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Abstract 

In the context of the COVID-19 Pandemic, the use of surgical masks has become the new 

normal. The use of these devices in exercise and medical situations has been advocated with 

the purpose of reducing contagions, but some concerns exist regarding its safety. We 

performed maximal treadmill stress tests in 12 healthy young subjects, with and without 

surgical mask use, and measured exercise capacity, oxygen saturation (rest, peak e xercise 

and post-exercise) and electrocardiographic changes. Exercise capacity and Oxygen 

saturation levels decreased in peak exercise vs rest in a statistically significant manner when 

mask was used. ECG changes, although not significant, were present in 3 subjects when 

mask was used and disappeared when the test was made unmasked. We conclude that 

masked exercise has the potential to cause decreased exercise load and oxygen saturation and 

potentially cause diagnostic errors in medical exams.  
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Introduction 

In the present SARS-COV-2 pandemic, one of the measures that has been progressively 

implemented by the various nations is related to the mandatory use of a mask in order to 

reduce the spread of the pathology1,2. The locations in which the use of a mask is mandatory 

vary, with some nations having mandatory use in any public space and others only in 

non-ventilated places3 

An issue that proves to be important has to do with physical exercise. Given that exercise has 

the potential to generate high levels of aerosols, it has been advocated that a use of a mask 

should be kept during all activity in order to potentially reduce the risk of viral transmission4 

. The effect of such mask in physical activity, however, is not clear. A study by Fikenzer et 

al5 showed significant negative changes in ventilation parameters in an cycle ergometer test 

in healthy subjects wearing surgical and FFP2 masks. During our study, a paper published by 

Shaw et Al6 showed that time to exhaustion during a cycle ergometer test was not different 

with or without surgical mask use, neither was arterial oxygenation.  

On the other hand, in the context of the COVID-19 Pandemic, specific exams in Cardiology 

such as the Electrocardiogram (ECG), stress Test (treadmill or cycle ergometer), are 

sometimes done with masked patients in order to avoid possible viral spread, given that this 

test produces significant amounts of aerosols. We do not know, however, whether the use of 

a mask causes significant changes in cardiovascular parameters in order to interfere in the 

interpretation of the exam.  

We, therefore, aimed to evaluating the impact of the use of a standard surgical mask in a 

Treadmill stress test, in terms of ECG changes, oxygen saturation and total exercise capacity.  

 

Methodology 

The study protocol was presented to the Ethics Commission of Hospital Particular do 

Algarve, that approved its methodology and objectives and confirmed that the study was in 

accordance with the Declaration of Helsinki. The approval has the number 06-2020 and was 

finalized in July 27, 2020. 
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12 self reported healthy volunteers (medical students and nurses), 4 male and 8 female, with 

average characteristics presented in table 1, were asked to perform a Treadmill Stress Test 

(Bruce protocol) while wearing a standard surgical mask in which total physical capacity, 

ECG changes and oxygen saturation were evaluated. The tests were stopped after the 

subjects considered that they had reached exhaustion and therefore requested termination of  

the exam. Subjects were asked for a personal opinion if they believed the use of surgical 

mask interfered with their performance. Two weeks after the first exam, a second one was 

done, this time without surgical mask (two days before they were required to have a negative 

SARS-COV-2 test). 

The Treadmill test was performed in a BTL-770M device, with Blood Pressure 

measurements done with a Heine Gamma XXL LF device. Oxygen Saturation was evaluated 

by pulse oximetry with a Sangool FS20D device. A Cardiologist and a Cardiology 

Technician were present at all times during the tests.  

In terms of ECG changes, they were interpreted by a Cardiologist in accordance with ACC 

guidelines7. Arterial saturation was measured directly in one of the fingers of the subject 

before exercise, at peak exercise and post-exercise (5 minutes after the end of the exam), and 

total physical capacity estimated from the total time of exercise. Since different stages are 

involved in Bruce Protocol, we created a MET-Score in which the result was obtained by 

multiplying the seconds of exercise done by the METs associated with the stage in which the 

exercise was done, then we made the sum of all stages, therefore corresponding to an 

estimate of the full load of exercise performed.  This was done because there is a clear 

difference in exercise load by doing 10 seconds of exercise in e.g. stage 2 or in stage 5.  

All data was delivered to a data manager for post-processing. 

All subjects received a document explaining the study and signed a consent form authorizing 

use of their data and agreeing to participate in the study. 

In order to maintain consistency, we provided surgical masks to all patients. The mask was 

an OP-MASK B, a type IIR medical device. 
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 Male Female Total p-Value 

n 4 8 12 
 

- 

Age (mean ± SD) 
     (median ± IQR) 

30.5±5.69 
30.50±11.00 

27.3±3.80 
26.50±7.00 

 

28.3±4.60 
27.5±8.00 .283 

BMI (mean ± SD) 
     (median ± IQR) 

24.9±3.22 
24.72±5.96 
 

22.0±1.95 
21.91±3.91 
 

23.0±2.70 
22.67±3.50 
 

.214 

Weight (mean ± SD) 

        (median ± IQR) 

78.0±7.44 
79.50±14.00 

57.6±5.00 
58.00±9.50 
 

64.4±11.50 
62.50±20.25 
 

.004 <  .05 

Height (mean ± SD) 

       (median ± IQR) 

1.8±0.10 
174.50±17.25 

 

1.62±0.02 
162.00±4.50 

 

1.67±0.09 
164.00±11.50 

 

.004 <  .05 

BSA (mean ± SD) 

     (median ± IQR) 

1.10±0.12 

1.96±0.23 

 

1.6±0.07 

1.62±0.14 

 

1.7±0.19 

1.67±0.30 

 

.004 <  .05 

SD- Standard Deviation 

IQR - InterQuartilic Range 

 
Table 1 – General characteristics of the sample 

 

Statistical Analysis 

We performed a statistical analysis using inter-quartilic range , mean, standard deviation and 

median. Hypotheses tests were executed for independent samples - Mann-Whitney U test -  

and for paired samples - Wilcoxon signed rank test and Chi squared test to test association 

between categorical variables 

IBM SPSS version 27 software was used for the statistical analysis.  

 

Results 

Results are presented in table 2 
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 Mask No Mask p-Value 

MET-SCORE  

(mean ± SD)                                 

(median ± IQR) 

 
5831.92 ±2041.38 

5825.50±2972.00 

 

6570.58±2787.53 

6059.50±4580.25 

.023 < .05 

Basal SAT  
(mean ± SD) 
(median ± IQR) 

 
98.67 ± 1.67 
99.00±2.00 

 
98.00±1.954 
98.50±1.750 

.062 

Peak SAT 

(mean ± SD) 

(median ± IQR) 

 

95.92±2.81 

96.00±4.00 

 

97.50±2.468 

98.50±3.000 

.049< .05 

Post SAT  
(mean ± SD) 

(median ± IQR) 

 
97.00±2.17 

97.00±3.50 

 
97.42±1.782 

97.50±1.750 

.357 

ΔSAT1  

(mean ± SD) 

(median ± IQR) 

 

2.75±2.22 

3.00±3.75 

 

0.67±1.435 

0.00±1.750 

.021 < .05 

ΔSAT2  
(mean ± SD) 
(median ± IQR) 

 
1.08±2.15 
2.00±2.00 

 
-0.08±1.165 
0.00±2.000 

.549 

ECG changes (n.%) 
Yes 

No 
 

 
3. 25% 

9. 75% 

 
0.0% 

0.0% 
.064 

Discomfort (n,%) 

Yes 

No 

 

 

6, 50% 

6, 50% 

 

0,0% 

0,0% 
.005 

SD- Standard Deviation 

IQR - InterQuartilic Range 
 

Table 2 – Results  

All but one of the subjects had a higher MET-Score while exercising without a mask. 

Comparing groups, there was a slight but statistically significant increase in MET-Score 

when subjects performed without a mask, showing that the subjects were able to increase 

exercise load when the mask was removed (figure 1). 
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Figure 1 - Increased MET-Score in No Mask group. p = .023 

 

Half of the participants declared feeling a sensation of discomfort while wearing the mask. 

This was also a statistically significant result. 

Saturation levels were evaluated in rest, peak exercise and post-exercise (5 minutes after 

stopping the test). We compared basal and peak levels in one variable (∆SAT1, difference 

between basal saturation and peak exercise saturation) and peak and post-exercise levels in 

another (∆SAT2, difference between peak exercise saturation and post-exercise saturation). 

We found that the decrease of ∆SAT1 was more apparent in the masked group, and this 

finding had statistical significance (figure 2). This was closely related with a statistically 

significant difference in peak exercise saturation (figure 3). ∆SAT2 was not statistically 

significant. 
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Figure 2 - Clear difference between ∆SAT1 in both groups (lower the better). p= .021 

 

 

Figure 3 - Lower saturations observed in peak exercise when the subjects wore mask (higher 

the better). p= .049 
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ECG changes were evaluated by a trained cardiologist.  In the masked group 3 subjects, all 

female, had ECG changes that albeit not diagnostic for coronary ischemia, were at least 

doubtful. Two subjects had slight ST depression (one in inferior leads, the other in V4-V6 

leads, neither reaching 1mm depression but over 0.5mm) and the other had premature 

ventricular beats (figures 4, 5 and 6). There changes were not the typical "upslope ST 

segment" expected in exercise, but a more horizontal change with less than 10mm/second 

upstoke. Also relevant, none of these changes appeared in peak exercise (two in recovery, 

another at medium level of effort). When the subjects repeated the test unmasked, these 

alterations were no longer present. 

 

Figure 4 - Premature ventricular beats in recovery phase (masked group)  

 

Figure 5 - Slight ST depression V4-V6 leads during exercise (masked group) 
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Figure 6 - Slight ST depression in Inferior leads, recovery phase (masked group)  

 

Discussion 

The current study provides valuable insights regarding use of surgical masks in exercise. In 

our study subjects were not required to control their average physical activity, to abstain from 

exercise in specific periods or to control their eating habits. This had the purpose of not 

interfering with the daily routines of our subjects and, since they were acting as their own 

control, obtain a result with higher external validity. The study by Fikenzer et al5 did showed 

changes in respiratory parameters like forced expiratory volume and peak expiratory flow, 

but neither oxygen saturation nor physical activity performed was evaluated. Shaw et al6 

however, did test oxygen saturation levels between rest and peak exercise and total physical 

activity performed. In this study neither of these parameters was statistically significant. In 

our study this was not the case. Both the physical load performed (estimated by our 

MET-Score) and Oxygen saturation (O2Sat) has clear differences when subjects wore 

masks. Physical capacity and O2Sat at peak exercise were decreased when subjects wore a 

mask compared to not wearing one, showing that indeed the use of mask can cause 

measurable respiratory and exercise capacity changes even in healthy volunteers doing 
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exercise. When we compare our data with the data from Shaw et al6, it is possible that the fact 

that we used a treadmill test and not a cycle ergometer might have affected the results  

regarding O2Sat. Since higher muscle mass is used in a treadmill that in a cycle ergometer8, 

this could theoretically cause a higher oxygen demand. The notion is not without its merits, if 

we considerer that at least for patients with chronic obstructive pulmonary disease a treadmill 

test has been described has eliciting lower O2Sat levels at peak exercise vs a cycle 

ergometer9.  It has been shown that the Maximal Oxygen consumption  (VO2 max) is 

higher in treadmill stress tests compare with cycle ergometer stress tests in trained 

individuals10 , which in theory would convey a higher  aerobic capacity and therefore a 

possible higher exercise capacity in that time of activity. Although our methods are different, 

we clearly had a difference with the use of a mask. We preferred a treadmill because it´s more 

commonly used in our country and we believe replicates more accurately the type of leisure 

exercise most healthy subjects do, so we believe our results can be more relevant to the 

general population, notwithstanding the small numbers used.  

A quite surprising result obtained, although not reaching statistically significance, was the 

appearance of non diagnostic but doubtful ECG changes in subjects while doing the test with 

a mask that disappeared when the test was repeated without mask. Since all subjects were 

healthy, asymptomatic, and the unmasked exam was done two weeks later, without any 

medication or change in habits, we do not believe this was related to ischemia. While we 

could speculate that an unusually high change in O2Sat between rest and peak could be that 

cause of this, that did not happen in our subjects, since the changes were slight. Also, it is 

questionable that such hypoxic effect could cause such changes unless it´s quite 

significant11,12. These subjects will perform further evaluations to rule-out the possibility of 

other alterations.  

Since the beginning of this pandemic period, it has been regular practice to perform treadmill 

tests for diagnosis of coronary artery disease with the patients wearing masks. Considering 

our findings regarding the ECG changes, the possibility of diagnostic interference with mask 

use exists and has to be taken into account, and cardiologists should be aware of this while 

interpreting studies.  

Another relevant issue is, since we did detect significant changes in exercise capacity, 
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oxygen saturation and reported discomfort with mask use, if this might impact the amount 

and level of exercise performed by the everyday subject if a mask is mandatory in these 

situations: While for the trained athlete the decrease in exercise load is the main issue (this 

might be relevant also for the casual subject that does leisure physical activity, since it might 

demoralize someone that´s starting to exercise), the discomfort and the decrease in O2Sat 

might be much more significant for the casual person, and might cause an increased 

abandonment of exercise.  

From our results, if viable from the epidemiological perspective, exercise should be done 

without a mask, and consideration for exercise stress tests without masks has to be 

considered. 

 

Conclusion: 

Our study shows that young healthy subjects have significant decreases in exercise capacity 

and oxygen saturation when performing exercise using surgical masks, besides reporting 

discomfort with its use. Also, there were slight ECG changes only present with mask use, 

which could cause difficulties in diagnosis of ischemia. A study with a higher number of 

subjects might clarify these findings, but we believe exercise should be done without a mask 

and consideration for exercise stress tests without masks should be discussed in the Medical 

Community.   
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