
Exercise Physiology at “Conversational Level” Is Not 

Impaired in Healthy Young Subjects Wearing Masks or 

Respirators

Wearing Masks at Low Intensity Exercise

Abstract

Objective

The aim of this study was to evaluate the effects of the use of both surgical masks and FFP2 respirators on the 

inspiratory muscle strength, metabolic parameters, heart rate, subjective perceived exertion, and dyspnea perception, 

before and during 30 min stable load exercise at “conversational level”.

Methods

A randomized cross-over study was carried out. Nineteen healthy adults completed 3 conditions (without a mask, with 

a surgical mask or an FFP2 respirator) during a 30-min steady-state test at the lactate threshold intensity. Inspiratory 

muscle strength was measured before and after the test, and metabolic parameters, heart rate, subjective perceived 

exertion, and dyspnea perception were collected at baseline, during, and after the test.

Results

There was a significant reduction in inspiratory muscle strength after the 30-min test in all conditions (control: 6.26 mm 

Hg, p < 0.5; surgical mask: 8.55 mm Hg, p < 0.01; FFP2 respirator: 12.42 mm Hg, p < 0.001), but without significant 

differences between them (p = 0.283). Data showed a statistically significant effect for time, but did not show a 

statistically significant interaction between condition and time for heart rate (p = 0.674), oxygen saturation (p = 0.297), 

blood lactate level (p = 0.991), rating perceived exertion (p = 0.734) and dyspnea (p = 0.532) comparisons.

Conclusions

The present study findings suggested that inspiratory muscle strength and physiological parameters during 

“conversational level” exercise were not impaired under wearing masks in healthy, nonsmoking young adults.

Trial Registration

ClinicalTrials.gov (NCT04832893).
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Introduction

On March 11, 2020, the World Health Organization (WHO) declared the novel coronavirus (COVID-19) outbreak as a 

worldwide pandemic. Due to the lack of effective vaccines and treatments, most countries provided general preventive 

actions against this virus. Avoiding people overcrowding, traveling reduction, staying at home, drastically reducing 

social contacts, and wearing protective masks were some of the provided recommendations [1].

Worldwide, the use of protective face masks in order to reduce the virus transmission [2–5] was considered as one of 

the most accepted preventive actions with a strong scientific evidence about its effectiveness [2, 6, 7]. Different facial 

mask types were proposed, with surgical masks and FFP2 filtering respirators being considered as the most commonly 

used facial masks. These masks are used daily for long periods of time by healthcare providers, as well as young people 

and children [8–10]. Nevertheless, the use of these masks during physical exercise presented more reluctance by 

healthy population, showing contradictory findings in the limited studies published to date about the effects of the use 

of these masks during physical exercise.

The study carried out by Epstein et al. [11] used a progressive test up to exhaustion by cycloergometer (starting at 25 w 

and increasing 25 w for each 3 min until exhaustion) in 16 healthy volunteers and did not find differences in time until 

exhaustion, maximum heart rate, maximum blood pressure, and oxygen saturation, performing the test without a mask 

or with FFP2 or surgical masks. In accordance with this research line, a recent study performed on 12 healthy subjects, 

who carried out spirometry at rest and a moderate-high intensity steady-state exercise test, concluded that despite the 

use of masks was linked to a significant reduction in spirometry and cardiorespiratory parameters at rest and peak 

exercise, their use was safe even during maximum aerobic exercise [12]. On the one hand, a study carried out during 

the performance of exercise at a constant load corresponding to the intensity of the maximum stable state of lactate for 

30 min showed an increase in the resistance to the passage of air and heart rate in healthy volunteers. Nevertheless, the 

perception of effort and performance in the test were not different with or without a surgical mask [12]. On the other 

hand, Fikenzer et al. [13] reported a reduction in physical capacity and maximum ventilation in a progressive exercise 

up to maximum intensity performed with a mask (surgical and FFP2), as well as an increase in the perception of effort 

and dyspnea in healthy subjects. The increase in respiratory resistance under mask use [14] may contribute to generate 

early fatigue of respiratory muscles after long time use during exercise performance.

To date, most performed studies were focused on the assessment of the masks’ use during moderate-high intensity 

physical exercises without considering exercise at the lactate threshold (LT) [11, 12, 14–16]. Nevertheless, elective 

physical exercise for the majority of population seems to be performed at a “conversational level” under LT (∼60% 

VO
2
max) [17]. Exercise at LT intensity presents a steady status regarding cardiometabolic, ventilatory, and perceived 

exertion parameters [18]. To the authors’ knowledge, there is a lack of studies assessing the effects of wearing masks 

under the performance of exercise at LT intensity for long periods of time. According to the previous statements, we 

hypothesized that healthy adults who wear masks or filtering respirators could not show differences in inspiratory 

muscle strength, metabolic parameters, heart rate, subjective perceived exertion, and dyspnea perception performing 

stable load exercise at LT intensity. Thus, the purpose of our research was to evaluate the effects of the use of both 

surgical masks and FFP2 respirators, the most commonly used mask types, on the inspiratory muscle strength, 

metabolic parameters, heart rate, subjective perceived exertion, and dyspnea perception before, during, and at 30 min 

after stable load exercise according to LT intensity.

Methods

Study Design

This was a multiple crossover, self-controlled trial. Each subject served as his/her own control and performed the test up 

to three times, in a randomized order to avoid bias (GraphPad Quickcalcs [13]): (a) without a face mask (control); (b) 

wearing a surgical mask (Suavel
®
 Protec Plus, Meditrade, Kiefersfelden, Germany); and (c) wearing a FFP2 respirator 

(FFP2 NR Filtering half mask; Zheijang Luyao Electronic Technology Co., Ltd). In addition, the order of the 3 

conditions was counterbalanced among participants due to an equal number of participants performing the conditions in 

the different possible orders. The minimal time interval between tests was 48 h. Strenuous physical activity was 
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prohibited during the 24 h preceding the tests, and a night sleep of at least 7 h was mandatory. In order to control the 

effects of diet, participants were required to fill out a food diary at 24 h before the first exercise test. They received a 

copy of this diary and were asked to replicate it as closely as possible before subsequent testing occasions. Information 

on this trial was reported in adherence to the CONSORT checklist [19], and all the details can be found in the 

supplementary material (for all online suppl. material, see www.karger.com/doi/10.1159/000524490) of this manuscript.

Demographic data were collected by a questionnaire. Height (cm) and weight (kg) were measured for each participant 

and body mass index was calculated. All the exercise tests were performed in a standardized manner on the same 

electrically braked bicycle ergometer (Ergoselect 100; Ergoline GmbH) located in an air-conditioned room with 

ambient temperature at 20–25°C and low relative humidity.

Participants visited the laboratory a total of 4 times. On the first visit, they performed a LT test without a mask to obtain 

the LT value. Furthermore, on the three subsequent visits, they performed a 30-min steady-state test at the LT intensity, 

measured previously, with (surgical or FFP2) or without a mask. The study was carried out from April to May 2021.

Sample Size Calculation

A priori sample size calculation was based on the F  test family for statistical tests of within-between interaction analysis 

of variance (ANOVA) for repeated measures by the G × Power 3.1.9.2 considering a general large effect size of f = 

0.40 according to Salkind [20], due to the lack of prior similar studies comparing surgical masks and FFP2 respirators 

under LT exercise. Thus, expected differences between the measured parameters may not be used for the sample size 

calculation. In addition, an error probability of α = 0.05, a power of 1−β error probability = 0.80, a number of 3 

conditions (control, surgical masks, and FFP2 respirators), a number of 4 measurement times (at baseline, 10, 20, and 

30 min of exercise), a correlation among repeated measurements of 0.5, and a non-sphericity correction of Ɛ = 1 were 

utilized following the study protocol (NCT04832893). According to these analyses, a total sample size of 15 

participants was required to achieve an actual power of 0.873. Considering a possible 50% loss to receiving the 

intervention or follow-up due to the current pandemic, an initial sample of 30 participants was considered.

Participants

From a total of 30 participants who met the inclusion and exclusion criteria, the study population, who finally 

participated in the present study, consisted of 19 healthy, nonsmoking volunteer young adults (age>18 years) who 

participated in regular recreational physical activity for at least 3 days/week. Subjects were not awarded for 

participating in the present study and could be students or nonstudents if they met inclusion criteria. Subjects were 

excluded if they presented any known medical condition that may be exacerbated by physical activity, including 

diabetes mellitus, any chronic respiratory or cardiovascular disease, or acute respiratory illness (i.e., pneumonia or 

upper respiratory tract disease) within 2 weeks before the study.

Procedures

Lactate Threshold Test

The LT was calculated through a described lactate test in a cycle ergometer whose methodology has been previously 

described by Weltman et al. [21] and was determined through the relationship between lactate concentration and power 

(w). Thus, the higher power that was not associated with an increase in lactate concentrations was proposed as the 

power corresponding to the LT. This always occurred just before the curvilinear increase in blood lactate observed with 

the following exercise intensities. An increase in lactate concentrations within at least 0.5 mmol/L was necessary for the 

determination of the LT. A portable lactate analyzer (Lactate Pro 2) was used to determine lactate concentrations from a 

blood sample obtained from the ball of a finger (Fig. 1). The Lactate Pro 2 showed a good agreement with respect to 

the stationary hospital blood gas analyzer ABL800 Flex as the gold standard and did not present systematic errors of 

measurement, indicating an adequate validity [22]. The accuracy and reliability of this device were considered better 

than other hand-held blood lactate analyzers for the study population [23]. The starting power output on the cycle 

ergometer ranged from 20 to 25 w depending on the fitness level and was increased by 25 w every 3 min until LT was 

obtained, with participants cycling at 70–75 revolutions per minute.

Fig. 1.
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30-min Steady-State Test

This test was carried out on a cycle ergometer at the intensity corresponding to the LT. The participant performed three 

30-min steady-state tests on a cycle ergometer at the intensity corresponding to the LT, previously calculated, and 

separated at least 48 h between them. In each of the tests the participants cycled during 30 min at the same intensity 

without a mask, with a surgical mask or with a FFP2 respirator (in a randomly manner). The cadence was fixed at 70–

75 revolutions per minute.

Outcome Measures

Blood lactate concentrations measured in mmol/L, heart rate determined in beats per minute (bpm), oxygen saturation 

measured in %, subjective perception of effort assessed with the Borg´s Scale and dyspnea level assessed by a visual 

analogue scale were collected at baseline, at 10 min, at 20 min, and at the end of the 30-min steady-state test. The 

maximum inspiratory pressure (PI
max

), measured in cm H
2
O, was collected before and after each test to measure 

inspiratory muscle strength.

Inspiratory Muscle Strength

Inspiratory muscle strength was assessed by measuring PI
max

 using a POWERbreathe
®
 KH1 device (POWERbreathe 

International Ltd.) from residual volume, according to the rules of the American Thoracic Society and European 

Respiratory Society [24, 25]. Each measurement was obtained in the reference unit of centimeter of water column (cm 

H
2
O). The procedure was repeated at least 3 times or until 2 reproducible efforts (i.e., within 5% of each other). An 

interval of about 1 min was allowed between the measurements to avoid short-term fatigue for respiratory muscles. The 

highest of 2 reproducible values was considered in the data analysis [26]. The advantage of this test is that it is a quick 

and noninvasive way to assess the strength of the inspiratory muscles through the PI
max

. The PI
max

 measurement was 

performed before and after the 30-min steady-state test, with the aim of assessing if the use of the mask affected the 

strength of the inspiratory muscles during the exercise. This electronic inspiratory loading device was considered valid 

during a loaded breathing task with respect to a laboratory system as the gold standard [27], showing adequate 

reliability [28]. On the first visit to the laboratory, participants were familiarized with this test.

Blood Lactate Concentration

Capillary blood samples were extracted from the participant’s fingertip in order to determine the blood lactate 

concentration using the Lactate Pro 2 portable device [22]. These samples were obtained before, at 10 min, at 20 min, 

and at 30 min of the 30-min steady-state test. As it was detailed previously, this device was considered valid [22] and 

reliable [23].

Heart Rate

Heart rate was monitoring during the entire 30-min steady-state test through a Polar H10 heart rate monitor connected 

to a Polar-measuring band around the chest. Data at baseline, at 10 min, at 20 min, and at 30 min of the test were 

LT determination. LT, lactate threshold; RPM, revolutions per minute.



considered in the data analysis. The chest-strapped Polar H10 HR monitor (Polar Electro Oy) was used as our criterion 

device due to its concurrent validity of similar Polar devices against echocardiogram and reliability were well 

established [29].

Oxygen Saturation

Oxygen saturation was measured with a finger pulse-oximeter placed on the participant´s index finger (Palco 

Laboratories P-340). This tool was used as valid and reliable to measure oxygen saturation according to prior studies 

[30, 31].

Dyspnea Level

Dyspnea level was measured by a dyspnea visual analogue scale with a range of 0 (no sensation of breathlessness) to 

10 (maximum sensation of breathlessness). Participants were asked to report their sensation of breathlessness, marking 

in a 10-cm line at the point that they felt as the representation of their current state on a sheet, at baseline, at 10 min, at 

20 min, and at 30 min of the 30-min steady-state test. This scale was shown as a valid tool to measure dyspnea [32], 

providing more reliable measurements than the Borg scale [33].

Subjective Perceived Exertion

The subjective perceived exertion during exercise was measured by the Borg´s rating of perceived exertion (RPE) scale 

[34], previously described as a valid and reliable measure [35]. This scale ranged from 6 to 20 points, identifying the 6 

value with the minimum possible effort and the 20 value with the maximum possible effort. The participants were 

asked at baseline, at 10 min, at 20 min, and at 30 min of the 30-min steady-state test.

Statistical Analysis

Power

Statistical analyses were performed by the Statistical Package for the 22.0 version of the Social Sciences (SPSS) 

software. Normal distribution was analyzed by the Shapiro-Wilk test. Frequency with n (%) for categorical data and 

mean ± standard deviation completed with the lower and upper limits of the 95% confidence interval (CI) for 

quantitative data were used to describe these data. Two-way ANOVAs for repeated measures with time (at baseline, 10 

min, 20 min, and 30 min of exercise) as a within-subject factor and condition (control, surgical masks, and FFP2 

respirators) as between-condition factor were used to analyze all outcome measurements (baseline measurements were 

not carried out for RPE and dyspnea, as well as measurements at 10 and 20 min of exercise were not performed for 

PI
max

) [36]. The Greenhouse-Geisser’s significance correction was considered if the Mauchly’s test rejected the 

sphericity [37]. Post-hoc comparisons were carried out by using the Bonferroni’s correction. Effect size for F-tests was 

assessed by the Eta squared coefficient (η2
) considering a η2

 = 0.01 coefficient for a small effect size, a η2
 = 0.06 

coefficient for a medium effect size and a η2
 = 0.14 coefficient for a large effect size [38]. p values <0.05 was 

considered as statistically significant for a 95% CI and completed within F statistics for ANOVA analyses adjusted by 

the Greenhouse-Geisser`s correction [37].

Results

Descriptive Data

From a total population of 30 participants, 15 males and 15 females, eligible for this study, 11 females did not receive 

the baseline measurements nor interventions due to their failure to show up for their scheduled appointment. Thus, a 

total sample of 19 participants, divided into 15 (78.95%) males and 4 (21.05%) females, completed the study by a 

cross-over design, and all participants performed the study under 3 different conditions, including control, surgical 

masks, and FFP respirators. Mean ± standard deviation (95% CI) of this sample showed an age of 23.15 ± 3.20 

(21.61, 24.70) years, a height of 1.74 ± 0.09 (1.70, 1.79) m, a weight of 69.10 ± 12.84 (62.91, 75.29) kg, a body mass 

index of 22.37 ± 2.33 (21.24, 23.49) kg/cm
2

, and a threshold for lactate test of 78.94 ± 24.86 (66.96, 90.93) W.

Inspiratory Muscle Strength



There were no statistically significant interactions (F
2.000

 = 1.294; p = 0.283; η2
 = 0.046) between the use of FFP2 

respirators, surgical masks, and control conditions during the different measurement moments for PI
max

 comparisons. 

All groups exhibited a PI
max

 reduction (F
1.000

 = 32.907; p < 0.001; η2
 = 0.379) after 30 min of exercise for the 

difference mean (95% CI) of −12.42% (−6.93, −17.91) for FFP2 respirators, −8.55% (−3.03, −14.01) for surgical 

masks, and −6.26% (−0.77, −11.75) for control condition (Fig. 2a).

Heart Rate

Participants who wore FFP2 respirators, surgical masks and control condition did not show any statistically significant 

interaction (F
4.042

 = 0.588; p = 0.674; η2
 = 0.021) during all measurement moments for heart rate. All conditions 

Fig. 2.

Linear graphs showing the outcome measurements means with the 95% CI error bars for between-groups interaction and within-group 

comparisons PImax  (a ) HR (b) O2  saturation (c) Blood lactate level (d) RPE (e) Dyspnea (f). BPM, beats per minute; CI, confidence 

interval; HR, heart rate; mmol/L, millimoles per liter; O2 , oxygen; PImax , maximum inspiratory pressure; RPE, rating of perceived 

exertion.



displayed a HR increase (F
2.021

 = 498.173; p < 0.001; η2
 = 0.902), within a difference mean ranging from 6.26 to 

45.47 BPM for FFP2, from 8.78 to 44.36 BPM for surgical masks and from 6.26 to 41.63 BPM for control condition, 

between all measurements moments, except for the nonsignificant comparisons (p > 0.05) at 20 min versus 30 min in 

all conditions and, specifically, the comparison at 10 min versus 20 min in the FFP2 respirators condition (Fig. 2b).

Oxygen Saturation

Also, the use of FFP2 respirators, surgical masks, and control condition did not show statistically significant 

interactions (F
4.042

 = 5.349; p = 0.297; η2
 = 0.044) during any measurement of oxygen saturation. All conditions 

determined an O
2
 saturation reduction (F

2.674
 = 39.488; p < 0.001; η2

 = 0.422), showing a difference mean ranging 

from −0.63 to 1.52% for FFP2, from −0.42 to −1.21% for surgical masks and from −0.73 to −1.00% for control 

condition, between different measurements moments, except for the comparisons (p > 0.05) at 0 min versus 10 min and 

20 min versus 30 min in the control condition, as well as 10 min versus 30 min and 20 min versus 30 min in the 

surgical masks and FFP respirators conditions (Fig. 2c).

Blood Lactate Level

In addition, participants wearing FFP2 respirators, surgical masks, and control conditions did not present any 

statistically significant interaction (F
5.354

 = 0.115; p = 0.991; η2
 = 0.004) during measurement times of blood lactate 

level. These conditions showed a blood lactate level increase (F
2.677

 = 16.860; p < 0.001; η2
 = 0.238) at 0 min versus 

10 min, detailing a difference mean (95% CI) of 0.49 (0.86, 0.12) mmol/L for FFP2, 0.53 (0.90, 0.16) mmol/L for 

surgical masks, and 0.56 (0.93, 0.19) for the control condition, and, specifically, 0.48 (0.92, 0.04) at 0 min versus 20 

min in the control condition. The rest of the comparisons did not show any statistically significant difference (p > 0.05) 

for each condition (Fig. 2d).

Rating of Perceived Exertion

FFP2 respirators, surgical masks and control conditions did not display statistically significant interactions (F
3.007

 = 

0.115; p = 0.734; η2
 = 0.016) during all measurements of RPE. All conditions determined a progressive RPE increase 

(F
1.504

 = 100.131; p < 0.001; η2
 = 0.650) between all measurement moments, within a difference mean ranging from 

0.94 to 2.31 points for FFP2, from 0.84 to 2.10 points for surgical masks, and from 0.83 to 1.84 points for control 

condition (Fig. 2e).

Dyspnea

Finally, FFP2 respirators, surgical masks, and control conditions did not show any statistically significant interaction 

(F
3.056

 = 0.742; p = 0.532; η2
 = 0.027) during all measurement moments for dyspnea comparisons. Nevertheless, 

higher dyspnea scores were shown between surgical masks and FFP respirator conditions with respect to the control 

condition, showing a difference mean (95% CI) of 1.10 (1.94, 0.26) and 1.84 (2.68, 1.00) points at 10 min, 1.26 (2.11, 

0.40) and 2.10 (2.96, 1.25) points at 20 min, and 0.94 (1.82, 0.07) and 2.00 (2.87, 1.12) points at 30 min, respectively, 

and specifically, a difference mean (95% CI) of 1.05 (1.92, 0.17) points for the FFP respirator condition with respect to 

the surgical masks condition after 30 min of exercise. In addition, all conditions showed a progressive dyspnea increase 

(F
1.528

 = 56.609; p < 0.001; η2
 = 0.512) between all measurement moments, within a difference mean ranging from 

0.36 to 1.21 points for FFP2, from 0.73 to 0.89 points for surgical masks, and from 0.47 to 1.05 points for control 

condition, except for the nonsignificant comparison (p > 0.05) at 20 min versus 30 min in the surgical masks condition 

(Fig. 2f).

Discussion

To the authors’ knowledge, this is the first study examining the effects of wearing masks or filtering respirators under 

continuous exercise performance during a 30 min stable load exercise according to LT intensity on inspiratory muscle 

strength reduction, metabolic parameters alteration, heart rate increase, subjective perceived exertion, and dyspnea 

perception increases. According to disproving false myths of the individual protective equipment during the current 

COVID-19 pandemic [39], our findings suggested that inspiratory muscle strength and physiology parameters at 

“conversational level” exercise were not impaired by wearing masks or filtering respirators.



To date, research studies focused on the masks use effects during moderate-high intensity physical exercises without 

considering LT intensity [11, 12, 14, 15], while our study analyzed the most common elected physical exercise by 

general population under LT, called “conversational level” exercise performed during 30 min under LT (∼60% 

VO
2
max) [17, 18, 21, 22]. According to these moderate-high intensity exercises, ventilation, cardiopulmonary 

capacity, and comfort may be impaired by surgical masks and worsened by FFP2 filtering respirators’ use in healthy 

individuals [11, 12, 14, 15], perceiving higher lack of breath and claustrophobic sensation at greater exercise intensities 

[40], although without any episode of hypoxemia or hypercapnia [41]. Since dyspnea was not assessed at baseline in 

our study, but only during exercise, there was a “condition” main effect, where wearing the facemasks overall resulted 

in higher dyspnea scores, in spite of the lack of statistically significant interactions between condition and time. In 

addition, the different conditions of our study did not show relevant differences for O
2
 saturation, although a reduction 

of O
2
 saturation was usually observed during the 30-min steady-state test in accordance with other studies using 

moderate-to-high intensity physical exercises [11, 12, 14–16].

In accordance with our research findings, a recent systematic review and meta-analysis carried out by Shaw et al. [42] 

showed that face masks or FFP2 filtering respirators may be worn during exercise with a minimal impact on 

physiological variables such as increases in perceived exertion and dyspnea, end-tidal CO
2
, and heart rate. According 

to Shaw et al. [42], although some studies showed impairments during moderate-high intensity exercise while wearing 

masks, most studies did not. A limitation for some of these studies was the use of a rubber or silicone mask that was 

worn over the surgical mask or FFP2 respirator to collect gases. This issue may have interfered with the proper function 

and normal breathability of the surgical mask or FFP2 respirator by sealing of the mask or respirator to the face. 

Possibly, surgical masks or FFP2 respirators prevented a proper seal of the rubber or silicone mask to the skin surface, 

resulting in leakage of gases. This may have led to decreased measures of ventilation and oxygen consumption in these 

studies. Our study may add to this meta-analysis that exercise performance wearing masks or filtering respirators at 

continuous low-intensity after stable load according to LT produced no-impact on physiological parameters or 

inspiratory muscle strength, encouraging the use of both masks under “conversational level” exercise.

Despite there were no difference between FFP2, surgical mask, and control condition, there was an impairment of 

inspiratory muscle strength and oxygen desaturation during the trial, which could not be expected as an usual response 

in healthy young subjects. All tests were accurately carried out in the laboratory according to the described protocol, 

and participants were healthy young adults without neither pathology nor Covid-19 infection in their medical records. 

A plausible explanation for these findings may be that all measurements were performed during and immediately after 

the 30-min steady-state test [43], without any interval or resting period, which could have produced hyperventilation 

status, justifying these progressive impairments of inspiratory muscle strength and oxygen saturation parameters. The 

trial protocol proposed by the authors did not include intervals or resting periods in order to increase inspiratory fatigue 

testing differences between FFP2, surgical mask, and control in these conditions.

Future Studies and Limitations

Despite the novelty of this study was the comparison of respirators and masks during exercise at “conversational level,” 

the main limitation of the present study was that it was carried out in healthy subjects and future studies should be 

performed in patients with different conditions, including severe respiratory patients, due to increased resistance or 

minor blood gases flow changes may evoke increases in exercise dyspnea and therefore exercise capacity alterations 

[44]. In addition, post hoc analyses of dyspnea in our study showed a tendency to increase with exercise time wearing 

surgical masks and much more when wearing FFP2 filtering respirators. These changes should be studied under 

exercise at LT intensity for more than 30 min. Regarding external validity, the low number of females must be 

considered as a limitation due to its possible influence on physiological parameters [16], and future studies should 

consider a paired matched sample for sex distribution. Despite we tried to get a balanced composition of both sexes (15 

males and 15 females) according to the initial sample of the trial protocol (NCT04832893), 11 females did not receive 

baseline measurements nor the required interventions. Considering internal validity, between-groups’ CI of the 

difference mean showed a change of sign, which may suppose a threat to internal validity, and further studies should 

replicate our study within larger sample sizes to ensure the accuracy of our procedure. In accordance with Fikenzer et 

al. [13], our study presented similar limitations that have been pointed out by Hopkins et al. [45] regarding the effects of 

surgical and FFP2 respirators on cardiopulmonary exercise capacity. Finally, further studies should be carried out in the 

next future to upgrade sample features and size, including different groups, in order to improve sample composition 

and, consequently, statistical strength. In spite of both surgical masks or filtering respirators usually worn by all 



participants in daily life, their preferred mask type during exercise performance or occupational work was not registered 

and should be taken into account for further studies.

Conclusions

According to disproving false myths, the present study findings suggested that inspiratory muscle strength and 

physiological parameters during “conversational level” exercise at low-intensity stable load according to LT were not 

impaired under wearing masks or filtering respirators in healthy, nonsmoking young adults, who participated in regular 

recreational physical activity for at least 3 days per week.
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