an important parameter of muscle performance (Loturco et al,
2015).
The
performance parameter, was assessed by a single study

vertical jump, considered as another muscle
(Dantas et al., 2021), which found no effects of face mask use
on countermovement jump maximum height. Although there
seem to be no negative effects of face mask use on jumping
performance, the lack of studies does not allow us to fully
understand the effects of face mask use on jumping
performance. Future studies should investigate the effects of
facemask use in consecutive jump protocols, which may be
more susceptible to showing possible face mask harmful effects.

Beyond the force-velocity relationship, face mask use could also
impair the muscle force production. Previously, studies showed
impaired knee extensors isometric strength (da Silva et al., 2022) and
the maximum number of repetitions in the squat (Andre et al,
2018), leg press (Andre et al., 2018), and bench press (Motoyama
et al, 2016) exercises, when using another kind of face mask
(ie., elevation training mask). Even though the literature shows
small evidence of adverse effects produced by the use of elevation
training mask, limited evidence suggests that face mask use does not
affect these parameters. A single study (Zimmerman et al., 1991)
tested the handgrip strength after a constant load cycle ergometer
exercise wearing SM and found no effects. However, it is possible
that the face mask wearing effects on muscle force are not
perceptible due to the lack of specificity between the way in
which the muscle force was assessed and the type of performed
exercise. Furthermore, we observed no harmful effects of face mask
use on the maximum number of repetitions in the bench press
exercise (Rosa et al,, 2022) and STS"™" (Reychler et al., 2021), using
CM and SM (Reychler et al.,, 2021) and FFP2/N95 (Rosa et al., 2022).
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Despite this, the available evidence does not allow us to state that the
use of a face mask does not affect the muscle force and the maximum
number of repetitions, and thus, more studies are needed to
understand the face mask wearing effects on muscle force
production performance.

The performance of the walking and running tests such as 6 MWT
(Person et al., 2018; Cabanillas-Barea et al., 2022), YYIRT (Modena
et al, 2021), and outdoor track field running (Dantas et al, 2021;
Tornero-Aguilera et al, 2021) were also investigated. The distance
traveled was assessed during the 6 MWT (Person et al, 2018;
Cabanillas-Barea et al, 2022) and YYIRT (Modena et al, 2021).
While no effects of face mask use were identified during the
6 MWT (Person et al, 2018; Cabanillas-Barea et al, 2022), shorter
distances (11%-13%) were achieved in YYIRT (Modena et al., 2021).
However, our meta-analysis showed that these effects are not significant,
suggesting that face mask use does not negatively affect the performance
of both tests. Despite the absence of negative effects, our findings must
be interpreted with caution, since the distance covered was evaluated by
tests with different characteristics, which could respond differently to
mask use due to different exercise intensities. The 6 MWT is a test in
which participants had to walk as fast as possible without running for
6 min (Cabanillas-Barea et al., 2022), on the other hand, YYIRT is a
running incremental exercise used both to simulate high-intensity
exercise and to assess specific aerobic fitness related to team sports
performance (Modena et al,, 2021).

For the effects of the face mask on sprint performance, studies
investigated the face mask wearing effects on sprint time (Dantas et al.,
2021; Tornero-Aguilera et al,, 2021) and acceleration (Dantas et al,
2021). Sprint time was assessed during 30 m (Dantas et al., 2021),
50 m (Tornero-Aguilera et al,, 2021), and 400 m (Tornero-Aguilera
etal, 2021), using CM (Dantas et al., 2021) and SM (Tornero-Aguilera
et al, 2021). While Dantas et al. (2021) found no face mask wearing
negative effects in 30 m sprints, Tornero-Aguilera et al. (2021)
observed greater sprint times (13%-18%) at distances from 50 m
compared to control condition. Increased sprint time could be
explained by potential metabolic changes and decrease in muscle
efficiency (consequence of impaired autonomic stability), lower
cardiac fitness, and decreased muscle blood supplies (Tornero-
Aguilera et al., 2021). Although the available evidence is limited to
two studies, the use of the face mask seems to be able to produce
negative effects on the sprint time at distances from 50 m, however,
the evidence does not allow us to understand if these effects are caused
by the different sprint distances or by the different face mask used
between the studies. Regarding acceleration, (Dantas et al., 2021),
found no effects of face mask use during five maximum 30 m sprints
wearing a CM. Nonetheless, this evidence is insufficient to state that
face mask use does not affect sprint acceleration. Therefore, high
methodological quality clinical trials are needed to understand the real
effects of face mask use on sprint performance.

Our study has some limitations. First, we focused on investigating
the effects of a face mask wearing on apparently healthy adults.
Therefore, we cannot assert that our findings can be applied to other
populations, such as children and the elderly or people with clinical

Frontiers in Physiology

19

10.3389/fphys.2022.994454

conditions. Studies showed some variability in face mask type, exercise
modality, and exertion intensity. However, the low number of studies
did not allow us to explore these data further to better understand the
real effects of face mask use in each condition. Some studies (Lissing
et al, 2020; Driver et al, 2021; Egger et al, 2021) have assessed
psychophysiological responses from cardiopulmonary tests using
spirometry equipment over the face mask. Covering the face even
without the combination with the face mask can promote adverse
effects and cause discomfort and greater perceived exertion. Therefore,
one way to avoid this bias would be to perform high-intensity exercises
(e.g., outdoor track field running tests) with a control condition
without any kind of device that covers the face. In this same
perspective, most studies that assessed the impact of the face mask
are based on laboratory protocols, whose practical applicability is
questionable (Dantas et al,, 2021). Nonetheless, functional tests can
provide clearer information about the real effects of the face mask
during exercise. Fourth, most studies (1 = 26) did not determine the
sample size through a sample size calculation and our analysis is on
the risk of type I error. Further high methodological quality studies
should explore the influence of each mask type in different intensities
and types of exercise, in addition to exploring the long-term effects of
face mask use. Studies found in pre-print databases have not usually
been peer-reviewed. Although we included preprint databases in our
search strategy, no non-peer-reviewed studies were found and
included in our review. Lastly, due to the small number of studies,
we could not perform publication bias tests.

Our study has several implications for exercise practice. In
summary, we indicate that face mask using negatively affects
affective/psychological responses such as discomfort, dyspnea, and
perceived exertion, and can reduce exercise time at high intensities,
but does not produce harmful effects on distance traveled in walking
and running functional tests. Nevertheless, it is well documented that
exercise works against several chronic diseases, and is strongly associated
with reduced risk for severe COVID-19 outcomes (Sallis et al., 2021),
and thus, although face mask causes impairments in some affective/
psychological and exercise performance aspects during exercise, they are
well-established protective measures against airborne infectious diseases
(eg, COVID-19), especially when combined with other preventive
measures such as ventilation and distancing, which together can reduce
viral concentrations in the environment and increase the protective
effectiveness of face masks to contain viral transmission (Liang et al,
2020; Cheng et al,, 2021). Apparently, the face masks that offer the
greater protection levels (e.g, SM or FFP2/N95) may be the same ones
that produce the greatest negative impacts on exercise (Engeroff et al,,
2021). However, they may be recommended for indoor and/or group
activities, especially when the environment is poorly ventilated (Cheng
et al, 2021) or adequate physical distancing cannot be maintained, such
as in gyms or training centers (Shurlock et al., 2021). Based on the study
data, we do not recommend the abandonment of masks when
exercising, but we recommend that affective/psychological and
exercise performance responses may be influenced by the face mask
use and some adaptations to the intensity of exercise may be required
for those exercising for health.
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5 Conclusion

Based on the available evidence, face mask wearing during
exercise increases discomfort (large effect), dyspnea (moderate
effect), and perceived exertion (small effect). Moreover, face
mask use can reduce the TTE performance (small effect),
without effects on cycle ergometer POpax and distance
traveled in walking and running functional tests. However,
some aspects may be dependent on the face mask type, as the
increased dyspnea (large effect for FFP2/N95 + EV and FFP2/
N95; moderate effect for CM and SM) and perceived exertion
(moderate and small effects for SM and FFP2/N95, respectively).
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SUPPLEMENTARY FIGURE S1

Risk of bias rating for discomfort, stress and affective responses, and
fatigue outcomes, displayed as traffic light plots. The colours indicate
high (red), unclear (yellow) or low (green) risk for the respective bias
domain/item. D1: randomization process; DS: bias arising from period
and carryover effects; D2: deviations from the intended interventions;
D3: missing outcome data; D4: measurement of the outcome; D5:
selection of the reported result.

SUPPLEMENTARY FIGURE S2

Risk of bias rating for dyspnea outcome, displayed as traffic light plots.
The colours indicate high (red), unclear (yellow) or low (green) risk for
the respective bias domain/item. D1: randomization process; DS: bias
arising from period and carryover effects; D2: deviations from the
intended interventions; D3: missing outcome data; D4: measurement of
the outcome; D5: selection of the reported result.

SUPPLEMENTARY FIGURE S3

Risk of bias rating for perceived exertion outcome, displayed as traffic
light plots. The colours indicate high (red), unclear (yellow) or low
(green) risk for the respective bias domain/item. D1: randomization
process; DS: bias arising from period and carryover effects; D2:
deviations from the intended interventions; D3: missing outcome
data; D4: measurement of the outcome; D5: selection of the
reported result.

SUPPLEMENTARY FIGURE S4

Risk of bias rating for time-to-exhaustion (TTE) performance outcome,
displayed as traffic light plots. The colours indicate high (red), unclear
(yellow) or low (green) risk for the respective bias domain/item. D1:
randomization process; DS: bias arising from period and carryover
effects; D2: deviations from the intended interventions; D3: missing
outcome data; D4: measurement of the outcome; D5: selection of the
reported result.

SUPPLEMENTARY FIGURE S5

Risk of bias rating for maximal power output (POMAX) performance
outcome, displayed as traffic light plots. The colours indicate high (red),
unclear (yellow) or low (green) risk for the respective bias domain/item.
D1: randomization process; DS: bias arising from period and carryover
effects; D2: deviations from the intended interventions; D3: missing
outcome data; D4: measurement of the outcome; D5: selection of the
reported result.

SUPPLEMENTARY FIGURE S6

Risk of bias rating for performance of the maximum number of
repetitions, muscle strength, bar propulsive velocity, and jump height
outcomes, displayed as traffic light plots. The colours indicate high
(red), unclear (yellow) or low (green) risk for the respective bias domain/
item. D1: randomization process; DS: bias arising from period and
carryover effects; D2: deviations from the intended interventions; D3:
missing outcome data; D4: measurement of the outcome; D5: selection
of the reported result.

SUPPLEMENTARY FIGURE S7

Risk of bias rating for distance traveled performance, sprint acceleration,
and sprint time outcomes, displayed as traffic light plots. The colours
indicate high (red), unclear (yellow) or low (green) risk for the respective
bias domain/item. D1: randomization process; DS: bias arising from
period and carryover effects; D2: deviations from the intended
interventions; D3: missing outcome data; D4: measurement of the
outcome; D5: selection of the reported result.
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