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Impact of us�ng surg�cal face masks on exerc�se test parameters �n profess�onal athletes
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ABSTRACT

Background: The use of face masks is common worldwide due to the COVID-19 pandemic. However, the debate on the advantages and disadvanta‐
ges of face masks continues. While face masks have been recommended to protect from COVID-19, their potential risks on cardiorespiratory sys‐
tems in various populations are being investigated. This study aims to examine the impact of face masks on exercise test parameters in professional
athletes.

Mater�als and Methods: 25 professional athletes (mean age: 19.6±2.4 years; F/M: 11/14; BMI: 20.2±1.6 kg/m2) were included in the study. They per‐
formed an exercise test two times, with and without face masks, 48 hours apart. A comparison of exercise test parameters with and without face
masks was made to determine cardiorespiratoryresponses in professional athletes.
Results: The participants with and without face masks were statistically similar for the test parameters, excluding final oxygen saturation, test duration
(min), and peak heart rate. The participants with face masks had significantly lower scores of final oxygen saturation (p<0.001), test duration
(p<0.001), and peak heart rate (p=0.004) compared with the participants without face masks.
Conclus�on: Our results revealed that the use of face masks during the exercise test is associated with lower scores of oxygen saturation, test durati‐
on, and peak heart rate.
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ÖZ

Amaç: COVID-19 pandemisi nedeniyle yüz maskesi tüm dünyada yaygın olarak kullanılmaktadır. Ancak yüz maskelerinin avantajları ve dezavantajları
konusundaki tartışmalar devam etmektedir. Yüz maskeleri COVID-19'dan korunmak için önerilse de, çeşitli popülasyonlarda kardiyorespiratuar sistem‐
ler üzerindeki potansiyel riskleri araştırılmaktadır. Bu çalışma, profesyonel sporcularda yüz maskelerinin egzersiz testi parametreleri üzerindeki etkisini
incelemeyi amaçlamaktadır.
Gereç ve Yöntemler: Çalışmaya toplam 25 profesyonel sporcu (ortalama yaş: 19,6±2,4 yıl; K/E: 11/14; VKİ: 20,2±1,6 kg/m2) dahil edildi. Bu sporcular,
48 saat arayla yüz maskesi takarak ve takmayarak iki kez egzersiz testi yaptılar. Profesyonel sporcularda kardiyorespiratuar yanıtları belirlemek için, yüz
maskeli ve yüz maskesiz yapılan egzersiz testi parametrelerinin karşılaştırılması yapıldı.
Bulgular: Yüz maskesi takan ve takmayan katılımcıların nihai oksijen doygunluğu, test süresi (dk) ve en yüksek kalp hızı dışındaki test parametreleri is‐
tatistiksel olarak benzerdi. Yüz maskesi takan katılımcılar, yüz maskesi takmayan katılımcılarla karşılaştırıldığında, anlamlı olarak daha düşük nihai oksi‐
jen satürasyonu (p<0.001), test süresi (p<0.001) ve tepe kalp hızı (p=0.004) skorlarına sahiptiler.
Sonuç: Çalışmamızın sonuçları, egzersiz testi sırasında yüz maskesi kullanımının daha düşük oksijen satürasyonu skorları, test süresi ve tepe kalp hızı
ile ilişkili olduğunu ortaya koymuştur.
Anahtar Sözcükler: Egzersiz testi, maske, COVID-19, kalp atım hızı

INTRODUCTION
Currently, the use of face masks �s common worldw�de due
to the COVID-19 pandem�c. However, the debate on the ad-
vantages and d�sadvantages of face masks cont�nues, altho-
ugh the�r prevent�ve e�ect aga�nst the spread of COVID-19
has been proven (1). Furthermore, wh�le face masks have
been recommended to protect from COVID-19, the�r potent�-
al negat�ve �mpacts on card�oresp�ratory systems �n var�ous

populat�ons have been demonstrated dur�ng phys�cal exer-
c�ses (2,3). On the other hand, a recent systemat�c rev�ew
and meta-analys�s reported that face masks could be used
dur�ng exerc�se w�th no negat�ve e�ects on performance (4).

There �s a concern that face masks may cause �nadequate
oxygenat�on, but stud�es reveal that gas exchange dur�ng
phys�cal act�v�ty �s not cr�t�cally �mpa�red (5). However, po-
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tent�al negat�ve e�ects of face masks may be related to var�-
ous factors such as comorb�d�ty, act�v�ty level, and type of
face mask (6-8).

Exerc�se test�ng �s w�dely used to evaluate the card�oresp�-
ratory systems, exerc�se performance, and funct�onal capa-
c�ty. The Bruce treadm�ll test, �n wh�ch exerc�se �s perfor-
med on a standard treadm�ll, �s one of the most common
protocol used �n exerc�se test�ng. The d���culty level of
exerc�se test �s progress�vely �ncreased every 3 m�n by �ncre-
as�ng the speed and �ncl�ne of the treadm�ll accord�ng to
the or�g�nal Bruce protocol. The test �s stopped when the
person cannot cont�nue due to any med�cal problem or fat�-
gue (9,10).

Th�s study a�ms to exam�ne the �mpacts of face masks on
parameters of exerc�se test us�ng the Bruce protocol �n pro-
fess�onal athletes.

MATERIAL and METHODS
Our study was a prospect�ve cross-over study �n wh�ch the
e�ects of wear�ng a surg�cal face mask (Evony®, Turkey;
d�sposable, 3 layers, surg�cal face mask w�th elast�c ear lo-
ops, adult mask) on exerc�se test parameters �n profess�onal
athletes (short, m�ddle and long d�stance runners) were
evaluated. The Bruce treadm�ll test (the or�g�nal Bruce pro-
tocol) was used on a standard treadm�ll (Card�oso� v6.73 &
T2100-ST2, GE) and to determ�ne perce�ved phys�cal act�v�ty
�ntens�ty dur�ng the treadm�ll test, the Borg Rat�ng of Perce-
�ved Exert�on (RPE) was used. The Bruce Protocol �s compo-
sed of 7 stages, w�th �ncreas�ng �ncl�nat�on and speed at
each stage. The stages last 3 m�nutes, except for the last
one, wh�ch cont�nues w�th the same parameters unt�l the
part�c�pant reaches a state of exhaust�on. Borg’s rat�ng of
perce�ved exert�on (RPE) �s a w�dely used psycho-phys�cal
tool to assess subject�ve percept�on of e�ort dur�ng exerc�-
se. It �s based on a s�x to twenty rat�ng scale, and there �s a
relat�onsh�p between �ts scores and exerc�se �ntens�ty and
the actual heart rate dur�ng the exerc�se test. Borg’s RPE �s
a val�d and �nexpens�ve tool for mon�tor�ng exerc�se �nten-
s�ty for pr�mary and secondary d�sease prevent�on (11,12).

Follow�ng the med�cal h�story, phys�cal exam�nat�on and a
rest�ng electrocard�ogram, each subject performed two �nc-
remental exert�on tests; one was w�th surg�cal mask, the se-
cond w�thout. The order of the tests was randomly ass�gned
us�ng the GraphPad Qu�ckcalcs onl�ne random�zat�on tool.

Exerc�se tests were performed at the same t�me of day w�th
a m�n�mum of 48 h of �nterval. Dur�ng the tests the follo-
w�ng parameters were recorded: heart rate (�n�t�al and f�-
nal), systol�c and d�astol�c blood pressures (�n�t�al and f�-

nal), oxygen saturat�on (�n�t�al and f�nal), test durat�on
(m�n), perce�ved exert�on (at last stage), peak heart rate,
and peak systol�c and d�astol�c blood pressures. The part�-
c�pants were �nstructed that the speed and �ncl�ne would
�ncrease 10 seconds before the beg�nn�ng of each stage and
to perform the�r max�mal poss�ble e�ort unt�l reach�ng the
max�mal pred�cted heart rate. The term�nat�on cr�ter�a of
the tests before the pred�cted max�mal heart rate ach�eve-
ment were as follows: chest pa�n developed dur�ng the test,
abnormal ECG f�nd�ngs �nd�cat�ng restr�ct�on of heart musc-
le oxygenat�on, r�se of blood pressure to dangerous levels,
exhaust�on or leg pa�n.

A pulse ox�metry dev�ce (S�emens M�crO2 Portable Pulse
Ox�meter Pat�ent Mon�tor�ng) was used to assess the blood
oxygen level. Heart rate, systol�c and d�astol�c arter�al pres-
sures were mon�tored (GE-Card�oso�, GE Healthcare GmbH,
Sol�ngen, Germany). The �n�t�al (pre-test, basel�ne) and f�-
nal (at rest, 3 m�n a�er the end of the test) scores and peak
systol�c-d�astol�c arter�al pressures and pulses of all sub-
jects were measured.

The part�c�pants were bl�nded w�th regard to the�r respect�-
ve test results to avo�d �n�uence by an ant�c�pat�on b�as.
Stat�st�cal analys�s was performed by an �ndependent and
fully bl�nded sc�ent�st who was not �nvolved �n the conduc-
t�on of the tests.

The study was conducted at the Department of Yüzüncü Yıl
Un�vers�ty Hosp�tal, between October 2020 and December
2020. The Yüzüncü Yıl Un�vers�ty Hosp�tal Eth�cal Rev�ew
Board approved the study protocol (Dec�s�on No: 04; Date:
September 30, 2020), and the part�c�pants' �nformed con-
sents were obta�ned. The study was conducted �n accordan-
ce w�th the pr�nc�ples of the Declarat�on of Hels�nk�. Part�c�-
pants aged <18 years or who had a smok�ng h�story were
excluded.

Stat�st�cal analys�s

Power analys�s was performed by us�ng an �nternet-based
electron�c comput�ng tool
(https://cl�ncalc.com/stats/samples�ze.aspx).

Data was analysed by us�ng IBM SPSS 20.0 so�ware prog-
ram. Cons�der�ng the results of the Kolmogorov-Sm�rnov
normal�ty test that appl�ed to the data, parametr�c or non-
parametr�c tests (Student t test or Mann-Wh�tney U test)
were used to compare the data between the two groups.
The data were expressed �n mean±standard dev�at�on
(m�n.-max.) (med�an) when used the Mann-Wh�tney U test.
P<0.05 was cons�dered as stat�st�cally s�gn�f�cant.
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Table 2. Compar�sons of exerc�se test parameters between the groups.
Group 1  

(W�th face mask) 
N=25

Group 2 
(W�thout face mask) 

N=25
P

Heart rate (�n�t�al) 82.8±13.3 (55-105) 76.2±14.9 (50-105) 0.102
Heart rate (f�nal) 89.2±15.4 (59-124) 87.9±15.8 (64-122) 0.766

Systol�c pressure (�n�t�al) 108.4±8.9 (100-133) 106.9±8.8 (100-131) 0.199*
Systol�c pressure (f�nal) 118.9±20.8 (80-160) 114.3±21.8 (80-170) 0.544

D�astol�c pressure (�n�t�al 66.4±9.9 (50-90) 59.2±7.6 (50-80) 0.006*
D�astol�c pressure (f�nal) 65.2±10.8 (50-90) 62.8±15.7 (30-80) 0.526

Oxygen saturat�on (�n�t�al) 96.5±1.2 (94-98) 97.0±1.0 (94-99) 0.110
Oxygen saturat�on (f�nal) 92.9±2.6 (84-97) 97.5±1.4 (94-99) <0.001*

Test durat�on (m�n.) 16.2±1.6 (13-19) 18.0±0.8 (17-19) <0.001
Perce�ved exert�on (6-20) 12.6±1.9 (10-15) 11.6±1.5 (10-14) 0.060*

Peak heart rate 167.6±18.1 (102-190) 177.8±18.3 (132-191) 0.004*
Peak systol�c pressure 132.2±20.0 (100-175) 135.6±23.0 (103-186) 0.584
Peak d�astol�c pressure 68.0±12.6 (55-105) 74.4±12.2 (58-106) 0.074

Based on the normal�ty test results, the Student test or the Mann-Wh�tney U test were used to compare the data between the two groups. The data were expres-
sed �n mean±standard dev�at�on (m�n.-max.). *: Mann-Wh�tney U test.

DISCUSSION

RESULTS
Table 1 presents the demograph�c features of the part�c�-
pants (profess�onal athletes; n=25; mean age: 19.6±2.4 ye-
ars; F/M: 11/14; BMI: 20.2±1.6 kg/m2)

Table 2 shows the compar�son of the part�c�pants w�th and
w�thout face masks �n terms of the exerc�se test parameters.

The part�c�pants w�th and w�thout face masks were stat�st�-
cally s�m�lar for the test parameters, exclud�ng f�nal oxygen
saturat�on, test durat�on (m�n), and peak heart rate. The
part�c�pants w�th face masks had s�gn�f�cantly lower scores
of f�nal oxygen saturat�on (p<0.001), test durat�on

(p<0.001), and peak heart rate (p=0.004) compared w�th
the part�c�pants w�thout face masks.

Table 1. Demograph�c character�st�cs of the part�c�pants (profess�-
onal athletes).

N=25  
Mean±SD (m�n.-max.)

Age (year) 19.7±2.2 (18-27)
Gender, (F/M, n) 11/14

He�ght (cm) 169.5±8.2 (155-187)
We�ght (kg) 58.1±7.3 (45-72)
BMI (kg/m2) 20.2±1.6 (17.8-24.2)

Sports tra�n�ng �ntens�ty (hour/week) 12.4±4.3 (3-21)
Sports year 5.6±3.4 (1-12)

SD: standard dev�at�on, F/M: female/male; BMI:body mass �ndex

Although the face masks are used globally based on the ex-
pert recommendat�ons due to the current pandem�c, there
�s a debate on the�r advantages and d�sadvantages. The pre-
vent�ve e�ect of face masks aga�nst the spread of COVID-19
has been proven (1). On the other hand, the�r potent�al ne-
gat�ve �mpacts on the card�oresp�ratory system �n var�ous
populat�ons have been demonstrated dur�ng phys�cal exer-
c�ses (2,3). Fortunately, cons�der�ng exerc�se performance, �t
has been reported �n a recent systemat�c rev�ew and meta-
analys�s that face masks can be used dur�ng exerc�se w�th
no negat�ve e�ects on performance (4). However, our re-
sults revealed that us�ng face masks �s assoc�ated w�th re-
duced capac�ty to cont�nue exerc�se. Epste�n et al. (5) have
stated that short-term moderate-to-v�gorous, aerob�c phys�-
cal act�v�ty �s safe and feas�ble �n healthy people w�th face
masks.

Correlat�on between perce�ved exert�on and exerc�se �nten-
s�ty and the actual heart rate dur�ng the exerc�se test has
been reported (11,12). Poon et al. (13) have stated that when
as exerc�se �ntens�ty exceeded the l�m�ts, perce�ved exert�on
�ncreased. We found no s�gn�f�cant d��erence for perce�ved
exert�on scores between part�c�pants w�th and w�thout face
masks, although the part�c�pants w�thout face masks had

longer test durat�ons. There was no s�gn�f�cant d��erence �n
terms of �n�t�al and f�nal heart rate scores between part�c�-
pants w�th and w�thout face masks regard�ng the perce�ved
exert�on scores. On the other hand, the part�c�pants w�tho-
ut face masks had h�gher scores of peak heart rate, as they
had longer test durat�on.

There are stud�es show�ng that face masks do not cr�t�cally
�mpa�r gas exchange dur�ng phys�cal act�v�ty (6). However,
the potent�al negat�ve e�ects of face masks may be related
to var�ous factors. For example, Kyung et al. (7) have shown
that N95 face masks can �ncrease pulmonary a�r�ow res�s-
tance and dead space �n pat�ents w�th chron�c obstruct�ve
pulmonary d�sease. On the other hand, Georg� et al. (8)
have concluded that surg�cal masks are not related w�th he-
alth r�sks �n healthy people. Dr�ver et al. (14) have demonst-
rated a 29% decrease �n max�mum oxygen level w�th cloth
face mask-wear�ng dur�ng a graded treadm�ll runn�ng exer-
c�se test. Exerc�se test�ng on treadm�ll �s shown to lead
more decrease �n oxygenat�on than on ergometer cycl�ng
(15). Many factors such as comorb�d�ty, act�v�ty level, type
of face mask, and exerc�se test seem to be related w�th the
obta�ned results.
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The ma�n l�m�tat�on of the current study �s that the study
group cons�sted of young and healthy profess�onal athletes,
so the results may not be val�d for the elderly, pat�ents and
�nd�v�duals from d��erent profess�ons.

CONCLUSION
Us�ng face masks negat�vely a�ects some exerc�se test para-
meters. It �s assoc�ated w�th lower scores of f�nal oxygen sa-
turat�on, test durat�on, and peak heart rate.
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