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Abstract
Background: Studies of influenza, and human coronaviruses provide evidence that the use of a medical mask can prevent the spread 
of infectious droplets from an infected person to someone else. After global public health emergency of coronavirus SARS-CoV-2 
causing illness of COVID-19 was changing frequency of wearing a mask. Therefore, study was undertaken to assess whether the use 
of protective masks affects the level of oxygen saturation during rest and during exercise. Material and Methods: The test consisted 
of a non-invasive measurement of oxygen saturation by percutaneous determination of arterial oxygen saturation with the use of 
the pulse oximeter. Oxygen saturation was measured during rest and after physical exertion performed without a protective mask 
(2 types of masks were used: surgical and FFP2), as well as during rest and after physical exertion performed with the use of a pro-
tective mask. The analysis of the oxygen saturation, heart rate, blood pressure and respiratory rate included data on 48 subjects. 
Results: Comparing the post-exercise and pre-exercise values showed a significant difference between all of them. There were no 
differences found in any variables according to the mask/no-mask status. Conclusions: A short-term physical exercise performed in 
a group of healthy young people using protective masks did not affect oxygen saturation, heart rate, blood pressure and respiratory 
rate. Med Pr. 2022;73(5):363–68
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INTRODUCTION

Studies of influenza, influenza-like illness, and human 
coronaviruses provide evidence that the use of a med-
ical mask can prevent the spread of infectious droplets 
from an infected person to someone else [1]. On Jan-
uary 30, 2020, a global public health emergency of se-
vere acute respiratory syndrome-coronavirus-2 (SARS-
-CoV-2) causing illness of coronavirus disease-2019 
(COVID-19) was announced  [2]. At  the  beginning 
of the  virus spread among the  European population 
the  regulations and the  recommendations concerning 
public health were implemented, starting with social 
distancing, closing the borders, closing shops, places of 
culture and entertainment, ending with lock-down of 
the countries [3]. Also, voices about reduction of SARS-
-CoV-2 transmission while wearing protective masks 

were raised [4]. Thereafter, the obligation to wear pro-
tective masks was implemented in most of the  coun-
tries. Significant differences still existed between Euro-
pean countries in terms of wearing a face mask outside 
to protect the  individual, owing mainly to the  differ-
ing legislation in the countries concerning masks [5,6]. 
On the  other hand, dissemination of the  requirement 
to wear masks in public places started a discussion on 
the usefulness of wearing masks and the side effects it 
could bring.

Before the  era of COVID-19 pandemic protective 
masks were widely used by healthcare workers, mostly 
surgeons as protection for operated patient. The prima-
ry purpose of wearing masks was to protect the surgical 
patient from pathogens expelled on droplets from nose 
and mouth of surgical personnel during speech, cough-
ing and sneezing, but more recently protective masks 
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have been advocated as a protective barrier for the wear-
er from splashes and spills of body fluids [7]. The idea 
of wearing masks by surgeons was first  announced by 
Mikulicz in 1987 [8].

Since this time the purpose and frequency of wear-
ing a mask has changed and there is insufficient amount 
of literature data about masks usage and their phys-
iological impact during other activities, in particu-
lar the physical exertion. Therefore, this study was un-
dertaken to assess whether the use of protective masks 
affects the  level of oxygen saturation during rest and 
during exercise. The obtained results could be the voice 
in discussion about the adverse effects of wearing masks.

MATERIAL AND METHODS

The study was conducted between October and Novem-
ber 2021 at the Faculty of Medical Sciences at the Medi-
cal University of Silesia in Katowice, Poland.

The study group consisted of 51 students of medi-
cal field, both sexes, who were not diagnosed with any 
chronic disease. Participation in the study was voluntary 
and anonymous, and all objects had to give an informed 
consent to participate. Participants had the right to re-
fuse to participate without giving a  reason. The  study 
protocol was reviewed and approved by the Ethical Re-
view Board at the Medical University of Silesia, Poland 
(decision number: PCN/CBN/0022/KB1/32/I/21).

The study was divided into 2 parts. First part of 
the  test: measurements were provided at rest, and 
the  second  – after physical exertion, which was char-
acterized by climbing the stairs to the fourth floor. All 
measurements taken after exercise took place imme-
diately after the student entered the  fourth floor. Esti-
mated time to climb was 1 min. Both parts were per-
formed twice, with and without the use of a protective 
mask (surgical and FFP2). After the first part of the ex-
periment (without masks), students were asked to take 
a seat and breathe slowly for 15 min. After 15 min heart 
rate, blood pressure and respiratory rate were checked 
making sure they returned to initial values, to avoid 
influence of first physical exertion on measurements 
made with protection masks (second part).

The test consisted of a  non-invasive measurement 
of oxygen saturation by percutaneous determination of 
arterial oxygen saturation with the use of the KONICA 
MINOLTA SENSING PULSOX-2 CE0088 pulse oxime-
ter (Japan). Oxygen saturation was measured during rest 
and after physical exertion performed without a protec-
tive mask, as well as during rest and after physical exertion 

performed with the use of a protective mask. Addition-
ally, the blood pressure was measured with the OMRON 
M2 CE0197 (Japan) blood pressure monitor and the re-
spiratory rate was measured during rest, without and 
with the use of a protective mask, as well as after physical 
exertion, performed without and with the use of a pro-
tective mask. Using the visual dyspnea scale (modified 
10-point Borg Scale), each participant was assessed for 
their level of dyspnea at rest without and with the use 
of a protective mask, as well as after exercise performed 
without and with the use of a protective mask. Modified 
Borg scale starts at number 0 where breathing is causing 
no difficulty at all and progresses through to number 10 
where breathing difficulty is maximal [9–11].

The data was analyzed with the Statistica 13.0 pack-
age (data analysis software system). Normality of dis-
tributions of continuous variables was assessed by 
the Shapiro-Wilk test. Statistical significance of differ-
ences between continuous variables was analyzed by 
the  independent samples t-test or the  Mann-Whitney 
U  test if the  assumptions for the  t-test were not met. 
According to the dependent samples, the t-test for de-
pended variables was used or the Wilcoxon signed-rank 
test, if the distribution of continuous variables were not 
normal. Distribution of categorical variables was shown 
by frequencies and proportions along with 95% confi-
dence intervals. Statistical testing to compare between 
categorical variables was completed using the indepen-
dent samples χ2 test or the Fishers exact test. The Fisher 
exact is warranted when the sample size is insufficient 
for the χ2 test (the assumption is when any of the ex-
pected values is <5). Statistical inference was based on 
the criterion p < 0.05.

RESULTS

The study population
The study group included 51 students, aged 23–30. 
The median age of the study population was 24 (Q1 = 24, 
Q3 = 25) years old, with no differences according to sex 
(p  = 0.3). The  group consisted of 33 women (35.3%) 
and 18 men (64.7%), students from Medical Univer-
sity of Silesia in Katowice, Poland. During the  study, 
3 types of masks were worn: surgical masks were worn 
by 33 students (64.7%), FFP2 type of masks by 15 stu-
dents (29.4%) and 3 students (5.9%) used cotton masks. 
Due to the lack of standardization and the inability to 
compare the cotton masks between each other, objects 
who used this type of protection were excluded from 
further analysis.
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The data analysis
The analysis of the oxygen saturation (%), heart rate 
(bpm), systolic and diastolic blood pressure (mm Hg) 
and respiratory rate (breath/min) included data on 
48 subjects. First part of the  examination was made 
when the  students did not wear protective masks. 
Comparing the post-exercise and pre-exercise values 
showed a  significant difference between all of them. 
The following changes were revealed: decrease in oxy-
gen saturation after the exercise (from 99% [Q1 = 99, 
Q3  =  100] to 98%  [Q1  =  97, Q3  =  99], p < 0.001, 
the Wilcoxon signed-rank test), increase in heart rate 
(from 74.5±9.8/min to 101.5±22.1/min, p < 0.001, 
the t-test for dependent variables), systolic blood pres-
sure (from 117.5±12.3 mm Hg to 135.5±16.3 mm Hg, 
p < 0.001, the t-test for dependent variables), diastolic 
blood pressure (from 75.4±7.4 mm Hg to 78.9±9.2 mm 
Hg, p < 0.001, the t-test for dependent variables), re-
spiratory rate (from 12 [Q1 = 11, Q3 = 14.5]/min to 
18 [Q1 = 16, Q3 = 20]/min, p < 0.001, the Wilcoxon 
signed-rank test). Analogous changes after the  exer-
cise were demonstrated in the second part of the exam-
ination, when student had to wear a protective mask: 
decrease in oxygen saturation (from 99%  [Q1  =  98, 
Q3  =  100] to 97%  [Q1  =  97, Q3  =  98], p < 0.001, 
the Wilcoxon signed-rank test), increase in heart rate 
(from 77.1±10.0/min to 107.0±25.1/min, p < 0.001, 
the t-test for dependent variables), systolic blood 
pressure (from 117.1±12.1 mm Hg to 138.3±15.6 mm 
Hg, p < 0.001, the t-test for dependent variables), di-
astolic blood pressure (from 73.5±7.5  mm Hg to 
80.6±8.5 mm Hg, p < 0.001, the t-test for dependent 
variables), respiratory rate (from 13.3±2.5/min to 
19.9±5.7/min, p < 0.001, the t-test for dependent vari-
ables). Most of students (68.8%) of students have worn 
surgical mask and the rest (31.3%) mask type FFP2.

The type of mask did not affect any differences in 
tested parameters (Table 1).

The findings were also compared among measure-
ments done with and without masks. There were no dif-
ferences found in any variables according to the mask/
no-mask status (Table 2).

Subjects had to indicate their level of dyspnea on 
the dyspnea scale (Borg Scale) at rest and after the ex-
ercise twice, while wearing and without a  protective 
mask. The  highest level of dyspnea was 3 (“moderate” 
dyspnea) in case of dyspnea after the  exercise whilst 
wearing a mask and was reported only by 6.3% of stu-
dents. At rest with a mask only 2.1% of students had giv-
en an answer 2 (“slight” dyspnea), where answer 1 (“very 

slight” dyspnea) was presented by 27.1% and 0 (“nothing 
at all”) by 70.8% students. To compare, while not wear-
ing a mask at rest, the answer 1 was indicated by 2.1% of 
students and answer 0 by 97.9%. As mentioned above, 
after the exercise whilst wearing a mask 6.3% of students 
declared their dyspnea as “moderate” dyspnea, while no 
one declared it when the exercise was carried out with-
out a mask, but the difference was not statistically sig-
nificant (p  = 0.1). Statistically more often the  “slight” 
dyspnea was presented after the  exercise with a  mask 
(37.5%) than without a  mask (14.6%, p  =  0.01). With 
the same frequency after the exercise students declared 
“very slight” dyspnea (18.8% vs. 18.8%, p = 1.0), but no 
dyspnea was declared more often after the exercise with-
out a mask (66.7% vs. 37.5%, p = 0.004). The results from 
the Borg Scale are presented in the Table 3.

Table 1. Comparison of the type of protective mask,  
study conducted among students, Medical University of Silesia,  
Katowice, Poland, March–May 2021

Variable

Participants
(N = 48)

surgical 
mask

(N = 33)

FFP2
(N = 15) p

At rest

oxygen saturation [%] 0.4*

M 99 99

range 98–100 99–100

heart rate [bpm] (M±SD) 75.6±9.2 80.3±11.1 0.1**

blood pressure [mm Hg] (M±SD)

systolic 118.7±12.5 113.7±10.7 0.2**

diastolic 74.2±8.3 71.9±5.3 0.3**

respiratory rate [breath/min] 
(M±SD)

13.1±2.4 13.7±2.8 0.4**

After physical exertion

oxygen saturation [%]*** 0.1*

M 97 98

range 96.5–98 97–99

heart rate [bpm] (M±SD) 109.7±25.2 101.1±24.8 0.3**

blood pressure [mm Hg] (M±SD)

systolic 138.5±17.5 137.7±11.0 0.9**

diastolic 80.4±9.0 80.9±7.6 0.8**

respiratory rate [breath/min] 
(M±SD)

19.2±5.8 21.4±.5.3 0.7**

* Mann-Whitney U test.
** The independent samples t-test.
*** Surgical mask: N = 32, FF2: N = 14, 2 data points were excluded from the analysis, 
due to present of outliers.
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DISCUSSION

The study was undertaken to assess whether the use of 
protective masks affects the  level of oxygen saturation 
during rest and during exercise.

The authors’ findings showed that physical activity in 
protective mask did not affect measured variables such 

as oxygen saturations, heart rate, blood pressure, respi-
ratory rate. Additionally, there were no cases of moder-
ate or severe dyspnea after the exertion performed with 
a mask.

As long as COVID-19 pandemic has started the ob-
ligation of wearing a protective mask has spread. Most 
places of public interest like, among others, gyms had to 

Table 2. Comparison between measurement with and without the protective mask, study conducted among students,  
Medical University of Silesia, Katowice, Poland, March–May 2021

Variable

Participants
(N = 48)

at rest after physical exertion

without mask with mask p without mask with mask p

Oxygen saturation [%] 0.3* 0.06*

M 99 99 98 97***

range 99–100 98–100 97–99 97–98***

Heart rate [bpm] (M±SD) 74.5±9.8 77.1±10.0 0.2** 101.5±22.1 107.0±25.1 0.3**

Blood pressure [mm Hg] (M±SD)

systolic 117.5±12.3 117.1±12.1 0.9** 135.5±16.3 138.3±15.6 0.4**

diastolic 75.4±7.4 73.5±7.5 0.2** 78.9±9.2 80.6±8.5 0.4**

Respiratory rate [breath/min] (M [Q1;Q3] / M±SD) 12 (11;14.5) 13.3±2.5 0.6* 18 (16;20) 19.9±5.7 0.1*

* Mann-Whitney U test.
** The independent samples t-test.
*** N = 46, 2 data points were excluded from the analysis, due to present of outliers.

Table 3. Comparison in dyspnea scale between measurement with and without the protective mask, study conducted among students, 
Medical University of Silesia, Katowice, Poland, March–May 2021

Level of dyspnea 
(Borg Scale)

Participants
(N = 48)

at rest after physical exertion

without mask with mask
p

without mask with mask
p

n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

0 (nothing at all) 47 (97.9) 88.9–100.0 34 (70.8) 55.9–83.1 0.002* 32 (66.7) 51.6–79.6 18 (37.5) 24.0–52.7 0.004**

1 (very slight) 1 (2.1) 0.1–11.1 13 (27.1) 15.3–41.9 0.004* 9 (18.8) 9.0–32.6 9 (18.8) 9.0–32.6 1.0**

2 (slight) 0 (0) 0–7.4 1 (2.1) 0.1–11.1 0.5* 7 (14.6) 6.1–27.8 18 (37.5) 24.0–52.7 0.01**

3 (moderate) 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 3 (6.3) 1.3–17.2 0.1*

4 (somewhat severe) 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 0 (0) 0–7.4 –

5 (severe) 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 0 (0) 0–7.4 –

6 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 0 (0) 0–7.4 –

7 (very severe) 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 0 (0) 0–7.4 –

8 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 0 (0) 0–7.4 –

9 (very, very severe) 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 0 (0) 0–7.4 –

10 (maximal) 0 (0) 0–7.4 0 (0) 0–7.4 – 0 (0) 0–7.4 0 (0) 0–7.4 –

* Fisher exact test.
** χ2 test.



Nr 5 The use of masks and the oxygen saturation level 367

change their internal regulations to make it available for 
people. This has created a problem regarding a need to 
use face masks while exercise or other activities.

Since this time only some of publications concern-
ing problem of wearing a mask, especially during phys-
ical exertion, has shown. Epstein et al.  [12] have cho-
sen 16 healthy male participants with average and high 
weekly physical activity. The  participants performed 
dynamic stretching and a  warm‐up and then under-
went exercise on a standard cycle ergometry ramp un-
til exhaustion. Each subject performed the test 3 times: 
without a  face mask, wearing a  surgical and wearing 
an N95 respirator. The differences in heart rate (HR), re-
spiratory rate (RR), oxygen saturation (SpO2), and lev-
el of perceived exertion (on a scale range 1–10) did not 
reach statistical significance. Only wearing N95 respira-
tor was associated with higher end-tidal carbon dioxide 
(EtCO2) values at most phases of the exercise, compared 
to exercise performed without a mask [12]. It is import-
ant to emphasize that only well-trained men took part 
in the study, otherwise than in the study protocol, but 
the findings went similar conclusions.

Similar clinical study was conducted in Canada 
(Shaw et al. [13]), where eligible people were character-
ized by weekly physical activity, in this case, both  sexes. 
The exercise was performed as a progressive cycle er-
gometer exercise to exhaustion while wearing a  cloth 
face mask, a  surgical face mask, or without a  mask 
during 3 separate phases. No  differences were found 
between time to reach the exhaustion among masks and 
no-mask condition. Heart rate, arterial blood oxygen 
saturation and rating of perceived exertion (10-point 
scale) were recorded every 30 s, additionally continu-
ous-wave near-infrared spectroscopy (NIRS) was used 
to measure the  oxyhemoglobin content of the  legs’ 
muscle. Again, like in the findings of this study, for ar-
terial oxygen saturation, heart rate there were no dif-
ferences at the end of exercise between a face mask and 
no mask conditions, as well as for NIRS-derived mus-
cle tissue oxygenation index. Authors did not observed 
difference in rating of perceived exertion, which was 
measured as a level between 1–10 at the end of the ex-
ercise [13].

Another research connected with more intend-
ed physical effort, comparin to this research was made 
by Roberge et al. [7]. The study protocol was made on 
20 heathy people (women and men) who have exercised 
on treadmill with speed 5.6 km/h for 1 h with and with-
out wearing a  surgical mask. They were being moni-
tored for heart rate, respiratory rate, oxygen saturation, 

transcutaneous CO2, SpO2, core and skin temperatures, 
mask dead space heat and relative humidity, and skin 
temperature under the  mask every 5 min. Moreover, 
volunteers’ perceptions of exertion were assessed every 
5 min using the Borg Scale (with scale range 1–20, where 
6–12 means from “no exertion” to “fairly light exertion,” 
13–16 from “somewhat hard” to “hard,” and 17–20 from 
“very hard” to “very, very hard”). The presented results 
showed some differences compared to the findings pre-
sented in this research, it has been shown that the mask 
group increased heart rate after the test, respiratory rate, 
and transcutaneous CO2, but those physiological chang-
es were not perceived subjectively as being associated 
with discomfort or exertion (in a Borg Scale). Howev-
er, only 8% of the respondents did not report any com-
plaints about wearing a mask, the rest have reported un-
quantified facial warmth, skin irritation, pinching of 
skin  [7]. This aspect of low comfort of wearing masks 
needs to be emphasized, as it is shown in Szepietowski 
et al. study [14], where the online questionnaire-study 
was made. From a group of 2315 students almost 20% 
have reported facial itch related to face mask wear-
ing  [14]. Furthermore, already during the  first SARS 
epidemic in Singapore, the unpleasant feelings related to 
wearing masks by healthcare workers were checked by 
Foo et al. [15]: 35.5% of the 307 staff who used masks 
regularly reported acne (59.6%), facial itch (51.4%), and 
rash (35.8%) from N95 mask use [15]. All these unpleas-
ant sensations associated with protective masks can con-
tribute to the reluctance to wear them and increase voic-
es about side effects. To the authors best knowledge there 
is no available literature on low physical effort and wear-
ing a mask, and therefore related more to everyday sit-
uations, except the authors’ study and Person et al. [16] 
where the  6-minute walking test (6MWT) was per-
formed. Healthy subjects (N = 44) aged 21.6±2.8 were 
tested for 6MWT twice: with or without a surgical mask. 
Distance, dyspnea (on visual analogue scale), heart rate 
and oxygen saturation were measured. Measurements 
did not differ according to mask/no mask conditions ex-
cept from dyspnea which was significantly higher with 
surgical mask (5.6 vs. 4.6, p < 0.001, respectively) [16].

This study has several limitations, first of all, even 
if the  number of respondents is greater than in other 
studies representing the topic, still the number of par-
ticipants in the study is not sufficient for a full reference 
to the general population. History of disease was only 
excluded through a survey not a doctor’s examination. 
Masks worn in the study was those brought by partici-
pants, so the type was not standardized.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7646657/
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CONCLUSIONS

A short-term physical exercise performed in a group of 
healthy young people using protective masks did not af-
fect oxygen saturation, heart rate, blood pressure and 
respiratory rate. Additionally, it did not cause dyspnea 
greater than moderate (according to Borg Scale).
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